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present ‘invention rel ates sil ane end-capped, pol epol y

"to conpositions made there&om Background OF Th mmmmmmm‘mmr et hane

pol ymers have been nodified to nodulate their functig 4| ty by endcapping |
O sone or all of the isocyanate groupsiwith a vari ety of organosilanes to
yield sil ane end capped ur et hane poI yners cont a| ni ng m ni mal or no

i socyanat PR . RPROR R , RS ' WEE
Conte, the conplete end- cappl ng of poI yur et hanes vvlth prl mary and secondary
al i phatic amnosila i ~ nat ed pol ynmers
that were curable a%ﬁggnpgﬁrlgtﬁgr%enw“r bﬂttgmﬁgygggﬂ@m 979, 344, Bryant
and I S Weis disclosed that a snmall anount of

3- (N-2- am noet hyl ) - am nopropyl tri met hoxysi | ane bl ended wi th vul cani zabl e
sil ane-term nat ed pol yuret hanes yi el ded roomtenperature-curable

si | ane- tleld @QfThd Iswationt conpositions having i nproved cure speeds, useful
in netal and gl ass prinmer conpositions. Bryant et al., in U S. Patent No.
4,222,925, diped Qeest ientiaTelak8 IR dndQAppe, hBBluretfine Prdpolyindss shd f3at ent
No. 3,979,344, wth the addition of a hi gﬁ strength 20 rei nforC| ng carbon
black filler,.and o I a noisture curing catal yst such as dibutytin
di acet at®™ H°ﬁ‘t19“§maaat‘§@°n% 4,374,237 to Berger, et al., curable

i socyanate-term nated pol yuret hanes having at | east sone of the term nal

i socyanate groups reacted with a secondary am ne containing silane nononer
having two trial koxy silane groups were RNWI Wma 12J Ul 2002 2

descr i beBackpreusd Ofdedavertion di scl osed as being useful in seal ant

conposi ti ons havi ng enhanced wet adhesion. O her silane end-capped urethane
pol ymers and I i tﬁ]rmg

Seiter, whi chlglc-:jﬁft‘111 ??Eg%ﬁ%?g%rﬁ%ﬁgﬂse gé"f&“ﬁ‘? lsﬁageﬁt(&:lﬁl? onght?%? eg&%p Iglﬂg
aIkyIamnoa | trial koxysilanes ltri Ikox S| ]

By A A It a5 arate BB B VG f SR RIER T L a8, but
preferably | ess than all, of term nal endbl ocked |socyanate groups; in US.
Pat ent N@&pped @@ﬁtagqgolymegagonmngmanmmal or no isocyanate groups. For example, in U.S.

Patent No. 3.632,557 to Brode and Conte, the complete end-capping of polyurethanes with
primary and secondary aliphatic aminosilanes was disclosed, yielding silane-terminated
polymers that were curable at room temperature. In U.S. Patent No. 3,979,344, Bryant and
15  Weis disclosed that a small amount of 3-(N-2-aminoethyl)-aminopropyltrimethoxysilane
blended with vulcanizable silane-terminated polyurethanes yielded room-temperature-curable
silane-terminated sealant compositions having improved cure speeds, useful in metal and
glass primer compositions. Bryant et al., in U.S. Patent No. 4,222,925, disclosed the same
composition as that set out in U.S. Patent No. 3,979,344, with the addition of a high strength
20 reinforcing carbon black filler, and optionally, a moisture curing catalyst such as dibutytin
diacetate.
In U.S. Patent No. 4,374,237 to Berger, et al., curable isocyanate-terminated
polyurethanes having at least some of the terminal isocyanate groups reacted with a

secondary amine containing silane monomer having two trialkoxy silane groups were

MG
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Turk, which disclosed curable poylurethanes in which a portion of the JNO@0?
termnations are reacted with certain amno silanes (or with the residue on
"reaction of a mercaptosilane with 10 nonoepoxide, or with the residue on
reaction of an epoxysilane with a secondary amne); in U S. Patent No.
4,345,0S3 to Rizk, et al., which disclgsed a noisture-curable silane

term nated pol yner prepared by reacting a pol yurethane having term na
active hygecAsal Tat @BMmpdinds vafe Hi80636A8 heingdeflPH dealaft dbividsiods hasing nal

i socyanate group and at | east one hydrol yzabl e al koxy group bonded to
silicon;aﬂggﬁ%p Q&PS..Patent No. 4.625,012 to Ri zk and 15 Hsi eh, which

di scl ose Y W abl e pol yur et hane havi ng term nai isocyanate groups
and silane groups having at |east one hydrol yzabl e al koxy group bonded to
silicon, in whitkd silane esngrcapmdgx@bw prdymers ape seadants weretdisslaspdimy.S..

