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COMPOSITIONS USEFUL FOR BONDING LOW SURFACE ENERGY SUBSTRATES Field of the
Invention 5 The present invention relates generally to polymerizable
compositions useful for bonding low surface energy substrates. Also
disclosed are polymerizable compositions and bonding compositions prepared
therefrom, a kit comprising the polymerizable composition) coated
substrates prepared therefrom) bonded articles prepared therefrom, and
methods of preparing such bonded articles. In particular, the o
polymerizable compositions comprise monomer blends comprising certain
ethylenically unsaturated monomers. Background of the Invention An
efficient, effective means for adhesively bonding low surface energy
plastic 15 substrates such as polyethylene, polypropylene and
polytetrafluoroethylene (e.g., available under the trade designation,
TEFLON from 6.1. DuPont de Nemours; Wilmington, DE) has long been sought.
The difficulties in adhesively bonding these materials are well known (See,
for example, "Adhesion Problems at Polymer Surfaces" by D.M. Brewis that
appeared in Progress in Rubber and Plastic 2o Technology, vol. 1) p. 1
(1985)). Conventional bonding approaches often use complex and costly
substrate surface preparation techniques, such as flame treatment, corona
discharge) plasma treatment, oxidation by ozone or oxidizing acids, and
sputter etching. Alternatively, the substrate surface may be primed by
coating it with a high surface energy material. 25 However, to achieve
adequate adhesion of the primer) it may be necessary to first use the
surface preparation techniques described above. All of these techniques are
well known, as reported in Treatise on Adhesion and Adhesives (J.D.
Minford, editor) Marcel Dekker, 1991) New York, vol. 7, pp. 333 to 435).
The known approaches are frequently customized for use with specific
substrates. As a result, they may not be 3o generally useful for bonding
low surface energy substrates. Moreover, the complexity and cost of the
presently known approaches do not render them particularly suitable for use
by the retail consumer (e.g., for home repairs) 1  *166166* *G00002*   0 8
JAN 2003 WO 99I64528 PCT/US98II2260 do-it-yourself projects, etc.) or by
low-volume operations. One vexing problem is the repair of many inexpensive
everyday household articles that are made of low surface energy materials.
Examples of such household articles are trash baskets, laundry baskets,
toys, etc. Consequently, there has been a considerable and long felt need
for a simple, easy to use adhesive that can readily bond a wide variety of
substrates, especially low surface energy materials, such as polyethylene,
polypropylene and polytetrafluoroethylene, without requiring complicated
surface preparation, priming and the like. 1o While an adhesive that can
bond low surface energy substrates is certainly advantageous, the
commercial utility of such an adhesive would be enhanced if the components
thereof could be combined in a convenient mix ratio. This would permit easy
application of the adhesive using conventional adhesive dispensers without
the need for laborious hand weighing and mixing of the different
components. However, ~ 5 the convenient mix ratio should not come at the
expense of significantly reduced storage stability or performance. Thus,
there is not only a need for an adhesive that can bond low surface energy
substrates, but for such an adhesive that can be readily blended in a
convenient mix ratio. It may be desirable for such adhesives to possess
other attributes. For 2o example, polymerizable acrylic adhesives are often
associated with a strong and 



unpleasant odor. While not affecting performance, the odor may discourage
some people from using these adhesives and encourage them to select other
alternatives. In addition, for certain situations, it may be desirable to
utilize adhesives that have decreased irritation-potential (e.g., skin and
respiratory irritation)) In general, low 25 molecular weight (i.e.,
molecular weights of 140 or less) acrylate monomers are known to be
potentially irritating to the user. Polymerization of ethylenically
unsaturated monomers is well known. For example, Ritter (U.S. Patent No.
4,385,153) discloses single-component mixtures of aerobically-hardening
adhesives containing: ( 1 ) polymerizable olefinically 3o unsaturated
compounds having a molecular weight of between 63 and 10,000; (2) at least
one organoboron compound capable of initiating the polymerization thereof
in the presence of oxygen; and (3) at least one compound capable of
inhibiting and/or 2   0 8 JAN ?n03 WO 99164528 PCTNS98/12260 stabilizing
anionic polymerization. The adhesives are useful for bonding metal, wood,
glass, ceramic material, and plastics, as well as in dentistry and surgery.
Two-part initiator systems useful in preparing acrylic adhesive
compositions are also known. For example, see Skoultchi (U.S. Patent No.
5,286,821 ). Skoultchi discloses two-part initiator systems useful for
preparing acrylic adhesive compositions. The systems include a stable
organoboron amine complex and an aldehyde destabilizer. The adhesive
compositions are reportedly particularly useful in structural and
semi-structural applications, such as speaker magnets, metal-metal bonding
(automotive), glass-metal bonding, glass-glass bonding, circuit board
component bonding, selected plastic to metal, glass, wood, and electric
motor magnets. Those plastics that may be bonded are not further described.
See also Skoultchi et al. (U.S. Patent No. 5,106,928 and U.S. Patent No.
5,310,835). Polymerizable compositions useful for bonding low surface
energy substrates have been reported only recently, for example, by Zharov
et al. (U.S. Patent No. ~ 5 5,539,070). Zharov et al. generally disclose
polymerizable acrylic monomer compositions made with polymerization systems
based on organoborane amine complexes. Particularly preferred monomers are
stated to be blends of alkyl acrylates (e.g., butyl acrylate) and alkyl
methacrylates (e.g.. methyl methacrylate). Pocius (U.S. Patent No.
5,686,S44) discloses organoborane polyamine 2o complex initiator systems
and polymerizable compositions that are capable of forming
polyurethane/polyurea acrylic adhesives that have exceptionally good
adhesion to low surface energy polymers, such as polyethylene,
polypropylene, and polytetrafluoroethylene. Acrylic monomers are generally
disclosed therein as useful for the reaction. It is stated, however, that
the most preferred monomers include lower 25 molecular weight methacrylate
esters such as methyl methacrylate, ethyl methacrylate, methoxyethyl
methacrylate, hydroxyethyl methacrylate, hydroxypropyl methacrylate,
cyclohexyl methacrylate, tetrahydrofurfuryl methacrylate, and blends
thereof. It is also stated that preferred monomers are blends of lower
molecular weight alkyl methacrylate esters (e.g., methylmethacrylate) and
C,-C,o alkyl acrylates (e.g., 3o butylacrylate). Similar systems are
disclosed in Pocius (U.S. Patent No. 5,616,796 and U.S. Patent No.
5,621,143). While the foregoing polymerizable compositions   U 8 ~~f~ Z003
WO 99/64528 PCTNS98/12260 may be useful for bonding low surface energy
substrates, one disadvantage thereof is the relatively high odor of the
exemplified compositions. It would be desirable to provide new compositions
that are polymerizable to compositions that can be used to bond low surface
energy substrates. Most 



