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REACTIVE HOT MELT ADHESRIVES WITH IMPROVED ADHESION

FIELD OF THE INVENTION
[0601]  This disclosure relates {o silane reactive hot mell adhesive compositions
comprising a silane reactive plasticizer and a siiaﬂemmﬁﬁadgmiyasier polymer, the

production of such adhesives and the use of such adhesives,

BACKGROUND OF THE INVENTION
0002]  Hot melt adhesive compositions are solid at room temperature, Upon
application of heat, melt to & liquid or fluid state in which molten form they ars applied to a
substrate, Oncovling, the adhesive composition regains its solid form. The hard
phase(s) formed upon cocling the adhesive composition impart all of the cchesion
{strength, foughness, cresp and heat resistance) to the final bond. Hot melt adhesive
compositions are thermoplastic and can be healed o a fluid state-and cooled to a solid
state repeatedly. Hot melt adhasive compositions do not include water or solvenis.
[0003]  Curable or reactive hot melt adhesive compaesitions arg also solid at room
temperaturs and, upon application of heat, melt to & liquid or luid state i which molten
form they are applied to a substrate, Un cooling, the adhesive composition regains its
solid form. The hard phase(s) formed upon cooling the adhesive covmposi‘stion and prior to
curing impatt inftial or green strength to the bond, The reactive hot melt adheasive
compaostion can cure by a chemical orosslinking reaction upon exposure 1o suitable
conditions such as exmsme to moisture. Before curing the adhesive composition
remains thermoplastic and can be remetied and resolidified. Once cured, the adhesive
composition iz in an irreversible solid forr and s o Jonger thermoplastic. Reactive hot
melt adhesive compositions are storad in the absance of water to prevent premature
toughness, ¢reep resisiance and heat resistance 1o the final bond. Reactive hot mel
adhesive compositions can provide higher strength and heat resistance compared to non-
curable hot melt adhesive compositions,
0047 The ability of a reactive hot melt adhesive composition {o conl so that the

solidified but non-crosslinked composition can guickly bond parts together is called gresn
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strength. An adhesive composition that quickly develops green strength is desirable in
commercial operations as it allows bonded parts 1o be further processed guickly.
Reaclive hot melt adhesive compasitions will continue to react with moisture after
solidification so that strength of the adhesive bond between parts will continue to rise. A
high cured strength s desirable in commercial operations as it allows stressed paris to be
honded,

[0005]  The majority of reactive hot melts are moisture-curing urethane hot melt
composilions. The reactive components of urethane hot melt compaositions consist
primarily of isocyanate terminated polyurethane prepolymers containing urethane groups
and reactive isocyanate groups that readt with surface or atmospharic maoisturs to chain
extend and form a new polvurethane pelymer. Polyurethane prepolymers are
conventionally obtained by reacting diols with diisocyanates. Upon cooling the
isocyanate groups in the polyurethane prepolymer react with moisture from the
ghvironment 1o form a crosslinked reversible solid bond.

j0008]  Moisture-curing urethane hot melt adhesive compositions have certain
disadvantages. One disadvantage is the residual monomer content of polyisocyanates,
maore particularly the more volatile diisocyanatas. Some moisture-curing urethane hot
malt adhesive composifions can contain significant amounts of unreacted monomeric
diisocyanaies. Al the hol melt application temperature {fypically at 100°C 10 170°C)
monomeric diisogyanates have g considerable vapor pressure and may be partly
expelled in gaseous form. The isocyanate vapors may be toxic, imitating and have g
sensitizing effect, so that precautionary measures have o be taken in the application
DIOCESS.

00077 Silane reactive hot mell adhesive compositions have been developed 1o solve
these issues commen {0 isccyanate reactive hot melt compaositions. Silane reastive hot
melt adhesive compositions are aiso solid at reom tempersture and, upon application of
heat, metlt to a liquid of fluid state in which motlten farm they are applied to a substrate,
On coaling, the composition regains its solid form. Silane reactive hot melt adhesive
compositions are based on silane modified polymers that comprise moisture reactive
silane groups that form siloxane bonds when exposed to moeisture such as inthe

atmosphere. Silane regctive hot melt adhesive compositions offer good cured adhesion

3%
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and since thers is no lsocyanate monomer thare are ne concerns about emission of
isocyanate monomer vapor. However, many sifane reactive hot mell adheshve
compositions develop graen strength slower than reactive polywrethane hot melt adhesive
compositions.

[0008]  itis difficult to find one reactive hot melt adhasive composition that has a
comimercially desirable combination of gresn strength, cured strength, working life and
environmental safety. Thare remains a need for a sifane reactive hot melt adhesive
composition that has & desirable combination of properties for commercial use including

quick devetopment of green strength, a long working ife and high final {cured) strength.

RRIEF SUMMARY OF THE INEVENTION
100081 it has besn discovered ‘iﬁat a silane reactive hot melt adhesive comyposition
somprising a combination of seleciad silane modified polyvester polvmers and selected
silans reactive plasticizers has very good adhesion {o various substrates, a fast setting
spead {green sirength) and contains no isocyanale monomers.
DO10]  The disclosed comipounds include any and all isomers and stereoisomers. in
general, unless otherwise explicitly stated the disclosed materials and processss may
ke alternately formulatad to comprise, consist of, or consist essentially of, any
approprigte components, moieties or steps herein disclosed. The disclosed materials
and processes may additionally, or alternatively, be formulated so as to be devoid, or
substantiafly free, of any components, materials, ingredients, adiuvants, moieties,
speacies and steps used in the prior ard compositions of that are otherwise not necessary
to the achisvemnent of the function and/or abjective of the present disclosure,
08191 When the word "about” is ussd hereln it is meant that the smount or condition
it modifies can vary some beyond the stated amount so long as the fupction andior
objective of the disclosure are realized. The skilled artisan understands that there is
seldom time to fully explore the extent of any area and expects that the disclosed resuit
miight extend, af lsast somawhat, beyond ong or more of the disclosed imits. Later,
having the benefit of this discloswe and undsrstanding the concept and embodiments
disclosed herein, & parson of ordinary skill can, without inventive effort, exwlore beyond

the disclosed limits and, when embodiments are found to be without any unexpected

L
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characteristics, those embodiments are within the meaning of the term about as used

herain.

