
ANTI-FROST FILM ASSEMBLIES, METHOD OF MANUFACTURE, AND
ARTICLES MADE THEREOF CROSS REFERENCE TO RELATED
APPLICATIONS The present application is a
continuation-in-part of U.S. Patent Application Serial
No. 11/241,629, filed on September 30, 2005, which is
herein incorporated by reference in its entirety.
BACKGROUND OF INVENTION This application relates to
multilayer film assemblies useful to prevent frosting,
their method of manufacture, and articles formed from
the film assemblies. When a cooler surface comes in
contact with warmer moist air, condensation may occur
on the cooler surface. Depending on temperature
differences, the condensation may take the form of fog
or frost on the surface and, particularly with
substantially transparent surfaces, affect light
transmission and impair visibility. Anti-frost films
find utility in a number of different applications.
For example, the marketing and sales of refrigerated
merchandise often includes consumer selection directly
from the refrigerated unit. To ensure effective
marketing, the items within the case should remain
visible and discernible to a patron looking into the
case through a light transmitting, usually
substantially transparent, panel, or door. When a
patron chooses an item and opens the door to the case,
the door may frost due to condensation as the cool,
inside surface of the door comes in contact with the
moist, ambient atmosphere outside the case. Typically,
this frost remains even after closing the door, and
impairs the view into the case for subsequent patrons.
The inability to see into the case can result in loss
of sale for the store. In addition, increased energy
costs may incur, as patrons hold the door open longer
to see the items inside the case. One method used to
reduce this problem includes a heated door that
un-frosts the door after some length of time. These
heated doors may be both expensive to purchase and
costly to operate due to energy consumption to
maintain the heated door, while therefrigerator is
cooling/freezing the food inside the case. The lower
the temperature within the case, the greater the costs
of maintaining frost and frost resistant doors.
Another remedy is to provide anti-frost coatings.
However, typical permanent antifrost coatings do not
provide effective frost resistance over a wide
temperature gradient. Most noticeably, the lower
temperature storage and display cases (00C and below)
often develop frost and frost and therefore do not
achieve optimum visibility with current anti-frost
coatings. Therefore, there is a need for new, low
temperature anti-frost systems to enhance visibility
into refrigerator and freezer cases by preventing or
inhibiting frosting of the door when the door is
exposed to cool air and then exposed to moist warmer
air when opened. BRIEF DESCRIPTION OF THE INVENTION In
one embodiment, an anti-frost film assembly comprises
a substantially transparent film having a first
surface and a second surface opposite the first
surface; and a substantially transparent anti-frost
layer formed from a polyurethane-film forming
composition effective to provide the layer with
anti-frost properties at temperatures that alternate
between about -230C and about 650C, wherein the
anti-frost layer is disposed on an area of the first
surface of the film. In one embodiment, a
condensation-resistant article comprises a
substantially transparent substrate having a first
surface; and the above-described anti-frost film
assembly wherein the second surface of the film is
disposed on an area of the first surface of the
substrate. In one embodiment, a refrigerated panel
comprises a substantially transparent refrigerator
panel having a first surface, and the above-described
anti-frost film assembly, wherein the second surface
of the film is disposed on an area of the first
surface of the door panel. In one embodiment, a method
of producing an anti-frost film assembly comprises:
applying a substantially transparent anti-frost layer
formed from a polyurethane-filmforming composition to
a first surface of a film, and applying an adhesive to
a second surface of the film. The substantially
transparent anti-frost layer is effective to provide
the layer with anti-frost properties at temperatures
that alternate between - 23C and 650C. The
above-described and other features will be appreciated
and understood by those skilled in the art from the
following detailed description, drawings, and appended
claims. BRIEF DESCRIPTION OF THE DRAWINGS Refer now to
the figures, which are exemplary embodiments, and
wherein the like elements are numbered alike. Figure 1
is a schematic view of an exemplary anti-frost film
assembly as disclosed herein. Figure 2 is a schematic
view of an exemplary embodiment of an anti-frost film
assembly having an optional graphic component as
disclosed herein. Figure 3 is a schematic view of an
exemplary article comprising an anti-frost film
assembly and a substrate as disclosed herein. Figure 4
is a partially fragmentary perspective view of an
exemplary condensationresistant refrigerated door with
an anti-frost film assembly as disclosed herein.
DETAILED DESCRIPTION The anti-frost film assemblies
disclosed herein are substantially transparent,
multilayer films useful in the production of
condensation-resistant articles such as refrigerator
and freezer doors (e.g., that are for exposure to
temperatures below freezing) and panels, or reflective
surface (e.g., bathroom mirrors), but they are not
limited to these specific products or applications.
The anti-frost properties of the film assemblies are
effective at temperatures as low as about -17C, or
even about -23C, without use of external heaters.
These temperatures are significantly lower than those
enabled by prior art antifrosting films. Since heaters
are not required, use of suchfilms can provide a
significant energy savings. In an advantageous
optional feature, the assemblies are manufactured to
be repositionable and/or to allow the inclusion of a
graphic. The anti-frost film assemblies comprise a
substantially transparent anti-frost layer and a
substantially transparent film. As used herein,
"substantially transparent" refers to optical clarity,
and means that enough light is transmitted through the
layer(s) to allow visualization through the film
assembly by an observer. Thus, while some haze or
coloration may be present in the individual layer(s),
such haze or coloration does not significantly
interfere with visualization. It has been shown by the
inventors hereof that when this anti-frost film
assembly is applied to a substrate, the formation of
condensation (water droplets) on the substrate surface
is reduced or prevented when the present assemblies
are exposed to temperatures that alternate between
about 65C and about -230C compared to other anti-frost
solutions. While reference is made herein to
"anti-frost film assembly," this term is merely for
convenience in discussion, and it is to be understood
that the term encompasses film assemblies used to
prevent visual impairment due to the formation of
water droplets and/or water crystals. Substantially
transparent anti-frost layers that are effective at
temperatures below about -170C are formed from a
polyurethane-film forming composition. In one
embodiment the film-forming composition further
comprises a surfactant having a hydrophobic region and
a hydrophilic region. Appropriate selection of the
number, length, and type, and relative ratio of
hydrophilic to hydrophobic groups allows adjustment of
the anti-frost properties of the layer. Without being
bound by theory, it is believed that such a structure
allows a reduction in the interfacial tension between
the surface of the layer and the condensing moisture,
which enhances anti-frosting. Desirably the surfactant
is also selected so as to not significantly adversely
affect desirable physical properties of the
polyurethane film, for example chemical resistance,
scratch resistance, ultraviolet (UV) radiation
resistance, and the like. hi addition, the surfactant
may also comprise an isocyanate-reactive
functionality. Such surfactants co-react to provide a
polyurethane having the surfactant covalentlybound and
attached as a pendant group to the polyurethane
polymer, or desirably, the surfactant attaches at the
end of the polyurethane polymer. Suitable
isocyanatereactive functionalities include groups
having an active hydrogen atom, for example a hydroxyl
group, a carboxyl group, a primary or secondary amino
group, or a sulfhydryl group. A compound having a
combination comprising at least one of the foregoing
types of groups may also be used. Suitable surfactants
comprising an isocyanate-reactive functionality and
having a hydrophilic region and a hydrophobic region
are disclosed, for example, in U.S. Patent No.
5,877,254 to LaCasse, and maybe nonionic, anionic,
cationic, amphiphilic, or a mixture of the foregoing
types of surfactants. Suitable nonionic surfactants
include ethoxylated or propoxylated alcohols, phenols,
amides, and amines. Suitable ionic surfactants include
quaternary cationic surfactants as well as anionic
surfactants, for example cationic or anionic
surfactants having a non-ethoxylated hydrocarbon chain
with greater than or equal to 16 carbon atoms. A
non-limiting list of examples of suitable anionic
surfactants includes monoethanolamine salts of
sulfonic acids, diethanolamine salts of sulfonic
acids, triethanolamine salts of sulfonic acids and
combinations comprising at least one of the foregoing.
Examples of hydroxyl-containing cationic-surfactants
include, without limitation, ricinoleamidopropyl
dimethylethyl ammonium ethylsulfate,
(12-hydroxy-l-oxo-9- octadecenyl)amino)-N,N-dimethyl,
ethyl sulfate (salt)); stearamidopropyl
dimethylethanolammonium methyl sulfate, and
octadecylmethol diethanolammonium chloride. Typical
anionic surfactants rarely contain free, reactive
hydroxyl groups in their structure, and so may be made
"hydroxyl bearing" by incorporating the free hydroxyl
or other isocyanate-reactive groups in their
countercation. Such modification can be accomplished
by neutralizing a hydroxyl bearing quaternary ammonium
base such a choline hydroxide with an acid such as
dodecylbenzene sulfonic acid, as described in LaCasse.
Other hydroxyl-bearing ammonium compounds include but
are not limitedto triethylethanol-, diethyldiethano-,
and ethyltriethanolanimonium salts. A nonlimiting 



list of sulfonic acids from which the salts are
prepared includes dodecylbenzene sulfonic acid,
napthalene sulfonic acid, lignin sulfonic acids,
petroleum sulfonic acids, and paraffin sulfonic acids.
In this embodiment, the countercation becomes
covalently bound to the polyurethane, and the anionic
portion of the surfactant is associated with the
polyurethane by virtue of the electrostatic attraction
between the anion and countercation. Combinations of
reactive hydroxyl-bearing anionic and cationic
surfactants are particularly useful, for example a
combination of choline dodecylbenzene sulfonate with
ricinoleamidopropyl ethyldimonium ethosulfate. The
surfactants may be used in concentrations of about 10%
to about 40% by weight of total solids of the
polyurethane-forming composition. Formulations for the
formation of polyurethane films generally include an
isocyanatecontaining component and an active
hydrogen-containing component reactive with the
isocyanate-containing component. Suitable
isocyanate-containing components include, for example,
hexamethylene diisocyanate, diphenylmethane
diisocyanate, bis(methylcyclohexyl) diisocyanate and
toluene diisocyanate. The isocyanatecontaining
component may be a prepolymer, for example a biuret or
an isocyanurate of a diisocyanate, e.g., a prepolymer
of diisophorone diisocyanate. Combinations comprising
at least one of the foregoing isocyanate-containing
compounds may be used. Blocking of the isocyanate
group, for example with an oxime or phenol, and later
removal of the protective group prior to reaction is
also contemplated. When blocked isocyanates are used,
it is possible to use solvents or other compounds
which, but for the protective group in the isocyanate,
would react with and consume the isocyanate groups.
The isocyanate-containing component is reacted with a
hydrophilic component having an active hydrogen,
particularly a hydroxyl hydrogen as is found in
polyols. In order to provide the desired anti-frost
characteristics, hydrophilic polyols are used, such as
polyethylene glycol, ethylene glycol/propylene glycol
copolymers, and combinations comprising at least one
of the foregoing. Other suitable hydrophilic polyols
includepolybutylene glycol, polyethylene imine,
amine-terminated polyethers, and certain polyester
polyols. A combination of hydrophilic polyols may be
used, for example, a polyethylene oxide/propylene
oxide random triol having a weight average molecular
weight of about 4,500 and containing approximately 70%
by weight ethylene oxide combined with an ethylene
oxide/propylene oxide block copolymer of weight
average molecular weight about 2,100 and containing
about 20% by weight ethylene oxide based upon a total
weight of the polyols; e.g., 47% by weight of
Visguard(r) Part A, 19% by weight of Visguard(r) part
B (both commercially available from Film Specialties,
Inc. Hillsborough, NJ), and 33% by weight of a solvent
(comprising 75% by weight of butinol and 25% by weight
of diacetone alcohol). Such a combination provides
enhanced hydrophilicity to the polyurethane backbone
without substantially compromising scratch-resistance
or interfering with the incorporation of the
surfactant. The hydrophilic polyol may be present in
the composition in amount of about 10% to about 35% by
weight of the total solids, and specifically about 15%
to about 65% by weight. In practice, the
isocyanate-containing component, active
hydrogen-containing component, and reactive surfactant
may be combined in a suitable organic solvent. The
organic solvent may be a number of materials that do
not react rapidly with isocyanates, including ketones,
esters, glycol esters, and tertiary alcohols, as well
as combinations comprising at least one of the
foregoing. Minor amounts of inert diluents such as
aliphatic hydrocarbons and esters may also be used.
Water and alcohols may be used if commercially
available blocked isocyanates are used. Other
components may be present, for example UV inhibitors,
stabilizers, and catalysts. For example, in one manner
of proceeding, a polyisocyanate prepolymer having free
isocyanate groups is mixed with an organic solvent
solution of a hydrophilic polyol and a
hydroxyl-bearing surfactant having a hydrophilic
region and a hydrophobic region. The mixture is then
allowed to heat cure at appropriate temperatures, e.g.
between about 200C to and about 2000C for a sufficient
amount of time, e.g., aboutfive minutes to about 24
hours. Cure time and temperature will vary depending
on the components and application. The anti-frost
layer is disposed on a substantially transparent film.
The film is selected to provide support to the layer.
The film may also be selected so as to provide the
desired level of flexibility, adhesion between the
anti-frost layer and the film (with or without an
adhesive), adhesion between the film and substrate
(with or without an adhesive), and/or the desired
compatibility with an adhesive. As such the choice of
film composition will vary depending on the desired
properties, including flexibility and transferability
as described below. Suitable film materials that may
be made substantially transparent include, for
example, polycarbonate, acrylic, vinyl, styrene-based
films, polyvinylchloride, polybisallyl carbonate,
polyethylene terephthalate, and substantially
transparent polyethylene naphthenate, as well as
combinations comprising at least one of the foregoing
types of polymers. Various polyolefins or fluorinated
polymers may also be used with appropriate
pretreatments. The surface of the film may be treated
to improve adhesion of the anti-frost layer to the
film, for example with an adhesive, by mechanical
roughening, plasma treatment, chemical etching, an/or
other known treatment(s). The anti-frost layer can be
disposed on the substantially transparent film by a
variety of methods, for example casting, coating
(e.g., wire wound rod coating, gravure coating, slot
die coating, pan fed reverse roll coating, and nip fed
coating), and the like. The technique is selected so
as to provide a uniform and thick coating, e.g, a
coating having a thickness of about 0.0001 to about
0.1 inches (about 2.5 to about 2,540 micrometers
(mm)), more specifically about 0.001 to about 0.01
inches (about 25.4 micrometers to about 254
micrometers), even more specifically, about 0.003 to
about 0.008 inches (about 76.2 micrometers to about
203 micrometers). Where an organic solvent is used,
the solvent may be removed during or after cure by
evaporation, for example in an oven, in a one- or
two-stage process. Cure and solvent removal, in
particular time, temperature, and airflow during cure
and solvent removal, is optimized to provide a uniform
coating with low temperature anti-frost
properties.Several embodiments of anti-frost film
assemblies and articles formed therefrom are described
below with reference to individual drawing figures. In
Figure 1, a schematic view of an anti-frost film
assembly 110 is illustrated. Anti-frost film assembly
110 comprises an anti-frost layer 120 and a
substantially transparent film 130 having a first
surface 132 and second surface 134 opposite first
surface 132. Anti-frost layer 120 is disposed on an
area of first surface 132, that is, in physical
communication with all or a portion of first surface
132, as determined by the desired application.
Optionally, anti-frost film assembly 110 further
comprises an adhesive layer 140 for temporarily or
permanently adhering the assembly to a substrate (not
shown). In one embodiment, adhesive layer 140 allows
for repositioning of anti-frost film assembly 110.