preferably, it would be desirable to provide compositions that have
relatively low odor, as compared to conventional compositions. Summary of
the Invention Polymerizable compositions for use with an aerobic initiator
comprise a 1o monomer blend comprising: a first ethylenically unsaturated
monomer; and a second ethylenically unsaturated monomer) wherein the
monomer blend has an average boiling point of at least about 160C., and an
average monomer fluorophilicity of at least 3.25, and wherein the monomer
l5 blend is polymerizable to a polymer having a glass transition
temperature of at least about -20C. Such compositions are advantageously
less odorous than monomer blends previously exemplified for used when
bonding low surface energy substrates. To further reduce the odor of the
compositions, preferably the average boiling point of the monomer 2o blend
is at least about 190C., more preferably at least about 210C. This enables
more user-friendly adhesives. To further enhance user-friendliness, it is
preferred that at least one, more preferably both, of the ethylenically
unsaturated monomers, is a methacrylate monomer when (meth)acrylate
monomers are used. Such compositions typically enable adequate bonding to
low surface energy 25 substrates, preferably to at least two different low
surface energy substrates, and more preferably to at least three different
low surface energy substrates. Exemplary low surface energy substrates
include: polypropylene (PP), polytetrafluoroethylene (PTFE), and
high-density polyethylene (HDPE). Most preferably, a particular adhesive
prepared therefrom is able to adequately bond PTFE with an overlap shear 30
bond strength of at least about 300 psi (4.14 MPa), HDPE with an overlap
shear bond strength of at least about 700 psi (4.83 MPa), and PP with an
overlap shear bond strength of at least about 800 psi (5.52 MPa).   0 8 JAN
2003 WO 99/64528 PCT/US98/12260 To enhance such bonding performance, it is
preferred that the monomer blend has an average monomer fluorophilicity of
at least about 3.50. Also, it is preferred that the monomer blend is
polymerizable to a polymer having a glass transition temperature of about
20C. to about 80C. With respect to specific preferred monomer components,
the monomer blend comprises: 10-90 wt. % M1, 25-70 wt. % M2, and 0-65 wt. %
M3 based on total weight of the monomer blend, wherein: M1 is
tetrahydrofurfuryl methacrylate; M2 is one or more monomers selected from
the froup consisting of 2-ethox eth 1 methac late, n-hex 1 ac late c clohex
1 g P g Y Y ry Y ry ~ Y Y methacrylate, isooctyl acrylate, 2-ethylhexyl
acrylate) 2-ethylhexyl methacrylate, and isobornyl acrylate; and M3 is one
or more monomers selected from the group consisting of isobutyl
methacrylate, n-butyl methacrylate, cyclohexyl acrylate, n hexyl
methacrylate, isobornyl methacrylate, and isodecyl methacrylate. With
respect to even more preferred monomer components, M2 is one or more l5
monomers selected from the group consisting of 2-ethoxyethyl methacrylate, 



cyclohexyl methacrylate, isooctyl acrylate, 2-ethylhexyl acrylate,
2-ethylhexyl methacrylate, and isoborny1 acrylate, and M3 is one or more
monomers selected from the group consisting of n-hexyl methacrylate,
isobornyl methacrylate, and isodecyl methacrylate. Most preferably, M2 is
one or more monomers selected from the group 2o consisting of 2-ethoxyethyl
methacrylate, isooctyl acrylate, 2-ethylhexyl acrylate, 2 ethylhexyl
methacrylate, and isobornyl acrylate, and M3 is one or more monomers
selected from the group consisting of isobornyl methacrylateand isodecyl
methacrylate. The polymerizable compositions are useful in kits that
comprise the 25 polymerizable composition and an initiator component for
polymerizing the polymerizable composition, wherein the initiator component
comprises an aerobic initiator. The aerobic initiator (e.g., an
organoborane initiator) may be uncomplexed or complexed. Such kits are
useful for bonding low surface energy substrates. For ease of application,
the kits can further comprise a multi-part dispenser. 30 Once the parts of
the kit are mixed together, bonding compositions are obtained. The
compositions can be at least partially coated onto a substrate,
particularly low surface energy substrates.   0 8 J~f~ 2003 WO 99/64528
PC'fNS98/12260 Once polymerized, a polymerized composition is obtained. The
polymerized composition can be, for example, at least partially coated on a
substrate or can be used to adhere a first and second substrate together.
For example, methods of bonding at least one low surface energy substrate
comprise the steps of: providing a kit as described above, providing a low
surface energy substrate, mixing the polymerizable composition with the
initiator component to form a bonding composition; coating at least a
portion of the low surface energy substrate with the bonding composition;
and adhering the coated low surface energy substrate to a second substrate.
Advantageously, in such methods, the initiator component can be mixed in an
amount that provides as little as about 0.0l weight % boron based on total
weight of the bonding composition. 15 Detailed Description Of The Preferred
Embodiments in general, this invention pertains to polymerizable
compositions comprising monomer blends comprising at least two
ethylenically unsaturated monomers. Preferably, polymerization of the at
least two ethylenically unsaturated monomers is 2o initiated aerobically.
"Aerobic initiators" operate in the presence of air or oxygen. Accordingly,
preferred initiator systems incorporate organoborane polymerization
initiator systems. Advantageously, the present invention provides
polymerizable compositions that have relatively low odor. "Low odor"
compositions are those that have at least 25 less odor than methyl
methacrylate. Odor can be quantitatively measured using known methods, such
as, for example, ASTM D4339-95, "Standard Test Method for Determination of
the Odor of Adhesives." By using monomer blends having average boiling
points of about 160 C. or more, the presently claimed compositions are less
odorous than monomer blends exemplified for use previously when bonding low
3o surface energy substrates. Furthermore, the present invention provides
polymerizable compositions that are useful for bonding low surface energy
substrates. "Low surface energy substrates"  



~ 8 .l~~l 2003 WO 99/64528 PCT/US98I12260 are those that have a surface
energy of less than 45 mJ/m2, more typically less than 40 mJ/m2' or less
than 35 mJ/m2. Included among such materials are polyethylene,
polypropylene, acrylonitrile-butadiene-styrene, polyamide, and fluorinated
polymers such polytetrafluoroethylene (commercially available from E.I.
DuPont de Nemours; Wilmington, DE, under the trade designation, TEFLON),
which has a surface energy of less than 20 mJ/m2. Other polymers of
somewhat higher surface energy that may be usefully bonded with the
compositions of the invention include polycarbonate and
polymethylmethacrylate. However, the invention is not so limited; the
compositions may be used to bond any thermoplastic, as well as wood,
ceramics, concrete, primed 1 o metals, and the like. In one aspect of the
invention, the polymerizable composition is part of a mufti-part kit. Such
kits comprise at least a first part (i.e., the polymerizable composition)
and a second part (i.e., an initiator component) for initiating
polymerization of the polymerizable composition. Most preferably, for ease
of use, 15 the kits comprise only two parts. The two parts of the kit may
be readily combined in a convenient, commercially useful, whole number mix
ratio of 1:10 or less, more preferably 1:4, 1:3, 1:2 or 1:1, such that they
can be easily used with mufti-part dispensers. Such dispensers are shown in
U.S. Patent Non. 4,538,920 and 5,082,147 and are available from ConProTec,
Inc. (Salem, NH) under the trade designation, 2o MIXPAC. The parts of the
kit can be readily mixed to form bonding compositions, which readily
polymerize to polymerized compositions (i.e., polymers, for example,
adhesives). The "polymerizable composition" comprises at least two
polymerizable monomers and, if a complexed initiator is used, at least one
decomplexer. As 25 described previously, polymerizable compositions of the
present invention have relatively low odor as compared to conventional
compositions, making for a more user-friendly adhesive. The "initiator
component" typically comprises at least one initiator, complexed (e.g., an
organoborane amine complex) or uncomplexed (e.g., an 30 organoborane), and
an optional diluent. When mixed with the polymerizable composition,
polymerization of the monomers in the polymerizable composition is enabled.
o a ~a~ 2003 WO 99I64528 PCT/US98/12260 "Bonding compositions" are those
compositions resulting from mixing of the polymerizable composition and the
initiator component. The bonding compositions are useful for bonding a wide
variety of substrates, including polymers, wood, ceramics, concrete, and
metals. The bonding compositions are especially useful for bonding
low-surface energy substrates. "Polymerized compositions" (also referred to
as polymers) are those bonding compositions where substantially all of the
monomers in the polymerizable composition are polymerized, except for a
typically unpolymerized amount as recognizable to one of ordinary skill in
the art. Polymerized compositions according to the invention may be used in
a wide variety of ways, including as adhesives, bonding materials,
sealants, coatings, and injection molding resins. They may also be used as
matrix resins in conjunction with glass, carbon, and metal fiber mats, such
as those used in resin transfer molding operations. They may further be
used as encapsulants and potting compounds, such as in the manufacture of
electrical ~ 5 components, printed circuit boards, and the like. Initiator
Component The initiator component initiates free-radical polymerization of
the ethylenically unsaturated monomers to form a polymer that can be useful
as, for 2o example, an adhesive. To date, organoborane initiator components
are preferred, but any suitable aerobic initiator component, or
combinations thereof, may be utilized. Due to its availability and
widespread use, however, the initiator will be more fully described below
with reference to bonding compositions having organoborane initiators. 