DETAILED DESCRIPTION OF THE INVENTION

[0012]  The disclosures of all documents cited hergin are incorporated in their
entireties by reference.
304931  The silane reactive hof melt adhesive composition comprises one or more
sitane modified polyester polymers and one of more silane reactive plasticizers. The
silane reactive hot meit adhesive composition is free of isocyanate monomers.
[0014]  The silane reactive plasticizer has an organic backbone, bearing one of mors
termingl or pendant reactive sitane groups. The reactive silane groups compiise Si-0OH
mgiaties ar groups that can react in the presence of water to form Si-OH moietlies.
Preferrad reactive silane groups include silanol and silyl alkoxy. The Si-OH moleties
presant or formed in the presence of water can condense with each other or with
reactive species on the adherert surfaces. The backbone of the silane reactive
plasticizer can be a homopolymer, a physical blend of different polymer moieties or a
copolymer with segments of different polymeric moleties, Polymeric moteties useful for
a stlane reactive plasticizer backbone include silicone, polyether, polycarbonate,
polyisshutylens, ethylene vinyl acetate and polyacrylate. In some embodiments the
polymer backbane for the silane reactive plasticizer can be an acrylate modified
nolysther backbone {prepared for instance as described in US Patent No. 8,350,345,
the contents of which are incorporated reference). In some embodiments the silane
reactive plasticizer hackbong can be freg of silicon atoms. The silane reactive
plasticizer can preferably be represented by the formulas

R-A-SHCH2ee13n(OH )k

and

whergin R is the polymer backbons;
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“SH{C M1 3l CCHaye1)3-0 18 &8 reactive silane moiety comprising sibvl alkoxy
group(s);

~SH Gz In{OH a2 I8 a silanol molsty;

A is alinkage that links the silane to polymer backbone R;

a= 1 or2;

x and v are, independantly a number from 1 1o 12,
The number average mulecular weight {Mn) of the silans reactive plasticizer will range
fram about 00 1w about 180,000, preferably from 1,000 to 80,000,
00181 Thenwviber of silane groups z will desirably be more than one per molecule
{to generate a fully curad network), and advantageously be at leasi two per molscule.
Prefarably, z is 2 so that the silane functional polymar is telechelic or end-functicnalized,
where most or all the ends are sllane reactive. The number of alkoxy groups per silane
end group {(3-n) is preferably 2.or 3 (n=1 or G}
GU18] Some suiteble silane reactive plasticizers include silane modified polvether
polymers commercially available, for-example, from Momentive Perfarmance Material
under the trade name SPUR,; from Henke! Corporation under the frade name FLEXTEC,
and from Kaneka Corparation under the trade name MS polymer and SILIL polymaer,
5TP polyimers available from Wacker Chemical and SPE polymers available from
Evonik. Liguid {(at room temperature) polyacrylate backbone silane reactive plasticizers
are available under the fradename XMAP from Kaneks Corporation. Liguid {at room
temperature) polyisobutylene backbone silane reactive plasticizers are available under
the tradename EPION from Kaneka Carporation.
00177 Giher examplary silane reactive plasticizers can be prepared starting from
palycarbonate polyols such as Novomer malerials available from Novomer Ine and
reacting the polyol with pelyisocyanate to form an isooyanate functional prepolymer and
reacting the prepolymer with an aminosifane o add the siigne reactive group to the
polycarbonate backhons.
0018]  Other exemplary silane reaclive plasticizers can be preparsd starting from
ethylena vinyl acstate (EVA) pelymers and grafting with viny trimethoxy silane (VTS
preferably with a catalyst such as peroxide to form a silane grafled EVA, The silane

groups will be pendant and not terminal. The grafting reaction can be done in a

7]
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commercial extruder under condiions known to'g skilled person.
O8] The silane reactive plasticizer is advantageously amorphous in form and
fiquid at room temperaturs to aid wetting of the final composition on a substrals, fo add
flexibility to the cured adhesive composition and aid mobility of the reactive sites in the
molten composition.
100201 The amount of silane reactive plasticizer in the hot melt adhesive composition
will depend on its molecular welght and functionality, but will typically be from 0 to 30
weight %, advantageously 5 to 35 weight %, and mare advantageously from 10 to 30
weight %, based on the total welght of the adhesive compaosition.
[0021]  The silane madified polyester polymer has a polyesier backbane, bearing one
or more terminal or pendant silane or alkoxylated silane groups. “Polyester” refers to
nolymers which contain multiple ester linkages in the polymer backbone. A polyester
can be either linear or branched. The silane graups are hydrolyzed by water to sianol
groups, which can condense with each other, with another sitane modified polymer or
with reactive species on the adherent surfaces. The silane modified polyester polymer
will have a polyester polymer backbione. The silang maodified polymer backbone can be
fres of silicon atoms.
[0022]  The silane modified polyester polymer can be represented by the formiuda
R-[A-SI{CiHae In{OCyHayr1)a-nke

wherain R is the polyesier backbang;
Als alinkage that links the silane to polymer backhone R;
n=0, 10t 2;

x and y are, independently a number from 1 o 12,

[0023]  The nuinber of silane groups  will preferably be more than ong per molecule
{to genarate a fully cured network), and more preferably at least two per moleculs.
More preferably, the silane functional polymer is {elechelic or end-functionalized, where
maost or all the ends ars silane functional, The number of alkoxy groups per silane end
group, 3=, is preferably 2 or 3 {(n=1 or O},

[0024]  The silane modified polyester polymer can be prepared as follows. A

8
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polyester polyol is provided. Advantageously, the polvester polyol is semi-crystaliing
and not amarphous. Use of semi-crystalline polyols enhances strength of the final
composition as compared o amorphous polyols, Useful polvester polyols include those
polyaster polyvols formed from the condensation of one or more polyhydric alcchols
having from 2 to 15 carbon atoms with one or more polycarbaxylic acids having from 2
o 14 carbon albms, Exaraples of suitable polyhydric alcohols Include athylens glvool,
propyiens glycal such as 1,2-propylenea glveal and 1,3-propylene glveol, glycerol,
pentaervihritol, timethylolpropane, 1,4,8-cclanelrind, butanediol, pentanediod,
hexanediol, dodecanadiol, octanediol, chipropantanadial, glycern! monaliyl ether,
glycero! monoethyl ether, diethylene glycel, Z-ethylhexanadiol-1 4. cyclohexanediol-
14,12 8-hexanetrial, 1,3, 5-hexanetriol, 1,3-bis-{2-hydroxyethexyipropane and the ke,
Exarnples of polycarboxylic acids include phthalic acid, isophthalic acid, terephthalic
acid, tetrachiorophthalic acid, malsic acid, dodacyimaleic acid, octadecenyvimaleic acid,
fumaric acid, acenitic acid, trimellitic acid, tricarbalivlic acid, 3,3-thiodipropionic acid,
succinic acid, adiple acid, malonic acid, glutaric acid, pimelic acid, sebacic acid,
cyclohexane-1,2-dicarboxylic acid, 1,4-cyclohexadiens-1,2-dicarboxylic acid, 3-methyl-
3,5-cyclohexadiens-1.2-dicarbaxylic acid and the corresponding acid anhiydrides, acid
chlorides and acid eslers such as phthalic anhydride, phthaloy chioride and the
dimethyl ester of phthalic acid. Preferred polycarboxylic acids are the aliphatic and
cycloaliphatic dicarboxylic acids containing no more than 14 carbon atoms. Ussful
polyester polyels are commaercially available. Polvsster polyol can alse include
polycaprolactones. The composition of a polyaster palyal can also contain recycled
content and for renewable cortent, such as Terrin polyols by Invista. These polyester
polyol can be used i lisu of or in combination with other commercial polyester polyals
in formulation.  Some exemplary polyester polyols include Dynacoll 7380 (Evonik),
Famrez 86-32 (Crompton) and Stepangl $-105-30 (Stepan), Capa 2202 (Perstorp) and
Terrin 188, Terrin 170 (Invisia).