Si | ane- endcapped uret hane seal ants frequently exhibit insufficient

f 1 exi bi | Phtént No.B6275ENRUb SefterdphichG@REdribed pbBUtHtidne Gedlans ketdragbl e ext ensi on
and conpression. To overconme these 20 problens, U S. Patent No. 4,645,816

to Pojl I [] . t enper at ur e,
nnisﬁﬂre?%g?éﬁ%%?ﬁﬁﬁ%@%§§§%Pﬁ$§§¥§QQ%§§@H%%?E§%@§“%g%?}ng term na

i socyanate groups reacted with a silane npnoner having one_di al koxy sil ane
group an@viamigegkritrialkewysilansaroniaiging amigmHicant parsetiagh BULRIEEiAO NPT Bakn. The
pol yners were crosslinked to produce el astoneric networks with inproved

f1 exi bi | aif,yof termifal Endblbck2dAsdcFananngrioeps; ap prd Patent Nor £06/¢,B4dtot Bezron and
crosslinking density of the cured el astoners, is to use secondary

ani nosi | 088 wiidhdiRioded caaBRidoly Hefthane8Tn WARKR JorQIEHE e NTIO RBRIRNNEARPEr S,
preferably reacting all free’i5ocyanate endgroups wth these secondary

am no silanes. .Feng reparted in, Eur.gpean Patent plication No. 676,403
hat ¢ ner e Rt ARG Saned or P ER 2o e et PR T BT EHPRER UL | ane
group provided the added benefit of further inproved flexibility. Zw ener,
et al0 dmeepepnxife, ar witlsthepgsidur omsacBIBEANSHoxysilang with Bseromndey amingiyin
certain N al koxysilylal kyl-aspartic acid esters. The use of difunctional

si | anes anSl/Fatens Net 4,645,053 to Ricdk & dl. swhigh disclobedod paisnyte @upabieysilage-anm ne
reactivity for the endcappi ng of the urethane prepol yners, suffers from

sever al gﬁ%ﬁg¥ﬂ SEGP i U 'gpﬁﬁ wto
react wt ?ae re QH%H%¥epo|eﬁg?xﬁﬁg?gﬁﬁgﬁgig?@% gg%be 3F?%Eo§&P
di al koxyfuncti.gnal. silanes are . ically very slowto cure. cEarlti cularly
the for BN a‘h}s8%?’%ﬁ°&ﬁgﬂ“§5‘%é’ﬂ‘8ﬁéé8“ﬁ{%HF%?I}‘?& SR BRSH EHERRY eads
to a nmeaningful increase’in viscosity of the grepol mer, potentially
resul t i ngydralyzable alkoxy group bonded to silicon; and in U.S. Patent No. 4.625,012 to Rizk and

15  Hsieh, which disclosed a moisture-curable polyurethane having terminal isocyanate groups
and silane groups having at least one hydrolyzable alkoxy group bonded to silicon, in which
the silane groups may be pendant to the chain.

Silane-endcapped urethane sealants frequently exhibit insufficient flexibility to be
useful in applications requiring considerable extension and compression. To overcome these

20  problems, U.S. Patent No. 4,645,816 to Pohl and Osterholtz described a novel class of room-
temperature, moisture-curable, silane-terminated polyurethanes bearing terminal isocyanate
groups reacted with a silane monomer having one dialkoxy silane group and an organo-
functional group with at least one active hydrogen. The polymers were crosslinked to produce

elastomeric networks with improved flexibility.



processing probl ens and application restrictions. 15 Enpl oying tri al'’kbxyL 2001
sil'ane groups as endcappers for silylated precursors intended to have
‘considerable flexibility has heretofore required forming extended pol yner
chains with a significantly high average nol ecul ar wei ght to bal ance out

the crosslinking density inherent in tBe use of the trifunctional

endcapper. This however has led to increased viscosity of the eventual

product, to unaethepippbdachho sfiutiay hescrpsslinkingl dehsivy sfxhéGuradielastotetsaisao
endcappers 20 building urea bonds. The synthesis routes to build up chain

| ength v V.

