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LOW VOLATILE ISOCYANATE MONOMER CONTAINING POLYURETHANE
PREPOLYMER AND ADHESIVE SYSTEM

Field of Invention

[0001] This application relates to polyurethane based prepolymers
containing a low amount of volatile isocyanate monomer. This application also relates to
adhesive compositions and adhesive systems which are based on the polyurethane
prepolymers and which contain a low amount of volatile isocyanate monomers. In yet
another embodiment, the invention relates to primer and adhesive systems which contain a
low concentration volatile isocyanate monomers. In another embodiment, the invention
relates to a method of bonding substrates together using such adhesives and adhesive

systems.
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Background of Invention

[0002] Polyurethane prepolymers are used in a wide variety of industrial
uses. Many of the systems are prepared from isocyanate systems which contain volatile
isocyanate monomers, such as diphenylmethane diisocyanate (MDI). Such uses include
foams, adhesives, underbody coatings, automobile dampening systems, elastomeric parts
and articles. There is concern in industrial environments that exposure to volatile
isocyanate monomers may be harmful to workers’ health. Therefore, there is a need to
reduce the concentration of volatile isocyanate monomers in polyurethane precursors and
prepolymers used in a variety of industrial applications. One solution known in the art is to
strip the volatile isocyanate monomers from prepolymer systems using a distillation
technique, such as a wipe-film evaporator. See, Anderson et al., U.S. Patent 5,441,808 at
col. 6, lines 29-34. This solution adds an extra unit operation and therefore adds capital

costs and operating costs to the production of such prepolymers.

[0003] Another solution known in the art involves preparing prepolymers in
‘a two-step process wherein in the first step polyhydric alcohols are reacted with an
asymmetric isocyanate having isocyanate groups of differing reactivity. The polyols
preferentially react with the more reactive isocyanate group. The process is allowed to
continue until a theoretical amount of the faster reacting isocyanates has reacted with
polyhydric alcohols. Thereafter, the reaction product is reacted with an even faster reacting
symmetric isocyanate to prepare the prepolymer. This two-step process also requires an
additional unit operation. The extra step and extra capital required to handle a second
isocyanate adds significant costs to this process. See, Bolte et al., U.S. Patent 6,515,164
and Bauriedel, U.S. Patent 4,623,709, incorporated herein by reference. This process
requires very careful processing conditions and due to the limitations on the chain growth
provides lower flexibility relative to target viscosity of a particular prepolymer and

prevents one skilled in the art from tailoring a prepolymer to meet certain property targets.

[0004] What is needed are polyurethane prepolymers which contain low
concentrations of volatile isocyanate monomers wherein the prepolymers can be prepared

from standard commercially available isocyanate monomer systems using conventional

-
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process techniques. What is also needed are adhesives compositions and systems which
contain such prepolymers. Furthermore, what is needed are such prepolymers which can
be prepared without the need for additional separate unit operations or complex process

steps.
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Summary of Invention

[0005] In one aspect the invention is a composition comprising a
prepolymer which is the reaction product of di(isocyanatophenyl)methane or a polymeric
di(isocyanatophenyl)methane having an isocyanato functionality of about 2.1 to about 3.0
with a mixture of one or more diols and one or more triols wherein the ratio of isocyanate
equivalents to hydroxyl equivalents in the reaction mixtures used to prepare the prepolymer
is from about 1.2 to about 1.8 and the ratio of diol to triol where the diisocyanate is a
di(isocyanatophenyl)methane in the reaction mixture is from about 5:1 to about 1:1. and
where the isocyanate is a polymeric di(isocyanatophenyl)methane is from about 8:1 to
about 4:1; wherein the prepolymer has an isocyanate content of about 0.5 to about 1.5
percent by weight, a free isocyanate monomer content of about 1.0 percent by weight or

less as measured by high pressure liquid chromatography.

[0006] In another embodiment, the invention is a composition comprising a
prepolymer as described hereinbefore and a catalyst for the reaction of isocyanate with an

active hydrogen-containing compound, wherein the composition is useful as an adhesive.

[0007] In yet another embodiment, the invention is a method of bonding
two or more substrates together which comprises applying an adhesive as described herein
to at least one substrate, contacting the two or more substrates together with the adhesive
disposed between the substrates and exposing the contacted substrates and adhesive to

conditions under which the adhesive cures.

[0008] In yet another embodiment, the invention comprises a system for
bonding two or more substrates together which comprises an isocyanate free primer and an

adhesive composition as described hereinbefore.

[0009] The prepolymers of the invention are useful in many standard
polyurethane uses, such as adhesives, sealers, coating compositions, sound dampening
compositions and the like. The prepolymers demonstrate low volatile isocyanate monomer
concentrations. Preferably, the prepolymers contain about 0.7 percent by weight or less of
volatile isocyanate monomers, more preferably 0.5 percent by weight or less and most

preferably between about 0.2 and about 0.4 weight percent. Such weight percents are
4.
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determined according to high pressure liquid chromatograph-mass spectroscopy (HPLC-
MS) techniques such as described in the following tests. Monomeric isocyanate in the
samples is first reacted with methanol (dried with molecular sieves) to form carbamate
derivative which is then quantified by HPLC-MS using a Waters Alliance 2690 ternary
gradient liquid chromatograph coupled to a Waters ZMD, SN LB188, quadrupole MS
system, via Micromass Z-spray electrospray (EST) interface operating or in the PI and NI
modes. Both standards and samples are analyzed in duplicates. Mass spectrum is used for
confirmation. Such prepolymers can be prepared using conventional equipment and
process techniques. Furthermore, the use of such prepolymers in polyurethane systems
such as adhesive systems and primer and adhesive systems result in a significantly lower

potential exposure of workers in a workplace to volatile isocyanate monomers.
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Detailed Description of Invention

[0010] Prepolymers of the invention can be prepared using conventional
processing techniques wherein isocyanates are reacted with a mixture of one or more diols
and one or more triols in the presence of a standard polyurethane catalyst. Preferably, the
polyurethane prepolymer may be prepared by bulk polymerization or solutipn
polymerization. Preferable processes for the preparation of the prepolymers are disclosed
in U.S. Patent 5,922,809 at column 9, lines 4 to 51, incorporated herein by reference. The
prepolymer may be prepared by reacting polyols, such as diolsand triols with an excess
over stoichiometry of one or more polyisocyanates under reaction conditions sufficient to
form a prepolymer having isocyanate functionality and free isocyanate content whichmeets
the criteria discussed above. In a preferable method used to prepare the prepolymer, the
polyisocyanates are reacted with one or more diols and one or more triols. Typically, this
reaction takes place at elevated temperatures. To facilitate preparation of prepolymers
containing a low concentration of volatile isocyanate monomers, there is a need to carefully
control certain parameters. For many conventional uses of polyurethane prepolymers,
careful control of viscosity is important. If the viscosity is not carefully controlled, then the
prepolymer may not function as desired or the formulations this prepolymer is used in, may

require additional components to achieve the desired rheological properties.

[0011] Preferably, the prepolymers of the invention demonstrate the
viscosity sufficient to allow the use of the prepolymers in adhesive, sealer, damper and
coating applications. More preferably, the viscosity is chosen such that the polyurethanes
may be used in adhesive formulations. Preferably, the prepolymers as prepared
demonstrate a viscosity of about 6000 centipoise (600 N-S/m?) or greater and more
preferably about 8,000 centipoise (800 N-S/m?) or greater. Preferably, the polyurethane
prepolymers demonstrate a viscosity of about 30,000 centipoise (3,000 N-S/m?) or less and
more preferably about 20,000 centipoise (2,000 N-S/m?) or less. Above about 30,000
centipoise (3,000 N-S/m?), the polyurethanes become too viscous to pump and therefore
cannot be applied using conventional techniques. Below about 6000 centipoise (600 N-

S/m?), the prepolymers do not afford sufficient integrity to allow the compositions utilizing
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the prepolymers to be utilized in desired applications. Viscosity as used herein is measured
by the Brookfield Viscometer, Model DV-E with a RV spindle #5 at a speed of 5

revolution per second and at a temperature of 25°C.