{DO26]  The polyester polyol is reacted with excess polyisocyanate to provide an
intermadiate compound having NCO groups. As used herein a polvisooyanate is a
molecule having more than one NCO group, Advaniageously the palyisooyanate has a

funciionality grester than ane and equal or less than 2 to aveid unwanted crosslinking
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during preparation of the hot melt adhasive. Useful polyisccyanates include alkylens
dilsocyanates, cycloalkylene diisocyanates, aromatio diisccyanates and aliphatic-
aromatic diisocyanates. Specific examples of suitable isocyanate-containing
compounds include, but are not limited to, ethylene diiscoyanate, ethylidene
ditspoyanate. propylene diisocyanate, butylene diisocyanate, trimethylens dilsocyanate,
hexamethylene diisocyanate, toluene diisocyanate, cyclopentylene-1,3-diisccyanate,
cyclo-hexylene-1 4-dlisocyanate, cyclohexylene-1, 2-diisocyanate, 4 4-diphenyimethane
dilsocyanate, 2,2-diphenylpropane-4 4'-dilsccyanate, xylylene diisocyanats, 1,4-
naphthwlene dilsocyanate, 1,5-naphthylene dilsocyanate, m-phenylene diiscoyanate, p-
phenylene dilsocyanate, diphenyl-4,4 diisocyanate, azobenzens-4 4'-diisccyanats,
diphenylsuiphone-4,4'-dilsocyanate, 2,4-tolvlens dilsocyanate, dichlorohexa-methylene
diisocyanate, furfurylidene dilsocyanate, 1-chlorobenzene-2 4-diisocyanale, and the
like. While such compounds are commerciaily availakle, methods for synithesizing such
compounds are well known in the art. Advantagous polyisocyanates are
methyenebisphenyidiisocyanate (MD), iaaph@mﬁediismyante {IFOD, and hydiogenaled
MDI (HMDI) and tnluene dilsocyanate (TD). Particularly advantagsous polyisocyanates
include MDI and IPDL

IDD2ST A primary or secondary aminositane is reacted with NCO groups oft the
intermediate compound o convert substantially all of NCO groups into silane groups
and provide the silane modified polyester polymer, Advantageously the aminosilane is
one comprising a primary amino group. One useful aminesilane with a primaty amino
group is Silquest A-1110,

00271 Preferred silane modified polyester polymers have a linear, aliphatic
backbong, Such linsar aliphatic backbones provide the cured composition with highar
adhssion.

[00281  The amount of sitane modified polyester polymer in the composition will
depend on its molecular weight and functionality, but will typically be from 50 fo 88
weight %, advantageously 80 {0 85 weight %, and more advantageously from 65 to 85
weight %, based on the total weight of the adhesive composition.

00281  The silane resctive hot melt adhesive composition can opticnally comprise
tackifier. The tackifier should be compatible with the silane modified polymers, The
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tackifier choices include natural and petroleum-derived materials and combinations
thareof as deseribed in C.W. Paul, "Hot Maelt Adhesives,” in Adhssion Sclence and
Enginsering-2, Surfaces, Chemistry and Applications, M. Chaudhuwry and A, V, Pocius
eds., Elsevier, New York, 2002, p. 718, incorporated by reference herain,

1003067 Usetultackifiers for the disclosed adhesive composition include natural and
mindified rosin, aromatic tackifier or mixtures thereof. Useful natural and modified rosins
include gum rosin, wood rosin, tall oil rosin, distiiled rosin, hvdrogenated rosin,
dimsrized rosin, resinates, and polymerized rosin; ghyosrol and pentasrythritol esters of
natural and modified rosins, including, for example as the glveero! ester of pale, woaod
rosin, the glveerol sster of hydrogenated rosin, the glyecerol ester of polymerized rosin,
the pentaerythritol ester of hydrogenated rosin, and the phenolic-maodified
pentaerythritol ester of rosin, Examples of commercially available rosins and rosin
derivatives that can be useful include Sylvalite RE T10L, Sylvares RE 118, and Sylvares
RE 104 available from Arizensg Chemical, Derdocal 140 from DRT: Limed Rosin

N 1,68-120, and Pencel © from Argkawa Chemical, OUne preferred natural and
modified rosin is a rosin aster fackifier such as KE-100, available from Arakaws
Chemical Co. Another preferred rosin ester tackifier is a Komotac 2110 from Komo
Resing. Useful aromatic tackifiers include styrenic monomers, styrens, alpha-methyt
styrena, vinyl toluene, methoxy styrene, terdiary bulyl styreng, chiorostyrene,
coumarone, indene monomers including indene, and methy! indene. Preferred are
aromatic hydrocarbon resing that are phenclic-modified aromatic resins, Cg hvdrocarbon
resing, aliphatic-modified aromatic Cg hydracarbon resing, Gy aromatic/aliphatic olefin-
detived and available from Sartomer and Cray Valley under the frade name Norsolena
and from Rulgers series of TK aromatic hydrocarbon resing. Other preferred aromatic
tackifiers are alpha-methyl slyrene types such as Kristalex 3100, Kristalex 5140 or
Heroolite 240, all avallable from Eastran Chemical Co.

00311 I usad the tackifier component will usually be present in an amount of from
about §to 40 welght %, sddvantageously from about 0 o 30, based on the total weight
of the adhesive composition.

{00327  The silans reactive hot melt adhesive composition can optionally comprise an

acrylic polymer or copolymer {polyacrylate). The acrylic polymer can improve grean



WO 2015/108640 PCT/US2014/070256

strength of the cocled hot melt adhesive composition. The acrylic polymer can be either
reactive with the silane moleties present in other compounds or non-reactive with the
silane moieties. A silane reactive aciylic polymer comprises groups such as carboxylic
acid, aming, thiol and hydroxyl that react with silane moieties. A preferred silane
reactive group Is carboxylic acid, The number of groups should be sufficient such that a
significant amaount, at least 5%, of the acrvlic polymer is grafied to the silane modified
materials via the silane groups. The acrylic polymer can be free of sificon atoms, A
non-silane reactive scryvlic polymer does not include groups that are resctive with the
sifane moieties. One useful family of reactive acrviic polymers is Elvacite from INEOS
Acrylics.

30331 The amount of solid acrylic polymer in the adhesive composition will depend
on a nuraber of factors, including the glass transition temperature and molecular weight
of the aciylic polymet, but, if usad, will typically be present in an amount of from about O
to about 40 weight %, bazed on the total welght of the adhesive composition.