25 Adhesion to low surface energy substrates is promoted by using an
effective amount of the organoborane initiator. The organoborane initiator
may be complexed or uncomplexed. Surprisingly, a lower weight % of boron,
based on the total weight of the bonding composition, can be used in
combination with the claimed compositions as compared to those typically
used for bonding low surface energy 3o substrates. Typically, an effective
amount of the organoborane initiator is an amount that provides as little
as about 0.01 weight % boron to about 1.5 weight % boron, more preferably
about 0.01 weight % boron to about 0.60 weight % boron, most   ~ 8 JAN 2003
WO 99I64528 PCT/US98112260 preferably about 0.02 weight % boron to about
0.50 weight % boron, based on the total weight of the bonding composition,
less the weight of fillers, non-reactive diluents, and other non-reactive
components. Uncomplexed Initiator 5 A variety of uncomplexed organoborane
initiators may be used in the invention and the following structure (I) is
representative of those that are suitable: R~ R? \B R3/ (I) wherein: 1o B
is boron; R' is an alkyl group having 1 to about 10 carbon atoms,
preferably having 1 to about S carbon atoms (e.g., ethyl or butyl); R'- and
R3 are independently selected from alkyl groups having 1 to about 10 carbon
atoms, preferably having 1 to about 5 carbon atoms (e.g., ethyl or ~ 5
butyl), and phenyl-containing groups. Complexed Initiator To stabilize the
organoborane initiator against premature oxidation, the organoborane
initiator may be complexed with a complexer (e.g., with an amine
component). In such instances, the organoborane initiator may be liberated
from the 2o complex by reacting the complexer with a material that is
reactive therewith (i.e., a decomplexer). A "complex" is readily understood
by one of ordinary skill in the art to be a tightly coordinated salt formed
by association of a Lewis acid (e.g., organoborane) and a Lewis base (e.g.,
amine). Such complexes may be represented by the following 25 general
structure (II): R4 Rs \B *Am R6/ v (II) 9   o a ~a~ 2003 WO 99/64528
PCT/US98/1 Z260 wherein R is an alkyl group having 1 to about 10 carbon
atoms; Rs and R are independently selected from alkyl groups having 1 to
about 10 carbon atoms and phenyl-containing groups; and Am represents an
amine. Preferably, R", RS and R6 are independently selected from alkyl
groups having 1 to about 5 carbon atoms. Most preferably, R4, RS and R6 are
the same. The value of v is selected so as to provide an effective ratio of
primary or 



secondary amine nitrogen atoms to boron atoms in the complex. The ratio of
primary or secondary amine nitrogen atoms to boron atoms in the complex
should broadly be about 0.5:1 to 4:1, preferably about 1:1. 1o The amine,
Am, may comprise a variety of structures, for example, any primary or
secondary amine, polyamine containing a primary or secondary amine, or
ammonia. When solvent resistance in the ultimate polymerized acrylic
composition is desired, however, Am preferably comprises a polyamine.
Specific initiators include trimethylborane, triethylborane,
tri-n-propylborane, ~ 5 triisopropylborane, tri-n-butylborane,
triisobutylborane, and tri-sec-butylborane. Specific amines include
ammonia, n-butylamine, ethylenediamine, 1,6 hexanediamine, diethylamine,
diethylenetriamine, and a,w diaminopolypropyleneoxide. Organoborane amine
complexes may be readily prepared using known 2o techniques. Typically, the
amine is combined with the organoborane in an inert atmosphere with slow
stirring. An exotherm is often observed and cooling of the mixture is
therefore recommended. If the ingredients have a high vapor pressure, it is
desirable to keep the reaction temperature below about 70C. to 80C. Once
the materials have been well mixed, the complex is permitted to cool to
room temperature 25 (i.e., about 22C. to about 25C.). No special storage
conditions are required although it is preferred that the complex be kept
in a capped vessel in a cool, dark location. Advantageously, the complexes
can be prepared in the absence of organic solvents that would later have to
be removed, although they could be prepared in solvent if so desired.
Solvents used in the preparation of the complexes should, preferably be
ones 30 that do not coordinate amines, for example, tetrahydofuran or
hexane.    ~ 8 JaN 2003  WO 99l64528 PCT/US98112260 Diluent The initiator
component may also contain any suitable diluent, or combinations thereof,
such as an aziridine-functional material. For example, such diluents are
described in PCT Publication No. WO 98/17694. Quite advantageously, when
used, the organoborane amine complex is carried by (e.g., dissolved in or
diluted by) an aziridine-functional material or a blend of two or more
different aziridine-functional materials in the initiator component.
Generally, the aziridinefunctional material should not be reactive toward
the complex and functions as an extender for the complex. Also
advantageously, the aziridine-functional material may generally increase
the spontaneous combustion temperature of the initiator component. An
"aziridine-functional material" refers to an organic compound having at 15
-N- , least one aziridine ring or group, ~ , the carbon atoms) of which may
optionally be substituted by short chain alkyl groups (e.g.) groups having
1 to about 10 carbon atoms, preferably methyl, ethyl or propyl), so as to
form, for example, methyl, ethyl or propyl aziridine moieties. Examples of
useful, commercially available polyaziridines include those 20 available
under the following trade designations: CROSSLINKER CX-100 (from Zeneca
Resins; Wilmington, MA), XAMA-2 (from EIT, Inc.; Lake Wylie, SC), XAMA-7
(from EIT, Inc.; Lake Wylie, SC), and MAPO (tris ( 1-(2-methyl) aziridinyl]
phosphine oxide (from Aceto Chemical Corporation; Flushing, NY). The
aziridine-functional material should be generally soluble in monomers 25 30
included in the polymerizable composition, such that the parts of the kit
can be readily mixed. By "soluble" is meant that no evidence of gross phase
separation at room temperature (i.e., about 22C. to about 25C.) is visible
to the unaided eye. Similarly, the organoborane amine complex should also
be soluble in the aziridine-functional material, although slightly warming
a mixture of the complex and the aziridine functional material may be
helpful in forming a solution of the two at room temperature (i.e., about
22C. to about 25C.). Accordingly, preferably, if used, the
aziridine-functional material is a liquid at or near room temperature
(i.e., within about   a ~ .lHf~ 1UU3 