Adhesive layer 140 is disposed on an area of second
surface 134 of film 130. Exemplary adhesives for use
with the anti-frost film assemblies include pressure
sensitive adhesives, silicone adhesives, acrylic
adhesives (including ultraviolet cured and thermally
cured adhesives, wet applied and dry applied
adhesives), rubber adhesives, heat-seal adhesives,
laminating adhesives, high temperature adhesives,
and/or other adhesives that will achieve the intended
result. Wet-applied acrylic adhesives sometimes known
as "window adhesives" are of particular utility.
Desirably, the adhesive bonds to glass with a bond
strength of greater than or equal to about 3 pounds
force per linear inch (lb/in) (e.g., about 8 lb/in to
about 10 lb/in). Some exemplary adhesives include
National Starch and Chemical Duro-Tak 80-1070, Toyo
Color America LLC, Oribain BPS5160. With or without
optional adhesive layer 140, anti-frost film assembly
110 is substantially optically clear, providing
visibility from an area 150, through optional adhesive
layer 140, film 130, and anti-frost layer 120 to area
160. hi another embodiment, shown in Figure 2, an
anti-frost film assembly 210 further comprises a
graphic component 280 on second surface 234 of film
230 and/or a graphic component 282 on first surface
232 of film 230. In this embodiment, as shown,
anti-frost layer 220 is disposed on an area of film
230 having a first surface 232 and second surface 234
opposite first surface 232. The graphic
component(s)280, 282 maybe any of a variety of
designs, including letters, words, numbers, aesthetic
images, borders, symbols and/or the like. The graphic
component(s) may be applied via any of a variety of
techniques including screen printing, pad printing,
sublimation, laser printing, digital offset printing,
lithography, offset printing, ink jet printing,
digital ink jet printing, digital offset printing,
heat transfer printing, and so forth. Advantageously,
graphic component(s) 280, 282 may enhance appearance
and provide additional information including
advertising, without significantly impairing
visibility. As shown, an area of graphic component 280
and/or an area of second surface 234 may be coated
with an adhesive 240 to allow for repositioning and
adherence of film assembly 210 to a substrate. A
single graphic component may be disposed on a surface
of film 230, or there may be more than one graphic
component disposed on second surface 234 and/or on
first surface 232. As shown in Figure 3, an article
300 comprises an anti-frost film assembly 310 and a
substrate 390. Second surface 334 is placed adjacent
an area of a surface 392 of a substrate 390 so as to
provide anti-frost layer 320 with an exposed surface
322 adjacent to an area 360. In use, exposed surface
322 is alternately exposed to a temperature as low as
about -23C, such that exposed surface 322
substantially does not frost when exposed to moist air
equal to or greater than the surface temperature of
exposed surface 322. In one embodiment, as shown,
adhesive layer 340 is used to permanently or
temporarily adhere anti-frost assembly 310 to
substrate 390. Appropriate selection of film 330 and
the material used for substrate 390 may allow
sufficient adhesion of anti-frost film assembly 310 to
substrate 390 without use of an adhesive. Suitable
substrates include, but are not limited to,
substantially transparent glass, 



plastic, and substitutes suitable for a desired
application. Specific substrates include polycarbonate
(e.g., LEXAN(r) from GE Advanced Materials), polyester
(for example, poly(cyclohexanedimethanol
terephthalate)-co-poly(ethylene terephthalate),
abbreviated as PETG when the polymer comprises greater
than or equal to about 50 mole% of poly(ethylene
terephthalate), acrylic, polyvinylchloride,
polybisallyl carbonate, polyethylene naphthenate, as
well as combinations comprising at least one of the
foregoing, e.g., polycarbonate/poly(l,4- cyclohexylene
dimethylene 1,4-cyclohexanedicarboxylate) (also known
as polycarbonate/PCCD) (e.g., XYLEX from GE Advance
Materials). As the applications may be varied, so is
the selection of substrate. For instance, substrates
considered suitable for a refrigerated door may be
determined by the presence or absence of heating
devices, type, and design of refrigeration unit, and
proposed use and life span. The film assemblies are
designed to be positioned in operational relation to a
substrate and/or form a transferable, non-permanent
bond at the surface of a substrate and provide at
least a substantially nonfrosting area of the
substrate surface. Therefore, the film assemblies are
particularly suited for use in refrigerated units,
including refrigerators and freezers. And, while
reference is made to refrigerated units and components
such as refrigerated doors throughout this disclosure,
it is to be understood that the anti-frost films
disclosed herein can be used in other applications
without undue experimentation. Other applications
include, for example, building windows (such as house
windows), windshields of vehicles (such as cars,
trucks, motorcycles, boats, airplanes, and the like),
reflective surfaces (such as bathroom mirrors,
automotive mirrors, and the like), scientific
equipment (for example on the face of displays,
gauges, and the like), face shields (for example
medical face shields, sporting equipment face shields,
and the like), and instrument surface.. The anti-frost
film may be applied onto a substrate in a
non-permanent fashion, or placed in operative relation
to a substrate to provide anti-frost properties to the
substrate without becoming permanently affixed to the
substrate. Thus, in one embodiment the film and/or the
adhesive applied to the second surface of the film is
selected so as to allow repositioning,
transferability, and/or easy removal of the antifrost
film assembly. For example, the anti-frost film
assembly may be wet applied so that the film can be
repositioned until satisfactorily positioned, and form
a bond upon drying. For example, a typical application
includes applying a solution of about 99% or more of
water and about 1% or less of soap to a room
temperature substrate. Application of the solution
onto the substrate surface may be by various methods,
such as spraying the solution using an atomizer. The
adhesive portion of the anti-frost film is placed
against the solution-wet substrate. The film may be
repositioned intosatisfactory position, any air
bubbles are squeezed out with a squeegee, and allowed
to dry. In this manner, the anti-frost coating adheres
to the surface of the substrate but the coating does
not molecularly bond at its interface with the
substrate. Alternatively, the anti-frost film assembly
can be applied to the substrate by spraying the
adhesive side of the film and applying this side, wet
with solution, to the substrate. Alternatively, the
anti-frost film assembly may be held in place by
mechanical devices, including tracks in a frame, or
other methods. The anti-frost film is thus removable,
repositionable, and transferable away from the
substrate, if desired. Turning to Figure 4, an
exemplary embodiment of a condensation-resistant
refrigerator door 400 in a reach-in type merchandiser
is illustrated. Figure 4 depicts a partially
fragmentary view of an anti-frost film assembly 410
applied to an area of a first surface of a
substantially transparent panel 490 of refrigerator
door 400. An optional graphic component (not shown)
may be present in the film assembly as described
above. In this embodiment, second surface of film 430
is disposed directly onto an area of surface 490
without use of an adhesive. Anti-frost layer 420 is
exposed to colder temperatures when door 400 is closed
and warmer temperatures when door 400 is open.
Advantageously, anti-frost film assembly 410 may be
used with an existing or new refrigerator door panel
490. Li one embodiment the material of film 430 is
selected so as to allow for application and
repositioning of assembly 410 at the location of use
to meet the expectations, for example, of a storeowner
or on-site merchant. Alternatively, film assembly 410
is applied at the manufacturing site for use in the
refrigerated unit. The anti-frost film assembly 410
maybe used on new or existing refrigerated panels,
including those with or without heaters. As used
herein the term "refrigerator panel" refers to any
substrate used as a door or window for a refrigerated
unit having an internal temperature less than or equal
to about -10C, or, more specifically less than or
equal to about -17C, and yet more specifically about
-17C to about -23C. The internal temperature and
temperature range will be determined by the
application of the cooled unit, and the items the unit
is designed to store, display and preserve.
Forinstance, food, medical supplies, and transplant
organs have refrigerated units and temperature
requirements designed to serve the specific storage
needs of these items. When incorporated into existing
refrigerated panels, prevention of frost formation
between the anti-frost film and the glass is
desirable. This frost formation can be inhibited using
an installation solution that is applied between the
glass and the film. The installation solution
comprises about 50 volume percent (vol.%) to about 70
vol% water (e.g., deionized water), or, more
specifically, about 60 vol% to about 70 vol% water;
about 10 vol% to about 40 vol% alcohol (e.g.,
isopropyl alcohol), or, more specifically, about 20
vol% to about 30 vol% alcohol; about 2 vol% to about 8
vol% surfactant, or, more specifically, about 2 vol%
to about 5 vol% wetting solution; and less than or
equal to about 3 vol% salt (e.g., sodium chloride such
as in the form of deionized salt, or another salt that
readily dissolves in the solution), or, more
specifically, about 0.5 vol% to about 2 vol% salt. The
volume percent is based upon the total volume of the
installation solution. Exemplary wetting solution
include Madico 30-1-1 Window Solution Concentrate
(WSC) (commercially available from Madico, Woburn,
MA), Right-On (commercially available from Avery
Dennison, Pasadena, CA), dishwashing liquid (e.g., Joy
dishwashing liquid), as well as others. For example, 1
liter of solution can be prepared by combining 23
ounces (oz.) water, 9 oz. isopropyl alcohol, 1.5 oz.
Madico 30-1-1 WSC, and 1 tablespoon salt. This
installation solution has enabled good optics through
the film after installation on the glass, even when
the glass is cold, e.g., 0C. In refrigerated units,
the anti-frost film assembly may be used in
conjunction with low-emissivity (low-E) glass or
coatings. The low-E glass may be selected to meet two
primary criteria: high reflective capability as to the
infrared spectrum (thereby rejecting invisible radiant
heat); and high visibility transmittance (so that is
does not obscure or cloud visibility through it).
There are a large number of glass materials having
varying low-emissivity properties. Low-E glass and
low-E coated glass or plastics as discussed herein are
meant to refer to glasses or plastics that are
designed not to emit (and thus reflect) radiation
above about 0.7 micrometers, and more particularly
about 0.7 to about 2.7 micrometers. Typically several
layers are used toreflect greater percentage in the
about 0.7 to about 2.7 micrometer range. The low-E
surfaces or coatings may have visible transmittance of
about 70% to about 90%. The anti-frost film assemblies
described herein are useful for preventing
condensation on substrates that are alternately
exposed to temperatures down to -23C, and then exposed
to a higher temperature for about 1 second to about 5
minutes, in the presence of air having a relative
humidity (RH) of about 1% to about 90%. In particular,
the anti-frost film assemblies prevent condensation on
substrates that are alternately held at temperatures
as low as about -23C, specifically about -17C to about
-23C, and then exposed to temperatures greater than or
equal to about -17C, greater than or equal to about
0C, greater than or equal to about 10C, or greater
than or equal to about 200C, up to about 65C, for up
to about 3 minutes or so, in the presence of air
having a relative humidity (at room temperature; the
temperature outside of the cooler) of about 3% to
about 80%, or more specifically about 5% to about 70%,
and even more specifically about 10% to about 50%. In
one embodiment the anti-frost film assemblies are
useful for preventing condensation on substrates that
are alternately held at temperatures of 00C to -23 0C,
and then exposed to moist ambient air at temperatures
of about 18C to about 30C for up to about 2 minutes.
The relative humidity of ambient air is generally
about 40 % to about 70%. As used herein "moist ambient
air" refers to the temperatures and relative humidity
within the ranges stated above that are most typically
associated with the humid ambient conditions in a
grocery store, convenience store, supermarket, or the
like, or the area adjacent to a cooler (e.g., beverage
cooler). Thus, in another embodiment, the anti-frost
film assemblies prevent significant condensation on
substrates that are alternately held temperature of
about -17C to about -23C, then exposed to a
temperature of about 200C to about 250C, specifically
about 2 10C to about 24C, for up to about one minute,
in the presence of air having a relative humidity of
about 40% to about 50% at the temperature of about
200C to about 25C. The fact that condensation is
minimized or prevented at these low temperatures
without use of external heaters represents a
significant advance over the prior art. For example,
approximately 1.4 amps are required to heat a
refrigerated display door. Useof the above-described
assemblies allows the owner to eliminate such heating.
In a facility, e.g, a store, having about 100 to about
140 doors per store and about 120 volt power, this
translates to about a 60 amp savings for the store
owner. Heat is still applied to the doorframe but the
majority of the heat can be turned off completely with
the use of the film assemblies. Store owners and other
users of refrigerated units can thus realize a
significant energy savings. The anti-frost filer and
system are further illustrated by the following
non-limiting examples. Example 1. An anti-frost
assembly comprising an anti-frost layer disposed on a
polycarbonate film was manufactured using a
polyurethane anti-frost layer formed from a
composition comprising the formulation in the Table I
below (% by volume). *from Film Specialties, Inc.
**4-hydroxy-4-methyl-2-pentanone A wire wound rod
coating technique was used to apply the formulation to
the film, 



and the film formulation was cured and the solvent
removed in a chamber oven with active airflow to form
a coating on the film. Coating thickness was 0.005 to
0.0065 inches (127 to 165 micrometers) and curing
temperature was about 2350F ( 113C) (between 230F and
250F (HO0C to 1210C)) for 3 to 5 minutes. Fan speed
was adjusted so that very low air flow (fan speed of
about 500 revolutions per minute (rpm)) was present
for the first 1 to 2 minutes of cure and high airflow
(fan speed of about 1,500 rpm) was present for the
last 2 to 3 minutes of cure. A high polishpolyester
mask (e.g., Dupont KLl, 1 mil mask) was used on the
coated side of the polycarbonate. The other side of
the polycarbonate film was coated with a window film
wet applied repositionable acrylic adhesive. The
assembly was applied to a glass substrate by spraying
the glass with a solution of 99% water/1% detergent,
then pressing the adhesive of the assembly against the
glass, squeezing out any air bubbles with a squeegee,
and allowing to completely dry. The anti-frost
effectiveness of the assembly was tested by
equilibrating the assembly and a window substrate for
2 hours prior to testing. Substrates with and without
the anti-frost coating were then exposed to ambient
conditions (21 0C, 50% RH) for 60 seconds, and then
returned to the indicated temperature. The window was
then watched at an observer distance between 1 to 3
feet at a normal viewing angle under normal
fluorescent lighting conditions and the time for the
window to become frost free was recorded. The results
are shown in the Table II below. In each instance the
substrate without the anti-frost coating showed
condensation. Time for the condensation to clear was
measured and is shown below.*Snowflakes were formed on
areas of contamination and therefore are not
considered failures As may be seen from the above
data, the surface area of a substrate at a temperature
of about 0C to about - 230C with the anti-frost
assembly remains clear and substantially without
frosting. The anti-frost film assemblies disclosed
herein therefore allow a refrigerator door to be
opened and closed throughout the course of the day,
substantially without frosting when exposed to moist
air equal to or greater than the surface temperature
of the substrate, and thus not obscuring the view of
the items within the refrigerated unit. Example 2. The
above described antifrosting film assembly was applied
to refrigeration units in an actual grocery store. The
refrigeration units were set at -29C, the air
temperature inside the unit was -23C and the air in
the store was 21C to 24C at 40 to 50% RH. Under these
conditions there was no frosting observed on doors
with the anti-frost material applied, even after 1
minute of being opened. Doors without the anti-frost
material frosted within 10 to 15 seconds. No
difference was seen between doors that were heated and
had the anti-frost film assembly and those that were
not heated and had the anti frost film assembly. This
would allow the average store with 100 to 140 doors to
run without heated doors and save approximately 60
amps for the store.Example 3. Anti-frost film
assemblies were produced utilizing various masking
film materials for the purpose of evaluating the
effect of masking film surface finish and material.