pol yet hell‘rlS% SE%]&dP@J %g%lgg 2% E?B'Rﬁlbéﬁ(?%gb%ggﬁtg%&me%%no% ﬁgéﬁ %?%*ng resi dual
functionality of the urethane prepolyner before silane endcappi ng.. Hence,
synt hesi @re&rahlhé%aétltl%lé@epfsosw@@rﬁ@dar&ypwthébess é%&omgw maﬂwl@wnei F&8%
systens may offer unacceptable cure profiles and nechani cal properties. ~
2 ~ a ~ réporfedlinlfurspeantfatent Apphdation N 626,408 thas theylsabé arypavhiviosilaatdhane
precursors that offer simultaneously favorable viscosities, faster cure,

and g%im&g%' ¥aVilPbRY lk%ﬁfg?ﬂe%% epoprgpﬂ'éﬁ'tl?esadd% B dHi bt mhem%ga&bd

resi dual after |na cure urrmary of the Tnvention One aspect

of thls 0t i is the, s . r et hane

pol yner s ﬁ’tﬁ%%‘é‘ﬂn% gl éﬁfiﬁ&‘? IC:SI Sal tI§II°I %gégbg{ et a‘ngn@#tSs“aﬂqgsf actory
properties and flexibility after final cure of the sil oxane-crosslinked
pol ymer cretamoNkalkdxysilplhlkyliedpafticracid esteas. si | ane endcappers, and especially
trifunctional silane endcappers, offers the added 10 benefit of fast cure

speeds. |t havhbegibifdfinetiddanéilaped Mddaterkally tiRlehanaandf fypicallg employing
non-brittle, elastic materials can be prepared usi ng ext r enel y

| ow- unsa, I i.n L" et hane
pr epol yrr%rg fsn% %’?i Va efgrgl?gﬁg ngéfxg?ﬁthe " péa %In&g @ﬁfewﬁ%rggr% eli!irﬂnvenu on
is a rocess for_preparing a,silylated poI yur et hane, conprising, (A
r eactd ngdrappa spgﬁ%qcoe AT B CORAITIAG SHANERATFAIIOW M Eprelr it B “18}14‘@35 t han
0.02 m I I [ eqw val ents per gram of polyol of 2,000 to 20, 000 nol ecul ar

wei ght, piepblyfrer )Jvhiieqbblysxmyadrapped:witpdiaﬂmxyﬁmcéosaﬂeilmtesiamenypicall)exerpsb“of
sai d pol yol conponent to said diisocyanate conponent, whereby a

pol yur et ange MaeRM ¢ Vethe FSmfaQbABHueR WHicH 18 cRY&HeAxsd whal WifpdBtho safxks(B)

reacting said pol yuréethane prepolyner with one or nore |socyanate si | anes

ofthefrrmlaZO Wnerlnmls each R is
ol Kyl coftedt SR lingieate ik Aoy SR BREPErts b ety eBlngimy - each x
is al kyI containing 1 to 4 carbon atons and

processing problems and application restrictions.

15 Employing trialkoxy silane groups as endcappers for silylated precursors intended to
have considerable flexibility has heretofore required forming extended polymer chains with a
significantly high average molecular weight to balance out the crosslinking density inherent
in the use of the trifunctional endcapper. This however has led to increased viscosity of the
eventual product, to unacceptably high levels particularly using amino silane endcappers

20  building urea bonds. The synthesis routes to build up chain length via the polyurethane
polyaddition reaction using conventional polyether polyols have exhibited the problem of low
to negligible residual functionality of the urethane prepolymer before silane endcapping.
Hence, synthesis of these types of systems may be not feasible, and/or these systems may

offer unacceptable cure profiles and mechanical properties.



preferably methyl or ethyl, and Ris a difunctional organic group a%%JULZMZ
preferably straight or branched difunctional alkyl containing 2 to 6 carbon
“atons, to endcap the hydroxyl groups on said prepolyner with said

i socyanate sil ane. 1 2J UL 2002 5 The polynerization of al kyl ene oxi de
in the presence of netal conplex catalysts allows for the synthesis of

pol yet her polyols w th higher nolecular weight and very | ow unsaturation

| evel . These [Thby tehereminsOnheeddomesilytiead paly @ethangpreaimsoisaha offer t he

synt hesis of very high nol ecul ar wei ght pol yuret hanes via pol yaddi tion
reaction,; LLo al Fegol Felcymg LJoyn S.Aj amount s
of har d_ SEbAEhfous PR GiRbIe TR Bt Bhre B hns BRI Binc b B IRl
resulting in drastically |ower, viscaqsities of the urethane prepol yners.