[0012] The prepolymers of the invention preferably have an isocyanate
content of about 0.5 percent or greater and more preferably about 0.7 percent or greater.
Preferably, the prepolymers of the invention exhibit an isocyanate content of about 1.5
percent or less and more preferably about 1.2 percent or less. Isocyanate content used in
this context means the weight percent of the isocyanate groups in the prepolymer as
compared to the total weight of the prepolymer. Preferably, the ratio of isocyanate
equivalents to hydroxyl equivalents used to prepare the prepolymer is about 1.2:1 or greater
and more preferably about 1.3:1 or greater. Preferably, the isocyanate equivalent to
hydroxyl equivalent ratio in the reactants used to prepare the prepolymer is less than about
1.8:1 and more preferably less than about 1.7:1. At an equivalents ratio of less than about

1.2, the prepolymer will gel rendering it useless for many applications.

[0013] In order to achieve the desired viscosity levels and volatile monomer
concentration levels, it is important to carefully control the ratio of diol to triol used to
prepare the prepolymer. The diol to triol ratios should be chosen so as to give the desired
viscosity of the polyurethane prepolymer. Preferably, where the isocyanate is di(isocyanato
phenyl)methane, the ratio of diol to triol is about 1:1 or greater and more preferably about
1.2:1 or greater. Preferably, the diol to triol ratio is about 5:1 or less, more preferably
about 3:1 or less and most preferably about 2:1 or less. In the embodiment where the
isocyanate is a polymeric di(isocyanatophenol)methane, the diol to triol ratio is preferably
about 4:1 or greater and more preferably about 5:1 or greater. Preferably, the diol to triol
hydroxyl ratio in this embodiment is about 8:1 or less and more preferably about 7:1 or

less.

[0014] In one embodiment, the concentration of the volatile isocyanate
monomer may be further reduced by addition of small amounts of a low molecular weight
isocyanate reactive compound. An isocyanate reactive compound is a compound which

contains one or more active hydrogen atom-containing groups capable of reacting with

-
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isocyanate groups to form a urethane or urea linkage. Such low molecular weight
isocyanate reactive compounds are preferably monofunctional and preferably may be
monofunctional amines, thiols or alcohols. Preferably an amount of low molecular weight
isocyanate reactive compound which gives the desired concentration of volatile isocyanate-
containing monomers can be used, preferably about 0.4 percent by weight or more in the
prepolymer composition used to prepare the prepolymer and more preferably about 0.8
percent by weight or more can be used. Preferably, the amount of low molecular weight
isocyanate reactive compound used is about 3 percent by weight or less and more
preferably about 2 percent by weight or less. Preferred low molecular weight isocyanate
reactive compounds which may be added to the reaction mixture include primary amines,
secondary amines, thiols and alcohols; such as diethylamine, bis(3-trimethoxysilyl propyl)

amine and 1-octanol.

[0015] The isocyanate-containing monomers which may be used in this
invention include di(isocyanatophenyl)methane and polymeric derivatives thereof.
Polymeric derivatives mean oligomeric analogues of di(isocyanatophenyl)methane which
are prepared by the condensation of aniline and phosgene under conditions such that the
polymeric derivatives are formed. In the embodiment wherein the isocyanate compound
used for prepolymer synthesis is a polymeric derivative of di (isocyanatophenyl) methane,
the polymeric thereof preferably has an isocyanate functionality of about 2.1 or greater and
more preferably 2.3 or greater. Preferably, the polymeric derivative of
di(isocyanatophenyl)methane has a functionality of 3.0 or less and more preferably 2.7 or
less. The polymeric derivative of di(isocyanatophenyl)methane used herein is a mixture of
different size molecules and contains monomeric di(isocyanatophenyl)methane which is
useful in preventing the premature gellation of the prepolymer during the synthesis.
Di(isocyanatophenyl)methane monomer is present in any amount of preferably more than
about 20 percent by weight of the isocyanate mixture used to prepare the prepolymets and
more preferably more than about 25 percent by weight. In order to achieve the desired
characteristics of the prepolymer, as the functionality of the polymeric derivative of

di(isocyanatophenol)methane goes up, the ratio of diol to triol should go up. Polymeric

-8-



WO 2006/042305 PCT/US2005/036831

di(isocyanatophenyl)methane is available from The Dow Chemical Company under the

trademark PAPI™ and designations.

[0016] The amount of isocyanate containing compound used to prepare the
prepolymer is that amount that gives the desired properties, that is, the appropriate free
isocyanate content and viscosities as discussed hereinbefore. Preferably the isocyanate
containing compounds are used to prepare in the prepolymer in amount of about 6.5
percent by weight or greater, more preferably about 7.0 weight percent or greater and most
preferably about 7.5 weight percent or greater. Preferably, the polyisocyanatesused to
prepare the prepolymer are used in an amount of about 12 percent by weight or less, more
preferably about 10.5 about percent by weight or less and most preferably about 10 percent

by weight or less.

[0017] One or more as used herein means that at least one, and more than
one, of the recited components may be used as disclosed. Nominal as used with respect to
functionality means the theoretical functionality, generally this can be calculated from the
stoichiometry of the ingredients used. Generally the actual functionality is different due to
imperfections in raw material, incomplete conversion of the reactants and formation of by-

products.

[0018] The diols and triols are generically referred to as polyols. Polyols
useful in this invention are diols and triols corresponding to the polyols described in U.S.
Patent 5,922,809 at column 4, line 60 to column 5, line 50, incorporated herein by
reference. Preferably the polyols (diols and triols) are polyether polyols and more
preferably polyoxypropylene polyols. Most preferred triols are ethylene oxide-capped
polyols prepared by reacting glycerin with propylene oxide, followed by reacting the

product with ethylene oxide.

[0019] In some preferred embodiments, polyols with low levels of
unsaturation are used such as the ACCLAIM™ polyols are available from Bayer.

Preferred low unsaturation polyols have a molecular weight of about 5,000 or greater.

[0020] The polyols (diols and triols) are present in an amount sufficient to

react with most of the isocyanate groups of the isocyanates leaving enough isocyanate
-
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groups to give the desired free isocyanate content of the prepolymer. Preferably the polyols
are present in an amount of about 30 percent by weight or greater based on the weight of
the prepolymer, more preferably about 35 percent by weight or greater and most preferably
about 40 percent by weight or greater. Preferably the polyols are present in an amount of
about 75 percent by weight or less based on the weight of the prepolymer, more preferably

about 65 percent by weight or less and most preferably about 60 percent by weight or less.

[0021] The weight ratio of diols to triols impacts the cure rate and strength
of the adhesive. If the weight ratio is too low the formulation is too viscous to handle and
the resulting adhesive has insufficient elasticity to retain glass in an automobile window
frame under crash conditions. If the ratio is too high the adhesive does not have adequate
green strength. In the embodiment where the polyols comprise a mixture of diols and
triols, the amount of diols present is preferably about 14 percent by weight or greater based
on the weight of the prepolymer, more preferably about 16 percent by weight or greater and
most preferably about 18 percent by weight or greater; and about 50 percent by weight or
less based on the weight of the prepolymer, more preferably about 45 percent by weight or
less and most preferably about 40 percent by weight or less. The amount of triols present is
preferably about 4 percent by weight or greater based on the weight of the prepolymer,
more preferably about 6 percent by weight or greater and most preferably about 8 percent
by weight or greater; and preferably about 40 percent by weight or less based on the weight
of the prepolymer, more preferably about 36 percent by weight or less and most preferably

about 32 percent by weight or less.