10C. of room temperature) or forms a liquid solution with the organoborane
amine complex at or near room temperature. The aziridine-functional
material is used in an effective amount. Generally, this is an amount of
not more than about 50 weight %, preferably not more than about 25 weight
%, more preferably not more than about 10 weight %, based on the total
weight of the bonding composition. Quite advantageously, however,
substantial amounts (e.g., more than about 75 weight %, up to about 100
weight %) of the complex may be dissolved in the aziridine-functional
material, which facilitates the provision of mufti-part kits that can be
combined in a commercially useful mix ratio. 10 Polymerizable Composition
Advantageously, the polymerizable compositions can be made substantially
free of non-reactive, volatile organic solvents (i.e., the compositions
include such solvents in amounts less than about 15% by weight, preferably
less than about 5% by 15 weight, and most preferably 0% by weight of the
polymerizable composition). Decomplexer If a complexed initiator is used, a
decomplexer is present in the polymerizable composition. Any suitable
decomplexer, or combinations thereof, can be used, such as lower molecular
weight carboxylic acid decomplexers described by Skoultchi et al. 20 (U.S.
Patent Nos. 5,310,835 and 5,106,928), aldehydes described by Skoultchi
(U.S. Patent No. 5,286,821 ), sulfonyl chlorides and acid chlorides of
Fujisawa, Imai, and Mashuhara (Reports of the Institute for Medical and
Dental Engineerins, vol. 3, p. 64 ( 1969)), bireactive decomplexers
comprising isocyanate groups described by Deviny (PCT Publication No.
W097/07171 ), anhydride decomplexers described by Deviny 25 (PCT
Publication No. W097/17383), carboxylic acid decomplexers described by
Deviny et al. (PCT Publication No. WO 9 9 / 64 4 7 5 , filed the same date
herewith, entitled "Initiator Systems and Adhesive Compositions Made
Therewith"), and mixtures thereof. All of these publications are
incorporated herein by reference. The decomplexer is employed in an
effective amount (i.e., an amount 3o effective to promote polymerization by
liberating organoborane from its amine complex, but without materially
adversely affecting the properties of the ultimate polymerized
composition). As recognizable to one of ordinary skill in the art, larger
a U Uaiv LUUJ WO 99I64528 PCT/US98112260 amounts of decomplexer may permit
polymerization to proceed too quickly and, in the case of adhesives, the
resulting materials may demonstrate inadequate adhesion to low energy
surfaces. However, if not enough decomplexer is used, the rate of
polymerization may be too slow and the resulting polymers may not be of
adequate molecular weight for certain applications. However, a reduced
amount of decomplexer may be helpful in slowing the rate of polymerization
if it is otherwise too fast. Thus, within these parameters, the decomplexer
is typically provided in an amount such that the ratio of amine-reactive
groups in the decomplexer(s) (e.g., acid groups or anhydride groups) to
amine groups is in the range of 0.5:1.0 to 3.0:1.0. It t o should be noted
that the number of amine groups includes both primary and secondary amine
groups when the amine is a polyamine. For better performance, preferably
the ratio of amine-reactive groups in the decornplexer(s) to amine groups
is in the range of 0.5:1.0 to 1.0:1.0. ~ 5 Monomers Broadly, the
polymerizable composition comprises a monomer blend that includes at least
two ethylenically unsaturated monomers capable of free radical
polymerization. Numerous compounds containing ethylenic unsaturation can be
used in the polymerizable composition. Preferably, the composition includes
at least one zo (meth)acrylic monomer, most preferably a methacrylic
monomer. Particularly preferred are (meth)acrylic acid derivatives, such as
those including esters and/or acid amides. Suitable are, for example, the
(meth)acrylic esters of monohydric alcohols, particularly alkanols having
from 1 to 12 carbon atoms, such as methyl (meth)acrylate, ethyl
(meth)acrylate, butyl (meth)acrylate, ethylhexyl (meth)acrylate, 25 and
blends thereof. Preferably monomers are selected from the group of monomers
illustrated in Table II, infra. 



In addition, vinyl acetate; vinyl halides, such as vinyl chloride, vinyl
fluoride, vinyl bromide; styrene; divinyl-benzene; crotonic acid esters and
malefic acid esters or the so-called, if desired, styrenized, unsaturated
polyester resins, and blends thereof, 3o can also be utilized as long as
the blends satisfy the claimed criteria. In general, the emphasis is on
monomers with one or two olefinic double bonds in the molecule. The
additional use of higher unsaturated components is not 13   0 8 JaN, 2003
WO 99I64528 PCT/US98/12260 excluded, but it must be kept in mind that their
presence can lead to embrittling of the polymerized compositions. When more
than one ethylenically unsaturated monomer is utilized, tailorability
(e.g., formulation latitude) of the compositions is promoted. In this
manner, a wider number of ethylenically unsaturated monomers can
potentially be used, while still providing low odor polymerizable
compositions that are useful for bonding low surface energy substrates.
That is, changes in the bonding performance of the resulting adhesives and
odor of the polymerizable composition can be effectuated, for example, by
varying the ratio of individual monomers in the 1 o polymerizable
composition. Yet another advantage of utilizing blends is cost
effectiveness. For example, less expensive monomers can be utilized in the
blends as "extenders" for more expensive, usually lower odor, monomers. In
this manner, a balance between cost and odor can be achieved. More
specifically, the ethylenically unsaturated monomer blends of the present
15 invention have: (1) a certain average fluorocarbon miscibility,
hereinafter referred to as fluorophilicity; (2) a certain glass transition
temperature (Tg) for the polymer formed by polymerization of the monomer
blend; and (3) a certain average boiling point. Criteria ( 1 ) and (2)
enable adequate bonding to low surface energy substrates. While not wishing
to be bound by any particular theory, it is believed that highly 2o
fluorophilic monomer blends more ably penetrate solid, low surface energy
substrates, affording polymer chain entanglement and/or grafting in the
interphase regions (i.e., those regions comprising elements from both the
adhesive and the substrate) during polymerization, thereby making possible
the structural bonding of the low surface energy substrates. Criteria (3)
enables preparation of low odor polymerizable 25 compositions. Average
Fluorophilicity, average glass transition temperature, and average boiling
point can be calculated using an individual monomer's fluorophilicity,
glass transition temperature, and boiling point. These individual monomer
properties can be measured using any known technique or found they can be
found in Brandrup, J. et al., ed., Polymer Handbook, 2"d Ed. ( 1975). 3o
Criteria ( 1 ): Monomer blends are suitable for use in the claimed
invention, so long as the claimed average monomer fluorophilicity criterion
is satisfied. Individual monomer fluorophilicity is measured by a monomer's
miscibility in fluorocarbon 14   0 8 J~l~! Q003 W O 99I64528 PCTNS98I12260
blends comprising various ratios of perfluorinated octanes (such as those
commercially available under the trade designation FLUORINERT FC-75, from
Minnesota Mining and Manufacturing Company; St. Paul, Minnesota) and 1 H, I
Hperfluorooctyl methacrylate (FOMA, commercially available from
Polyscience, Inc.; Warrington, PA). Monomer fluorophilicity can be
determined, for example, using a blend of 0.5 milliliter monomer and 1
milliliter fluorocarbon. The blend is prepared and allowed to sit at room
temperature (i.e., about 22 C. to about 25 C.) for about two hours.
"Miscibility" is determined by whether gross phase separation visible to
the unaided eye occurs at room temperature (i.e., about 22C. to about
25C.). 1 o Representative monomer fluorophilicity assignments have been
determined for a number of monomers, as illustrated in Table II, infra.
Average monomer fluorophilicity may be calculated for a monomer blend by
the following equation: blend - ~(X n ~ ~ n) 15 wherein blend is the
average monomer fluorophilicity, X n is the weight fraction of a 