160341  The silane reactive hot melt adhesive composition can optionally comprise a
catalyst. Suitable curing agents for the silane groups are described in U5, Patent
Publication No. 2002/0084030, and incorporated by reference herein. Exemplary
catalyst includes bismuth compounds such as bismuth carboxylate and bismuth
necdecanoate; titanium alkoxides (TYZOR® typaé, available from DuPoni); tertiary ‘
amines such as bis (2-marpholinoethyl) ether, 2,2-Dimorpholing Dielin Ether (DMDEE)
and tricthylene diamine; zirconium complexes (KAT XC8212, K-KAT XG-AZ0L available
from King Industries, Inc.); aluminum chelates (K-KAT 5218, K-KAT 4205 available from
King Industries, Inc.), KR typas (available from Kanrich Petrochemical, Ine.); and other
arganometallic compounds basad on £n, Co, Ni, and Fe and the like. The level of
catalyst in the silane reactive hot melt adhesive composition will depend on thé typs of
catalyst used, but can range from about 0 o about Sweight %, advantageously from
about 0 to about 1 weight %, based on the fotal weight of the adhesive composition,
Catalysts comprising tin should not be used as they appear to prematuraly gel the
composition or give poor results.

0381 The silane reactive hot melt adhesive composition can optionally comprise a

moisture scavenger to axtend pot life, such as viny! trimethoxy silane or

10



WO 2015/108640 PCT/US2014/070256

mathacryloxypropyltrimethoxysitane. The level of moisture scavenger employed can be
from O to 15% and preferably from 0 to 5%, basad on the tolal weight of the adhesive
goemposition,

D038 The adhesive composition can optionally comprise an adheasion promoter or
coupling agant which promotes bonding of the composition to a substrate. Examples
are described in: Michel J. Qwen, “Coupling agents: chemical bonding af interfaces”, in
Adhesion Scianice and Engineering-2, Surfaces, Chemistry and Applications, M.
Chaudhury and A, V. Pocius eds., Elsevier, New York, 2002, p. 403, incorporated by
reference herein. Preferred adhesion promoters includs organc-silanes which can link
the silans-functional polymer 1o the surface such as amino silanes and epoxy silanes.
Some exemplary aminosilane adhesion promoters include 3-
aminopropylirimethoxysilane, 3-aminopropylitriethoxysiiane, No(2-aminpethyl-3-
aminopropytrimethoxysilans, 3-~aminopropylmethyidisthoxysitans, 4-aming-3,3-
dimethvibutyltrimethoxysilane, N-(n-butyl}-Z-aminopropyitrimethoxysilane, 1-
butanamino-4-(dimethoxymethylsiiyl)-2 2-dimathyl, (N-
eyclohexylaminomethylliriethoxysilane, (M-cyclohexylaminomethyl)-
methyidiethaxysiiane, (N-phenylamincethytrimethoxysilane, (N-phenviaminomethyl)-
methyldimethoXxysilane or .gammea -weidopropyiiriatkoxysiiane. Particudarly preferred
amino silanes include 3-aminopropyltiimethoxysitans, 3-aminopropyitristhoxysilane.
Some examplary epoxy silane adhesion promoters include 3-
glycidyloxypropylirimethoxysilane, 2-glycidyloxypropyiiristhoxysilane or beta-(3 4-
epoxycyciohexyhethyitimethoxysilane. Other useful adhasion promaters include
cligomeric aminosilanes or formulated cligomeric silanes, such as Dynasylan 1146 or
Sive203. Qther silane adhesion promaoters include mercaplosifangs, Some exemplary
mercaptosilane adheslon promoters include 3-mercaptopropyltimsthoxysilane, 3-
mercaptopropyimethyldimethoxysilane or 2-mercaplopropyitriethoxysilane. The level of
adhesion promoter emploved can be from about O {0 15 weight %, praferably 0 to 10
weaight % and more preferably 0 to 5 weight %, based on the total weight of the
adhesive composition. The adhesion promater, if more reactive to moisture than the
other silane containing components, can also serve as a moisture scavenger,

0437 The silane reactive hot melt adhesive compasition can optionally comprise

11
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conventional additives known (o a person skilled in the art. Conventional additives
which are compalible with a composition according fo this invention may simply be
determined by combining a potential additive with the composition and determining i
they remain homogenous. No-n—i,inﬁiting sxamples of suitable additives include, without
fimitation, fillers, plasticizers, defoamers, rheclogy modifiers, air release agents and
flame retardants. The fotal level of additives will vary depending on amount of each
particular additive needed to grovide the silane reactive hot melt adhasive composition

with desired properties. The level of additives can be from 0 o 50%.
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{00381 An exemplary silane reactive hot melt adhesive composition is shown below,

component range prefarrad rangs most preferred
{weight¥) {wsight%) range
{waight%)
silane reactive plasticizer | | 050 5. 35 10 - 30
polyisocyanate 3-15 8- 10
polyester polyol 40 - 9D B( - 80
Aminosilane reagent 215 4.5 -1
silane modified polyester 50 - 68 60 - 95 65 - 85
polymer
tackifier 0 - 40 - 30
acrylic polymer o-40
catalyst 0-5 0-1
mpisture scavenger 8-15 0-%
adhasion promater g-15 0-5
additives g-50
weight ratio of silane =1 i 1 >1.21%0 1
modified polyester pelymer
to sitane reactive plasticizer
equivalent ratio of >1 101 >14 01
isocyanate to polvesier
| palyol

[O038]  The silane reactive hot mel adhesive composition is preferably free of water
and/or solvent in sithar the solid andfor molten fom.

{00407  The silane reactive hot melt adhesive composition can be prepared by mixing
the non-reaciive components with heat untit homageneously blendad. The mixeris
placed under vacuum o remove maisture followed by heated mixing of the reactive
componants. The silane reactive hot melt adhesive composition is typically solid at

room tempersture, in some embodiments the silane reactive hot melt adhesive
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composition is solid af temperaturas below 25°C and becomss molten and fluid when
heated to 120°C.
0411 The silane modified polyester polymer and the silane reactive plasticizer are
not believed to react or form a copolymer during preparation of the silane reactive hot
melt adhasive composition. The disclosed silane reactive hot melt adhesive
composition is molecularly different from copolymer hot melt adhesives before use.
Upon exposure of the silane reactive hot melt adhesive compasition to water the sityl
moielies of the silane modified polvester polymer and the silane reactive plasticizer
crossiink with each other to form a cross linked network of both types of maolecules. The
disciosed silane reactive hot melt adhesive composition is molecudarly different from
copolymer hot melt adhesives after curing. The disclosed silane reaciive hot melt
adhesive composition is isocyanate monomer free and provides surprising and
advantagecus high adhesion over a broad rangs of substrates.
[0042] The silane reactive hot mell adhesive compositions can be used o bond
articles together by applying the hot melt adhesive compaosition in molten form to a first
article, bringing a second avticle in contact with the molten composition applied to the
first article. After application of the second article the silang reactive hot melt adhesive
composition is subjecied to conditions that will sliow it 1o solidify, bonding the first and
second articles. Solidification occurs when the liguid melt is subjected o a lemperature
below the melting point, typically room temperature.  After solidification the adhesive is
| exposed to conditions such as surface or atmospheric moisture. Tha sitane reactive hot
melt adhesive cures to an irreversible solid during exposure o water or moisture, when
the silane groups are hydrolyzed to sitanol groups which can condense with each other
or with reactive species on the adherent surfaces. As used herein, "irreversible solid
form” means a solid form wherein the silang reactive hot melt adhesive composition has
reacted with moisture to produce a cured, thermosed, insoluble material,
(00431  The silane reactive hot melt adhesive compasitions are useful for bonding
articles composed of a wide variety of substrates (materials), including bud not limited to
wood, metal, polymeric plastics, glass and texdiles. Non-imiting uses include use by
consumers in hot glue guns and use in roll coaling equipment for lamination of panels.