[0022] The polyurethane prepolymers of the invention may further comprise
a plasticizer. The plasticizers useful in the prepolymer are common plasticizers useful in
polyurethane adhesive applications and well known to those skilled in the art. The
plasticizer is present in an amount sufficient to disperse the prepolymer in the final
adhesive composition. The plasticizer can be added to the adhesive either during
preparation of the prepolymer or during compounding of the adhesive composition. The
plasticizer is present in a sufficient amount to result in a prepolymer mixture having the

desired viscosity. Preferably the plasticizer is present in about 1 percent by weight or

-10-
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greater of the prepolymer formulation (prepolymer plus plasticizer), more preferably about
20 percent by weight or greater and most preferably about 30 percent by weight or greater.
Preferably the plasticizer is present in about 55 percent by weight or less of the prepolymer

formulation and more preferably about 50 percent by weight or less.

[0023] The isocyanate functional prepolymers of the invention can be used
in any known use which uses isocyanate functional polyurethane based prepolymers.
Preferably, the prepolymers are used in adhesive formulations. The prepolymers are
preferably used in one part, two part and hot melt adhesive formulations. The formulations
can be used in any uses which polyurethane based adhesives are used for including
building construction, automotive structural bonding and glass bonding. The polyurethane
prepolymers are present in the adhesive composition in an amount sufficient such that
when the resulting adhesive cures substrates are bound together. The one or more
isocyanate functional polyether based prepolymers are present in sufficient quantity to
provide adhesive character to the composition. Such prepolymers have an average
isocyanate functionality sufficient to allow the preparation of a crosslinked polyurethane
upon cure and not so high that the polymers are unstable. Stability in this context means
that the prepolymer or adhesive prepared from the prepolymer has a shelf life of at least 6
months at ambient temperatures, in that it does not demonstrate an increase in viscosity
during such period which prevents its application or use. Preferably the prepolymer or
adhesive prepared therefrom does not undergo an increase in viscosity of more than about
40 percent during the stated period. Preferably, the average isocyanate functionality isat
least about 2.2 and preferably at least about 2.4. Below about 2.2 the ability of the
prepolymer to crosslink sufficiently to achieve the desired strength of the cured adhesive is
compromised. Preferably the average isocyanate functionality of the prepolymer is about
3.0 or less and more preferably about 2.8 or less. Above 3.0 average isocyanate
functionality the prepolymer and adhesives prepared from the prepolymer may exhibit
unacceptable storage stability. Preferably the polyurethane prepolymers are present in an
amount of about 25 parts by weight of the adhesive composition or greater, more preferably
about 30 parts by weight or greater and most preferably about 35 parts by weight or greater.

Preferably the polyurethane prepolymers are present in an amount of about 80 parts by
-11-
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weight of the adhesive composition or less, more preferably about 76 parts by weight or

less and even more preferably about 72 parts by weight or less.

[0024] The adhesive compositions of the invention may further comprise a
polyfunctional isocyanate for the purpose of improving the modulus of the composition
and adhesion performance in the cured form. Polyfunctional as used in the context of the
isocyanates refers to isocyanates having a nominal functionality of about 3 or greater. The
polyisocyanates can be any oligomeric or polymeric isocyanates having a nominal
functionality of about 3 or greater. Preferably the polyfunctional isocyanate has a nominal
functionality of about 5 or less, even more preferably about 4.5 or less and most preferably
about 4.2 or less. The polyfunctional isocyanate can be any isocyanate which improves the
modulus and adhesion of the cured composition. The polyisocyanates can be trimers,
isocyanurates or biurets of monomeric isocyanates; or polyméric, the reaction product of
several units of one or more monomeric isocyanates. Examples of preferred polyfunctional
isocyanates include trimers of hexamethylene diisocyanate, for example, those available
from Bayer under the trademark and designation Desmodur™ N3300, and polymeric
isocyanates such as polymeric MDI (methylene diphenylisocyanates) such as those
marketed by The Dow Chemical Company under the trademark of PAPT™, including

PAPI™ 20 polymeric isocyanate.

[0025] The polyfunctional isocyanates are present in sufficient amount to
impact the modulus of the cured compositions of the invention. If too much is used the
cure rate of the composition is unacceptably slowed down. If too little is used the desired
modulus levels and adhesion performance are not achievable. The polyfunctional
isocyanate is preferably present in an amount of about 0.5 percent by weight or greater
based on the weight of the composition, more preferably about 1 percent by weight or
greater and most preferably about 1.5 percent by weight or greater. The polyfunctional
isocyanate is preferably present in an amount of about 8 percent by weight or less based on
the weight of the composition, more preferably about 6 percent by weight or less and most

preferably about 5 percent by weight or less.

-12-



WO 2006/042305 PCT/US2005/036831

[0026] The adhesive composition of the invention may further comprise a
catalyst known for promoting the cure of polyurethanes in the presence of moisture.
Preferable catalysts include metal salts such as tin carboxylates, organo titanates (such as
alkyl titanates), metal carboxylates, amines and dimorpholinodiethyl ether or alkyl-
substituted dimorpholinodiethyl ethers. Preferably the catalyst comprises a mixture of
metal carboxylates and one of dimorpholino-diethyl ether or an alkyl substituted
dimorpholino diethyl ether. Preferred metal carboxylates include tin carboxylates. Among
preferred catalysts are dibutyltin diacetate, dimethyltin dicarboxylate, dimorpholinodiethy]
ether and (di- (2-(3,5-dimethylmorpholino) ethyl)) ether. Such catalysts, when employed
are preferably employed in an amount based on the weight of the adhesive composition of
about 0 parts by weight or greater, more preferably about 0.001 parts by weight or greater,
even more preferably about 0.002 parts by weight or greater and most preferably about
0.003 parts by weight or greater. Such catalysts are preferably employed in an amount,
based on the weight of the adhesive composition, of about 5 parts by weight or less, more
preferably about 1.75 parts by weight or less, even more preferably about 1 part by weight

or less and most preferably about 0.6 parts by weight or less.

[0027] The adhesive of the invention may be formulated with fillers and
additives known in the prior art for use in adhesive compositions. By the addition of such
materials physical properties such as viscosity, flow rates and the like can be modified.
However, to prevent premature hydrolysis of the moisture sensitive groups of the

polyurethane prepolymer, fillers should be thoroughly dried before admixture therewith.

[0028] Optional components of the adhesive of the invention include
reinforcing fillers. Such fillers are well known to those skilled in the art and include
carbon black, titanium dioxide, calcium carbonate, surface treated silicas, titanium oxide,
fume silica, talc, and the like. Preferred reinforcing fillers comprise carbon black as
described hereinbefore. The reinforcing fillers are used in sufficient amount to increase the

strength of the adhesive and to provide thixotropic properties to the adhesive.

[0029] One or more carbon blacks may be used in the composition. The

amount of carbon black in the composition is that amount which provides the desired color,

-13-



WO 2006/042305 PCT/US2005/036831

viscosity and sag resistance. The carbon black is preferably used in the amount of about 10
percent by weight or greater based on the weight of the composition, more preferably about
12 percent by weight or greater and most preferably about 14 percent by weight or greater.
The carbon black is preferably present in an amount of about 40 percent by weight or less
based on the weight of the composition, more preferably about 37 percent by weight or less

and most preferably about 35 percent by weight or less.

[0030] Among optional materials in the adhesive composition are clays.
Preferred clays useful in the invention include kaolin, surface treated kaolin, calcined
kaolin, aluminum silicates and surface treated anhydrous aluminum silicates. The clays
can be used in any form, which facilitates formulation of a pumpable adhesive. Preferably
the clay is in the form of pulverized powder, spray-dried beads or finely ground particles.
Clays may be used in an amount of about 0 parts by weight of the adhesive composition or
greater, more preferably about 1 part by weight or greater and even more preferably about 6
parts by weight or greater. Preferably the clays are used in an amount of about 20 parts by
weight or less of the adhesive composition and more preferably about 15 parts by weight or

less.