Mor eover Propesties, fisxitiiyatng ve residupldacd afjse figak @wré-ner easi ng the uret hane

prepol ynmer nol ecul ar wei ght wi thout |oss of functionality during chain
extension for ultimte silane endcapping and final curing. 10 Anot her
aspect of the present invention is silylated pol yurethanes prepared by the

af or @enﬁkgﬁgﬂoﬁmhefm tigapect of this invention permits the synthesis

of very ecul ar wel ght silylated pol yuret hanes whi ch denonstrate
significant | ower resigdual. surface tack, By gonparison, the use of

comvent | onal | DOPJSIE! B IPETGOAL b SeH ket o HATOlATOAE HeEHo HETPEE hane
prepolyners with increased nol ecul ar weight typically leads to the 1 S

di sadvanpekymers, erdoapped with aikokyfunétional fikaoes, that kffemsatibfactornpiopetiosianst s. Thi s
aspect of the present invention thus provides high nol ecul ar wei ght, |ow

Vi scosi t flegibllity afteFid0 tirdlof teailogarneSiroGlihRaCy AL EnckiviAX Vsé bf aieh
endcappers, which silylated products are excellent precursors for

formul at | I d ' ' n L ke. r Lons
enpl oy ng et sEERARbTmeR HRospERaTERY AR sES HREsedrE opefifladtt
conveni ent processing and workability, 20 fast cure profiles, and jnproved

y ]
mechbhi c Benebit oh East suae spasds-flt kasibsen faupd that shyfated petyugcthanes offeing pefrbrittls)
exhibiting little or no residual surface tack. 12J U~ 2002 6 Detailed
Descr i pt elasticdnatEhielsicar be preparediusing artepelly Joenmsdremtion golyethet palolaat ihee
hydrogen atons which are useful in the

formation of the polyurethane prepolymers that are silylated.
Thus, one aspect of the present invention is a process for preparing a silylated
polyurethane, comprising (A) reacting (i) a polyol component having terminal unsaturation
15 less than 0.02 milliequivalents per gram of polyol of 2,000 to 20,000 molecular weight, with
(i1) a diisocyanate component at a stoichoimetric excess of said polyol component to said
diisocyanate component, whereby a polyurethane prepolymer is formed which is hydroxyl-
terminated; and (B) reacting said polyurethane prepolymer with one or more isocyanate
silanes of the formula
20 OCN-R-Si-(X)(-OR');., whereinm is 0, 1 or 2, each R' is alkyl containing 1 to 4 carbon
atoms and preferably methyl or ethyl, each X is alkyl containing 1 to 4 carbon atoms and
preferably methyl or ethyl, and R is a difunctional organic group and preferably straight or

branched difunctional alkyl containing 2 to 6 carbon atoms, to endcap the hydroxyl groups on

said prepolymer with said isocyanate silane.



present invention can be prepared by the reaction of an organic di-19Rmsz2
_pol yi socyar~ate reactant conponent with a stoichionetric excess of a polyo
react ant conponent which can be a pol yether polyol or conprises a

conbi nati on of polyols. Depending on the reactivity of the respective
reactants, a catalyst m ght be enployed. The reaction tenperature is
typically in the range of 60 to 90C, tfie reaction tinme is typically on the
order of about 2 to 8 hours. Exanple preparations are set out in the next
section. 10 Suilegolyenearizgtdom of akylemnakigoinythe pregematof meta compéexdiatabystsy anat es
such as 2, 4-tol uene diisocyanate, 2,6-toluene diisocyanate,