[0044]  Application temperatures of the silane reactive hot melt adhasive

14
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compostions are defermined by the thermal stability of the composition and the heat
sensitivily of the substrates. Preferred application temperatures are above 80°C and
below 200°C, more preferably below 1803°C, and most preferably below 150°C.

[B048]  The silane reactive hot mell adhesive compositions may be ther applied in
moiten form to substrates using @ variety of application techriques kniown in the art.
Examples includes hot melt glug gun, hot melt slot-die coating, hot melt wheel coating,
hot malt rofler coating, melt blown coating, spiral spray and the like.

[0048] The invention is further illustrated by the following non-imiting examples.

Examples
10047} The following tests were used iy the Examples.

Viscosity - viscosity was measured using a Brookfield viscometer with a
Thermose! heating unit and spindie 27. Desirably, viscosity of the sifane reactive hot
melt adhesive composition should be 10,000 to 100,000 cps at 250°F,

Final (cured) strength by Lap Shear Adhesion Test {(TLS) - The adhesive was
apphed to a ¢lean substrate, A stainless sieel drawdown applicator (BY K-Gardner) was
used to obtain a controlled thickness of 2 mm. Clean strips 1 inch by 4 inches wera
bonded to the applied adhesive with an overlapping area of 1 inch by 1 inch using hand
pressure. The finished bonds were conditionad at 72 °FI50% RH. Tensile tests were
conducted after 1 day cure for adhesion development test, and after two weeks 1o allow
for full moisture cure for final adhesion. Tensile samples were pulled along the fong
axis at 4 inches/min until failure in an Instron tensile test machine at room temperature.
Test resulis are measured in psi {pounds per square inch). A higher test rasult
midicates g higher adhesion. Substrates used include wood {ponderosa pine), high
pressure laminate (HPL), cold rolled steel (GRS}, aluminum (A, polymethy!
meathacrylate (PMMA), palycarbenate (PC) and particle board (PB).

Adhesion development by TLS - Lap shear bonds were made and {ested as
described above, but were tasted ina short fime of cuwre, 1 day afler bonding. This test
characterizes the ability of the bonded structurs to survive handiing in manufactiure prior

to full cure. A higher test result indicates better performancs,
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[0048]  The following materials were used in the Examples.

Desmophen & 105-30 is a solvent-free salurated polyester polyol resin available
from Bayer Materialscience LLC.

Diynacol 7360 is solvent-free, semicrysialiine, saturated linear polyester polyol
resin avaiable from Evonik Corp.

MDI is methylene diphenyl dilsocyanate avallable as grade Mondur M from Bayer
Com.

IPD s isoghorone dilscoyanate available as grade Desmodur | from Bayer
Material Science or available as Vestanant IPDI from Evonik Corp.

MAX 951 is a low modulus silane terminated polyether polymer, commercially
available from Kaneka Corp.

Poly(propylens carhonate) polyol is avallable as PPC-2-PG from Novomer Inc.

DMDEE is bis (2-morpholincethyl} ether avallable from VWR Inc.

Aminopropylirimethoxysilane has primary amine group. t's available as Silguest
A1110 from Momentive Performance Materials or available as Dynasylan AMMO from
Evonik Corp.

BYK AB15 is an air release agent, available from BYK Chemie.

Sivo 203 is an oligomeric aminosilans adhesion promoter gvailable from Evonik
Corp .

Dynasyian MEMO is a methylacrylopropyitrimethaxysilane adhesion promoter
available from Evorik Carmp.

REAXIS €325 is a liquid dibutyltin dilaurate catalyst available from Reaxis Inc.

REAXIS C718 is liguid Bismuth Neodecanoate calalyst available from Reauds

Novomer FRPC-2-PRG is a polycarbonate polyol available from Novamer Inc.

All smounts in the Examples are parts by weight unless otherwise indicated,
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Example 1

00481 A silane modified polyester polymer was preparad by reacting 370 parts by
weight of Desmophen § 105-30 and 30 parts by weight MDI to form a NCO functional
intermediate compound. 36.2 parts by weight of Silguest A1110was reacted with the
above intemmeadiate compound to form the silane modified polyester polymer, After the
Silquest AT110 was reacted, fitvation analysis of the reaction produst showed no free
iscoyanate.

[G080] The stiane muodified polyester polyimer was combinad with 90 parts by weaight
of silane reactive plasticizer (MAXS51) and 1.6 parts by weight DMDEE to form silane
reactive hot melt adhesive somposition 1.

[0081]  Silane reactive hat mai’i: composition 1 was tested against wo commeraially
available hot melt adhesives (A and B). Adhesion strength development results are

shown in the following tabls.

composition A B 1
tansile strength bonding HPL to CRS

2 hours {(adhesion strength) (psi) 3.5 50 383
1 week (final strength) (psh) 34 218 780

tensile strength bonding HPL 1o PB

2 hours (adhesion sirenigth) (psi) 4 80 338

1 weak {final strength) {psi) ' 47 248 210

1. A ts # silane reactive hot melt adhesive similar to PURMELT 51004 available from
Henke! Corp.
2. B is PURMELT reactive polyurethane hot melt adhesive available from Henksl Corp.

i comparison o current silane cure hot mell adhesive A and polyurethane hat melt
adhesive B, the new silane reactive het melt composition 1 has a much higher green
strength after 2 hours on both HPL/CRS and HPL/PE, and slso much higher adhesion

strangth after cure for 1 wesk.
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Example 2
[6052]
with formulations shown in the following table. The polysster polyol was reacted with

Samples of g silane reactive hat melt adhesive composition were prepared

polyisosyanate to form an intermediate material having isocyanate moieties. The silane
reactive plasticizer was mixed in. Aminositang reagent was added to the mixture to
react with the intermediate material having isocyanate moleties. After the aminosilane

was reaclted, titration aralysis of the reaction product showed no frae isocyanate. QOnes

the reaction was completed the remaining ingredients were added and mixed to form

the silane reactive hot melt adhesive compositions. The silane reactive hot melt

compositiohs were tested for green strength and final strength. Resulls are shown in

the following table.

composition 1 2 3 4 5
polyester polyol’ 370 250 340 500 450
MDI 50 30 45 0 {
PO 4 a g g1 55
aminosilane reagent’ 38 19 32 41 36
“silane reactive plasticizer” 50 510|120 11 220
air release agent’ 2 3 3 4 4
catalyst’ 18 1.8 1.6 0

adhesion promotor 0 0 ¥ 8 8
total parts by weight 551 514 541 835 772
weight ratio of polyester polyol to 4.1 1.2 2.8 44.6 2
silane reactive plasticizer in hot melt

adhesive composition

viscasity {cps at 350 °F) 88250 | paste oeaoG | 7750 36700

18
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composition ' 1 2 3 4 5
{ensile strength bonding wood 1o
PC |
Tday (green strength) (psi) 83 G a0 3 486
2 weeks (final strength) (psi) 599 0 181 161 490
tensila strength bonding wood té
FMMA

1 day {adhesion strength) (psi) 524 0 260 180 314
2 waeks {final strength) (psi) 540 0 266 235 382
tensile strength bondingwood e | | |
wond
1 day {adhesion strength) {psh B47 360 NAA NIA
2 weeks (final strength) (psi) >§57 Q0 451 NS NIA

1 Desmaophen § 105-30
2 Silguest A-1110

3 MAX 851

4 BYK A-515

5 DMDEE

& 8ivo 203

[DG83]  Composition 1 has much betler adhesion overadl than compaosition 3, which in
turn has better adhesion than compaosition 2. Composition 2 remains as a paste and no
adhesion strength developed. This shows the ratio of pulysster pobvol to silane reactive
plasticizer is advantageously greater than 1.2 parts polyester polyol to 1 part silans

reactive plasticizer.