given individual monomer based on total weight of the monomer component,
and ~ n is the fluorophilicity of that individual monomer (see Tables I and
II, infra). Useful monomer blends of the invention have an average monomer
fluorophilicity of 3.25 or 2o greater. More preferably, monomer blends of
the present invention have an average monomer fluorophilicity of at least
about 3.50. Criteria (2): Monomer blends are suitable for use in the
claimed invention, so long as the claimed Tg blend criterion is satisfied.
The glass transition temperature of a polymer formed by polymerization of a
monomer blend may be calculated using the 25 following equation: Tg blend -
(~(xn i(273+Tgn))) 1 - 273 wherein Tg blend is the glass transition
temperature (in degrees Celsius) of the polymer formed by polymerization of
the monomer blend, Xn is the weight fraction of 15   0 8 J~1N 2003 WO
99/64528 PCTNS98/I 2260 a given individual monomer, and Tgn is the glass
transition temperature (in degrees Celsius) of the homopolymer formed by
polymerization of that individual monomer. Monomer blends of the invention
have average glass transition temperatures between about -20C. and about
80C, preferably between about -10C. and about 80C., more preferably between
about 0C. and about 80C., and most preferably between about 20C. and about
80C. Criteria (3): Monomer blends are suitable for use in the claimed
invention, so long as the claimed boiling point criterion is satisfied.
While monomer boiling point is not critical to the utility of the invention
with respect to adhesion to low energy 1 o surfaces, polymerizable
compositions comprising higher boiling point monomers generally produce
less offensive odors and are preferred. Preferred monomer blends have
average boiling points greater than about 160C., more preferably greater
than I 90C., and most preferably greater than 210C. BPblend - ~(x n  BPn)
15 wherein BP blend is the boiling point (in degrees Celsius) of the
monomer blend, X  is the weight fraction of a given individual monomer, and
BPn is the boiling point (in degrees Celsius) of the individual monomer.
Based upon the above noted selection criteria, commercial availability,
toxicity, and cost, examples of useful monomer blends include the following
2o combinations: In one combination, the monomers can be generally selected
from: 10-90 wt % M1, 25-70 wt % M2, and 0-65 wt % M3 based on total weight
of the monomer blend, wherein: M 1 is tetrahydrofurfuryl methacrylate; M2
is one or more monomers selected from the group consisting of 2 25
ethoxyethyl methacrylate, n-hexyl acrylate, cyclohexyl methacrylate,
isooctyl acrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, and
isobornyl acrylate; and 



M3 is one or more monomers selected from the group consisting of isobutyl
methacrylate, n-butyl methacrylate, cyclohexyl acrylate, n-hexyl
methacrylate, isobomyl methacrylate, and isodecyl methacrylate. 16   0 8
JAN 2003 WO 99l64528 PCTlUS98l12260 Due to the relatively higher
irritation-potential of acrylate monomers, preferably at least one of M2
and M3 is a methacrylate monomer. Most preferably, both of M2 and M3 are
methacrylate monomers. Even more preferred monomer combinations comprise
monomer blends whose 5 average boiling points are greater than 190C. For
example, such blends may comprise 10-90 wt % M1, 25-70 wt % M2, and 0-65 wt
% M3 based on total weight of the monomer blend, wherein: M 1 is
tetrahydrofurfuryl methacrylate; M2 is one or more monomers selected from
the group consisting of 2 ethoxyethyl methacrylate, cyclohexyl
methacrylate, isooctyl acrylate, 2-ethylhexyl acrylate, 2-ethylhexyl
methacrylate, and isobornyl acrylate; and M3 is one or more monomers
selected from the group consisting of n-hexyl methacrylate, isobornyl
methacrylate, and isodecyl methacrylate. 15 Even more preferred monomer
combinations comprise monomer blends whose average boiling points are
greater than 210C. Most preferred monomer blends comprise 10-90 wt % M1,
25-70 wt % M2, and 0-65 wt % M3, based on total weight of the monomer
blend, wherein: 2o M1 is tetrahydrofurfuryl methacrylate; M2 is one or more
monomers selected from the group consisting of 2 ethoxyethyl methacrylate,
isooctyl acrylate, 2-ethylhexyl acrylate, 2-ethylhexyl methacrylate, and
isobornyl acrylate; and M3 is one or more monomers selected from the group
consisting of isobornyl 25 methacrylate and isodecyl methacrylate.
Additives Bonding compositions of the present invention may also comprise
further optional additives. Generally, such additives are present in the
polymerizable 3o composition of the kit. Thus, the polymerizable
composition may further comprise a variety of optional additives. m   0 8
J~fV ~~03 WO 99/64528 PCTNS98/12260 One particularly useful additive is a
thickener, such as medium (about 40,000) molecular weight polybutyl
methacrylate that may generally be incorporated in an amount of up to about
50 weight %, based on the total weight of the polymerizable composition.
Thickeners may be employed to increase the viscosity of the resulting
bonding composition to a more easily applied viscous syrup-like
consistency. 



Another particularly useful additive is an elastomeric material. These
materials can improve the fracture toughness of bonding compositions made
therewith, which can be beneficial when, for example, bonding stiff, high
yield strength materials (e.g., metal substrates that do not mechanically
absorb energy as easily as other materials, such as flexible polymeric
substrates). Such additives can generally be incorporated in an amount of
up to about 50% by weight, based on the total weight of the polymerizable
composition. Core-shell polymers can also be added to the polymerizable
composition to impart enhanced spreading and flow properties to the bonding
composition. These ~ s enhanced properties may be manifested by a reduced
tendency for the bonding composition to leave an undesirable "string" upon
dispensing from a syringe-type applicator, or sag or slump after having
been applied to a vertical surface. Accordingly, use of more than about 20%
by weight, based on total weight of the polymerizable composition, of a
core-shell polymer additive may be desirable for 2o achieving improved
sag-slump resistance. Small amounts of inhibitors, such as hydroquinone
monomethyl ether may be used in the polymerizable compositions, for
example, to prevent or reduce degradation of the monomers during storage.
Inhibitors may be added in an amount that does not materially reduce the
rate of polymerization or the ultimate properties of 25 polymers made
therewith. Accordingly, inhibitors are generally useful in amounts of about
100-10,000 ppm based on the total weight of the monomers in the
polymerizable composition. Other possible additives include non-reactive
colorants) fillers (e.g., carbon black, hollow glass/ceramic beads, silica,
titanium dioxide, solid glass/ceramic 3o spheres, and chalk), and the like.
The various optional additives are employed in any amount, but generally
amounts that do not significantly adversely affect the polymerization
process or the desired properties of polymers made therewith. I8   0 8 J~f~
2G03 W O 99I64528 Bonding Compositions PCTNS98/12260 The parts of the kits
(i.e., the polymerizable composition and the initiator component) are
blended as would normally be done when working with such materials. The
initiator component is added to the polymerizable composition shortly
before it is desired to use the bonding composition. Once the parts of the
kit have been combined to form a bonding composition, the composition
should be used quickly, as the useful pot life may be short depending upon
the monomers, the amount of the initiator component, the temperature at
which 1 o the bonding is to be performed, the presence or absence of
crosslinking agents, and whether a diluent is used. Preferably, to improve
the degree of polymerization it is desirable to keep the temperature below
about 40C., preferably below 30C., and most preferably below about 25C.
Accordingly, the bonding process can be carried out at room temperature
(i.e., about 22C. to about 25C.). 15 The bonding composition is applied to
one or both substrates to be bonded and then the substrates are joined
together with pressure to force excess bonding composition out of the bond
line. The use of pressure has the advantage of displacing bonding
composition that has been exposed to air and that may have begun to
oxidize. In general, the bonds should be made shortly after the bonding
composition has been 2o applied to the substrate(s), preferably within
about 10 minutes. The typical bond line thickness is about 0.1 to 0.3
millimeters. 