Haze values and frost times (i.e., duration until
panel frosted, measured in seconds) were evaluated for
three masking films: polyethylene masking film
comprising a smooth surface (Smooth PE), polyethylene
masking film comprising a fine textured surface (Fine
Texture PE), and a polyester masking film comprising a
smooth surface (Smooth PET). Haze was measured
utilizing ASTM D1003 and time to frost was evaluated
at an observer distance of 1 to 3 feet at a normal
viewing angle under normal fluorescent lighting
conditions. From the data generated, it can be seen
that the smooth polyester masking film (Smooth PET)
produced the optimal frost resistance from the samples
tested hi addition, comparing the Smooth PE to the
Fine Texture PE masking films, it is shown that the
fine textured surface on the Fine Texture PE sample
produces a shorter time to frost duration. Further,
the Fine Texture PE sample exhibits higher haze
compared to the Smooth PE sample. Example 4. Presented
in Table IV below are experimental results from an
experiment conducted for the purpose of evaluating the
effects of cure time, fan speed, and film thickness on
appearance and frost resistance. Appearance was
measured at an observer distance of 1 to 3 feet at a
view angle of 45 under normal fluorescent lighting
conditions.*Time to Frost in less than (<) or greater
than (>) 2 minutes (min) From the data presented
above, it can be seen that shorter cure times (e.g.,
less than 1.25 minutes) combined with high fan speeds
and non-polished masks can result in time to frost
values of less than 2 minutes. The surface finish of
these articles was mottled, having an orange peel
appearance. When longer cure times (e.g., greater than
1.5 minutes) were employed in combination with lower
fan speeds, the articles produced exhibited good
surface appearance and time to frost values were
increased to greater than 2 minutes. Hence, a fan
speed of less than or equal to about 1,000 rpm, or,
more specifically, less than or equal to about 750
rpm, or, more specifically, less than or equal to
about 500 rpm, can be employed to attain good
appearance as well as time to frost of greater than 2
minutes. Additionally, cure times of great than or
equal to about 1.5 minutes, or, more specifically,
greater than or equal to about 1.75 minutes are
desireable to attain the good appearance and the
longer time to frost, e.g., at a film thicknesses of
less than or equal to about 1,000 mm, or, more
specifically, about 180 mm to about 510 mm. The
present anti-frost layer was used on a freezer door
that had previously employed glass heaters to avoid
frosting. The freezer was set for -25C (-13F) and -18C
(O0F). As is evident from Table V, energy consumption
reduced by greater than 40%. Prior to starting the
tests A TES-3600 unit was attached to the inlet power
cord for thefreezer and the single phase 3 wire set up
was used to measure the energy used by the system over
time. In each set of tests the first test was
conducted with the door heaters plugged in to
establish the total energy usage of the system. The
freezer contained 18 five gallon water bottles to
create a thermal mass in the freezer (3 on each
shelf). Subsequent tests of the set were conducted
with the door heaters disconnected from the freezer's
system. A set of tests were conducted at the minimum
possible setting for the freezer (-13F set - 5 to -8F
measured) and with the freezer set for O0F. The doors
were left closed during all tests. Table V shows the
results for a chamber temperature of -8F (-22C). As
can be seen from Table V, the reduction in energy
usage was greater than 40%, and averaged 43% with a
standard deviation of 1%. Table VI shows the results
for a Chamber temperature of 00F (-18C). As can be
seen from Table VI, the reduction in energy usage was
greater than 40%, and even greater than or equal to
about 43% reduction compared to a freezer with a door
heater on. The film was also tested to assess the
performance of the film mounted on glass freezer doors
(a 3 door freezer) through three standard food
distribution industry specifications:1. 30 seconds
(sec) door open: 1 cycle 2. 20 sec door open and
close: 10 cycles 3. 900 sec door open and close: 1
cycle As used in the following Tables VI and VII,
sheathing refers to when sheathing moisture began,
droplets at " " sec refers to when droplets formed on
the door, and w/d refers to with droplets.POLYMER
COMPOSITION, METHOD3AND ARTICLE BACKGROUND OF THE
INVENTION In the plastics industry, many product
applications require flame retardant plastic
compositions. In some cases, this can be achieved by
using inherently flame-retardant plastics, such as
halogenated polymers. In other cases, plastics that
are not inherently flame-retardant are required, and
flame retardant additives must be added to the
plastics composition. However, many of the most
effective flame retardant additives are halogenated
compounds that are currently disfavored for health or
environmental reasons. Furthermore, when
non-halogenated flame retardant additives are used,
they often must be employed in high concentrations to
achieve the desired flame retardancy, and these high
concentrations detract from the desired physical
properties of the plastic composition. There is
therefore a need for flame-retardant compositions that
are both halogen-free and effective at low
concentrations. BRIEF DESCRIPTION OF THE INVENTION The
above-described and other drawbacks are alleviated by
a flame retardant composition, comprising: a
phosphorus salt having the formula wherein Md+ is a
metal ion or an onium ion; d is 1, 2, 3, or 4
according to the identity of M and its oxidation
state; each occurrence of R1 and R2 is independently
C1-Ci hydrocarbyl; and each occurrence of m and n is
independently Oor 1; and a phosphine compound selected
from trihydrocarbylphosphines, trihydrocarbylphosphine
oxides, and combinations thereof.Another embodiment is
flame-retardant plastic composition, comprising: (a) a
thermoplastic resin or a thermoset resin; and (b) a
flame retardant comprising (bl) a phosphorus salt
having the formula wherein M + is a metal ion or an
onium ion; d is 1, 2, 3, or 4 according to the
identity of M and its oxidation state; each occurrence
of R1 and R2 is independently C1-C18 hydrocarbyl; and
each occurrence of m and n is independently O or 1;
and (b2) a phosphine compound selected from
trihydrocarbylphosphines, trihydrocarbylphosphine
oxides, and combinations thereof. Another embodiment
is a curable composition, comprising: (a) a
functionalized poly(arylene ether) resin; (b) a
curable compound selected from triallyl cyanurate,
triallyl isocyanurate, epoxy resins, bismaleimide
resins, bismaleimide triazine resins, and combinations
thereof; and (c) a flame retardant, comprising (cl) a
phosphorus salt having the formula wherein M is a
metal ion or an onium ion; d is 1, 2, 3, or 4
according to the identity of M and its oxidation
state; each occurrence of R1 and R2 is independently
Ci-C 1 hydrocarbyl; and each occurrence of m and n is
independently O or 1; and (c2) a phosphine compound
selected from trihydrocarbylphosphines,
trihydrocarbylphosphine oxides, and combinations
thereof.Other embodiments, including methods of
preparing the compositions, articles prepared from the
flame-retardant plastic composition, and cured
compositions and 



articles prepared from the curable composition, are
described in detail below. DETAILED DESCRIPTION OF THE
INVENTION A first category of embodiments relates to
the flame retardant composition itself. Thus, one
embodiment is a flame retardant composition,
comprising: a phosphorus salt having the formula
wherein Md+ is a metal ion or an onium ion; d is 1, 2,
3, or 4 according to the identity of M and its
oxidation state; each occurrence of R1 and R2 is
independently C1-C1 hydrocarbyl; and each occurrence
of m and n is independently 0 or 1; and a phosphine
compound selected from trihydrocarbylphosphines,
trihydrocarbylphosphine oxides, and combinations
thereof. The present inventors have discovered that
the combination of the phosphorus salt and the
phosphine compound has a synergistic flame retardant
effect that provides improved flame retardancy
compared to the individual components. This advantage
can be used to reduce the total amount of flame
retardant required, thereby improving physical
properties of a plastic composition. Alternatively,
the advantage can be used to achieve greater flame
retardancy (e.g., a UL 94 rating of V-O) than was
previously attainable at any tolerable level of flame
retardant compound. The flame retardant combination is
suitable for use with a wide variety of plastic
compositions, including those comprising thermoplastic
resins and those comprising thermoset resins. One
specific use of the flame retardant composition is as
an additive to a curable composition comprising a
functionalized poly(arylene ether), and a curable
compound such as triallyl cyanurate,triallyl
isocyanurate, an epoxy resin, a bismaleimide resin, a
bismaleimide triazine resin, or the like. The
phosphorus salt used in the flame retardant
composition has the formula wherein Md+ is a metal ion
or an onium ion; d is 1, 2, 3, or 4 according to the
identity of M and its oxidation state; each occurrence
of R1 and R2 is independently C1-C18 hydrocarbyl; and
each occurrence of m and n is independently 0 or 1. As
used herein, the term "hydrocarbyl", whether used by
itself, or as a prefix, suffix, or fragment of another
term, refers to a residue that contains only carbon
and hydrogen. The residue may be aliphatic or
aromatic, straight-chain, cyclic, bicyclic, branched,
saturated, or unsaturated. It may also contain
combinations of aliphatic, aromatic, straight chain,
cyclic, bicyclic, branched, saturated, and unsaturated
hydrocarbon moieties. The hydrocarbyl residue, when so
stated however, may contain heteroatoms over and above
the carbon and hydrogen members of the substituent
residue. Thus, when specifically noted as containing
such heteroatoms, the hydrocarbyl or hydrocarbylene
residue may also contain carbonyl groups, amino
groups, hydroxyl groups, or the like, or it may
contain heteroatoms within the backbone of the
hydrocarbyl residue. hi one embodiment, Md+ is an
onium ion. Suitable onium ions include, for example,
ammonium cation (NH4 +), mono-(C
1-C12)-hydrocarbylammonium cations, di-(C1-
C12)-hydrocarbylammonium cations, tri-(C
1-C12)-hydrocarbylammonium cations, tetra-(C
1-C12)-hydrocarbylammonium cations, phosphonium cation
(PH4 +), mono-(Ci- C12)-hydrocarbylphosphonium
cations, di-(C1-C12)-hydrocarbylphosphonium cations,
tri^Ci-C^-hydrocarbylphosphonium cations,
tetra-(C1-C12)- hydrocarbylphosphonium cations,
sulfonium cation (SH3 +), mono-(C
1-Ci2)-hydrocarbylsulfonium cations,
di-(C1-C12)-hydrocarbyl sulfonium cations, tri-(Ci-
Ci2)-hydrocarbyl sulfonium cations, and the like, and
combinations thereof. In another embodiment, Md+ is a
metal ion. Suitable metal ions include, for example,
ions of magnesium, calcium, aluminum, antimony, tin,
germanium, titanium, zinc, iron, zirconium, cerium,
bismuth, strontium, manganese, lithium, sodium,
potassium, and the like, and combinations thereof. In
one embodiment, Md+ is Al3+. Referring again to the
phosphorus salt structure above, in one embodiment
each occurrence of R1 and R2 is independently C1-C6
alkyl. In another embodiment, each occurrence of R1
and R2 is methyl or ethyl hi a preferred embodiment, M
is aluminum and each occurrence of m and n is zero. In
another preferred embodiment, the phosphorus salt
comprises aluminum tris(diethylphosphinate). The flame
retardant composition may comprise about 5 to about 95
parts by weight of the phosphorus salt, based on 100
parts by weight total of the phosphorus salt and the
phosphine compound. Within this range, the phosphorus
salt amount may be at least about 10 parts by weight,
or at least about 20 parts by weight. Also within this
range, the phosphorus salt amount may be up to about
90 weight percent, or up to about 80 weight percent.
In addition to the phosphorus salt, the flame
retardant composition comprises a phosphine compound
selected from trihydrocarbylphosphines,
trihydrocarbylphosphine oxides, and combinations
thereof. The phosphine compound may be a
trihydrocarbylphosphine. The trihydrocarbylphosphine
may have the structure wherein R3-R5 are each
independently Ci-C1 hydrocarbyl, with the proviso that
the trihydrocarbylphosphine has at least six carbon
atoms. In the context of the trihydrocarbylphosphine
and the trihydrocarbylphosphine oxide discussed below,
the hydrocarbyl substituent may include, in addition
to carbon and hydrogen, a hydroxysubstituent (e.g.,
the hydrocarbyl substituent may be 4-hydroxyphenyl),
or an ether oxygen (e.g., the hydrocarbyl substituent
may be 4-phenoxyphenyl). Suitable
trihydrocarbylphosphines include, for example,
triphenylphosphine, allyldiphenylphosphine,
diallylphenylphosphine, triallylphosphine,
bis(l-naphthyl)(4- hydroxyphenyl)phosphine,
bis(4-hydroxyphenyl)(l -naphthyl)phosphine, tris(4-
hydroxyphenyl)phosphine, tris(l -naphthyl)phosphine,
tris(2-naphthyl)phosphine,
bis(4-phenoxyphenyl)(4-hydroxyphenyl)phosphine,
bis(4-hydroxyphenyl)(4- phenoxyphenyl)phosphine,
tris(4-phenoxyphenyl)phosphine, bis(2,4,5-
trimethylphenyl)(4-hydroxyphenyl)phosphine,
bis(4-hydroxyphenyi)(2,4,5- trimethylphenyl)phosphine,
tris(2,4,5-trimethylphenyl)phosphine,
bis(tert-butyl)(4- hydroxyphenyl)phosphine,
bis(4-hydroxy-phenyl)(tert-butyl)phosphine,
tris(tertbutyl) phosphine, and the like, and
combinations thereof. The phosphine compound may be a
trihydrocarbylphosphine oxide. The
trihydrocarbylphosphine oxide may have the structure O
R3 P R4 wherein R3-R5 are each independently C1-C12
hydrocarbyl, with the proviso that the
trihydrocarbylphosphine oxide has at least six carbon
atoms. Suitable trihydrocarbylphosphine oxides
include, for example, triphenylphosphine oxide,
allyldiphenylphosphine oxide, diallylphenylphosphine
oxide, triallylphosphine oxide,
bis(1-naphthyl)(4-hydroxyphenyl)phosphine oxide,
bis(4-hydroxyphenyl)(1- naphthyl)phosphine oxide,
tris(4-hydroxyphenyi)phosphine oxide, tris(lnaphthyl)
phosphine oxide, tris(2-naphthyl)phosphine oxide,
bis(4-phenoxyphenyl)(4- hydroxyphenyl)phosphine oxide,
bis(4-hydroxyphenyl)(4-phenoxyphenyl)phosphine oxide,
tris(4-phenoxyphenyl)phosphine oxide,
bis(2,4,5-trimethylphenyl)(4- hydroxyphenyl)phosphine
oxide, bis(4-hydroxyphenyl)(2,4,5-
trimethylphenyl)phosphine oxide,
tris(2,4,5-trimethylphenyl)phosphine oxide,
bis(tertbutyl)(4-hydroxyphenyl)phosphine oxide,
bis(4-hydroxy-phenyl)(tert-butyl)phosphine oxide,
tris(tert-butyl)phosphine oxide, and the like, and
combinations thereof. The flame retardant composition
may comprise about 5 to about 95 parts by weight of
the phosphine compound, based on 100 parts by weight
total of the phosphorus salt and the phosphine
compound. Within this range, the phosphine compound
amount may be at least about 10 parts by weight, or at
least about 20 parts by weight. Also within this
range, the phosphine compound amount may be up to
about 90 weight percent, or up to about 80 weight
percent. One embodiment is a flame retardant
composition comprising a phosphorus salt having the
formula wherein Md+ is Al3+, each occurrence of R1and
R2 is independently C1-C6 hydrocarbyl, and each
occurrence of m and n is 0; and a
trihydrocarbylphosphine oxide having the structure
wherein R3-R5 are each independently C3-C12
hydrocarbyl. One embodiment is a flame retardant
composition comprising aluminum
tris(diethylphosphinate) and a phosphine oxide
selected from triphenylphosphine oxide,
allyldiphenylphosphine oxide, and combinations
thereof.In one embodiment, the flame retardant
composition may be prepared by blending the phosphorus
salt and the phosphine compound. However, it is not
necessary for these two components to be pre-blended
before addition to a polymer composition. For example,
as demonstrated in the working examples below, the
advantages of the flame retardant combination may be
attained if the phosphorus salt and the phosphine
compound are added as separate components to a polymer
composition that is subsequently intimately blended.