[0031] The adhesive composition of this invention may further comprise
plasticizers so as to modify the rheological properties to a desired consistency. Such
materials should be free of water, inert to isocyanate groups and compatible with a
polymer. Suitable plasticizers are well known in the art and preferable plasticizers include
alkyl phthalates such as dialkyl phthalates, (dioctyl phthalate or dibutyl phthalate), partially
hydrogenated terpene commercially available as "HB-407, trioctyl phosphate, epoxy
plasticizers, toluene-sulfonamide, chloroparaffins, adipic acid esters, castor oil, toluene and
alkyl naphthalenes. The amount of plasticizer in the adhesive composition is that amount
which gives the desired rheological properties and which is sufficient to disperse the
catalyst in the system. The amounts disclosed herein include those amounts added during
preparation of the prepolymer and during compounding of the adhesive. Preferably
plasticizers are used in the adhesive composition in an amount of about 0 parts by weight

or greater based on the weight of the adhesive composition, more preferably about 5 parts

-14-



WO 2006/042305 PCT/US2005/036831

by weight or greater and most preferably about 10 parts by weight or greater. The
plasticizer is preferably used in an amount of about 50 parts by weight or less based on the
total amount of the adhesive composition and more preferably about 40 parts by weight or

less.

[0032] The composition of this invention may further comprise stabilizers,
which function to protect the adhesive composition from moisture, thereby inhibiting
advancement and preventing premature crosslinking of the isocyanates in the adhesive
formulation. Included among such stabilizers are diethylmalonate, alkylphenol alkylates,
paratoluene sulfonic isocyanates, benzoyl chloride, vinylsilanes and orthoalkyl formates.
Such stabilizers are preferably used in an amount of about 0.05 parts by weight or greater
based on the total weight of the adhesive composition, preferably about 0.1 parts by weight
or greater and more preferably about 0.5 parts by weight or greater. Such stabilizers are
used in an amount of about 5.0 parts by weight or less based on the weight of the adhesive
composition, more preferably about 2.0 parts by weight or less and most preferably about

1.5 parts by weight or less.

[0033] The composition of this invention may further comprise an adhesion
promoter, such as those disclosed in Mahdi U.S. Patent 6,355,127, column 21, line 44 to
column 22, line 38 and Hsieh U.S. 6,015,475 column 5, line 27 to Column 6, line 41
incorporated herein by reference. The amounts of such adhesion promoters useful are also

disclosed in these references and incorporated herein by reference.

[0034] The adhesive composition may further comprise a hydrophilic
material that functions to draw atmospheric moisture into the composition. This material
enhances the cure speed of the formulation by drawing atmospheric moisture to the
composition. Preferably the hydrophilic material is a liquid. Among preferred hydrophilic
materials are pyrolidinones such as 1 methyl-2-pyrolidinone, available from Ashland
Chemical Company under the trademark M-Pyrol™. The hydrophilic material is
preferably present in an amount of about 0.1 percent by weight or greater and more
preferably about 0.2 percent by weight or greater and preferably about 1.0 percent by

weight or less and most preferably about 0.5 percent by weight or less. Optionally the
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adhesive composition may further comprise a thixotrope. Such thixotropes are well known
to those skilled in the art and include alumina, limestone, talc, zinc oxides, sulfur oxides,
calcium carbonate, perlite, slate flour, salt (NaCl), cyclodextrin and the like. The
thixotrope may be added to the adhesive of composition in a sufficient amount to give the
desired rheological properties. Preferably the thixotrope is present in an amount of about 0
parts by weight or greater based on the weight of the adhesive composition, preferably
about 1 part by weight or greater. Preferably the optional thixotrope is present in an
amount of about 10 parts by weight or less based on the weight of the adhesive

composition and more preferably about 5 parts by weight or less.

[0035] Other components commonly used in adhesive compositions may be
used in the adhesive composition of this invention. Such materials are well known to those
skilled in the art and may include ultraviolet stabilizers, light stabilizers and antioxidants

and the like.

[0036] As used herein all parts by weight relative to the components of the

adhesive composition are based on 100 total parts by weight of the adhesive composition.

[0037] The adhesive composition of this invention may be formulated by
blending the components together using means well known in the art. Generally the
co111p011é11ts are blended in a suitable mixer. Such blending is preferably conducted in an
inert atmosphere in the absence of oxygen and atmospheric moisture to prevent premature
reaction. It may be advantageous to add any plasticizers to the reaction mixture for
preparing the isocyanate containing prepolymer so that such mixture may be easily mixed
and handled. Alternatively, the plasticizers can be added during blending of all the
components. Once the adhesive composition is formulated, it is packaged in a suitable
container such that it is protected from atmospheric moisture and oxygen. Contact with
atmospheric moisture and oxygen could result in premature crosslinking of the

polyurethane prepolymer-containing isocyanate groups.

[0038] The adhesive composition of the invention is used to bond a variety
of substrates together as described hereinbefore. The composition can be used to bond
porous and nonporous substrates together. The adhesive composition is applied to a
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substrate and the adhesive on the first substrate is thereafter contacted with a second
substrate. In preferred embodiments, the surfaces to which the adhesive is applied are
cleaned and primed prior to application, see for example U.S. Patents 4,525,511, 3,707,521
and 3,779,794, relevant parts of all are incorporated herein by reference. Generally the
adhesives of the invention are applied at ambient temperature in the presence of
atmospheric moisture. Exposure to atmospheric moisture is sufficient to result in curing of
the adhesive. Curing can be accelerated by the addition of additional water or by applying
heat to the curing adhesive by means of convection heat, microwave heating and the like.
[0039] The adhesive composition is preferably used to bond glass or
abrasion resistant coated plastic to other substrates such as metal or plastics. In a preferred
embodiment the first substrate is plain glass and the second substrate is a painted metal
panel. In another preferred embodiment the first substrate is glass coated with a ceramic
frit or plastic coated with an abrasion resistant coating and the second substrate is a painted
metal panel. Preferably the glass or plastic is cleaned and has a glass primer applied to the

area to which the adhesive is to be bonded.

[0040] The adhesives of the invention can be used to bond glass or plastic
coated with an abrasion resistant coating into structures such as windshields into
automobiles. The adhesive can bond to certain painted surfaces without the need to prime
the painted surface before applying the adhesive. Examples of automotive paint systems
for which this adhesive can bond without a need for a primer include DuPont Gen IV
acrylic silane paint, PPG MAC8000 Carbamate paint and PPG TKU1050 two part
polyurethane paint. Alternatively, the adhesive system can be utilized with known paint
primer systems wherein the primer is applied to the painted surface to which the adhesive
can be applied prior to applying the adhesive. Such paint primer systems are well known
to those skilled in the art and include Betaseal® 43533 primer available from The Dow

Chemical Company.

[0041] The one substrate can be a sheet of rigid plastic coated with an
abrasion resistant coating. Among preferred plastic materials used are included, acrylics,

polycarbonates and hydrogenated styrene block copolymers wherein the styrene content is
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greater than about 50 percent by weight. Preferably abrasion resistant coatings are

polysiloxanes.

[0042] In bonding the adhesive to glass or a plastic coated with an abrasion
resistant coating, the glass is typically treated with a glass primer system prior to
application of the adhesive. Any known glass primer system which works with
polyurethane systems may be used with this adhesive. Examples of such known systems
include Betaseal® 43518 primer and Betaseal® 43520A primer available from The Dow

Chemical Company.

[0043] In a preferred embodiment, the adhesive is used with a non-
isocyanate based primer system to provide a low or non-isocyanate bonding system.
Preferably, the glass primer comprises one or more solvents, one or more trialkoxysilane-
containing compounds, optionally one or more titanates and optionally a film-forming
resin. Preferably, the trialkoxysilane-containing compound is trimethoxysilane-containing
compounds such as aminosilanes. Preferred film-forming resins are acrylic resins.
Preferred solvents are dialkyl ketones, such as methyl ethylketone. Preferred
trimethoxysilane compounds include bis (3-trimethoxysilylpropyl)amine. A preferred
isocyanate-free glass primer system is Betaseal® 43526N glass primer available from The

Dow Chemical Company.