The bonds may cure (i.e., polymerize) to a reasonable green strength, i.e.,
to permit handling of such bonded articles within about 2-3 hours. Full
bond strength will generally be reached in about 24 hours under ambient
conditions. However, post 25 curing with heat may be used, if desired. In
one preferred embodiment, the bonding compositions are coated on a low
surface energy substrate. In another preferred embodiment, bonded articles
comprise a first substrate and a second substrate (preferably at least one
of which is a low surface energy polymeric material) adhesively bonded
together by a layer of a 30 bonding composition according to the invention.
The invention will be more fully appreciated with reference to the
following nonlimiting examples. These examples are merely for illustrative
purposes only and 19   a 8 ~~N 2003 WO 99/64528 PCT/US98/12260 are not
meant to be limiting on the scope of the appended claims. All parts,
percentages, ratios, etc. in the examples and the rest of the specification
are by weight unless indicated otherwise. EXAMPLES Overlap Shear Bond
Strength Test Method Each bonding composition was applied directly onto an
untreated 2.5 cm x 10 cm x 0.3 cm ( 1 inch x 4 inch x 0. I25 inch) test
panel {0.2 millimeter (8 mil)-diameter glass bead spacers were added to the
bonding composition) and a bare second test panel was immediately placed
against the bonding composition on the first test panel so that the
overlapped area was 1.3 cm x 2.5 cm (0.5 inch x 1 inch). A clamp was
applied to the overlapped area. The test panels were either
polytetrafluoroethylene (PTFE), high-density polyethylene (HDPE) or
polypropylene (PP), both commercially available from Cadillac Plastic;
Minneapolis, MN. A small amount of bonding 15 composition squeezed out of
the overlapped area and was allowed to remain. The bonds were allowed to
cure for at least 48 hours at 22C. The clamps were then removed, and the
overlap bonds were tested in shear (OLS) on a tensile tester at a crosshead
speed of 1.27 cm/minute (0.5 inch/minute). The overlap shear values were
recorded in pounds and converted into pounds per square inch (psi) and 2o
megapascals (MPa). Preferably, for adequate bonding performance, the OLS
values were at least about 150 psi (1.03 MPa), more preferably at least
about 300 psi (4.14 MPa) for the PTFE; at least about 500 psi (3.45 MPa),
more preferably at least about 700 psi (4.83 MPa) for the HDPE; and at
least about 600 psi (4.14 MPa), more preferably at least 25 about 800 psi
(5.52 MPa) for the PP. Also, for diverse utility, it is preferable that a
particular adhesive is able to adequately bond at least two different types
of low surface energy substrates. Accordingly, more preferably, a
particular adhesive is able to adequately bond all of PTFE, HDPE, and PP.
Most preferably, a particular adhesive is able to adequately bond PTFE to
an OLS value of at least about 300 psi 30 (4.14 MPa), HDPE to an OLS value
of at least about 700 psi (4.83 MPa), and PP to an OLS value of at least
about 800 psi (5.52 MPa). zo   



0 8 JAN Z003 WO 99I64528 Monomer Fluorophilicity PCT/US98/I2260 Individual
monomer fluorophilicity was measured by monomer miscibility in fluorocarbon
blends comprising various ratios of perfluorinated octaves (such as those
commercially available under the trade designation FLUORINERT FC-75 from
Minnesota Mining and Manufacturing Co.; St. Paul, MN) and 1 H,1
H-perfluorooctyl methacrylate (FOMA, commercially available from
Polyscience, Inc.; Warrington, PA). Monomer fluorophilicity was determined
using a blend of 0.5 milliliter monomer and 1 miliiliter fluorocarbon. The
blend was prepared and then allowed to sit at room temperature (i.e., about
22C. to about 25C.) for about two hours. t o Miscibility was then
determined for each blend. Miscibility" is determined by whether gross
phase separation visible to the unaided eye occurs at room temperature
(i.e., about 22C. to about 25C.). A monomer miscible with FLUORINERT FC-75
itself was assigned a fluorophilicity of 9. A monomer immiscible with FOMA
was assigned a fluorophilicity of 0, and a monomer with an intermediate
fluorocarbon 15 miscibility was assigned an intermediate fluorophilicity,
as tabulated in Table I. TABLEI Monomer FluorophilicityMaximum FLUORINERT
FC-75:FOMA volume ratio at which monomer is
miscible9100:0887.5:12.5775:25662.5:37.5550:50~437.5:62.5325:75212.5:87.510
:100immiscible at a11 ratios Representative fluorophilicity assignments for
individual monomers are 2o tabulated below in Table II along with
approximate glass transition temperature of the homopolymer thereof and
boiling point data. 21   a a ~~~ 0o3 WO 99/64528 TABLE II PCTNS98112260
MonomerFluorophilicityTg (C.)BP (C.)methyl methacrylate5105100t-butyl
acrylate641I20t-butyl methacrylate6107l40n-butyl acrylate5-54145isobutyl
methacrylate6731 SSmethacrylic acid5185161n-butyl
methacrylate520l64cyclohexyl acrylate3i 51842-methoxyethyl
methacrylate416190n-hexyl acrylate4-451901 H,1 H-perfluorooctyl
methacrylate960200cyclohexyl methacrylate4662l0n-hexyl
methacrylate3-5210isooctyl acrylate4-992152-ethylhexyl
acrylate4-502172-hydroxyethyl methacrylate055220tetrahydrofurfuryl
acrylate1-12220tetrahydrofurfuryl methacrylate360225benzyl
acrylate162282-ethylhexyl methacrylate4-10229benzyl
methacrylate1542302-cyanoethyl acrylate04235isobornyl
acrylate4942452-(2-ethoxyethoxy)ethyl acrylate1-70250isobornyl
methacryiate31102552-phenoxyethyl methacrylate054270isodecyl
methacrylate3-30275lauryl acrylate1-3310lauryl
methacrylate1-553202-phenoxyethyl acrylate ~0-22325 As can be recognized
from Table II, many of the individual monomers provide inadequate
compositions and adhesives by themselves. Blends of the present invention,
however, allow many otherwise unusable monomers to be used in the claimed
polymerizable compositions. As long as the monomer blends satisfy the
claimed criteria, any combination of monomers can be used. It is
preferable, however, that at least one of the monomers in the blends is a
methacrylate monomer. More 22   