The flame retardant composition is useful to impart
flame retardancy to a variety of polymeric
compositions. Thus, a second category of embodiments
relates to a composition, comprising: (a) a
thermoplastic resin or a thermoset resin; and (b) a
flame retardant comprising (bl) a phosphorus salt
having the formula wherein Md+ is a metal ion or an
onium ion; d is 1, 2, 3, or 4 according to the
identity of M and its oxidation state; each occurrence
of R1 and R2 is independently C1-C18 hydrocarbyl; and
each occurrence of m and n is independently 0 or 1,
and (b2) a phosphine compound selected from
trihydrocarbylphosphines, trihydrocarbylphosphine
oxides, and combinations thereof. Combinations
(blends) of thermoplastic resin and thermoset resin
may be used. Thermoplastic resins suitable for use in
the composition include, for example, poly(arylene
ether)s, poly(arylene sulfide)s, polyamides,
polystyrenes including homopolystyrene and
rubber-modified polystyrene ("high impact polystyrene"
or "HIPS"), polyolefms including polyethylene and
polypropylene, polyesters including polyarylates,
polycarbonates, poly(styrene-co-acrylonitrile)s
("SAN"), poly(acrylonitrile-co-butadiene-co-styrene)s
("ABS"), poly(styrene-co-maleic anhydride)s ("SMA"),
poly(acrylonitrile-co-styreneco- acrylate)s ("ASA"),
polyimides, polyamideimides, polyetherimides,
polysulfones, polyethersulfones, polyketones,
polyetherketones, polysiloxanes, and the like,
andcombinations thereof. These thermoplastic resins
and methods for their preparation 



are known in the art. Combinations (blends) of the
aforementioned thermoplastic resins include, for
example, poly(arylene ether)-polyamide blends,
poly(arylene ether)-polystyrene blends, poly(arylene
ether)-poryolefm blends, polycarbonatepolyester
blends, polycarbonate-ABS blends,
polycarbonate-polysiloxane blends, and
polyetherimide-polysiloxane blends. In one embodiment,
the thermoplastic resin comprises a poly(arylene
ether). Preferred poly(arylene ether)s include
homopolymers of 2,6-dimethylphenol (i.e.,
poly(2,6-dimethyl-l,4-phenylene ether) and copolymers
of 2,6-dimethylphenol and 2,3,6-trimethylphenol (i.e.,
poly(2,6-dimethyl-l,4-phenylene
ether-co-2,3,6-trimethyl-l,4-phenylene ether)).
Thermoset resins suitable for use in the composition
include, for example, epoxy resins, unsaturated
polyester resins, polyimide resins, bismaleimide
resins, bismaleimide triazine resins, cyanate ester
resins, vinyl resins, benzoxazine resins,
benzocyclobutene resins, acrylics, alkyds,
phenol-formaldehyde resins, novolacs, resoles,
melamine-formaldehyde resins, urea-formaldehyde
resins, hydroxymethylfurans, isocyanates, diallyl
phthalate, triallyl cyanurate, triallyl isocyanurate,
unsaturated polyesterimides, and the like, and
combinations thereof. In one embodiment, the thermoset
resin comprises an epoxy resin. In another embodiment,
the thermoset resin comprises triallyl cyanurate. hi
another embodiment, the thermoset resin comprises
triallyl isocyanurate. Particularly suitable epoxy
resins include those described by the structure
nwherein A is an organic or inorganic radical of
valence n, X is oxygen or nitrogen, m is 1 or 2 and
consistent with the valence of X, and n is from 1-1000
ideally 2-8, most preferably 2-4. Suitable epoxy
resins include those produced by the reaction of
epichlorohydrin or epibromohydrin with a phenolic
compound. Suitable phenolic compounds include, for
example, resorcinol, catechol, hydroquinone,
2,6-dihydroxy naphthalene, 2,7- dihydroxynapthalene,
2-(diphenylphosphoryl)hydroquinone,
bis(2,6-dimethylphenol) 2,2'-biphenol, 4,4-biphenol,
2,2',6,6'-tetramethylbiphenol, 2,2',3,3',6,6'-
hexamethylbiphenol, 3,3 ' ,5,5 ' -tetrabromo-2,2 ' 6,6
'-tetramethylbiphenol, 3,3'- dibromo-2,2 ' ,6,6'
-tetramethylbiphenol, 2,2 ' ,6,6 ' -tetramethyl-3 ,3 '
5-dibromobiphenol, 4,4'-isopropylidenediphenol
(bisphenol A), 4,4'-isopropylidenebis(2,6-
dibromophenol) (tetrabromobisphenol A),
4,4'-isopropylidenebis(2,6-dimethylphenol)
(teramethylbisphenol A),
4,4'-isopropylidenebis(2-methylphenol), 4,4'-
isopropylidenebis(2-allylphenol),
4,4'(l,3-phenylenediisopropylidene)bisphenol
(bisphenol M), 4,4'-isopropylidenebis(3-phenylphenol)
4,4 '-(1,4- phenylenediisoproylidene)bisphenol
(bisphenol P), 4,4'-ethylidenediphenol (bisphenol E),
4,4'oxydiphenol, 4,4'thiodiphenol,
4,4'thiobis(2,6-dimethylphenol), 4,4'-
sufonyldiphenol, 4,4'-sufonylbis(2,6-dimethylphenol)
4,4'sulfinyldiphenol, 4,4'-
hexafluoroisoproylidene)bisphenol (Bisphenol AF),
4,4'(1- phenylethylidene)bisphenol (Bisphenol AP),
bis(4-hydroxyphenyl)-2,2- dichloroethylene (Bisphenol
C), bis(4-hydroxyphenyl)methane (Bisphenol-F),
bis(2,6- dimethyl-4-hydroxyphenyl)methane,
4,4'-(cyclopentylidene)diphenol, 4,4'-
(cyclohexylidene)diphenol (Bisphenol Z),
4,4'-(cyclododecylidene)diphenol 4,4'-
(bicyclo[2.2.1]heptylidene)diphenol,
4,4'-(9H-fluorene-9,9-diyl)diphenol, 3,3-bis(4-
hydroxyphenyl)isobenzofuran- 1(3H)-one,
1-(4-hydroxyphenyl)-3 ,3-dimethyl-2,3 -
dihydro-1H-inden-5-ol,
1-(4-hydroxy-3,5-dimethylphenyl)- 1,3,3
,4,6-pentamethyl-2,3 - dihydro-1H-inden-5-ol,
3,3,3',3'-tetramethyl-2,2',3 ,3'-tetrahydro-
1,1'-spirobi[indene]- 5,6'-diol (Spirobiindane),
dihydroxybenzophenone (bisphenol K), tris(4-
hydroxyphenyl)methane, tris(4-hydroxyphenyl)ethane,
tris(4-hydroxyphenyl)propane,
tris(4-hydroxyphenyl)butane,
tris(3-methyl-4-hydroxyphenyl)methane, tris(3,5-
dimethyl-4-hydroxyphenyl)methane,
tetrakis(4-hydroxyphenyl)ethane, tetrakis(3
,5-dimethyl-4-hydroxyphenyl)ethane,
bis(4-hydroxyphenyl)phenylrhosphine oxide,
dicyclopentadienylbis(2,6-dimethyl phenol),
dicyclopentadienyl bis(2-methylphenol),
dicyclopentadienyl bisphenol, and the like, and
mixtures thereof. Other suitable epoxy resins include
N-glycidyl phthalimide, N-glycidyl
tetrahydrophthalimide, phenyl glycidyl ether,
p-butylphenyl glycidyl ether, styrene oxide, neohexene
oxide, ethylene glycol diglycidyl ether, polyethylene
glycol diglycidyl ether, propylene glycol diglycidyl
ether, polypropylene glycol diglycidyl ether,
tetramethyleneglycol diglycidyl ether,
polytetramethylene glycol diglycidyl ether, bisphenol
A-type epoxy compounds, bisphenol S-type epoxy
compounds, resorcinol-type epoxy compounds, phenol
novolac-type epoxy compounds, cresol novolac-type
epoxy compounds, adipic acid diglycidyl ester, sebacic
acid diglycidyl ester, phthalic acid diglycidyl ester,
and the like, and mixtures thereof. Also suitable as
epoxy resins are the glycidyl ethers of phenolic
resins such as the glycidyl ethers of
phenol-formaldehyde novolac, alkyl substituted
phenolformaldehyde resins including
cresol-formaldehyde novolac, -butylphenolformaldehyde
novolac, sec-butylphenol-formaldehyde novolac,
rt-octylphenolformaldehyde novolac,
cumylphenol-formaldehyde novolac,
decylphenolformaldehdye novolacs, and the like. Other
useful epoxies are the glycidyl ethers of
bromophenol-formaldehdye novolac,
chlorophenol-formaldehyde novolac, phenolbis(
hydroxymethyl)benzene novolac,
phenol-bis(hydroxymethylbiphenyl) novolac,
phenol-hydroxybenzaldehyde novolac,
phenol-dicyclopentadiene novolac, naphtholformaldehyde
novolac, naphthol-bis(hydroxymethyl)benzene novolac,
naphtholbis( hydroxymethylbiphenyl) novolac,
naphthol-hydroxybenzaldehyde novolac,
naphthol-dicyclopentadiene novolacs, and the like, and
mixtures thereof. Also suitable as epoxy resins are
the polyglycidyl ethers of polyhydric aliphatic
alcohols. Examples of such polyhydric alcohols that
may be mentioned are 1,4- butanediol, 1,6-hexanediol,
polyalkylene glycols, glycerol, trimethylolpropane,
2,2- bis(4-hydroxy-cyclohexyl)propane and
pentaerythritol. Curing agents for the epoxy resins
include amine compounds, anhydrides, benzenediol
compounds, bisphenol resin, polyhydric phenol resin,
phenolic resins, and the like.Examples of the amine
compounds include aliphatic amine compounds, such as
diethylene triamine (DETA), Methylene tetramine
(TETA), tetraethylene pentamine (TEPA),
diethylaminopropylamine (DEAPA), methylene diamine,
Naminoethylpyrazine (AEP), m-xylylene diamine (MXDA)
and the like; aromatic amine compounds such as
m-phenylene diamine (MPDA), 4,4'-
diaminodiphenylmethane (MDA), diaminodiphenylsulfone
(DADPS), diaminodiphenyl ether and the like; and
secondary or tertiary amine compounds such as
phenylmethyldimethylamine (BDMA),
dimethylaminomethylphenol (DMP-10),
tris(dimethylaminomethyl)phenol (DMP-30), piperidine,
4,4'- diaminodicyclohexylmethane,
1,4-diaminocyclohexane, 2,6-diaminopyridine,
mphenylenediamine, p-phenylenediamine,
4,4'-diaminodiphenylmethane, 2,2'-bis(4-
aminophenyl)propane, benzidine, 4,4'-diaminophenyl
oxide, 4,4'- diaminodiphenylsulfone,
bis(4-aminophenyl)phenylphosphine oxide, bis(4-
aminophenyl)methylamine, 1,5-diaminonaphthalene,
m-xylenediamine, pxylenediamine, hexamethylenediamime,
6,6'-diamine-2,2'-pyridyl, 4,4'- diaminobenzophenone,
4,4'-diaminoazobenzene,
bis(4-aminophenyl)phenylmethane,
1,1-bis(4-aminophenyl)cyclohexane,
1,1-bis(4-amino-3-methylphenyl)cyclohexane,
2,5-bis(m-aminophenyl)-l ,3,4-oxadiazole,
2,5-bis(p-aminophenyl)-l ,3,4-oxadiazole,
2,5-bis(m-aminophenyl)thiazo(4,5-d)thiazole,
5,5'-di(m-aminophenyl)-(2,2')-bis-
(1,3,4-oxadiazolyl), 4,4'-diaminodiphenylether,
4,4'-bis(p-aminophenyl)-2,2'- dithiazole,
m-bis(4-p-aminophenyl-2-thiazolyl)benzene,
4,4'-diaminobenzanilide, 4,4'- diaminophenyl benzoate,
N,N'-bis(4-aminobenzyl)-p-phenylenediamine, and 4,4'-
methylenebis(2-chloroaniline); melamine,
2-ammo-s-triazine, 2-amino-4-phenyl-striazine,
2-amino-4-phenyl-s-triazine,
2-amino-4,6-diethyl-s-triazine, 2-amino-4,6-
diphenyl-s-triazine,
2-amino-4,6-bis(p-methoxyphenyl)-s-triazine,
2-amino-4-anilinos- triazine,
2-amino-4-phenoxy-s-triazine,
2-amino-4-chloro-s-triazine, 2-amino-4-
aminomethyl-6-chloro-s-triazine,
2-(p-aminophenyl)-4,6-dichloro-s-triazine, 2,4-
diamino-s-triazine, 2,4-diamino-6-methyl-s-triazine,
2,4-diamino-6-phenyl-s-triazine,
2,4-diamino-6-benzyl-s-triazine,
2,4-diamino-6-(p-aminophenyl)-s-triazine, 2,4-
diamino-6-(m-aminophenyl)-s-triazine,
4-amino-6-phenyl-s-triazine-2-ol, and 6-
amino-s-triazine-2,4-diol, and the like, and mixtures
thereof.Suitable cyanate ester resins include
compounds of structure A- O C=N ,' n wherein A is an
organic or inorganic radical of valence n; and n is
from 1-1000 ideally 2-8, most preferably 2-4. Suitable
cyanate esters useful include cyanatobenzene, 1,3-
4-cumylcyanatobenzene, dicyanatobenzene, 2-
-butylcyanatobenzene, 2,5-di- t-butyl-
1,4-dicyanatobenzene, 2,5-di-t-butyl-l
,3-dicyanatobenzene, 4-chloro-l ,3- dicyanatobenzene,
1,3,5-tricyanatobenzene, 4,4'-cyanatobiphenyl 2,2'-
dicyanatobiphenyl, 2,4-dimethyl- 1,3-dicyanatobenzene,
tetramethyldicyanatobenzene, 1,3-
dicyanatonaphthalene, 1, 4- dicyanatonaphthalene, 1,5-
dicyanatonaphthalene, 1,6- dicyanatonaphthalene, 1,8-
dicyanatonaphthalene, 2,6-dicyanatonaphthalene, 2,7-
dicyanatonaphthalene,
2,2-bis(3,5-dibromo-4-cyanatophenyl)propane 1,3,6-
tricyanatonapthalene, 2,2-bis(4-cyanatophenyl)propane,
bis(4- cyanatophenyl)methane,
bis(3-chloro-4-cyanatophenyl)methane
bis(3,5-dimethyl-4- cyanatophenyl)methane,
1,3-bis[4-cyanatophenyl- 1-(I
-methylethylidene)]benzene, 1,1,1 -tris(4-
cyanatophenyl)ethane, 1,4~bis[4-cyanatophenyl-l -(I
-methylethylidene)]- benzene, and the like, and
mixtures thereof. The cyanate ester may be a cyanate
ester prepolymer, such as, for example, prepolymers of
2,2-bis(4-cyanatophenyl)-propane,
bis(3,5-dimethyl-4-cyanatophenyl)methane,
l,3-bis[4-cyanatophenyl-l-(lmethylethylidene)]
benzene, 1,4-bis[4-cyanatophenyl-
1-(1-methylethylidene)]benzene,
bis(4-cyanatophenyl)ether, bis(p-
cyanophenoxyphenoxy)benzene, di(4-
cyanatophenyl)ketone, bis(4- cyanatophenyl)thioether,
bis(4-cyanatophenyl)sulfone, tris(4-
cyanatophenyl)phosphite, and
tris(4-cyanatophenyl)phosphate. Also useful are other
cyanates as disclosed in U.S. Pat. No. 5,215,860, col.