[0044] In a preferred embodiment where the adhesive can not bond to a
substrate without the need for a primer system, the painted surface to which the adhesive
will be applied can be treated with an acid-containing solution as disclosed in U.S. Patent
6,053,971, relevant parts incorporated herein by reference. Preferably, the acid is
dodecylbenzene sulfonic acid, dinonylnapthlene di-sulfonic acid or dinonylnapthlene
sulfonic acid. Preferably, the solvents are benzene, toluene, xylene, cumene or naphtha.
More preferably, the acid is dodecyl benzene sulfonic acid. Preferably, the acid-containing
composition comprising from about 0.5 to about 3 percent by weight of acid and from

about 97 percent to about 99.5 percent by weight of solvent.
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[0045] A preferred process for mounting glass to a vehicle, comprises:

a) contacting an isocyanate free glass primer with a portion of a glass or an
abrasion resistant coated plastic window to be installed in a vehicle which comes into

contact with a flange of the vehicle;

b) contacting a composition comprising a hydrocarbyl substituted aromatic

sulfonic acid and solvent with the flange of the vehicle;

¢) applying a composition according to the invention to the flange or the

portion of the window which will come in contact with the flange;

d) placing the window into the vehicle such that the adhesive is disposed

between the window and the flange; and
e) allowing the adhesive to cure.

[0046] In the embodiment where the adhesives utilizing the prepolymer of
the invention are used along with an isocyanate-free glass primer and acid composition
described hereinbefore, a very low free-isocyanate monomer containing system is provided

to bond glass into a substrate or structure such as an automobile or a building.

[0047] The adhesives of the invention preferably demonstrate a heat age
viscosity growth of 45 percent or less, more preferably 35 percent or less and most
preferably 30 percent or less. Heat age growth is the increase in viscosity after heating the
adhesive for 3 days at 54°C. The 3 day initial lap shear strength is preferably about 250 psi
(172 MPa) or greater, more preferably about 365 psi (252 MPa) or greater and most
preferably about 500 psi (345 MPa) or greater. The lap shear is tested 3 days after
application of the adhesive at 23°C and 50 percent relative humidity wherein the samples
are stored according to SAE J1529 test procedure which is described below. An adhesive
bead approximately 6.3 mm width by 6.3 mm height is applied along the width of the 25
mm by 100 mm glass coupon and approximately 6.3 mm from the glass coupon primed
end. The second substrate is immediately placed on the adhesive bead and the sample is
allowed to cure at the condition of 23°C and 50 percent relative humidity (RH) for the

defined certain period. The testing speed is at a rate of 5 cm/min with an Instron tester.
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[0048] Preferably, the adhesive of the invention exhibits a tack-free time of
about 10 minutes or greater, and more preferably about 15 minutes or greater and most
preferably about 20 minutes or greater. Tack-free time is measured according to the
following test procedure. A 150 mm long and 6 mm diameter adhesive bead is laid on a
release paper at 23°C, 50 percent relative humidity. The bead is touched gently using a
polyethylene film and the time when the bead is tack free and the polyethylene film is clean

from the contact of the bead is recorded.

[0049] Viscosities of prepolymers as described herein are determined
according to the procedure disclosed in Bhat U.S. Patent 5,922, 809 at column 12 lines 38
to 49, incorporated herein by reference. Viscosities of adhesives as described herein are
determined using press flow. The press flow is the time it takes for 20 grams of adhesive
to pass through a 0.157 in. (4 mm) orifice at 80 psi (552 kPa) pressure. 3 day-54°C heat
age growth of the adhesive is defined as the press flow increase after 3 day-54°C heat

treatment on the adhesive divided by the initial press flow of the adhesive.

[0050] Molecular weights as described herein are determined according to
the following to the procedure disclosed in Bhat U.S. Patent 5,922, 809 at column 12 lines

50 to 64, incorporated herein by reference.
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Tlustrative Embodiments of the Invention

[0051] The following examples are provided to illustrate the invention, but
are not intended to limit the scope thereof. All parts and percentages are by weight unless

otherwise indicated.

[0052] Ingredients

Voranol® 220-056 polyol is polyoxypropylene based diol with molecular weight (MW)
about 2000 and hydroxyl equivalent weight (EW) 1000 available from The Dow Chemical

Company.

Voranol® 232-036 polyol is polyoxypropylene based triol with molecular weight (MW)
about 4500 and hydroxyl equivalent weight (EW) 1500 available from The Dow Chemical

Company.

PAPI™ 94 polymeric isocyanate is a polymeric MDI having an average isocyanate
functionality of 2.3 an equivalent weight of 131 available from The Dow Chemical

Company.
Metacure® T-9 tin catalyst is stannous octoate available from Air Products Chemical.
N, N*-bis(3-trimethoxysilyl propyl) amine available from GE Silicones.

Jeffcat® DMDEE catalyst is dimorpholino diethy! ether available from Huntsman

Chemical.

Betaseal® 43518 primer is an organosilane containing glass primer available from The

Dow Chemical Company.

Betaseal®43520A primer is an isocyanate containing glass primer available from The Dow

Chemical Company.

Betaseal® 43533atu primer is an isocyanate containing painted flange primer available

from The Dow Chemical Company.

Betaseal® 43526 primer is a non-isocyanate glass primer available from The Dow

Chemical Company.
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M-Pyrol™ 1-methyl-2-pyrolidinone available from Ashland Chemical Company.

Formrez® UL-28 tin catalyst is a dimethyltin dicarboxylate catalyst available from GE

Silicones.
Desmodur® N-3300 trimer of hexamethylene diisocyanate available from Bayer.

Doverphos® 675 tetrakis isodecyl 4,4’-isopropylidene diphosphite available from Dover

Chemical Corporation.

Isonate® 125M isocyanate diphenylmethane-4,4’-diisocyanate (methylene diphenyl
diisocyanate) (MDI) having an equivalent weight of 125 available from The Dow Chemical

Company.

Betaseal® 16100 primer is a non-isocyanate containing glass primer available from The

Dow Chemical Company.
Trimethy] hexamethylene diisocyanate is available from Degussa Corporation.

DABCO® DC-2 catalyst is a salt of tertiary amine and a dialkyltin dicarboxylate catalyst

available from Air Products Company.

Modified DABCO® DC-2 catalyst is a reaction product of DAB CO® DC-2 catalyst with
trimethy] hexamethylene diisocyanate wherein the glycol solvent present in DABCO® DC-
2 catalyst is completely reacted and converted to urethane. The NCO content of modified

DABCO® DC-2 is zero.

Silquest® A171 silane® A-171 vinyltrimethoxysilane available from GE Silicones.
DDBSA is dodecylbezene sulfonic acid available from Spectrum Chemicals.
Multiflow is a defoaming agent available from Solutia.

Betaseal®43555 primer is a nonisocyanate primer used for plastics and available from The

Dow Chemical Company.
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Preparation of Control Prepolymer A

[0053] Into a 2-liter kettle equipped with an agitator and a heating jacket
was charged 304.35 g Voranol® 220-56 polyol, 441.15 g Voranol® 232-036 polyol, and 30
g of dialky! phthalate plasticizer under nitrogen protection. The reactants were mixed and
heated under nitrogen until the mixture reached 54°C. Once the mixture reached 54°C,
134.40 g of diphenylmethane 4,4’-diisocyanate (Isonate® 125M) stored at 45°C was added
and mixed in. Then, 0.08 g of Metacure® T-9 tin catalyst was added dropwise and slowly.
The reaction exothermed and after the reaction temperature peaked, the reaction was held
between 80°C and 85°C for 30 minutes. Then, the temperature set point on heating unit
was set at 60°C. Thereafter, 574.80 g of dialkyl phthalate, 12.75 g of diethylmalonate and
2.40 g of Multiflow were added. The mixture was agitated for 60 minutes. Thereafter, the
resulting prepolymer was packaged in an air tight container. The prepolymer had a
viscosity of 6720 centipoise (25°C) and a free monomeric MDI content, according to
HPLC, of 1.27 percent. An isocyanate percentage in the prepolymer was 1.30 percent by

weight.
Example 1
Preparation of Polyurethane Prepolymer B

[0054] 513 grams (g) of Voranol® 220-056 polyol, 128.25 g of Voranol®
232-036 and 90.75 g of dialkyl phthalate plasticizer were charged into a 2 liter kettle and
mixed with heating under a blanket of nitrogen wherein the temperature set point is 54°C.
Once the reaction mixture reached 54°C, 140.85 g of PAPI™ 94 polymeric MDI was
added and .08 grams of Metacure® T-9 catalyst was added in a dropwise manner. The
reaction exothermed. After reaching the peak temperature, the reaction mixture was
maintained at a temperature above 80°C, and less than 90°C, for 30 minutes. 12.29 Grams
of 1-octanol was added to the reaction mixture and the reaction mixture was held to a
temperature between 80 and 90°C for another 30 minutes. Thereafter, the temperature set
point for the heating unit for the reaction mixture was set to 60°C and 602 g of

dialkyl phthalate, and 12.75g of diethyl malonate were added and mixed for 60 minutes
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under nitrogen and the NCO percentage was measured. The resulting material was

measured for viscosity at 25 °C using a Brookfield viscometer described hereinbefore.