0 8 JAN Q003 WO 99I64528 PCT/U598I12260 preferably, at least two of the
monomers in the blends are methacrylate monomers. Most preferably, a11 of
the monomers in the blends are methacrylate monomers. Example 1 Initiator
Component A triethylborane-hexamethylenediamine complex (1.52 grams) at a
respective molar ratio of 2:1, was dissolved in trimethylolpropane
tris(3-(2 methylaziridino))propionate (3.48 grams, commercially available
under the trade designation CROSSLINKER CX-100 from Zeneca Resins;
Wilmington, MA). 10 Polymerizable Composition A slurry containing a
core-shell toughener (10.00 grams, commercially available under the trade
designation BLENDER 360 from GE Specialty Chemicals; Parkersburg, WV) and
tetrahydrofurfuryl methacrylate (24.9S grams, commercially 15 available
from Aldrich Chemical Co.; Milwaukee, WI) was allowed to stand at 65C. for
17 hours. The resultant, opaque dispersion was allowed to cool and sheared
aggressively with a saw-toothed blade of a laboratory dispersator,
commercially available from Premier Mill Corporation; Reading, PA. Then,
2-ethylhexyl methacrylate (8.32 grams, commercially available from Aldrich
Chemical Co.; 2o Milwaukee, WI) and 2-acryloyloxyethyl maleate (6.73 grams,
commercially available from RohmTech (now Hills); Somerset, NJ were added
to the dispersion and mixed well. The monomer blend had a calculated
fluorophilicity of 3.25, a calculated boiling point of 226C., and the
calculated glass transition temperature of a resulting polymer was 39C. 25
Adhesive The polymerizable composition and initiator component were
packaged in a MIXPAC SYSTEM 50 10:1 volume ratio dual syringe applicator
(Kit No. MP-O50 10-09, commercially available from ConProTec, Salem, NH),
the larger cylinder 3o holding the polymerizable composition and the
smaller cylinder holding the initiator component. The two parts were
combined by simultaneous extrusion through a 4 inch long (10 cm), 17-stage
static mix nozzle (Part No. MX 4-0-17-5, commercially 23   o a ~a~ Q003 WO
99/64528 PG"1'lU S98!12260 available from ConProTec, Salem, NH). ~'he
bonding composition was tested according to the Overlap Shear Bond Strength
Test Method described above. The results are illustrated in Table III.
TABLE III SubstrateOverlap Shear, psi
(MPa)PTFE353(2.43)HDPE920(6.34)PP1,137(7.84) Examples 2-7 Adhesives were
prepared and evaluated as in Example 1, but using various monomer blends in
place of the tetrahydrofurfuryl methacrylate/2-ethylhexyl l0 methacrylate
blend. The results are illustrated in Table IV. 



TABLE IV
Ex.2Ex.3Ex.4Ex.SEx.6Ex.72-ethylhexyl--------11.6411.b4methacrylateo
^isooctyl acrylate--8.32--------isobomyl
acrylate8.32----------isobutyl----16.6410.6513.318.32methacrylatetetrahydro
furfuryl24.9524.9516.6422.628.3114.97methacrylate ~
blend3.253.254.503.964.554.05Tg blend (C~)68-266643635BP blend
(C~)230222190203198220Overlap Shear PTFE,
psi172216402399420381(MPa)(1.19)(1.49)(2.77)(2.75)(2.90)(2.63)Overlap Shear
HDPE, psi789800957752855953(MPa)(5.44)(5.52)(6.60)(5.18)(5.90)(6.57)Overlap
Shear PP, psi8718791,1591,1599491,089(MPa)(6.01
)(6.06){7.99)(7.99)(6.54)(7.51 ) 24   0 8 ~aN 2003 WO 99/64528 Example 8
Initiator Component PCT/US98/12264 A triethylborane-hexamethylenediamine
complex (6.24 grams) at a respective molar ratio of 2:1, was dissolved in
trimethylolpropane tris (3-(2-methylaziridino)) 5 propionate ( 11.08 grams,
commercially available under the trade designation CROSSLINKER CX-100 from
Zeneca Resins; Wilmington, MA). Polymerizable Composition A monomer blend
containing a core-shell toughener (7.76 grams, commercially available under
the trade designation BLENDER 360 from GE Specialty Chemicals; Parkersburg,
WV), isobornyl acrylate (22.5 grams, commercially available from Aldrich
Chemical Co.; Milwaukee, WI), 2-(2 ethoxyethoxy)ethyl acrylate (7.5 grams,
commercially available from Morton International, Inc.; Chicago IL), and
methacrylic anhydride (2.24 grams, t 5 commercially available from Aldrich
Chemical Co.; Milwaukee, WI) was prepared as in Example 1. The monomer
blend had a calculated fluorophilicity of 3.25, a calculated boiling point
of 246C., and the calculated glass transition temperature of a resulting
polymer was 32C. 2o Adhesive The adhesive was prepared and evaluated as in
Example 1. The results are illustrated in Table V TABLE V SubstrateOverlap
Shear, psi (MPa)PTFE164 (I.13)HDPE845 (5.83)[PpI - -g21 (5.66) 25 Examples
9-12 Adhesives were prepared and evaluated as in Example 1, but using lower
proportions of the triethylborane-hexamethylenediamine complex (TEB-HMDA)
in 25   0 8 ~a~ 2003 WO 99/G4528 PCTNS98I12260 the initiator component, as
noted in Table VI. In each Example, the monomer blend had a calculated
fluorophilicity of 3.25, a calculated boiling point of 226C., and the 



calculated glass transition temperature of a resulting polymer was 39C.
TABLE VI Ex.9Ex.lOEx.llEx. l2TEB-1.000.520.250.12o ~ ^HMDA0CX-1004 0048 44
754 88....Overlap Shear PTFE,
psi359362353139(MPa)(2.48)(2.50)(2.43)(0.96)Overlap Shear HDPE,
psi9S8955950942(MPa)(6.61)(6.58)(6.55)(6.49)Overlap Shear PP,
psi1,1171,1091,088980(MPa)(7.70)(7.65)(7.50)(6.76) Example 13 Initiator
Component Triethylborane (1.00 grams, commercially available from Akzo
Chemical Inc.; Chicago, IL) was dissolved in trimethylolpropane tris
(3-(2-methylaziridino)) propionate (4.00 grams, commercially available
under the trade designation CROSSLINKER CX-100 from Zeneca Resins;
Wilmington, MA) under a nitrogen atmosphere. 15 Polvmerizable Comyosition
Z-light W-1600 ceramic spheres (2.5d grams, 150-350 micron, Zeelan
Industries, Inc.; St. Paul, MN) were dispersed in a homogeneous slurry
containing a core-shell toughener ( 10.00 grams, commercially available
under the trade designation BLENDER 360 from GE Specialty Chemicals;
Parkersburg, WV), tetrahydrofurfuryl 2o methacrylate (26.08 grams,
commercially available from Aldrich Chemical Co.; Milwaukee, WI),
2-ethylhexyl methacrylate (8.70 grams, commercially available from Aldrich
Chemical Co.; Milwaukee, WI), and 2-acryloyloxyethyl maleate (5.22 grams,
commercially available from Rohm Tech (now Hiils); Somerset, NJ.) 26   0 $
JAN 2003 WO 99/64528 Adhesive PCT/US98/12260 Adhesives were prepared and
evaluated as in Example 1, except that the glass bead spacers were omitted.
TABLE VII SubstrateOverlap Shear) psi (MPa)PTFE330 (2.28)HDPE743
(5.l2)PP~814 (5.61 Comparative Examples C1-C7 Adhesives comprising
2-acryloyloxyethyl maleate were prepared and evaluated as in Example 1, but
using various monomer blends with calculated 10 fluorophilicities and/or
glass transition temperatures that do not satisfy the claimed criteria.
Reduced overlap shear bond strength is evident in these Examples, as
compared to those of the invention. 27   