10, lines 19 to 38. Cyanate ester prepolymers that can
be used in the present invention contain free cyanate
ester groups and may be produced by partial curing of
the cyanate ester resin in the presence or absence of
a catalyst. A typical example of such a cyanate ester
prepolymer is the partial reaction product of
bis(3,5-dimethyl-4- 



cyanatophenyl)methane, sold under the tradename
AroCy(r) B-30, B-50 M-20, PT-60,PT-60S, and CT-90 by
Lonza. Ltd., Switzerland. Mixtures of two or more
different cyanate ester prepolymers may be used, as
can mixtures of one or more cyanate ester prepolymers
with one or more cyanate ester-containing compounds
that are not prepolymers. Useful cyanate esters
include materials commercially produced by Lonza Ltd.,
Switzerland and include, for example, B-IO, B-30,
M-IO, M-30, PT-15, PT-30, PT-30S, PT-60, PT-60S,
CT-90, BA-230S, L-IO, F-IO, RTX-399, RTX-366, and
Quatrex-7187 resins Metal salt catalysts, such as
metal carboxylates can be used to accelerate the cure
rate of cyanate esters. Catalysts include manganese
naphthenate, zinc naphthenate, cobalt naphthenate,
nickel naphthenate, cerium naphthenate, manganese
octanoate, zinc octanoate, cobalt octanoate, nickel
octanoate and cerium octanoate, and the like. Suitable
bismaleimides include those of structure wherein in M
is a radical containing 2-40 carbon atoms of valence n
and each Z is independently a hydrogen, halogen or an
aromatic or aliphatic radical and n equals 0- 10. M
can be aliphatic, cycloaliphatic, aromatic or
heterocyclic. A preferred class of bisimides is
difunctional bismaleimides derived from aliphatic or
aromatic diamines. Specific examples of unsaturated
imides include 1,2-bismaleimidoethane, 1,6-
bismaleimidohexane, 1,3-bismaleimidobenzene,
1,4-bismaleimidobenzene, 2,4- bismaleimidotoluene,
4,4'-bismaleimidodiphenylmethane,
4,4'-bismaleimidodiphenylether,
3,3'-bismaleimidodiphenylsulfone, 4,4'-
bismaleimidodiphenylsulfone,
4,4'-bismaleimidodicyclohexylmethane, 3,5-bis(4-
maleimidophenyl)pyridine, 2,6-bismaleimidopyridine,
1,3- bis(maleimidomethyl)cyclohexane,
1,3-bis(maleimidomethyl)benzene, 1,1-bis(4-
maleimidophenyl)cyclohexane,
1,3-bis(dichloromaleimido)benzene, 4,4'-
biscitraconimidodiphenylmethane,
2,2-bis(4-maleimidophenyl)propane, 1-phenyl-1,1-
bis(4-maleimidophenyl)ethane,
a,a-bis(4-maleimidoplienyl)toluene, 3,5-
bismaleimido-l,2,4-triazole N,N'-ethylenebismaleimide,
N,N'- hexamethylenebismaleimide,
N,N'-m-phenylenebismaleimide,
N,N'-pphenylenebismaleimide,
N,N'-4,4'-diphenylmethanebismaleimide, N,N'-4,4'-
diphenyletherbismaleimide,
N,N'-4,4'-diphenylsufonebismaleimide, N,N'-4,4'-
dicyclohexylmethanebismaleimide,
N,N'-alpha,alpha'-4,4'-
dimethylenecyclohexanebismaleimide,
N,N'-m-xylenebismaleimide, N,N'-4,4'-
diphenylcyclohexanebismaleimide, and
N,N'-methylenebis(3-chloro-pphenylene) bismaleimide,
various maleimides disclosed in U.S. Pat. Nos.
3,562,223, 4,211,860 and 4,211,861, and the like, and
mixtures thereof. Maleimides can be prepared by
methods known in the art, including, for example,
those described in U.S. Pat. No. 3,018,290. In one
embodiment, the maleimide resin is N,N'-4,4'-
diphenylmethane bismaleimide. The composition may
comprise about 50 to about 99 parts by weight of the
thermoplastic resin and/or thermoset resin per 100
parts by weight total of the thermoplastic resin
and/or thermoset resin and the flame retardant. Within
this range, the amount of thermoplastic resin and/or
thermoset resin may be at least about 60 parts by
weight, or at least about 70 parts by weight. Also
within this range, the amount of thermoplastic resin
and/or thermoset resin may be up to about 95 parts by
weight, or up to about 90 parts by weight. The
composition may comprise about 1 to about 50 parts by
weight of the flame retardant, based on 100 parts by
weight total of the thermoplastic resin or thermoset
resin and the flame retardant. Within this range, the
flame retardant amount may be at least about 5 parts
by weight, or at least about 10 parts by weight. Also
within thisrange, the flame retardant amount may be up
to about 40 parts by weight, or up to about 30 parts
by weight. One embodiment is a composition,
comprising: (a) a thermoplastic resin selected from
poly(arylene ether)s, poly(arylene sulfide)s,
polyamides, polystyrenes, polyolefins, polyesters,
polycarbonates, poly(styrene-co-acrylonitrile)s,
poly(acrylonitrile-cbutadiene- co-styrene)s,
poly(styrene-co-maleic anhydride)s,
poly(acrylonitrile-cstyrene- co-acrylate)s,
polyimides, polyamideimides, polyetherimides,
polysulfones, polyethersulfones, polyketones,
polyetherketones, polysiloxanes, and combinations
thereof; and (b) a flame retardant comprising (bl) a
phosphorus salt having the formula wherein Md+ is
Al3+; occurrence of R1 and R2 is independently C1-C6
hydrocarbyl; and each occurrence of m and n is 0; and
(b2) a trihydrocarbylphosphine oxide having the
structure O R3 P R4 wherein R3-R5 are each
independently C3-C12 hydrocarbyl. One embodiment is a
composition, comprising: (a) a thermoplastic resin
comprising a poly(arylene ether); and (b) a flame
retardant comprising aluminum tris(diethylphosphinate)
and a phosphine oxide selected from triphenylphosphine
oxide, allyldiphenylphosphine oxide,
diallylphenylphosphine oxide, triallylphosphine oxide,
and combinations thereof.One embodiment is a
composition, comprising: (a) a thermoset resin
selected from selected from epoxy resins, unsaturated
polyester resins, polyimide resins, bismaleimide
resins, bismaleimide triazine resins, cyanate ester
resins, vinyl resins, benzoxazine resins,
benzocyclobutene resins, acrylics, alkyds,
phenol-formaldehyde resins, novolacs, resoles,
melamine-formaldehyde resins, urea-formaldehyde
resins, hydroxymethylfurans, isocyanates, diallyl
phthalate, triallyl cyanurate, triallyl isocyanurate,
unsaturated polyesterimides, and combinations thereof;
and (b) a flame retardant comprising (bl) a phosphorus
salt having the formula wherein Md+ is Al3+;
occurrence of R1 and R2 Is independently C1-C6
hydrocarbyl; and each occurrence of m and n is O; and
(b2) a trihydrocarbylphosphine oxide having the
structure wherein R3-R5 are each independently C3-Ci
hydrocarbyl. Another embodiment is a composition,
comprising: (a) a thermoset resin comprising a
bisphenol A epoxy resin; and (b) a flame retardant
comprising aluminum tris(diethylphosphinate) and a
phosphine oxide selected from triphenylphosphine
oxide, allyldiphenylphosphine oxide,
diallylphenylphosphine oxide, triallylphosphine, and
combinations thereof. In addition to the thermoplastic
resin and/or thermoset resin, and the flame retardant,
the composition may comprise one or more various
additives known in the art forthermoplastic and
thermoset compositions. Suitable additives for
thermoplastic compositions include, for example,
plasticizers, impact modifiers, fillers, reinforcing
agents (including disc-shaped fillers and fibrous
fillers), mold release agents, colorants (including
pigments and dyes), thermal stabilizers, light
stabilizers, antioxidants, adhesion promoters, drip
retardants, antiblocking agents, antistatic agents,
blowing agents, and combinations thereof. Suitable
additives for thermoset compositions include, for
example, impact modifiers, low profile additives, cure
agents, hardeners, cure inhibitors, fillers,
reinforcing agents (including disc-shaped fillers and
fibrous fillers), mold release agents, flow modifiers,
colorants (including pigments and dyes), thermal
stabilizers, light stabilizers, antioxidants, adhesion
promoters, drip retardants, antiblocking agents,
antistatic agents, and the like, and combinations
thereof. Apparatus and techniques for blending
thermoplastic compositions and thermoset compositions
are known in the art. Apparatus suitable for preparing
thermoplastic blends includes, for example, two-roll
mills, Banbury mixers, and single-screw and twin-screw
extruders. Apparatus suitable for preparing thermoset
blends includes, for example, flasks or beakers with
mechanical stirring that are used for dissolving the
PPE oligomer in a suitable solvent or curable
compound. Mild heat is used to facilitate dissolution.
A square or rectangular pan containing the resin
solution is used for coating/impregnation of glass
cloth via dipping the cloth into the resin solution.
The composition is useful for fabricating articles or
parts of articles. Thus, one embodiment is an article
comprising any of the above-described polymer
compositions. When the composition comprises a
thermoset resin, the article may comprise the
composition in an uncured, partially cured, or fully
cured state. Techniques for fabricating articles from
thermoset compositions are discussed below in the
context of the curable composition comprising a
functionalized poly(arylene ether) resin. Techniques
for fabricating articles from thermoplastic
compositions include, for example, film and sheet
extrusion, injection molding, gas-assist injection
molding, extrusion molding, compression molding and
blow molding. The article may be in the form of a
film, sheet, molded object or composite having at
least one layer comprising the composition.The
invention further includes a method of preparing the
polymer composition. Thus, one embodiment is a method
of preparing a composition, comprising: blending (a) a
thermoplastic resin or a thermoset resin; and (b) a
flame retardant comprising (bl) a phosphorus salt
having the formula wherein M + is a metal ion or an
onium ion; d is 1, 2, 3, or 4 according to the
identity of M and its oxidation state; each occurrence
of R1 and R2 is independently C1-C18 hydrocarbyl; and
each occurrence of m and n is independently 0 or 1;
and (b2) a phosphine compound selected from
trihydrocarbylphosphines, trihydrocarbylphosphine
oxides, and combinations thereof; to form an intimate
blend. The flame retardant is particularly useful in
curable compositions comprising a poly(arylene ether)
with polymerizable functionality. Thus, a third
category of embodiments relates to a curable
composition, comprising: (a) a functionalized
poly(arylene ether) resin; (b) a curable compound
selected from triallyl cyanurate, triallyl
isocyanurate, epoxy resins, bismaleimide resins,
bismaleimide triazine resins, and combinations
thereof; and (c) a flame retardant, comprising (cl) a
phosphorus salt having the formula wherein Md+ is a
metal ion or an onium ion; d is 1, 2, 3, or 4
according to the identity of M and its oxidation
state; each occurrence of R1 and R2 is independently
C1-C18hydrocarbyl; and each occurrence of m and n is
independently 0 or 1; and (c2) a phosphine compound
selected from trihydrocarbylphosphines,
trihydrocarbylphosphine oxides, and combinations
thereof. The curable composition comprises a
functionalized poly(arylene ether). The functionalized
poly(arylene ether) may be a capped poly(arylene
ether), a particular 



type of dicapped poly(arylene ether), a
ring-functionalized poly(arylene ether), or a
poly(arylene ether) resin comprising at least one
terminal functional group selected from carboxylic
acid, glycidyl ether, vinyl ether, and anhydride. In
one embodiment, the functionalized poly(arylene ether)
comprises a capped poly(arylene ether) having the
formula Q(J-K)y wherein Q is the residuum of a
monohydric, dihydric, or polyhydric phenol; y is 1 to
100, more specifically 1, 2, 3, 4, 5, or 6; J has the
formula wherein R6 and R8 are each independently
selected from the group consisting of hydrogen,
halogen, primary or secondary C1-C1 alkyl, C2-C12
alkenyl, C2-C12 alkynyl, C1-C12 aminoalkyl, C1-C12
hydroxyalkyl, phenyl, C1-C12 haloalkyl, C1-C12
hydrocarbyloxy, C2-C12 halohydrocarbyloxy wherein at
least two carbon atoms separate the halogen and oxygen
atoms, and the like; R7 and R9 are each independently
selected from the group consisting of halogen, primary
or secondary C1-Ci2 alkyl, C2-Ci2 alkenyl, C2-C 2
alkynyl, Ci-C 12 aminoalkyl, Ci-Ci 2 hydroxyalkyl,
phenyl, Ci-Ci 2 haloalkyl, Ci-Ci 2 hydrocarbyloxy,
C2-Ci2 halohydrocarbyloxy wherein at least two carbon
atoms separate the halogen andoxygen atoms, and the
like; m is 1 to about 200; and K is a capping group
selected from the group consisting of wherein R10 is
C1-C12 alkyl; R1'-R 13 are each independently selected
from the group consisting of hydrogen, C1-C12 alkyl,
C2-C1 alkenyl, C6-Ci8 aryl, C7-C18 alkyl-substituted
aryl, C7-C18 aryl-substituted alkyl, C2-C12
alkoxycarbonyl, C7-C18 aryloxycarbonyl, C8-C18
alkyl-substituted aryloxycarbonyl, C8-C18
aryl-substituted alkoxycarbonyl, nitrile, formyl,
carboxylate, imidate, and thiocarboxylate; R14-R18 are
each independently selected from the group consisting
of hydrogen, halogen, C1-Ci2 alkyl, hydroxy, and
amino; and wherein Y is a divalent group selected from
the group consisting of wherein R19 and R20 are each
independently selected from the group consisting of
hydrogen and C1-C12 alkyl. As used herein, the term
"haloalkyl" includes alkyl groups substituted with one
or more halogen atoms, including partially and fully
halogenated alkyl groups. In one embodiment, Q is the
residuum of a phenol, including polyfunctional
phenols, and includes radicals of the structurewherein
R6 and R8 are each independently hydrogen, halogen,
primary or secondary C1-C12 alkyl, C1-C12 alkenyl,
C1-C12 alkynyl, C1-C12 aminoalkyl, Cj-C 12
hydroxyalkyl, C6-C12 aryl (including phenyl), C1-C12
haloalkyl, C1-C12 aminoalkyl, C1-C12 hydrocarbonoxy,
C1-C12 halohydrocarbonoxy wherein at least two carbon
atoms separate the halogen and oxygen atoms, or the
like; R7 and R9 are each independently halogen,
primary or secondary C1-C12 alkyl, C1-C12 alkenyl,
Ci-C 12 alkynyl, Ci-Ci 2 aminoalkyl, C1-C12
hydroxyalkyl, C6-Cj2 aryl (including phenyl), Ci-C 12
haloalkyl, C1-C12 aminoalkyl, Ci-C 12 hydrocarbonoxy,
C1-C12 halohydrocarbonoxy wherein at least two carbon
atoms separate the halogen and oxygen atoms, or the