[0055] Thereafter, the resulting product was packaged in an air and
moisture-tight container to prevent unnecessary cure. The resulting prepolymer
demonstrated viscosity at 25°C of 9120 centipoise (9.12 N-S/m?) and demonstrated a free
monomeric MDI level determined according to high pressure liquid chromatograph

(HPLC) of 0.37 percent. The isocyanate content of the prepolymer was 0.986 percent.
Preparation of Prepolymer C

[0056] The following ingredients were used to prepare polyurethane
prepolymer as described for the Preparation of Prepolymer B using a 4-liter reaction kettle.
N,N’-bis(3-trimethoxypropyl) amine was added at the end of the process and the mixture
was mixed for 2 hours under nitrogen. The prepolymer was packaged and the viscosity

was measured at room temperature.

Component Wit% © | Weight (g)
Voranol® 220-056 Polyol 23.940 813.96
Voranol® 232-036 Polyol 23.940 813.96
dialkyl phthalate 2.000 68.00
Isonate 125M isocyanate 7.730 262.82
Metacure” T-9 catalyst 0.005 0.17
dialky! phthalate 40.710 1384.14
diethyl malonate 0.850 28.90
N,N’-bis(3-trimethoxypropyl) amine 0.820 27.88

Sum 100.00 3399.83
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[0057] The properties of the prepolymer prepared demonstrated a viscosity
of 25°C of 14,000 centipoise (1400 N-S/m?), free monomeric MDI percentage according to
HPLC of 0.37 percent and a free isocyanate compound in the prepolymer of 0.76 percent

by weight.
Preparation of Control Adhesive A

[0058] Control prepolymer A described above in the amount of 944.4 g was
mixed with Jeffcat™ dimorpholino diethylether in the amount of 7.5 g and dialkyl
phthalate (10.05 g) in a 1 gallon mixer. The mixture was degassed under vacuum and
mixed for 10 minutes. The vacuum was broken with nitrogen. 388.0 g of dried carbon
black and 150.0 g of dried clay were added. The vacuum was applied slowly. When half
of the vacuum was achieved mixing was started to wet out the fillers for 2 minutes. The
vacuum valve was then fully opened and mixing was continued under full vacuum for 15
minutes. The mixture was scraped down and the full vacuum was applied again before
additional mixing. The mixture was mixed under vacuum for another 15 minutes. The
vacuum was broken with nitrogen and the adhesive composition was packaged into sealed
tubes. The resulting adhesive was tested for tack-free time, initial press flow according to
the procedure described hereinbefore, heat age growth as according to the procedure
described hereinbefore, and free MDI percent according to the procedure described

hereinbefore.
Preparation of Adhesive B

[0059] Polyurethane Prepolymer B according to Example 1 in the amount
of 767.85 g was mixed with Jeffcat™ dimorpholino diethylether in the amount of 2.42 g in
a 1 gallon mixer. The mixture was degassed under vacuum and mixed for 15 minutes. The
vacuum was broken with nitrogen and 330 g of dried carbon black was added. The
vacuum was applied slowly. When half of the vacuum was achieved mixing was started to
wet out the fillers for 2 minutes. The vacuum valve was then fully opened and mixing was
continued under full vacuum for 15 minutes. The mixture was scraped down and the full

vacuum was applied again before additional mixing. The mixture was mixed under
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vacuum for another 10 minutes. The vacuum was broken with nitrogen and the adhesive

composition was packaged into sealed tubes.
Preparation of Adhesive C

[0060] An adhesive was made utilizing polyurethane Prepolymer C. Into a
one gallon mixer were added 780.58 g of the polyurethane prepolymer, 24 g of dialkyl
phthalate plasticizer and 36 g of Desmodur® N3300 hexamethylene diisocyanate trimer,
3.54 g of M-Pyrol ™ 1-methyl-2-pyrolidinone, 3.48 g of dimorpholinodiethylether and 0.2
g of Formrez® UL28 tin catalyst. The mixture was degassed and mixed in the vacuum for
15 minutes. The vacuum was broken with nitrogen and 348 g of carbon black was added.
The vacuum was applied slowly when half of the vacuum was achieved, and the material
was mixed slowly for 2 minutes to wet the filler out. The vacuum valve was fully opened
and the material is mixed with a full vacuum for 15 minutes. The mixture was scraped
down and 4.20 g of Doverphos™ 675 diphosphite was added. Full vacuums were applied
before mixing; the mixture is mixed under vacuum for 10 minutes. The vacuum was

broken with nitrogen and the material was packaged into sealed tubes.
Examples 1-3

[0061] Adhesives A, B and C were tested for tack-free time, initial press
flow, heat age growth, and free MDI percent according to the procedure described
hereinbefore. Quick Knife adhesion was tested according to SAE J1720 on primed glass
primed with Betaseal ® 43518 and 43520 primers. In a Quick Knife test, a 6.3 mm (width)
x 6.3 mm (height) x 100 mm (length) adhesive bead is placed on the tested substrate and
the assembly is cured for a specific time at 23°C and 50 percent RH (relative humidity).
The cured bead is then cut with a razor blade at a 45° angle while pulling back the end of
the bead at 180° angle to the substrate. The degree of adhesion is evaluated as adhesive
failure (AF) and /or cohesive failure (CF). In case of AF, the cured bead can be separated
from the substrate and in CF separation occurs only within the adhesive bead as a result of
knife cutting. The Quick Knife adhesion test was run on two samples, one was tested after
3 days of initial cure at 23°C, 50 percent relative humidity, second was tested after 7 days

of initial cure at 23°C, 50 percent relative humidity and then 7 days of heat treatment at
26-



WO 2006/042305 PCT/US2005/036831

80°C. Lap shears according to the procedure described hereinbefore were determined after
3 days from application when the samples were stored at 23°C and 50 percent relative
humidity. The lap shear testing was for a sandwich sample of the adhesive between a
primed glass primed with Betaseal® 43518 primer and Betaseal ® 43520A primer and a
primed E-coat panel primed with Betaseal ® 43533atu primer. The testing results of the

performance and property on Adhesives A, B and C are contained in Table 1.
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Table 1
Performance/Property Example 1 Example 2 Example 3
Adhesive B Adhesive C Adhesive A
Tack Free Time (23°/50 %RH), min. 30 24 12
Initial Press Flow (80 psi/0.157”), sec. 36 29 38
Heat % Age Growth (3 day/54°C) 3.9 1.8 10.5
Free MDI%, HPLC 0.24 0.25 0.63
QKA
3 day initial 23°C/50% RH 100CF 100CF 100CF
7 day initial + 7 day 80°C 100 CF 100 CF 100 CF
QKA*
3 day initial 23°C/50% RH 100 CF 100 CF 100 CF
7 day initial + 7 day 80°C 100 CF 100 CF 100 CF
Lap shear’, 3 day initial 23°C/50%RH | 743 psi (5.12 MPa) | 891 psi (6.14 MPa) | 894 psi (6.16 MPa)
100 CF 100 CF 100 CF

Notes:
1. The substrate is plain glass primed with Betaseal® 43518 and Betaseal® 43520A primers.
2. The substrate is electro coated steel panel primed with Betaseal® 43533 primer.