4, 4" - di phegwk fmpmsi%ga%? pal?zﬁ'wiﬂi mglﬁ&%o@&hwaghi ARAKAIRBHE

i sophorone diisocyanate -di cycl ohexyl i net hane

di i socyanat e-i soner s S N and, the.|i and m xtuges thereof. .For
the" br oAEERRTGR Ak TFR AL PRRGI e et lniBe e ' SRS P61l < can
be 15 enployed in the reaction such as polyether polyols, polyester

pol yol s, veot hightnaadécrrdvedghs polyutejimsngs viayiobyaddidionlreactipn) Thewsiahérghtdvgh tri ol s,
pol yt etranet hyl ene gl ycols, polycaprol actone diols and triols, and the

li ke, shavhflgcuiowa EhtBAaB e TidiAXNing ARRMAR-of RaRS REMeSs P& hebil#8H 8f hrBthhhe
present invention are polypropyl ene glycols. The polyols enployed in the

present inyention. have, a very.low unsaturati.on level and therefore high
Punct 1 ondolERer Bdind & isiEiny in Sst RS NLR G RSB PL R s bR i ndih o o
catal ysts for the polynerisation of alkylene oxide resulting in polyols

havi ng a Mexgoventheir [ vrspriraiion leveh peraitsonensasngibatreshaneiyeprqlymerasele¢uian
0.02, preferably less than 0.04, mlliequival ents per gram (neq/g) of

pol yol . Tedgholideut biss eefupbiiorafityt di@ingalhyinl ektdnsionypr wlahlaye silanté belcappige

bet ween about 2,000 and 20, 000, nore preferably 3,000 to 10, 000. 12JU
| 2002 Tqmgrtﬁ,gp&ﬁ.in%cti ve hydroxyl group-term nated pol yurethanes useful in
this invention, at [east a slight nolar excess of the hydroxyl equivalents
(-OH, groups) wth respect.to the -NCO equivalents roups) is epployed to
Lormifar ot he MSUAFESDERGS B8 PGS EH IRYRRONG S GIObE R rars S H G ar
ratio of the NCOto OHis fromabout 0.3 to 0.95, and nore preferably 5

bet ween GiGremeotinegProctepchus agpectrfithie imehtion pérmitsshe sythgsisaff yaothignal

sil ane endcappers suitable in the present invention for the endcappi ng of
the acti vRolbyilaogeipht iy Mtdtigiol AlroEnd3GaHi EH GerbibrBtraR e ifi &R0 lowee késidua e
represented by the general fornmula: OCN-R-Si-(X)yn(OR )~3_nm~, wherein Ris a
di val ent ' j : [ , Xis
an’ al kyl "Rl S LR o e DR IR B et Qoffo3k kN K P om

0to 2. %'gt'.'llagsisR o? %@th%g gre%g m%frs v%ith ixgc(?ea\égé hl%}ey:ular weight typically leads to the

15  disadvantage of excessive residual surface tack in the final products. This aspect of the
present invention thus provides high molecular weight, low viscosity silylated polyurethanes
using isocyanate alkoxy silane endcappers, which silylated products are excellent precursors
for formulations of sealants, adhesives, coatings, and the like. Formulations employing these
precursors simultaneously exhibit lower viscosities, convenient processing and workability,

20  fast cure profiles, and improved mechanical properties and flexibility, in an elastic, flexible

material exhibiting little or no residual surface tack.



of structures forning a stable bridge between the terninal isocyanatkldtbil?
and t he al koxysi | ane group. A nunber of structures for such isocyanato

" al koxysi |l ane conpounds are illustrated for exanple, in colums 4 and 5 of
U.S. Patent No. 4, 146,585. Preferably, however, Ris a |ower alkylene
group having 2 to 6 carbon atons and nere preferably at |east 15 3 carbon
atons therein. Particularly preferred Taterials are gamma-i socyanat opr opyl
trietho si| and, -i socyanat opropyl -trimet hoxy silane. The urethane
prepolyﬁé? H&SBH&"HEW%JSFE belwyRboBt ons i s reacted in an approxi mately
stoichionetric anount with the above described isocyanate silane to forma
st abl e pRdpmkssner havi ng one or nore term nal al koxysil ane groups. 20 The
uret hane prepol yner synthesis as well as the subsequent silylation reaction

are conduct edU{'é%?xg g@g?é n%éﬁ g? 1&&[9%%6%:%5%%&&@@&%% il her t

at nosphere, such a nitrogen revent premature hydrolysis
of the al koxysil ane cal te rature r.an or bot re t|on
oteps. | RO venisncindprsnsres tHRbF s Bt weahc 65 SR GOy SR

the total reaction tinme for the syntheS|s of the silyl ated polyurethane is
1 2 5 U ¢omas@znieitive stoichianeetsc bxagssof aQaalpdlyreacsant gpinpendny wiishc-an peahe
preparation of the above nentioned urethane prepolyners as well as of the