Example 3
[0084] Samples of & silane reactive hot melt adhesive composition were prepared
with formudations shown in the following table, The polvester polyol was reactad with

polvisooyanate to form an intermediate material having isocyanate moisties. The silane

reactive plasticizer was mixed in. Aminosilane reagent was added o the mbdure to
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react with the intermediate matedal having isooyanate moleties. After the aminosilane

was reacted, titration ansalysis of the reaction product showed no frea isocyanate. Once

the reaction was complated the remaining ingredients wers added and mixed fo form

the silane reactive hot melt adhesive compositions. The silane reactive hot melt

compositions were tested for green strength and final strength. Resulls are shown in

the following table.

composition 8 7 8 1 10
polyester polyol’ parts by weight | 370 370 370 370 500
polyester polyol’ equivalents 0.20 0.20 0.20 0.20 0.27
MDI parts by weight 35 40 45 ) 0
MDI aquivalents 0.28 0.32 0.36 (.40 0
IPD parts by weight 0 0 ¢ 81
IPDI eguivalents a 0 ¢ .55
aminosilana reagent’ 4.6 21.8 29 38.2 41
ratio of isccyanate eguivalentsto | 1.4 1.6 1.8 2.0 2.1
polyester polyol equivalents

silane reactive plasticizer 90 90 Q0 a0 112
BYK A-515 3 3 3 3 3.8
DMDEE 1.8 1.8 18 1.6 0

Sive 203 0 ¢ 0 0 7.5
total parts 514 528 539 551 726
weight ratic polyester polyol to 4.1 4.1 4.1 4.1 4.5
silane reactive plasticizer in hot

melt adhesive composition

viscosity (cps at 250 °F) gelled 135000 | 71000 | 68950 | 59750
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composition G 7 & 1 10
tensile strength bending wood to

P

1 day {(adhesion strength) (psi) N/A 312 489 83 553
2 weeks {final strength) {psi) N 812 >4.3 59089 456
tensile strength bonding wood to

PMMA

1 day (adhesion strength) (psi) NEA 312 280 524 | 382
2 weeks (final strangth) (psi) N/A 310 882 540 497
tensile strength bondingwoodte 1 |

wood

1 day (adhssion strength) {psl) MNIA 411 520 847 NZA
2 weeks (final strength) (psi) NIA 529 >407 =557 N/A

1 Desmophen & 105-30
2 Silquest A-1110
3 MAX 951

Example 4
10088]

Samples of a silane feactive hat melt adhesive composition were preparad

with formulations shown in the following table. The polvester polyol was rescted with

polyisocyanate to form an intermediate material having socvanale moleties. The silane

reactive plasticizer was mixed in. Aminosifane reagent was added to the mixturs {o

react with the intermediate material having isocyanate moieties. After the aminosilane

was reacted, titration analysis of the reaction product showead no free isocyanate. Once

the reaction was completed the remaining ingredients were added and mixed o form

the silane reactive hot melt adhssive compositions. The silane reactive hot melt

sompositons were tested for green strength and final strength. Resuits are shown in

the following table.




2 weeks {final strength)

WO 2015/108640
compaosition 11 12
polyester polyol' parts by weight | 500 500
polysster polyol’ equivalents 0.27 0.27

IPDI parts by weight 45 51
R eguivalents 0.40 0.46
aminosilane reagent” 24.1 33.7
ratio of isocyanate equivalents to | 1.5 EN
polyester polyal eguivalents
silane reactive plasticizer’ 112 112
BYK A-1730 3.8 3.8
Silquest &-174 a 35
Sioz03 7.5 7.5
total parts BO2E 7432
weight ratio of polyester polyolio | 4.4 4.4
silane reactive plasticizer in hot
melt adhesive compuosition
viscosity (cps at 250 °F) 83750 19800
tensile strength bonding wood ta
PC
1 day (adhasion strength) (psi) 175 254

288 382

m
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composition 11 12

tensile sirength bonding wood to

PRMMA
1 day (adhesion strength) {osh 557 511
2 weeks {final strength) (psi) &3 562

tensile strength bonding wood to

winoo

1 day {(adhesion strength) (psi) 448 414

2 weeks (final strength} (psi) 557 G6h7
1 Dynacol 7280

2 Silguest A-1110

3 MAX 881

{00861  The silane reactive hot melt compositions in examples 3 and 4 have very
good adhesion results with the exception of composition 8. Composition 1 Is the best
with good adhesion and medium viscosity at application temperature. The adhesion
results indicata that the equivalence ratio of isocyanate to polyester polyal nesds to be »

1, and advantageously » 1.4,

Example §

[BO87]  Samples of a silane reactive hot melt adhesive composition wers preparad
with formulations shown in the following table. The polyester polyol was reacted with
polyisocyanate 1o form an infermediate materisl having isocyanate moieties. Tha silane
regctive plasticizer was mbed in. Aminosilane reagent was added to the mixiure to
react with the intermediate material having isocyanate moleties. After the aminosilane
was reacted, litration analysis of the reaction product showed no free isocyanate. Once
ths reaction was completed the remaining ingredients wers added and mixed to form
the silane reactive hot melt adhesive compositions. The silane reactive hot malt
compositions were tested for graen strength and final strength. Results are shown in

the following tabls,



WO 2015/108640

2 weeks (fingl strengthy {psi)

- composition 13 14
polyester polyol’ 500 500
MDI parts by weight 68 69
aminosilane reagent’ 45 45
silane reactive plasticizer’ 112 112
air release agent” 4 4
catalyst’ 2 o
total parts 732 730
weight ration of polyester polyol to silane | 4.4 4.4
reactive plasticizer in hot melt adhesive
compasition
viscosity {cpe at 250 °F) 49300 | 44000 |
tensile strangth bonding wood to PC
1 day (adhesion strength) (psi) 528 838
2 weeks (final strangth) (psi) g72 558
tensile strength bonding wood to PMMA
1 day (adhesion strength) (psi) 414 361
2 weeks (final strength) {ps)) 534 481
tensile strength bonding GRS to HPL

1 day {(adhesion strength) (psi) 788 593

945 765

1 Desmophen § 105-30
2 Silguest A-1110
3 MAX 851

4 BYK A-515

PCT/US2014/070256
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5 DMDEE
These results indicate that composition 14 gave overall comparable adhesion values fo

composition 13 even through it does not contain DMDEE catalyst.