3. In the lap shear structure, one substrate is electric coated steel panel primed with
Betaseal® 43533ATU primer and the second substrate is a glass having a zinc based

ceramic frit primed sequentially with Betaseal® 43518 and Betaseal® 43520A primers.
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Example 4

[0062] A test sample was prepared utilizing Adhesive C in which a fritted
glass and coated panel coupons were tested with such adhesive. The fritted glass has a zinc
type enamel and was primed with Betaprime™ 43526 primer available from The Dow
Chemical Company. In one embodiment, the coating on the coupon was a DuPont GEN
IV acrylic silane coating wherein no primer was used on the coating. For another example,
the coating on the coupon was a PPG 2 part polyurethane coating TKU1050. A Quick
Knife adhesion test was performed on the glass side and on both coupons using the two
different paints after 3 days storage at 23°C and 50 percent relative humidity. All 3

samples demonstrated 100 percent cohesive failure.
Examples 5-10

[0063] In Examples 5-10 prepolymers were prepared in the same manner as
Prepolymer A. Table 2 shows the percentages and weights of the components in the
examples. Note that for Example 10, one additional step is used in that N,N’-bis(3-
trimethoxypropyl)amine (12.3 g) was added at the end of the process and the mixture was

mixed thereafter for additional 2 hours under nitrogen.
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Examples 11-13-Process for Preparation of Polymeric MDI Based Prepolymers

[0064] Voranol® 220-056 diol and Voranol® 232-036 triol along with the
first portion of plasticizer were charged into a 2 liter glass kettle and mixed with heating
under nitrogen. The temperature set point on the heating unit was set at 54°C. PAPI ™ 94
polymeric MDI was added and mixed into the kettle when the temperature of the mixture
reached 54°C. Thereafter, T-9 tin catalyst was added drop wise and slowly. The reaction
exothermed. Once the reaction temperature peaked, the reaction was held at 80°C for 30
minutes. Thereafter, the temperature was set at a set point of 55°C. The second portion of
plasticizer, diethyl malonate and multi-flow were added into the mixture and mixed for 30
minutes. A sample was drawn to measure the percent NCO. The mixture was mixed for
another 30 minutes under nitrogen and the isocyanate percentage was measured. The
resulting prepolymer was packaged in an air and moisture tight package and the viscosity
was measured at room temperature. In Example 12, the process was discontinued after
catalyst addition because a highly viscous gel material was obtained. Table 3 discloses the

amounts of components used in each example.
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Table 3

Component Ex. 11 Ex. 12 Ex. 13

WT% WT/g WT% WT/g WT% WT/g
Voranol® 220-056 polyol 20.29 202.90 34.20 513.00 38.40 576.00
Voranol® 232-036 polyol 29.41 294.10 8.550 128.25 9.600 144.00
Dialkyl Phthalate 2.000 20.00 6.050 90.75 6.050 90.75
PAPI™ 94 polymeric MDI 9.390 93.90 9.390 140.85 9.390 140.85
Metacure® T-9 catalyst 0.005 0.05 0.005 0.08 0.005 0.08
Dialky! Phthalate (Part IT) 37.890 378.90 40.79 611.85 35.540 533.10
Diethyl Malonate 0.850 8.50 0.85 12.75 0.850 12.75
Multiflow 0.160 1.60 0.160 2.40 0.160 2.40
Total 100.00 1000.0 100.00 1499.9 100.00 1499.9

[0065] Table 4 lists the prepolymers, the isocyanates to hydroxyl ratio, the

diol to triol equivalent ratio, the viscosity, free NCO content and percent of MDI as

measured by HPLC for the prepolymers of Examples 5-13.
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Table 4
Example NCO/OH Eq (diol)/Eq Viscosity (25°C) | NCO% MDI1% (HPLC)
(triol) Centipoise (N-

S/m?)

5 1.6 1.0 16000 0.9 na
(16.00)

6 1.55 1.0 23200 0.88 0.58
(23.20)

7 1.55 1.5 10880 0.80 0.66
(10.88)

8 1.55 2.0 8400 0.87 0.47
(8.400)

9 1.55 3.0 5600 0.88 na
(5.600)

10 1.55 1.5 14000 0.76 0.37
(14.00)

11 1.8 1:1 gel na na

12 1.8 6:1 7920 1.24 0.68
(7.920)

13 1.6 6:1 42800 1.04 na
(42.80)

Notes:

NCO/OH=the ratio of total NCO equivalents to total hydroxyl equivalents in the prepolymer recipe.

Eq (diol)/Eq (triol) =the ratio of total hydroxyl equivalents from diol to that from triol in the prepolymer recipe.
Viscosity (25)=the Brookfield viscosity in centipoises measured at 25°C.

NCO%=the isocyanate group percentage content by weight in the finished prepolymer.

MDI% (HPLC)=the monomeric MDI weight percentage in the finished prepolymer determined by HPLC.
NCO/OH=the ratio of total NCO equivalents to total hydroxy! equivalents in the prepolymer recipe.
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Examples 14-17-Sealant Preparation

[0066] The polyurethane prepolymer (of either Example 7, Example 10 or
Example 12), ] effcat® DMDEE catalyst, Desmodur® N-3300 hexamethylene diisocyanate
trimer, modified DABCO® DC2 catalyst, Silquest® A171 silane, M-Pyrol® 1-methyl-2-
pyrolidinone, Doverphos® 675 diphosphite and Formrez® UL28 catalyst were added to a
one gallon mixer equipped with an agitator, heating jacket, nitrogen inlet and vacuum
pump. The mixer was degassed and the mixture was mixed under vacuum for 10 minutes.
The vacuum was broken with nitrogen and carbon black was added. The vacuum was
applied slowly. When half vacuum was achieved, mixing was started slowly to wet the
fillers out for 2 minutes. The vacuum valve was then fully opened and the mixture was
mixed under full vacuum for 15 minutes. The mixture was scraped down. Thereafter, full
vacuum was applied again and the mixture was mixed for 15 minutes. At that point,
mixing was stopped and the vacuum was broken with nitrogen and the resulting adhesive
was packaged into sealed tubes. Table 5 provides a list of the components of each of

Examples 15-18.

34.-
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Table 5
Component Ex. 14 Ex. 15 Ex. 16 Ex. 17
WT% | WT% WT% | WT% WT% WT% | WT% | WI%
Prepolymer 7 69.75 1046.25 | 66.65 | 999.75
Prepolymer 10 0.00 65.750 | 986.25
Prepolymer 12 69.75 | 976.5
Silquest® A-171 0.120 1.80
silane
Hexamethylene 0.00 2.40 36.00 3.000 45.00
Diisocyanate
Trimer
Modified 0.00 0.25 3.75 0.00
DABCO® DC-2
catalyst
Jeffcat™ DMDEE | 0.25 3.75 0.30 4.50 0.290 4.35 0.25 3.5
catalyst
M-Pyrol™ 1- 0.00 0.00 0.295 4.43
methyl-2-
pyrolidinone
Formrez® UL28 0.00 0.140 | 2.10
catalyst in dialkyl
phthalate, 10%
Carbon Black 30.00 | 450.00 | 30.00 | 450.00 30.00 450.00 | 30.00 | 420
Doverphos™ 675 0.00 0.400 | 6.00 0.400 6.00
diphosphite
Total . 100.00 | 1500.0 | 100.00 | 1500.0 100.00 | 1499.9 | 100.00 | 1400

[0067] Lap shear tests were performed on a variety of coupons prepared
utilizing the adhesives of Examples 14-17, the results of the testing is contained in Table 6.
The samples tested were a sandwich of primed glass coupons and coated metal coupons
with the cured adhesive located between the coupons. Glass coupon setup A was a glass
coupon primed with Betaseal® 43526 N primer. Metal coupon set up B is a coupon coated
with PPG 2 part polyurethane coating TKU1050 wherein the panel was wiped with naphtha
prior to application of the adhesive. Metal coupon C was a metal coupon coated with PPG
Carbamate coating MAC 8000, which is wiped with 0.75 percent DDBS in naphtha using

linen free cheese cloth. Metal coupon D set up was a metal coupon coated with PPG