like; X may be hydrogen, Ci-C 18 hydrocarbyl, or
C1-C18 hydrocarbyl containing a substituent such as
carboxylic acid, aldehyde, alcohol, amino radicals, or
the like; X also may be sulfur, sulfonyl, sulfuryl,
oxygen, C1-Ci2 alkylidene, or other such bridging
group having a valence of 2 or greater to result in
various bis- or higher polyphenols; y and n are each
independently 1 to about 100, preferably 1 to 3, and
more preferably about 1 to 2; in a preferred
embodiment, y=n. Q may be the residuum of a monohydric
phenol. Q may also be the residuum of a diphenol, such
as 2,2',6,6'-tetramethyl-4,4'-diphenol. Q may also be
the residuum of a bisphenol, such as
2,2-bis(4-hydroxyphenyl)propane ("bisphenol A" or
"BPA"). In one embodiment, the capped poly(arylene
ether) is produced by capping a poly(arylene ether)
consisting essentially of the polymerization product
of at least one monohydric phenol having the
structurewherein R6 and R8 are each independently
hydrogen, halogen, primary or secondary C1-C1 alkyl,
Ci-C12 alkenyl, Ci-C 12 alkynyl, C1-C 2 aminoalkyl,
C1-C12 hydroxyalkyl, C6-Ci2 aryl (including phenyl),
C1-C12 haloalkyl, Ci-C 12 aminoalkyl, Ci-Ci 2
hydrocarbonoxy, Ci-C 12 halohydrocarbonoxy wherein at
least two carbon atoms separate the halogen and oxygen
atoms, or the like; and R and R are each independently
halogen, primary or secondary C1-C12 alkyl, Cj-C 12
alkenyl, Ci-C 12 alkynyl, C1-C12 aminoalkyl, C1-C12
hydroxyalkyl, C6-C12 aryl (including phenyl), C1- C12
haloalkyl, C1-C1 aminoalkyl, C1-C12 hydrocarbonoxy,
C1-C12 halohydrocarbonoxy wherein at least two carbon
atoms separate the halogen and oxygen atoms, or the
like. Suitable monohydric phenols include those
described in U.S. Patent No. 3,306,875 to Hay, and
highly preferred monohydric phenols include
2,6-dimethylphenol and 2,3,6-trimethylphenol. The
poly(arylene ether) may be a copolymer of at least two
monohydric phenols, such as 2,6-dimethylphenol and
2,3,6- trimethylphenol. hi one embodiment, the capped
poly(arylene ether) comprises at least one capping
group having the structure wherein R1 R13 are each
independently hydrogen, C1-C18 hydrocarbyl, C2-Ci8
hydrocarbyloxycarbonyl, nitrile, formyl, carboxylate,
imidate, thiocarboxylate, or thelike; R9-R13 are each
independently hydrogen, halogen, Cj-C1 alkyl, hydroxy,
amino, or the like. Highly preferred capping groups
include acrylate (Rn =R12 Rl3=hydrogen) and
methacrylate (Rp =methyl, R12 R13=hydrogen). It will
be understood that the prefix "(meth)acryl~" means
either "acryl-" or "methacryl-". In one embodiment,
the capped poly(arylene ether) corresponds to the
structure above wherein Q is the residuum of a
dihydric phenol, and y is 2. For example, the capped
poly(arylene ether) may comprise a dicapped
poly(arylene ether) having the structure wherein each
occurrence of Q2 is independently selected from
hydrogen, halogen, primary or secondary C1-C12 alkyl,
C2-C1 alkenyl, C -C1 alkenylalkyl, C2-C1 alkynyl,
C3-C12 alkynylalkyl, C1-C12 aminoalkyl, C1-C12
hydroxyalkyl, phenyl, C1-C1 haloalkyl, C1-C12
hydrocarbyloxy, and C2-C1 halohydrocarbyloxy wherein
at least two carbon atoms separate the halogen and
oxygen atoms; wherein each occurrence of Q is
independently selected from halogen, primary or
secondary C1-C12 alkyl, C2-C12 alkenyl, C3-Q
alkenylalkyl, C2-Ci alkynyl, C3-C12 alkynylalkyl, Ci-C
12 aminoalkyl, C1-C12 hydroxyalkyl, phenyl, C1-C12
haloalkyl, C1-C12 hydrocarbyloxy, and C2-C12
halohydrocarbyloxy wherein at least two carbon atoms
separate the halogen and oxygen atoms; each occurrence
of R2 1 is independently hydrogen or methyl; each
occurrence of x is independently 1 to about 100; z is
0 or 1; and Y has a structure selected from0 0 X OA.
wherein each occurrence of R , R , and R is
independently selected from hydrogen and Ci-C 1
hydrocarbyl. There is no particular limitation on the
method by which the capped poly(arylene ether) is
prepared. The capped poly(arylene ether) may be formed
by the reaction of an uncapped poly(arylene ether)
with a capping agent. Capping agents include compounds
known in the literature to react with phenolic groups.
Such compounds include both monomers and polymers
containing, for example, anhydride, acid chloride,
epoxy, carbonate, ester, isocyanate, cyanate ester, or
alkyl halide radicals. Capping agents are not limited
to organic compounds as, for example, phosphorus and
sulfur based capping agents also are included.
Examples of capping agents include, for example,
acetic anhydride, succinic anhydride, maleic
anhydride, salicylic anhydride, polyesters comprising
salicylate units, homopolyesters of salicylic acid,
acrylic anhydride, methacrylic anhydride, glycidyl
acrylate, glycidyl methacrylate, acetyl chloride,
benzoyl chloride, diphenyl carbonates such as
di(4-nitrophenyl)carbonate, acryloyl esters,
methacryloyl esters, acetyl esters, phenylisocyanate,
3-isopropenyl-a,a-dimethylphenylisocyanate,
cyanatobenzene, 2,2- bis(4-cyanatophenyl)propane),
3-(alpha-chloromethyl)styrene, 4-(alphachloromethyl)
styrene, allyl bromide, and the like, carbonate and
substituted derivatives thereof, and mixtures thereof.
These and other methods of forming capped poly(arylene
ether)s are described, for example, in U.S. Patent
Nos. 3,375,228 to Holoch et al.; 4,148,843 to
Goossens; 4,562,243, 4,663,402, 4,665,137, and
5,091,480 to Percec et al.; 5,071,922, 5,079,268,
5,304,600, and 5,310,820 to Nelissen et al.; 5,338,796
to Vianello et al.; 6,627,704 B2 to Yeager et al.; and
European Patent No. 261,574 Bl to Peters et al. A
capping catalyst may be employed in the reaction of an
uncapped poly(arylene ether) with an anhydride.
Examples of such compounds include those known to the
art that are capable of catalyzing condensation of
phenols with the capping agents described above.
Useful materials are basic compounds including, for
example, basic compound hydroxide salts such as sodium
hydroxide, potassium hydroxide,tetraalkylammonium
hydroxides, and the like; tertiary alkylamines such as
tributyl amine, triethylamine, dimethylbenzylamine,
dimethylbutylamine and the like; tertiary mixed
alkyl-arylamines and substituted derivatives thereof
such as N,N-dimethylaniline; heterocyclic amines such
as imidazoles, pyridines, and substituted derivatives
thereof such as 2-methylimidazole, 2-vinylimidazole,
4-(dimethylamino)pyridine, 4-(1-pyrrolino)pyridine,
4-(1-piperidino)pyridine, 2-vinylpyridine,
3-vinylpyridine, 4-vinylpyridine, and the like. Also
useful are organometallic salts such as, for example,
tin and zinc salts known to catalyze the condensation
of, for example, isocyanates or cyanate esters with
phenols. In another embodiment, the functionalized
poly(arylene ether) comprises a ringfunctionalized
poly(arylene ether) comprising repeating structural
units of the formula wherein each L1-TL4 is
independently hydrogen, a C1-C12 alkyl group, an
alkenyl group, or an alkynyl group; wherein the
alkenyl group is represented by wherein L5-L7 are
independently hydrogen or methyl, and a is 0, 1, 2, 3,
or 4; wherein the alkynyl group is represented
bywherein L8 is hydrogen, methyl, or ethyl, and b is
0, 1, 2, 3, or 4; and wherein about 0.02 mole percent
to about 25 mole percent of the total i L4
substituents in the ringfunctionalized poly(arylene
ether) are alkenyl and/or alkynyl groups. Within this
range, it may be preferred to have at least about 0.1
mole percent, more preferably at least about 0.5 mole
percent, alkenyl and/or alkynyl groups. Also within
this range, it may be preferred to have up to about 15
mole percent, more preferably up to about 10 mole
percent, alkenyl and/or alkynyl groups. The
ring-functionalized poly(arylene ether) of this
embodiment may be prepared according to known methods.
For example, an unfunctionalized poly(arylene ether)
such as poly(2,6-dimethyl-l,4- 



phenylene ether) may be metallized with a reagent such
as n-butyl lithium and subsequently reacted with an
alkenyl halide such as allyl bromide and/or an alkynyl
halide such as propargyl bromide. This and other
methods for preparation of ringfunctionalized
poly(arylene ether) resins are described, for example,
in U.S. Patent No. 4,923,932 to Katayose et al. In
another embodiment, the ring-functionalized
poly(arylene ether) is the product of the melt
reaction of a poly(arylene ether) and an
a,b-unsaturated carbonyl compound or a b-hydroxy
carbonyl compound. Examples of a,b-unsaturated
carbonyl compounds include, for example, maleic
anhydride, citriconic anhydride, and the like.
Examples of b-hydroxy carbonyl compounds include, for
example, citric acid, and the like. Such
functionalization is typically carried out by melt
mixing the poly(arylene ether) with the desired
carbonyl compound at a temperature of about 190 to
about 2900C. In one embodiment, the functionalized
poly(arylene ether) resin comprises at least one
terminal functional group selected from carboxylic
acid, glycidyl ether, vinyl ether, and anhydride.
These particular functionalized poly(arylene ether)
resins are particularly useful in combination with
epoxy resins. A suitable method for preparing a
poly(arylene ether) resin substituted with terminal
carboxylic acid groups is described in, for example,
European Patent No. 261,574 Bl to Peters et al.
Glycidyl ether-functionalized poly(arylene ether)
resins and methods for their preparation are
described, for example, in U.S. Patent Nos. 6,794,481
to Amagai et al. and 6,835,785 to Ishii et al., and
U.S. Patent Application Publication No. 2004/0265595
Al toTokiwa. Vinyl ether-functionalized poly(arylene
ether) resins and methods for there preparation are
described, for example, in U.S. Statutory Invention
Registration No. H521 to Fan. Anhydride-functionalized
poly(arylene ether) resins and methods for their
preparation are described, for example, in European
Patent No. 261,574 Bl to Peters et al, and U.S. Patent
Application Publication No. 2004/0258852 Al to Ohno et
al. There is no particular limitation on the molecular
weight or intrinsic viscosity of the functionalized
poly(arylene ether). In one embodiment, the
functionalized poly(arylene ether) resin has an
intrinsic viscosity of about 0.03 to about 0.6
deciliter per gram (dL/g) measured at 25C in
chloroform. Within this range, the intrinsic viscosity
may be at least about 0.06 dL/g, or at least about 0.1
dL/g. Also within this range, the intrinsic viscosity
may be up to about 0.5 dL/g, or up to about 0.4 dL/g,
or up to about 0.3 dL/g. Generally, the intrinsic
viscosity of a functionalized poly(arylene ether) will
vary insignificantly from the intrinsic viscosity of
the corresponding unfunctionalized poly(arylene
ether). Specifically, the intrinsic viscosity of a
functionalized poly(arylene ether) will generally be
within 10% of that of the unfunctionalized
poly(arylene ether). It is expressly contemplated to
employ blends of at least two functionalized
poly(arylene ether)s having different molecular
weights and intrinsic viscosities. The composition may
comprise a blend of at least two functionalized
poly(arylene ethers). Such blends may be prepared from
individually prepared and isolated functionalized
poly(arylene ethers). Alternatively, such blends may
be prepared by reacting a single poly(arylene ether)
with at least two functionalizing agents. For example,
a poly(arylene ether) may be reacted with two capping
agents, or a poly(arylene ether) may be metallized and
reacted with two unsaturated alkylating agents. In
another alternative, a mixture of at least two
poly(arylene ether) resins having different monomer
compositions and/or molecular weights may be reacted
with a single functionalizing agent. One embodiment is
a curable composition wherein the functionalized
poly(arylene ether) is a capped poly(arylene ether) or
a ring-functionalized poly(arylene ether); and wherein
the curable compound is selected from triallyl
cyanurate, triallyl isocyanurate, bismaleimide resins,
bismaleimide triazine resins, and combinations
thereof.The curable composition may comprise the
functionalized poly(arylene ether) in an amount of
about 5 to about 80 parts by weight of the
functionalized poly(arylene ether), based on 100 parts
by weight total of the functionalized poly(arylene
ether), the curable compound, and the flame retardant.
Within this range, the functionalized poly(arylene
ether) amount may be at least about 10 parts per
weight, or at least about 20 parts by weight. Also
within this range, the functionalized poly(arylene
ether) amount may be up to about 70 parts by weight,
or up to about 50 parts by weight. The curable
composition comprises a curable compound selected from
triallyl cyanurate, triallyl isocyanurate, epoxy
resins, bismaleimide resins, bismaleimide triazine
resins, and the like, and combinations thereof. These
curable compounds and methods for their preparation
are known in the art, and many examples are
commercially available. The curable composition may
comprise the curable compound in an amount of about 20
to about 95 parts by weight of the curable compound,
based on 100 parts by weight total of the
functionalized poly(arylene ether), the curable
compound, and the flame retardant. Within this range,
the curable compound amount may be at least about 30
parts by weight, or at least about 40 parts by weight.
Also within this range, the curable compound amount
may be up to about 90 parts by weight, or up to about
80 parts by weight. In addition to the functionalized
poly(arylene ether) resin and the curable compound,
the curable composition comprises the flame retardant
described above. The flame retardant may be present in
an amount of about 1 to about 40 parts by weight,
based on 100 parts by weight total of the
functionalized poly(arylene ether), the curable
compound, and the flame retardant. Within this range,
the flame retardant amount may be at least about 10
parts by weight, or at least about 15 parts by weight.