rel ated sdlyathértpgdtydet ¥othsides BREmBImatieh 8f oIk blsN DEp&iiMOY IhRlretivity 6thas
dlbutyltln dilaurate and dibutyltin acetate, tertiary anlnes t he stannous

salts of h an S oc¢ et at e,
and the ﬁe?%e%?v%égpr ef g?!ratg@s @fgjlf yé? méléoga@olﬁxege%c logtteégéeﬁ gﬁ? %
dibutyltin dilaurate. The synthesis is nmopnitored using_ a standard tltratl on
t echni qu@e (ST 587175 aﬁdeqcapa Hmeds Bipigallyion thesprder @Eqb@ﬁt Sto § heureir et hane
prepol yners is considered conplete when no residual NCO can be nonitored by
ei t her tExdmyplepeeparhofidare petrdut Rethe aatt seationl| ati ons i ncorporating the above
silane term nated urethane polynmers can be prepared by m xi ng together the

silyjpated pol S’MEa%H\ﬁr@&‘m@Hﬂ a8 YoRisob{Hhated SN disbtiinhled Sith KAH-deae { \S/ uch

as one or rmre f| | ers, p astici zers t hi xotropes 15 ant|OX| dants,

stabiliz 51,00 ter / cur.e m Xi ng

s obt | QeI 2 BuBhe R kel B ity e B ialiterarile 24 RGPERUY

uret hane polyner, fillers stabl | i zers and pl asticizer are m xed at 80C for

60 to 9ommﬁmdex§oqy|qn%ta,cxmhometd@§0%m¢ﬁdPDg”)sﬁetj-dtcu@loa@@ﬁhne@a@q-l ane

adhesi on pronoter, dehydrating agent and cure catal yst are added and
diisocyanate-isomers, DESMODUR N and the like, and mixtures thereof.

For the productién of the urethane prepolymers one or more diols and triols can be

15  employed in the reaction such as polyether polyols, polyester polyols, polybutadienediols,
polyoxyalkylene diols, polyoxyalkylene triols, polytetramethylene glycols, polycaprolactone
diols and triols, and the like, having two or more hydroxyl groups. Preferred polyols used in
the present invention are polypropylene glycols. The polyols employed in the present
invention have a very low unsaturation level and therefore high functionality. Said polyols are

20  typically prepared using metal complex catalysts for the polymerisation of alkylene oxide
resulting in polyols having a low level of terminal ethylenic unsaturation that is less than
0.02, preferably less than 0.04, milliequivalents per gram (meq/g) of polyol. The molecular
weight of the polyols is typically in the range between about 2,000 and 20,000, more

preferably 3,000 to 10,000.



the nixture is stirred for an additional 30 minutes under a bl anket 2)12 JUL 2002

nitrogen. 20 Typical fillers suitable for fornulation of the seal ants
“include reinforcing fillers such as funmed silica, precipitated silica and
cal ci um carbonates. To further inprove the physical strength of the

formul ations, reinforcing carbon black7can be used as a main filler,

| eadi ng to bl ack systens. Several comYercial grades of carbon bl ack useful

in this invengj gﬂepyeeacﬁ‘y@li)}ld?mrﬁ grﬁ#&?ﬁﬁafé%etmgum if %BHﬁ@ﬁﬁon, gﬁrre g

obtain transl uc formul dtio UL 2002 9 levels of
silica or precipitated silica should be used the main filler) w ut
carbon prate Shfndancrinat ik Raftulr e RES T serbv b sped | rErNE Y o
to 4 p.mare preferred fillers and are avail abl e under several trade nanes,

such as:edquistafis @FOEX) iszmpldyed 16 teRrRinEX' the polynBpebaing with biydeoxpl groupswlNOF| L
SPM' and "W NNOFI L SPT" from Zeneca Resins; "HUBERCAP,B 1 Q ", "HUBERCARB