-35-
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carbamate paint HSAM wherein the panel was wiped with 0.75 percent DDBSA in naphtha
using linen free cheese cloth. Glass coupon E was a glass coupon primed using Betaseal®
16100 primer. Glass coupon F was a glass coupon primed sequentially with Betaseal®
43518 primer and Betaseal®43520 glass primer. Metal coupon G was a metal coupon
coated with standard E-coat and primed using Betaseal® 43533atu primer. The glass
coupons used in glass coupon set-ups A, E and F above have a bismuth zinc based ceramic
frit. The coupons were tested under two sets of conditions. According to Condition 1 the

samples were:

1. Tested after 3 days initial cure at 23°C and 50% RH (relative humidity). Three samples

were tested and averaged.
According to Condition 2 the samples were:

2. Tested after 3 days initial cure at 23°C and 50% RH and then 14 days humidity

treatment of 38°C and 100% RH. Three samples were tested and averaged.
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[0068] Two adhesive beads from each of Examples 14 and 15 were applied

to polyvinyl chloride (PVC) based substrates which were cleaned first with isopropanol

and then primed with Betaseal® 43555 primer. Quick Knife Adhesion tests were

performed on the samples. One set of samples were tested for Quick Knife adhesion after

3 days initial cure at 23°C and 50% relative humidity (RH). A second set of samples were
tested for Quick Knife adhesion after 3 days initial cure at 23°C and 50% RH and then 14
days humidity exposure to 100°F (38°C) at 100% RH. The Quick Knife adhesion results

are compiled in Table 7.

Table 7
Example 18 19
Adhesive Example 15 Example 16
Initial 3 Day CT Room 100 CF 100 CF
3 Day Initial + 14 d 100 °F/ 100 RH 100 CF 100 CF
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WHAT IS CLAIMED IS:

1. A composition comprising a prepolymer which is the reaction product of
one or more monomeric di(isocyanatophenyl)methanes or one or more polymeric
di(isocyanatophenyl)methanes having an isocyanate functionality of about2.1 to about 3.0
with a mixture of one or more diols and one or more triols wherein the ratio of isocyanate
to hydroxyl equivalents in the reaction mixture used to prepare the prepolymer is from
about 1.2 to about 1.8 and the hydroxyl ratio of diol to triol in the reaction mixture is from
about 5:1 to 1:1 where the isocyanate is di(isocyanatophenyl)methane and is from about
8:1 to about 4:1 where the isocyanate is a polymeric (isocyanophenyl)methane and wherein
the prepolymer has an isocyanate content of about 0.5 to about 1.5 percent by weight, a free
isocyanate monomer content of about 1.0 percent by weight or less as measured by high

pressure liquid chromatography.

2. A composition according to Claim 1 wherein the one or more polymeric
di(isocyanatophenyl) methanes further comprises greater than 20 percent by weight of

monomeric isocyanates.

3. A composition according to Claims 1 or 2 wherein the prepolymer

further comprises a plasticizer.

4. A composition according to any one of Claims 1 to 3 wherein the

prepolymer exhibits a viscosity of about 6,000 to about 20,000.

5. A composition according to any one of Claims 1 to 4 wherein the

reaction product further comprises a monofunctional isocyanate reactive compound.

6. A composition comprising a prepolymer according to any of Claims 1 to
5 and a catalyst for the reaction of isocyanate with an active hydrogen containing

compound, wherein the composition is useful as an adhesive.

7. A method of bonding two or more substrates together which comprises

applying a composition according to Claim 6 to at least one substrate, contacting the two or

-40-



WO 2006/042305 PCT/US2005/036831

more substrates together with the composition disposed between the substrates; and

exposing the contacted substrates to conditions under which the composition cures.

8. The method of Claim 7 wherein one or more of the surfaces is contacted
with an isocyanate free primer before contacting the substrate with composition or is

contacting the adhesive directly without any primer.

9. A system for bonding two or more substrates together which comprises

an isocyanate free primer and a composition according to Claim 6.
10. A system for bonding glass into a vehicle which comprises:
a) an isocyanate free glass primer;

b) optionally a composition comprising a hydrocarbyl substituted

aromatic sulfonic acid and a solvent,
¢) a composition according to Claim 6.
11. A method comprising:

a) contacting an isocyanate free glass primer with a portion of a glass

window to be installed in a vehicle which comes into contact with a flange of the vehicle,

b) optionally contacting a composition comprising a hydrocarbyl

substituted aromatic sulfonic acid and solvent with the flange of the vehicle,

¢) applying a composition according to Claim 6 to the flange or the

portion of the glass window which will come in contact with the flange;

d) placing the window into the vehicle such that the adhesive is disposed

between the glass and the flange, and

e) allowing the adhesive to cure.

A41-



INTERNATIONAL SEARCH REPORT

| ational application No

PCT/US2005/036831

A. CLASSIFICATION OF SUBJECT MATTER
C08G18/48 €08618/76 C09J175/08  C08G18/12

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

co8G C09J

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 5 922 809 A (BHAT ET AL) . 1-4,6-11
13 July 1999 (1999-07-13)

cited in the application

column 9, lines 44-51; claim 1; example 4
X US 6 015 475 A (HSIEH ET AL) 1-11
18 January 2000 (2000-01-18)
cited in the application
examples 1,5

X US 2003/144412 A1 (MIYATA AKIHIRO ET AL) 1-4,6-11
31 July 2003 (2003-07-31)
paragraph ‘0056!

X US 3 391 101 A (KELLY PETER B ET AL) 1-4,6-11
2 July 1968 (1968-07-02)
abstract; table 1

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :
P gones “T* later document published after the international filing date

. An . . or priority date and not in conflict with the application but
A" document defining the general state of the art which Is not citgd to l)llndersiand the principle or theory u‘?derlying the
considered to be of particular relevance invention
*E* earlier document but published on or after the international X" document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
*L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *Y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
*0O* document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but in the art.
later than the priority date claimed *&* document member of the same patent family
Date of the actual completion of the international search Date of mailing of the intemational search report
14 February 2006 27/02/2006
Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 €po nl, L S
Fax: (+31-70) 340-3016 anz,

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

| ational application No
PCT/US2005/036831

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where approptiate, of the relevant passages Relevant to claim No.

X US 3 933 725 A (DEARLOVE ET AL) 1-4,6-11
20 January 1976 (1976-01-20)

example 1; table I

X EP 0 965 604 A (TAKEDA CHEMICAL 1-11

INDUSTRIES, LTD; MITSUI TAKEDA CHEMICALS,

INC) 22 December 1999 (1999-12-22)

paragraph ‘0040!

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

nana 2 nf 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

i ational application No

PCT/US2005/036831
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5922809 A 13-07-1999 US 5976305 A 02-11-1999
US 6015475 A 18—01—2000‘ AT 214402 T 15-03-2002
AU 726695 B2 16-11-2000
AU 5800598 A 08-09-1998
CA 2278459 Al 20-08-1998
CN 1245507 A 23-02~2000
DE 69711086 D1 18-04~-2002
DE 69711086 T2 18-07-2002
EP 0956310 Al 17-11~1999
ES 2170429 T3 01-08-2002
JP 2001511216 T 07-08-2001
TW 494128 B 11-07-2002
WO 9836007 Al 20-08~-1998
us 6001214 A 14-12-1999
us 5852137 A 22-12-1998
US 2003144412 Al 31-07-2003  NONE
US 3391101 A 02-07-1968 SE 321350 B 02-03-1970
US 3933725 A 20-01-1976 CA 1052035 Al 03-04-1979
EP 0965604 A 22-12-1999 AT 223449 T 15-09-2002
DE 69902719 D1 10-10-2002
DE 69902719 T2 31-07-2003
us 6255433 Bl 03-07-2001

Form PCT/ISA/210 (patent family annex) (April 2005)




	Abstract
	Bibliographic
	Description
	Claims
	Search_Report