Example &

T0088] Samples of a silang reactive hot melt adhesive composition were prepared
with formulationg showr in the following table. The polyvester polyel was reacted with
nolyisocyanaie to form an intermediate material having isocyanate moieties. The silane
reactive plasticizer was mixed In. Aminosilaneg reagent was added to the mixture to
react with the intermediate material having iscoyanate moieties. After the aminosilans
was reacted, titration analysis of the reaction product showsd no free isooyanate. Gnee
the reaction was compiletad the remaining ingredients were added and mixad o form
the silane reactive hot melt adhesive compositions. The silane reactive hot melt
compositions were tested for green strength and final sfrength. Resulis are shown in

the following table.

compaosition 15 18 17
palyester polyol’ 500 500 500
IPDI paris by weight 61 51 81
aminosilane endcapping reagent” | 44 31 44
silana reactive plasticizer® 112 112 112
air release agent’ 3.8 3.8 3.8
catalyst® 0 0 0
adheslon promator® g 8 3
adhesion promotor’ 0 34 48
total parts 728 740 775
waight ratic of polyester polyol to 4.4 4.4 4.4
silane regactive plasticizer in hot melt
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cc:vmpoaiﬁan 15 18 17

adhesive composition

viscosity (cps at 250 °F) 59750 | 31800 | 17100

tensile strength bonding wood to

PC
1 day {(adhesion strength) {psi) 583 313 508
2 weeks {final strength) (psi) 4386 a17 520

tensile strength bonding woad to

PMMA
1 day (adhesion strength) (psi) 382 792 868
2 wesks (final strength) (psi) AQY 703 555

tensife strength bonding AL to wood

1 day (adhesion strength) {psi) NIA | 471 595
2 weeks {(final strength) (psh) N/A 514 565

1 Desmaphen S 108-30
Silquest A-1110

RMAX 951

BYK A-518

DMDEE

Sivo 203

Dynasylan MEMG

58]

~§ O 4 B W

These data indicates that addition of other types of silanes such as Dynasylan MEMO

also helps to adhesion, aspecially on PMMA substrates.

26
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Exampla 7

(00891  Samples of a silang reactive hot melt adhesive composition were prepared
with formulations shown in the following teble. Examples 18 and 19 include dibwdyitin
dilaurate (2BTDL) catalyst. Example 20 includes dibutyltin dilaurate (DBTDL) and
DMDEE catalysts. Examples 21 and 22 include a Bismuth catalyst,

IDO8AT  The polyester polyol was reacted with polyizocyanate to form an intermediste
mgterial having isocyanate moisties. The silane reactive plastivizer was mixed in.
Arrtinosilane reagent was added fo the mixiure to react with the intermediate material
having iscoyanate moietiss. After the aminosiiang was reacted, tiration analysis of the
~ reaction product showed no free isocyanate, Once the resction was completed the
remaining ingredients ware added and mixed o form the silane reactive hot melt
adhesive compuosilions. The silane reactive hot el compositions were tesied for

grasn strength and final strength. Results are shown in the Tollowing tahble.

cormnposition 18 19 20 21 22
Tin catalyst’ 3 3 0.6 0 0
Bismuth catalyst’ 3 0 0 0.4 0.4
polyester polyol® 500 500 500 | 500 500
PO 612 |807 612 507 |807
aminosilane reagent’ 48.4 33.7 49 ECK; 33.7
Silguest A-174 O 35 ¢ 35 35
silane reactive plasticizer® 12,5 11125 1128 (1125 | 1125
air release agent® 3.8 38 - 148 3.8 3.8
catalyst’ 0 ¥ 2 4] o
achesion promotor’ 7.5 7.5 7.5 7.5 7.5
total parts 7345 | 7435 | 728 | 7438 | 7438
weight ration of polvester polyolto | 4.4 4.4 4.4 4.4 4.4
sitane reactive plasticizer in hot el
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composition 18 19 20 21 22
adhesive composition
viscosity (cps at 250 °F) 8850 20200 | 194500 | 10500 | 9350

gel 2hrs
tensile strength bonding wood 1o
PC
1 day {green sirength) {psi) 378 211 408 175 88
2 weaks {final sirength) (psi) 262 3] 285 21 21
tensile strength bonding wood to
PRMA
1 day {adhesion strength) {psi) 245 62.3 133 80 ¢
2 weeks (final strength) (psi) 31.2 o 124 0 0
tensile strenigth bonding wood to |
waood
1 day (adhesion strengih} {psi) 409 356 MNIA 240 378
2 weeks {final strength) (psi) 350 441 N/A 368 315
PVC/glass
1 day 121 296 180 151 283
2 weeks a2 288 238 285 356
aluminumfwood
1 day 25 1.7 164 83 58
2 weeks 3.7 0 197 g 21

REAXIS €325
REAXIZB C716
Dasmophen § 105-30
Silquest A-1110

MAX 851

1 $o L0 BRI -
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8 BYK A-515
7 DMDEE
8 Sive 203
[0061]  The batches with Tin catalyst have poor adhesion overall, esp. on PMMA and

Al substrates. The batch with both Tin catalyst and DMDEE gelled unacoeptably.

Example 8
10083}

with formulations shown in the foliowing table. The polyester polyol and polycarbonate

Samples of a silane reactive hot mslt adhesive compuosition were prepared
&

polyol were combined and reacted with polvisocyanate to form an intermediate material
having isocyanate moleties. Aminosliane reagent was added to the mixture o react
with the intermediate material having isocyanate moieties. After the aminosilane was
reacted, titration analysis of the reaction groduct showed no free isogyanate. Onoe the
reaction was complated the remaining ingredients were added and mixed to form the
silane reactive hot melt adhesive compositions. The silane reactive hot melt
compositions were tested for green sirength and final strength. Results are shown in

the following table.

com position 23 24
polyester polyol’ parts by welght 500 500
PO parts by weight 91.1 77.9
aminosilane reagent” 76.4 86.1
ratio of isocyanate equivalenis to

polyester polyol equivalents
polycarbonate polyol® 1125 | 56
BYK A-{790 3.8 3.8
Sive 203 7.5 7.5
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compuosition 23 24
fctal paris 7914 711.4
weight ratic of polyester polyolic 1 4.4 8.8
polycarhonate plasticizer in hot

mielt adhesive composition

yiscasity {(cps at 250 °F) 58913 7825
tenaile strength béndiin,g woond {o

PC

1 day {adhesion strength) (psi) 511 425
2 weeks (final strength) 418 237
tensile strength bonding wood (o

PMMA

1 day {adhesion strength) (psh) 480 276
2 weeks (final strengthy) (osi) 285 202
tensile strength bonding

P Clglass

1 day (adhesion strength) (psi) 204 222
2 weeks (final strength) (psi) | 312 253
tensile strength bonding Alfwood

1 day 438 760
2 weeks 483 508

1 Desmophen $105-30
z silquest A-1110
3 Novomer PRPO-2-PG

f0083]  These samples replace the polyether backbone silane reactive plasticizer with
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polycatbonate backbone silane reactive plasticizer. The adhesion values for silane
reactive hot melt adhesive compositions made using polycarbonate based silane
readctive plasticizer are comparable to adhesion values for silane reactive hot melt
adhesive compaositions made using polyether based silane reactive plasticizer. The
adhesion values for silane reactive hot melt adhesive compositions comprising

polycarbonate based silane reactive plasticizer are especially strong on aluminum

stibstrates.