0 8 JAN z003 WO 99/64528 TABLE VIII PCTNS98/12260
Ex.Ex.Ex.Ex.Ex.Ex.Ex.CIC2C3C4CSC6C7isobornyl
acrylate24.95------------tetrahydrofurfuryl8.328.32------1l.8811.88methacry
lateisooctyl
acrylate--24.95----------methyl___-8.32________methacrylaten-butyl
acrylate----24.95--------2-phenoxyethyl------33.2711.09----omethacrylate02-
phenoxyethyl--------11.09----acrylatetetrahydrofurfuryl--------11.09----~c~
nacrylate3 isobornyl -- -- -- -- -- 14.26
14.26methacrylate2-ethylhexyl----------7.13--methacrylate2-ethylhexyl------
------7.13acrylate ~ blend3.753.755.000.000.333.213.2lTg blend
(C~)85-75-285436037BP blend (C~)240218134270272239236Overlap Shear PTFE,
psi561032130134140278(MPa)(0.39)(0.71 }(0.14)(0.21 )(0.92)(0.97)(
1.92)Overlap Shear HDPE,
psi40534430942663364531(MPa)(2.79)(2.37)(2.13)(0.29)(4.57)(2.51
)(3.66)Overlap Shear PP,
psi400157337119718518665(MPa)(2.76)(1.08)(2.32)(0.82)(4.95)(3.57)(4.59)
Comparative Examples C8-C12 Adhesives were prepared and evaluated as in
Example 8. As in Comparative Examples C1-C7, the various monomer blends had
calculated fluorophilicities and/or glass transition temperatures that did
not satisfy the claimed criteria. Reduced overlap shear bond strength is
evident in these Examples, as compared to those of the invention. 2s   ~ 8
JAfV 2003 WO 99I64528 TABLE IX PCTIU S98/12260 Ex. C8Ex, C9Ex. C 10Ex. C
11Ex. C
12isobornyl--22.5------acrylateisobornyl7.5--22.522.5--methacrylate2-(2-22.
5--7.5----on ethoxyethoxy)-oethyl
acrylate02-cyanoethyl--7.5--7.5--acrylate0 t-butyl -- -- -- --
12methacrylateisobutyl--------12methacrylatemethyl--------6methacrylate ~
blend1.503.002.502.255.80Tg blend (C~)-4366417792BP blend
(C~)251243254250148Overlap Shear PTFE, psi75588853274(MPa)(0.52)(0.40)(0.61
)(0.37)( 1.89)Overlap Shear HDPE,
psi396845507635496(MPa)(2.73)(5.83)(3.50)(4.38)(3.42)Overlap Shear PP,
psi305122181200613(MPa)(2.10)(0.84)(1.25)(1.38)(4.23) Various modifications
and alterations of this invention will become apparent to those skilled in
the art without departing from the scope and spirit of the invention. It
should be understood that this invention is not limited to the illustrative
embodiments set forth herein. 29   0 8 JAN 2003 



CIAAIMS What Is Claimed Is: 1. A kit useful for bonding low surface energy
substrates) comprising; 5 a polymerizable composition comprising a monomer
blend comprising. a first ethylenically unsaturated monomer; a second
ethylenically unsaturated monomer, wherein the monomer blend has an average
boiling point of at least about I 60"C, and an average monomer
fluorophilicity of at least 3.25) and wherein the monomer blend I o is
polymeritable to a polymer having a glaSS transition temperature of about
-20C t0 shout 80'C; and an initiator component for polymerizing the
polymerizable composition, wherein the initiator component comprises do
aerobic initiator. Is 2. The kit of claim 1, wherein the first
ethylenically unsaturated mcmomer is a (meth)acrylate. 3. The kit of claim
1, wherein the first and second ethylenically unsaturated monomers are
(meth)acrylates. 20 4. The kit of claim 1, wherein the first ethylenically
unsaturated monomer is a methacrylatc. S. The kit of claim 1, wherein the
first and second ethylenically unsaturated 25 monomers are methacrylates.
6. The kit of claim l ) wherein the monomer blend has an average boiling
point of at least about l90C. 3n 7. The kit of claim 1, wherein the monomer
blend has an average boiling point of at least t~huut 210"C. 30   0 8 JaN
2003 R. The kit of claim 1) wherein the monomer blend has an average
monomer fluorophilicity of at least about 3.SU. s 9. The kit of claim 1)
wherein the monomer blend i~ polyrnerizable to a polymer having a glass
transition temperature of about 20C to about SOC. 10. The kit of claim 1)
wherein the monomer blend comprises: 10-90 wt % M1) 25-70 wt % M2, and 0-65
wt lu M3 based on total weight of the 0 monomer blend, wherein: M! is
tetrahydrofurfuryl methacrylate; M2 is ono or more monomers selected from
the group consisting of 2-ethoxyethyl mcthacrylate) n-hexyl acrylatc,
cyclohexyl methacrylate) isooctyl acrylate, 2-ethylhexyl acrylutc,
2-ethylhexyl methucrylute, and isubornyl acrylate; and s M3 iy ~nc nr more
monomers selected from the group consisting of isobutyl methacrylate,
n-butyl methacrylate) cyclohexyi acrylate, n-hexyl methacrylate) isobornyl
methacrylate, and isodecyl metttacrylate. 11. The kit of claim 10) wherein:
z M2 is one or more monomers selected from the group consisting of
2-ethnxyethyl methacrylate) cyclohexyl methacrylate, isooctyl acrylate)
2-ethylhexyl acrylale, 2 ethylhexyl methacrylate, and isobornyl aerylate;
and M3 is one or more monomers selected from the group e:onsisting of
n-hexyl methacrylate, isobornyl rnethacrylate) and isodecyl methacrylate.
25 1?. The kit of claim 10, wherein: M2 is one or more monomers selected
from the group consisting of 2-elhc~xyelhyi 



methacrylate, isooctyl acrylate, 2-ethylhexyl acrylate, 2-ethylhexyl
methacrylate, and isobornyl acrylate; and 3o M3 is one or more monomers
selected from the group consisting of isobornyl methacrylate and isodecyl
methucrylate. 31   0 8 JAN 2003 13. The kit of claim 1) wherein the aerobic
initiator is uncomplexed. 14. The kit of claim l ) wherein the aerobic
initiator is complexed. 5 15. The kit of claim l, wherein the aerobic
initiator is nn organoborane initiator, 16. The kit of claim 1, further
comprising a multi-part di~pencer. l0 17. The kit of claim 1, wherein the
initiator is mixed in an amount that provides aS little as about 0.01
weight !o boron based on total weight of the initiator component and
polymeriztzble composition. 18. A bonding composition, comprising the
polymerizable composition in any of the 15 kits according to claims 1-17
mixed with the initiator component in any of the kits according to claims
1-l7. 19. A substrate at least partially coated with the composition of
claim 18. 20 20. The ;substrate of claim 19) wherein the substrate is a low
surface energy substrate having a surface energy of less than 45 mJ/m2. 21.
The low surface energy substrate of claim 20, wherein the substrate is
adhered to a second substrate. 25 22. A method of bonding at lead one low
surface energy substrate, comprising the steps of: providing a kit
according to claim 1) providing a low surface energy substrate having a
surface energy of less 3U than a5 mJ/m2) 32   ~ 8 JaN 2003 mixing the
polymerizable cotnposit~on with the initiator component to form a bonding
composition; coating at least a portion of the low surface energy substrate
with the banding composition; and adhering the !ow surface energy substrate
to a second substrate. 33 .A..A.Ay.A{.A.AS.A{.AL.A
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