Also within this range, the flame retardant amount may
be up to about 30 parts by weight. One embodiment is a
curable composition, comprising: (a) a capped
poly(arylene ether) resin; (b) a curable compound
selected from triallyl cyanurate, triallyl
isocyanurate, bismaleimide resins, bismaleimide
triazine resins, and combinations thereof; and (c) a
flame retardant, comprising a phosphorus salt having
the formulawherein Md+ is Al3+; occurrence of R1and R2
is independently Ci-C6 hydrocarbyl; and each
occurrence of m and n is 0, and a
trihydrocarbylphosphine oxide having the structure O
R3 -R4 wherein R3-R5 are each independently C3-Ci2
hydrocarbyl. Another embodiment is a curable
composition, comprising: (a) a (meth)acrylatecapped
poly(2,6-dimethyl-l,4-phenylene ether) resin; (b) a
triallyl cyanurate, a triallyl isocyanurate, or a
combination thereof; and (c) a flame retardant
comprising aluminum tris(diethylphosphinate) and a
phosphine oxide selected from triphenylphosphine
uxide, allyldiphenylphosphine oxide,
diallylphenylphosphine oxide, triallylphosphine oxide,
and combinations thereof. The invention includes
partially and fully cured compositions obtained on
curing the curable composition. Curing may be effected
by methods known in the art, including thermal curing
(with or without an added curing agent) and
photochemical curing. The invention also includes
articles formed from the curable composition. Such
articles can be formed using thermoset processing
methods known in the art including, for example, resin
transfer molding; sheet molding; bulk molding;
pultrusion; injection molding, including reaction
injection molding (RIM); atmospheric pressure molding
(APM); casting, including centrifugal and static
casting open mold casting; lamination including wet or
dry lay up and spray lay up; also included are contact
molding, including cylindrical contact molding;
compression molding; includingvacuum assisted resin
transfer molding and chemically assisted resin
transfer molding; Seeman's Composite Resin Infusion
Manufacturing Processing (SCRIMP); open molding,
continuous combination of resin and glass; and
filament winding, including cylindrical filament
winding. The invention further includes methods of
preparing the curable composition. Thus, one
embodiment is a method of preparing a curable
composition, comprising: blending (a) a functionalized
poly(arylene ether) resin; (b) a curable compound
selected from triallyl cyanurate, triallyl
isocyanurate, epoxy resins, bismaleimide resins,
bismaleimide triazine resins, and combinations
thereof; and (c) a flame retardant, comprising (cl) a
phosphorus salt having the formula wherein Md+ is a
metal ion or an onium ion; d is 1, 2, 3, or 4
according to the identity of M and its oxidation
state; each occurrence of R1 and R2 is independently
C1-C18 hydrocarbyl; and each occurrence of m and n is
independently O or 1; and (c2) a phosphine compound
selected from trihydrocarbylphosphines,
trihydrocarbylphosphine oxides, and combinations
thereof; to form an intimate blend. The invention is
further illustrated by the following non-limiting
examples. EXAMPLES 1-4, COMPARATIVE EXAMPLES 1-7 These
examples and comparative examples illustrate the flame
retardant synergy of a phosphorus salt and a phosphine
compound according to the invention. All compositions
included 47.5 parts by weight triallyl isocyanurate
("TAIC"), obtained from Degussa Corporation; 27.2
parts by weight of a methacrylate-capped poly(2,6-
dimethyl-l,4-phenylene ether) ("MA-PPE") having an
intrinsic viscosity of 0.12 dL/g, prepared according
to the method of U.S. Patent No. 6,384,176 to Braat et
al.; and25.3 parts by weight of glass fiber having a
diameter of about 14 micrometers and an initial length
of about 4 millimeters, obtained as 497-14C from
Owens-Corning. The samples varied in their flame
retardant types and amounts. Comparative Example 1
contained no flame retardant. Comparative Examples 2-4
contained increasing amounts of aluminum
tris(diethylphosphinate) ("Al(OPEt2)3"), obtained as
OP930 from Clariant. Comparative Examples 5-7
contained increasing amounts of allyldiphenylphosphine
oxide ("ADPPO"), obtained as from Sigma-Aldrich.
Examples 1-4 contained varying amounts of both
aluminum tris(diethylphosphinate) and
allyldiphenylphosphine oxide. Complete formulations
are given in Table 1, with component amounts expressed
in parts by weight (pbw). Curable compositions were
prepared by heating at 90-950C a mixture of
methacrylatecapped poly(arylene ether), triallyl
isocyanurate and t-butyl catechol until the
poly(arylene ether) was dissolved. Next the aluminum
tris(diethylphosphinate) and allyldiphenylphosphine
oxide were added and mixed while maintaining the
temperature at 90-950C. Then the chopped glass fiber
was added and mixed while 



maintaining the temperature at 90-950C. Finally the
peroxide was added, and quickly mixed. The curable
compositions were molded by transferring into a 254
millimeters x 254 millimeters x 3.175 millimeters (10
inches x 10 inches x 0.125 inches) mold, which was
preheated to 1000C and placed in an oven at 1000C for
15-18 hours. Then the temperature was increased in
steps: one hour at 1100C, two hours at 125C, one hour
at 1500C, and ten minutes at 1750C. The oven was
turned off and the mold allowed to cool to ambient
temperature overnight. The cured plaque was removed
from the mold and cut into test articles having
dimensions 127 millimeters x 12.7 millimeters x 3.175
millimeters (5 inches x 0.5 inches x 0.125 inches)
using a tile cutting saw which had a diamond cutting
blade. The flame retardancy of test articles was
determined according to Underwriter's Laboratory UL 94
test procedure. For a V-O rating, no individual burn
times from the first or second flame application may
exceed 10 seconds; the total of the burn times for any
five specimens may not exceed 50 seconds; and drip
particles that ignite a piece of cotton gauze situated
below the specimen are not allowed. For a V-I rating,
no individual burn times from the first or second
flame application may exceed 30 seconds; the total of
the burn times for anyfive specimens may not exceed
250 seconds; and drip particles that ignite a piece of
cotton gauze situated below the specimen are not
allowed. For a V-2 rating, no individual burn times
from the first or second flame application may exceed
30 seconds; the total of the burn times for any five
specimens may not exceed 250 seconds; and drip
particles that ignite a piece of cotton gauze situated
below the specimen are allowed. "Flame out time (sec)"
refers to the average flame out time per sample
(averaged over five samples) in the UL 94 test,
expressed in units of seconds. Flame retardancy test
results are given in Table 1. The results show that
the phosphate salt and phosphine compound are both
mildly effective flame retardants, and that the
combination of the phosphate salt and phosphine
compound is an extremely effective flame retardant.
For example, Comparative Example 4 ( 11.11 pbw Al(OPEt
2)3), Comparative Example 7 (11.1 1 pbw ADPPO), and
Example 1 (5.56 pbw each of Al(OPEt 2)3 d ADPPO) all
have the same total amount of flame retardant, but the
respective flame out times are 44.1, 104.3, and 13.2
seconds, respectively. Examples 2-4 further illustrate
that the flame retardant combination makes it possible
to achieve flame out times on the order of 5 seconds
using a total of about 23 parts by weight of flame
retardant per 100 parts by weight total of
functionalized poly(arylene ether) and curable
compound. Table 1EXAMPLES 5-14, COMPARATIVE EXAMPLES
8-10 These examples illustrate that the synergistic
effect demonstrated in the previous examples is also
obtained when triphenylphosphine oxide is used as the
phosphine compound. Triphenylphosphine oxide ("TPPO")
was obtained from Sigma-Aldrich. Compositions were
prepared, molded, and tested as described above.
Compositions and results are presented in Table 2
(which reiterates the results of Comparative Examples
1-4). The results again show that the phosphate salt
and phosphine compound are both mildly effective flame
retardants, and that the combination of the phosphate
salt and phosphine compound is an extremely effective
flame retardant. For example, Comparative Example 4 (
11.1 1pbw Al(OPEt2)3), Comparative Example 10 (11.11
pbw TPPO), and Example 6 (5.56 pbw each of Al(OPEt2)3
and TPPO) all have the same total amount of flame
retardant, but the respective flame out times are
44.1, 91.1, and 18.6 seconds, respectively. Examples
8-14 further illustrate that the flame retardant
combination makes it possible to achieve flame out
times less than 10 seconds using as little as 19 parts
by weight of flame retardant per 100 parts by weight
total of functionalized poly(arylene ether) and
curable compound. Table 2Table 2 cont. EXAMPLES 15-54,
COMPARATIVE EXAMPLES 11-17 These examples describe the
fabrication of laminates using the curable
composition. Laminates were prepared by impregnating
glass cloth (17.78 centimeters (7 inches) by 19.05
centimeters (7.5 inches)) with a toluene solution of
resin and flame retardant. After mixing the resin
solution for 30 minutes, the resin solution was heated
to 65 0C for 15-30 seconds. After two cycles of
dipping the glass cloth, the glass cloth was dried
overnight by evaporation to obtain about 50 weight
percent impregnated curable composition (i.e., a
"prepreg"). Laminates were produced by stacking
several prepregs, compression molding for four minutes
at a temperature of 150-180C at a pressure of 13.34
kilonewtons (3000 pounds), and cooling for three
minutes in a hot press. The average thickness for each
laminate was determined using a micrometer. Average
first flame out times and average second flame out
times were determined according to UL 94. Compositions
are presented in Table 3. In addition to components
previously described, the curable compositions
contained the curing initiator 2,5-bis(t-butyl
peroxy)-2,5-dimethyl-3-hexyne, and the curing
inhibitor tert-butylcatechol. The flammability test
results, presented in Table 3, show that the flame
retardant composition makes it possible to
consistently achieve a highly desirable V-O rating
using as little as 20 parts by weight of flame
retardant per 100 parts by weight total of
functionalized poly(arylene ether) and curable
compound. Increasing amounts of flame retardants give
better flame out times. Furthermore, greater flame out
times are expected for thicker samples.Table 3Table 3
cont. Table 3 (cont.)AMUSEMENT RIDE TRACK WITH MOTION
BASE BACKGROUND OF THE INVENTION The field of the
invention relates to amusement or theme park
attractions and rides. More specifically, the
invention relates to a new and useful section of track
for a fixed path amusement ride vehicle, which section
of track can be decoupled from the fixed path for
movement along or about up to three axes in space with
between one to six degrees of freedom. Various
amusement rides have been created to provide
passengers with unique motion and visual experiences,
including roller coasters, themed rides, and
simulators. Roller coasters and themed rides typically
have the limitation of being a fixed ride experience,
with changes to the ride being made only at great
expense. As a result, passengers can become familiar
with the ride, which limits the excitement of the
ride. Additionally, roller coasters and theme rides
generally lack the ability to be pointed and rotated
in any direction. To create improved rides, simulators
have been placed on moving vehicles. The vehicle
typically travels over a set course with the motion
base providing e.g., controlled pitch, roll, yaw,
heave, surge, and slip movement. U.S. Patent 6,095,926
describes one amusement ride vehicle having a vehicle
chassis adapted for traveling on a fixed track and a
motion base connected to the chassis. The motion base
provides between one and six degrees of freedom to the
ride vehicle relative to the chassis as it travels
along on the fixed track. Even these improved rides
typically have a closed loop track path, with sidings
for maintenance. Switches for directing a ride vehicle
along a different section of the track are integrated
to the fixed track and at least one rail is always
connected to the track throughout the switch.
Turntables, which do separate a track section at both
ends have only one degree of freedom as they rotate.
Further, turntables are limited by the rotation to
changing the direction of a ride vehicle at a fixed
angle of rotation from the original direction of
travel and in the same plane. Other single degree
offreedom track switch examples include transfer
tracks, which move in one lateral degree of freedom,
rotary switches that move about the roll axis, and
teeter-totter switches that move about the pitch axis.
Teeter-totter switches always have a vehicle on board
the switch assembly in order to function, but it is
not always the case with transfer tracks or rotary
swtiches. Track sections of amusement rides are thus
not generally separable or decoupled in three-space
from other track sections for movement during a ride.
Accordingly, there is a need to provide an improved
track section for an amusement ride vehicle. BRIEF
DESCRIPTION OF THE INVENTION A track section for a
dark ride, roller coaster or other ride system is
mechanically decoupled from adjacent track members.
The track section is sufficiently long to hold a
corresponding ride vehicle. The track section is
mounted to a motion base comprising at least two and
up to six independent degrees of freedom, including
translation along any of three coordinate axes, pitch,
roll and yaw. The motion base may include a drive for
imparting rotational motion in the yaw direction of
360 degrees or more. The ride vehicle is rigidly held
in place on the track section during decoupling and
any movement generated by the motion base. In one
embodiment of the track section, the track section is
used as a multipleposition switching device. In such
case, the switching device is not subject to the
requirements that the switch is coplanar with other
track, is axially symmetric or has a single radius of
curvature motion, as are required for traditional
track switches. In an alternative embodiment of the
invention, the track section movement is combined with
a show or themed ride element to generate a ride
experience for riders in the vehicle. The various
features of novelty which characterize the invention
are pointed out with particularity in the claims
annexed to and forming a part of this disclosure. For
a better understanding of the invention, its operating
advantages and benefits obtainedby its uses, reference
is made to the accompanying drawings and descriptive
matter. The accompanying drawings are intended to show
examples of the many forms of the invention. The
drawings are not intended as showing the limits of all
of the ways the invention can be made and used.
Changes to and substitutions of the various components
of the invention can of course be made. The invention
resides as well in sub-combinations and sub-systems of
the elements described, and in methods of using them.
BRIEF DESCRIPTION OF THE DRAWINGS Fig. 1 is a
schematic plan view of a fixed path track having a
movable track section in accordance with one
embodiment of the invention; Fig. 2 is a side
elevation view of a fixed path track including a
movable track section 



according to an embodiment of the invention; Fig. 3 is
a side elevation view of the movable track section of
Fig. 2 with a ride vehicle on the track section; Fig.
4 is a schematic plan view of another fixed path track
having a movable track section in accordance with a
further embodiment of the invention. Detailed
Description of the Invention Referring now to the
drawings in which like reference numerals are used to
indicate the same or related elements, Fig. 1
illustrates generally a closed loop, fixed track path
100 of an amusement ride formed by track 5 for a ride
vehicle 20. As used herein, the term track means a
guide system, such as a rail for the vehicle 20, and
may include a single rail, or two or more parallel
rails along which the vehicle moves or is guided. The
rail(s) forming the track can be one or more guide
rails or one or more load rails, or combinations
thereof. The guide system can also be an electronic
guide system, such as one using electronic sensors and
transmitters to define a path for a vehicle. Such
systems include electronic devices for detecting the
path defined by transmitters on the ground or adjacent
a roadway on board the vehicle. Electronic guide
systems usually do not require a mechanical guide as
well, but one can be usedin combination for safety.
The vehicle 20 can be moved through the path 100 by a
chain drive, gravity, on-board propulsion elements, or
other device for moving the vehicle along the track 5.
Separated or combined loading and unloading area(s) 50
is provided on part of the path 100 forming a
beginning and end of the ride. Passengers board and
disembark from the ride vehicle 20 at the loading and
unloading area(s) 50, respectively. The ride may have
various scenery elements 40 located proximately along
the track 5. The ride scenery elements 40 may be
static or dynamic scenery, including projected images
or three-dimensional figures and objects and special
effects, such as flames, fog, smoke, scents, water or
other fluid sprays. Scenery elements 40 may be
positioned at any point around the track 5, including
above and below the plane of the track 5, depending on
the desired scenery effect. The path 100 includes a
movable track section 10 which can be decoupled from
the main track 5 for movement in any of at least two
to six independent degrees of freedom. The movable
track section 10 is mounted to a motion base or other
articulating mechanism 15 for causing the movement in
the up to six independent degrees of freedom. The
motion base 15 may move the movable track section 10
in the x, y, z, pitch, roll and/or yaw directions.