Example 8

[0us4l  Samples of a silane reactive hot melt adhasive composition were prepared
with formulations shown in the following tabls.

[0088]  For sample 25 the polyester polyol and isocyanato-propyl-trimethoxysilane
wera reacted. Once the reaction was complete the silane reactive plasticizer and
remaining ingredients were added and mixed to form the silane reactive hot mealt
adhesive compositions. The silane reactive hot melt composition was tested for green
strength and final strength.

[1088]  For sample 26 the polyester polyol was reactad with polyisocyanate to form
an OH functional intermediste. The intermediate was reacted with isocyanato-propyl-
trimethoxysiiane to form a silane modified polvester polymer. The silane reactive
plasticizer was added to the silane modified polyester palyol and the remaining
ingredients were added and mixed to form the siiane reactive hot melt adhesive
compaosition. The sifans reactive hot melt composition was tested for green strangth

and final strength. Results are showi in the following tabla.

composition 25 26
polyester polyal’ 500 500
MDI parts by weight { 187
lsacyanata-propyl-trimethoxysilane® | 66.1 33
silane reactive plasticizer’ 1128 | 112.5
air relesse agent’ 3.8 3.8
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composition 25 28
catalyst’ 2 0
total parts | 684.4 | B6B
weight ration of polyester polyoiio | 4.4 4.4

plasticizer in hot melt adhesive

composition

viscosity {eps at 250 °F) 1790 51800

tansils strength honding wood to

PC
1 day (adhesion strength} (psi) 58 302
2 weeks (Tinal strength) (psi) 77 42

tensile strength honding woaod to

PMMA
1 day (adhesion strength) {psh) B4 74
2 weeks (final strength) (psi) 50 91

tensile strength bonding AL to wood

1 day (adhasion strength) {psi) 47 147

2 weeks (final strength) (psi) 58 355

tensile strength steel/HPL

1 day {adhesion strength) (psi) 26

2 weeks (final strength) (psi) 77

PYC/glass

1 day (adhesion strength) (psi) g 215

2 weeks {final strength) {psi) 58 230
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1 Desmophen 8§ 105-30
2 SILQUEST Adlink 25
3 MAX 851

BYK A-515
5 DMDEE

The test results indicate that the products made by this approach generally have less

than sceeptable adhesion on most substrates, with a few excaptions.

U087 Many modifications and variations of this invention can be made without
departing from its spirit and scope, as will be apparent to those skilled in the art. The
specific embodiments describad herein are offered by way of example only, and the
fnvention is to be fimited only by the terms of the appended claims, along with the ful

soope of equivalents to which such claims are entitled,
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CLAIMS

1. A moisture curable composition comprising:
a reaction product of (i} a semi-crystaliine polyal and (it} a polyisocyanate and (jii)
a primary aminosilans; and

a silane reactive plasticizer.

2. The moisture curable composition of claim 1 wherein the equivalent ratio of

polvisocyanate (i) to semi-crystalline polyol (i} is > 1.4,

3, The moisture curable composition of claim 1 wherein the ratic of eguivalents of
primary aminosilane (ili) o [equivalents of polyisccyanate (i) - squivalents of semi-
crystaliine polyol {iY] is about 1 or greater,

4, The moisture curable composition of claim 1 being free of water and solvent.

5. The moisture curable compasition of claim 1 wherein the equivalent ratic of

polyisocyanate (i) to semi-crysiafline polyvol (i} is » 1.

8. Ths moisture curable composition of claim 1 further comprising adhesion
pramoter,
7. The moisture curable composition of claim 1 further comptising an aminosilane

adhesion promater.

8, The moisture curable compaosition of claim 1 wherein the equivalent ratio of

isccyanate to polyol is greater than 1 1o 1.

9. The moisture curable composition of claim 1 wherein the equivalent ratio of

isncyanate to polyol is greaterthan 1.6 to 1.
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10, The moisture curable composition of claim 1 further comprising one or more of a

tackifier; an aonvlic polymer; and a catalyst

1. The muisture curable composition of claim 1 wherein weight ratio of polyester
polyol to silane reactive plasticizer is greater than 1 part polyesier polyol ta 1 part silane
reactive plasticizer,

ght ratic of polyester

P

12. The muisture curable composition of claim 1 wherein weal
nalyol to sifane reactive plasticizer is greater than 1.2 parts polyester podyol 1o 1 part

silane reactive plasticizer.

13, The muisture curable composition of claim 1 wherein the sifane reactive
plasticizer comprises at least one silyl group with a formula of
RAA-SHCH e n{OH 30k

ar
RAA-SKCoHans )n{OCHaye)a-al

wheiein
H is a polymer backbons;
A s a linkage to the polymer backbone;
xig 1012,
yis 110 12; and
nis 0, 1ord

14.  The moisture curable composition of claim 13, wherein palyimer backbone R is
selectad from silicons, polyether, polycarbonate, polyisobutylene, ethylene vinyl acetate

and polyactylals.

L
g
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13, The moisture curable compaosition of claim 1, wherein the sifane reactive
plasticizer is a liguid at room temperature and polymer backbone R is selectad from

polyether, polycarbonate, polyisobutviene, and polyacrylats.

14, The moisture curable compaosition of claim 1 wherein the reaction product

comprises g plurality of terminal silyl groups each independently having a formula of
R'EA‘SE(CXHZM'E I (0 f-:‘y szH )3'"11];:

wherein R is the polyesier backbone;

Ais a linkage that links the silane to polymer backbone R;
n=0, 1 orZ;

% and v are, independently a number from 1 o 12,

18. The moisture curable composition of claim 1 being free of iscoyanate monomer.

18.  The moisture curable composition of claim 1 comprising about 70 to about 80
weight percent reaction product and about 10 to about 30 weight percent silane reactive

plasticizer.

17. A method of applying a moisture curable compaosition comprising:

providing the moisture curable composition of claim 1 in solid form at room
tfemperalure;

heating the moisture curable composition to a molien siate at the point of use;

applving the mollen molsiure curable composition to a first substrate;

bringing a second substrale in contact with the molten moisture curable
composition applied to the first substrate;

cooling the applied molten moisture curable composition 1o a solid state;

subjecting the cooled composition to conditions sufficient to ireversibly cure the

cooled composition to form a bond between the first and second substrates.
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18.  An article of manufacture comprising the moisture curable composition of claim
1.

19, A moisiure curable hot melt adhesive comprising the moisture curable

composition of claim 1.

20.  Themoisture curable composition of claim 1 it curad form,
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