That is, the motion base 15 causes the movable track
section 10 to move along or about any or all of the
coordinate axes in three dimensions. When the ride
vehicle 20 is on the movable track section 10, the
ride vehicle 20 is stopped relative to the track
section 10 and is preferably secured to the track
section 10 for movement with the movable track section
10 by the motion base 15. The ride vehicle 20 is
released for movement along the track 5 again once the
movable track section 10 is recoupled to the main
track 5 in at least the direction of the ride vehicle
20 travel. As shown in Fig. 1, the track 100 may
include a primary route 30 and an alternate route 25.
The movable track section 10 functions as a switch
between the primary route 30 and the alternate route
25, such as by translating the movable track section
10 sideways in combination with yaw movement to align
with the track 5 of the selected route 25, 30.
Advantageously, the motion base 15 provides sufficient
displacementand rotation motion that conventional
switch characteristics are not required. In
particular, the motion base 15 movement in any of one
to six independent degrees of freedom allows the
switch to connect the movable track section 10 with
other track 5 without regard to whether the tracks 5,
10 are co-planar, are axially symmetric or have a
single radius of curvature motion, as required for
traditional track switches. Referring now to Fig. 2, a
movable track section 10 is shown between two fixed
tracks 5. A small gap 110, preferably sized to be
inconsequential to the ride vehicle 20 tires or
wheels, is provided between the tracks 10, 5 to permit
movement of the movable track section 10 without
interference or obstruction by the fixed track 5.
Sensors 60 are provided for aligning movable track
section 10 and fixed tracks 5 to ensure track
continuity when the ride vehicle 20 (not shown in Fig.
2) is moving. The sensors 60 may be any of several
known types, including electromagnetic and
electrooptical. Sensors 60 may include track locks 65
for mechanically joining and decoupling the movable
track section 10 to the fixed track 5. The track locks
65 may be integrated with the sensors, or the track
locks 65a can be separate devices. The track locks 65,
65a may be activated by the sensors 60, or by an
alternative trigger mechanism, such as a
manually-operated switch. Said sensors 60 can be
integrated into the motion base 15 or other
articulating mechanism and/or into the termination(s)
of each track segment and/or locking or securement
mechanisms. Preferably, sensors 60 are employed
mounted to the actuating devices 115 on the motion
base 15 or other articulating mechanism to provide
feedback motion control of the motion base 15, and
additional sensors 60 are mounted to the open fixed
and movable track 5, 10 ends to provide redundant
validation of the movable track 10 ends docking with
the fixed track 5 ends. Finally, sensors 60 are also
employed in connection with track locks 65, 65a to
ensure the movable track 10 is secured subsequent to
completion of a motion profile executed by the motion
base 15 or other articulating mechanism. The movable
track section 10 is secured on top of a motion base
15. Motion base 15 includes a track support 120 for
joining the track section 10 to actuators 115 for
imparting movement in the up to six independent
degrees of freedom. Actuators 115 are connected via
single or multiple axis bearing assemblies 117 or
equivalent structures such as universal joints,
spherical bearings, ball joints, among others,between
the track support 120 and a support platform 17 or the
ground. The motion base 15 may include a bell-crank
mechanism, planetary gear drive, belt and pulley drive
or other equivalent drive mechanism (not shown) for
rotating the track section 10 on track support 120 in
the yaw direction. Such rotation can be greater than
360 degrees in either yaw direction. Similar
mechanisms can be used to provide increased or
continuous capability to rotate about the pitch or
roll axes, if desired. hi an embodiment of the
invention used as a track switch, the ride vehicle 20
may be slowed sufficiently and the movable track
section 10 is sufficiently long, that the ride vehicle
20 may continue to travel on the track 10 as it is
moved by motion base 15 between track switch
positions. In such case, the sensors 60 and/or locks
65, 65a are used at one end of the movable track
section 10 to determine when the switching is complete
and secure the track sections in a continuous path for
the ride vehicle 20. Preferably, appropriate blocking
elements, such as brakes or other securing mechanisms
(not shown in Fig. 2), are employed so that the ride
vehicle 20 cannot traverse the movable track section
10 terminus at either end absent proper positioning
and interlocking. After the ride vehicle 20 passes off
the movable track section 10, it can be reset for the
next ride vehicle 20 to approach. Fig. 3 illustrates a
further embodiment of the invention in which the
movable track section 10 is positioned between two
different height sections of fixed track 5. The
movable track section 10 is used to lift the ride
vehicle 20 between sections of fixed track 5, as
indicated by the directional arrow. A scenery element
40 is provided adjacent the movable track section 10
to enhance the ride experience. The scenery element 40
may provide some sensory effect to the riders in the
ride vehicle 20 as it experiences motion complementary
to the sensory effect of the scenery element 40, or
simply motion associated with a track switching
action. Combined motions may be employed to alter the
orientation of the ride vehicle 20 in three-space. For
example, the ride vehicle may be yawed 50 degrees
counter clockwise, pitched 20 degrees down, rolled 20
degrees and translated laterally 1.3 meters according
to a pre-programmed motion profile to match up with a
fixed track section 5 in the ride vehicle 20 direction
of travel. The combined motions can bedone to enhance
the show effect provided by proximately located
scenery elements 40 in a themed ride, as well as to
reposition the movable track section 10 between fixed
track sections 5. For example, the motions above may
be used to simulate a flying vehicle evading a pursuer
when combined with active or passive scenery elements
40 displaying suitable background images. The extent
of the motion provided by motion base 15 is limited
only by the actuating mechanisms, so that
displacements up to 20m or more and rotational
movement about any of the axes of 360 degrees or
greater, and preferably between about 0-120 degrees
and most preferably about 10-90 degrees can be
achieved. As shown in Fig. 3 a vehicle securing device
210 is provided for rigidly holding the vehicle body
200 on the track section 10. The vehicle securing
device 210 can be mounted to either the ride vehicle
20 or to the movable track section 10, and is
engageable with the other one of the vehicle 20 and
track section 10. The vehicle securing device 210 can
be, for example, a caliper brake connected to the ride
vehicle 20 for locking on a portion of the track 10, a
hook or clamp extending from the track 10 to
releasably engage a bar or other portion of the ride
vehicle 20, or other mechanism suitable for rigidly
securing the ride vehicle 20 on the track section 10
when the track section 10 is decoupled from the fixed
track 5. Sensors 212, 214 are preferably provided to
ensure proper alignment of the ride vehicle 20 with
the vehicle securing device 210. Sensors 212, 214 can
also be used to determine whether the ride vehicle 20
is secured to the track and notify a controller of the
vehicle securing device 210 status. Fig. 4 illustrates
a further embodiment of an amusement ride having a
fixed path 100 similar to the one shown in Fig. 1. The
fixed path includes fixed track 5 and movable track
section 10 on motion base 15. Scenery elements 40 are
provided at selected points along the path 100. In
this configuration, the movable track section 10
permits the amusement ride to re-use portions of the
path 100 so that the ride occupies a smaller
footprint. The movable track section 10 functions as a
complex switch for directing the ride vehicle 20
between loops A and B. For example, as indicated by
the arrows V, the ride vehicle may first travel across
the movable track section 10, with or without stopping
for motion effects in combination with scenery
elements 40. Theride vehicle 20 then arrives back at
the movable track section 10, where it is turned about
300 degrees for forward travel in the direction of
arrow V through loop B, and subjected to lateral
translation to line up with the fixed track 5 of loop
B. If the 



scenery elements 40 are dynamic scenery or
configurable scenery, then when the ride vehicle 20 is
going through the switching from loop A to loop B,
different effects may be experienced by the riders in
the ride vehicle 20 than on the first pass to loop A.
After passing around loop B, and returning again on
fixed track section 5a, the movable track section 10
is used to switch the ride vehicle 20 to the return
path 5b back to the loading and unloading station 50.
In a still further embodiment of the multiple motion
switching, track section 5a may be separate from loop
B at a different elevation, but horizontally aligned
with track 5 of loop A, so that the motion base 15 and
movable track section 10 also changes the height of
the returning ride vehicle 20 to match the return path
track 5b. The movable track section 10 advantageously
provides greater motion to a ride vehicle 20 on a
fixed path track 100 to enhance a ride experience
without the expense of fitting individual ride
vehicles with motion bases 15. For example, when it is
desired to have additional motion besides forward or
backward motion on a fixed path track at one point on
the track 5, the movable track section 10 easily
provides that motion to each ride vehicle passing that
point on the track. Further, the movable track section
10 functions as an easily configurable track switch
with multiple switch positions, rather than just one
or two, and without conventional switch limitations.
The movable track section 10 can also be used as a
turntable with greater functionality than merely
rotating the ride vehicle 20; the ride vehicle 20 may
be turned, and, as well, lifted or tilted to mate the
end of the movable track 10 in the direction of travel
with another portion of the fixed track 5. In each
case, scenery effects 40 are combinable with the
motion of the movable track section 10 to enhance the
riders' experiences on the amusement ride. The movable
track section 10 is easily retrofit to existing rides
by replacing the track supports for a particular
section with the motion base 15 to form movable track
section 10. The moveable track section 10 enable
substantially enhanced entertainment potential in
addition to significantly increased utility as a track
switch. For example, in oneembodiment, a ride vehicle
20 may enter a show scene and transition onto the
movable track section 10. hi this embodiment, the
moveable track section 10 is themed for the ride, such
as by being part of a bridge assembly. A themed ride
show sequence involving collapse of the bridge the
movable track section 10 is part of may ensue while
the ride vehicle 20 is on the movable track section
10. Various scenery elements 40 are provided proximate
the movable track section 10 to create the themed
experience. The motion capabilities of the movable
track section 10 are used to enhance the show
experience by more realistically simulating the bridge
collapse, such as by executing falling and twisting
movement of the movable track section 10 and ride
vehicle 20. The motion of the movable track section 10
and scenery elements 40 are combined to form a show
element that is enhanced over conventional effects. At
the same time, the controlled movement repositions the
movable track section 10 adjacent another fixed track
5 position for the ride vehicle 20 to continue through
the themed ride. In a still further embodiment of the
movable track section 10 used as a show element, a
roller-coaster type ride vehicle 20 can approach what
at first appears to be a broken track segment, but is
in fact the movable track section 10. Upon entering
the movable track section 10, the ride vehicle is
secured and the movable track section 10 executes
motion dynamics consistent with causing riders to
believe that the ride vehicle 20 had instead left the
track 5. For example, significant pitch down motion
combined with roll motion could be used. Again, the
simulative motion of the movable track section 10 is
combined with, or superimposed upon, motion designed
to reconnect the movable track section 10 with a fixed
track section 5 for continuing the ride. As will be
apparent, the movable track section 10 provides many
different ways in which the motion capabilities can
enhance the ride experience in a variety of
situations. While the present invention has been
described with references to preferred embodiments,
various changes or substitutions may be made on these
embodiments by those ordinarily skilled in the art
pertinent to the present invention with out departing
from the technical scope of the present invention.
Therefore, the technical scope of the present
invention encompasses not only those embodiments
described above, but all that fall within the scope of
the appended claims.What is claimed is: 1. A motion
track for an amusement ride having a guide system
defining a ride path for a ride vehicle, the track
section comprising: a movable track section
decoupleable from adjacent connected fixed track
sections of the ride path; a motion base supporting
the movable track section and having from two to six
independent degrees of freedom for moving the movable
track section in any of three coordinate axes, pitch,
roll and yaw directions when the movable track section
is decoupled . 2. The motion track section according
to claim 1, further comprising sensing means
associated with the movable track section for
determining when the movable track section is aligned
with at least one adjacent track section of the ride
path. 3. The motion track according to claim 1,
further comprising securing means for fixing the ride
vehicle relative to the movable track section and
blocking said ride vehicle from exiting the movable
track section. 4. The motion track according to claim
3, further comprising sensing means associated with
the movable track section for determining when the
movable track section is aligned with an adjacent
fixed track section in the intended direction of
travel of the ride vehicle, said sensing means
cooperating with said securing means to block said
ride vehicle from exiting the movable track section
until the sensing means determines the movable track
section is recoupled to the adjacent fixed track
section. 5. The motion track according to claim 1,
further comprising a scenery element positioned
proximate the movable track section, wherein movement
of the motion base is coordinated with the scenery
element to produce a show effect for the ride vehicle
when the ride vehicle is on the movable track section.
6. The motion track according to claim 1, wherein the
fixed track section at one end of the movable track
section is in a different horizontal or vertical plane
from thefixed track section at the other end of the
movable track section, the motion base moving the
movable track section between the fixed track sections
to complete the ride path. 7. The motion track
according to claim 1, wherein the ride path has a
primary route and at least one alternate route, the
movable track section and motion base forming a track
switch selectively coupleable at one end of the
movable track section to one of a primary route fixed
track section and at least one alternate route fixed
track section. 8. A method for imparting motion to a
ride vehicle at a point along a ride path in an
amusement ride having a track defining the ride path,
the method comprising the steps of: decoupling a
movable track section from surrounding fixed sections
of the track; operating a motion base connected to the
movable track section to move the movable track
section with one to six independent degrees of freedom
in any of three coordinate axes, pitch, roll and yaw
directions. 9. The method according to claim 8,
further comprising securing the ride vehicle on the
movable track section prior to operating the motion
base. 10. The method according to claim 8, further
comprising sensing when the movable track section is
decoupled from the surrounding fixed track sections;
and blocking the ride vehicle from moving off of the
movable track section until at least one end of the
movable track section is recoupled to one of the
surrounding fixed track sections in the intended
direction of movement of the ride vehicle. 11. An
amusement ride having a guide system defining a ride
path for a ride vehicle, comprising a movable track
section of the ride path decoupleable from surrounding
fixed track sections of the ride path connected to
motion means supporting the moveable track section and
having from two to six independent degrees of freedom
for moving the moveable track section in any of three
coordinateaxes, pitch, roll and yaw directions when
the movable track section is decoupled from the
surrounding fixed track sections. 12. The amusement
ride according to claim 11, wherein the surrounding
fixed track sections define a primary ride path and at
least one secondary ride path, the movable track
section switching between being coupled with the
primary ride path and coupled with the at least one
secondary ride path in response to a control signal.
13. The amusement ride according to claim 11, further
comprising sensors connected with at least one of the
motion means, said surrounding fixed track sections
and said movable track section, said sensors for
determining when the movable track section and
surrounding track sections are in position for
coupling. 14. The amusement ride according to claim
11, further comprising a scenery element positioned
proximate the movable track section, the scenery
element and motion of the movable track section
combining to form a show element for a ride vehicle
positioned on the movable track section. 15. The
amusement ride according to claim 11, further
comprising securing means for holding a ride vehicle
on the movable track section while the motion base is
moving the movable track section. 16. The amusement
ride according to claim 15, wherein the securing means
comprises at least one of a locking mechanism holding
the ride vehicle to the movable track section, brakes,
and a blocking mechanism preventing the ride vehicle
from moving off of the movable track section. 17. The
amusement ride according to claim 11, further
comprising locking mechanisms on the movable track
section for coupling with at least one of the
surrounding fixed track sections and securing the
track sections together. 