3(~t" angfefeHBRERIA fio YY the NCOJOPES ﬂ%&@al’a’dﬁ%@'\{bbﬁ)"sl, Bﬁ@ﬁbf&&efelﬂwﬁe fillers

can be used either alone or in conbination. The fillers generally conprise
up tq 200, parts.per O,part.s of the.sil.ylated urethane polyner with 80 to
150 part e%"é‘?%@jstaﬂgokgr%%ﬁpéf%wwR%%\%i‘%&sq'evel. 10 The pl astici zers
customarily enpl oyed in pol yurethane seal ants can al so be used in the

i nvention to @tﬁﬂm@ﬂﬁwﬂgﬁbﬁﬁéﬁw@ﬁpqmmt&ble indh¢ present énvigaieorofor iegher fill er
| evel s. Exenplary plasticizers include phthal ates, dipropylene and

di et hyl eqilcghpis®bf Wik heivednidasen imitaX bidheSbehtifg &Qihanevapr’inisi‘ﬁarﬁoybean oi |
and the |ike. Useful sources of dioctyl and diilsodecyl phthal ate i ncl ude

t hose avaj r n ! »BOP" 15 DI DP"
From BocaRnaed YR eph e rRdeOCRER S0 ome PR AENE. o
"BENZOFLEX 50" and " OF 400" from Vel si col .Chem ¢al Corporation. The
soybean ¥BRF gr%ﬂpaﬁcga%s #kmﬁymgoht%?%b%ate&ép& lak S-ﬁ(yiigr ouphexing fiepty
The plasticizes typically conprises up to 100 parts per hundred parts of

t he K | yl tit darbomatomse apdinisen inmegdn fvd 0 to 30Gpaunt R caehaviewany o€ d wodd vagiety
preferred. 20 The seal ant fornulation can include various thixotropic or

ant i - sagef shehc ARG Yofming i stabld eWetvidddlithd €BAInAl BodyaRbtk igfshplind ¥ig | ous castor
waxes, finned silica, treated clays and pol yam des. These additives

typicall %ﬁk%)%{gﬁﬁﬁesﬁg&%t% gl%r?b&aorfgﬁ'u&ﬁ{es ?&@%ﬁ %OEJ@%‘%@I aﬁﬁ%%&%iﬁ le%%%goﬂﬁﬁta?éane

conmponen S being preferred. ' XOotropées i nclude

t hose avai |l abl e _as: " AEROSI {_ from Degtyssa "CABO-SIL TS 720" from Cabot,
illustrated for example, in columns 4 and 5 6f U.S. Patent No. 4,146,585. Preferably,

however, R is a lower alkylene group having 2 to 6 carbon atoms and more preferably at least

15 3 carbon atoms therein. Particularly preferred materials are gamma-isocyanatopropyi-
triethoxy silane and gamma-isocyanatopropyl-trimethoxy silane.

The urethane prepolymer having active hydrogen atoms is reacted in an approximately
stoichiometric amount with the above described isocyanate silane to form a stable prepolymer
having one or more terminal alkoxysilane groups.

20 The urethane prepolymer synthesis as well as the subsequent silylation reaction are
conducted under anhydrous conditions and preferably under an inert atmosphere, such as a
blanket of nitrogen, to prevent premature hydrolysis of the alkoxysilane groups. A typical
temperature range for both reaction steps, is 0° to 150°C, and more preferably between 60°

and 90°C. Typically, the total reaction time for the synthesis of the silylated polyurethane is



1 2J UL 2002 to "CASTORWAX" from CasChem “THI XATROL" and " THI XCl N'2 £/tbgg)
Rheox, and "DI SLON' from King Industries. U V. stabilizers and/or
“antioxidants can be incorporated into the sealant fornulations of this
invention in an anount fromO to 5 parts per hundred parts of silylated
urethane 5 polynmer with 0.5 to 2 partsgbeing preferred. These materials are
avai |l abl e from conpani es such as G eat—Lakes and C ba- Gei gy under the
tradena ??:R@ eand "UVASIL 299 HM LM (G eat Lakes), and "I RGANOX
1010", " %%&mﬁﬂ NUVI N 327", "TINUVIN 213", "TINWIN 622 LD"

(G ba-CGeigy), respectively . Various organgfunctional ,silane adhesion
pronoters ar Cagala#ts Fymiseliy sec nths RRCPIGTPD PhiE 2D9 VrimeRti e Upsthage nt

invention. These materials typically are enployed at levels of 0.5 to 5
parts peirefulndesds peiltas of thetrhlatesli sily lasddgmb lyurethires arqpdibkyBin, dicarbdxylatd, t o 2. 0
parts per hundred parts of polyner being preferred. Suitable adhesion

pr omot erg e BChindf ttimtitdd o dnddibhBfin SletAd) fertiary!dnfED the/itanh ot safts bANe,

"g| LQJE@C%-Q?L%%&I é’ﬁh ane, "y LIQJé%'IID AL170" lgﬁl ane and "o LOUEST A- 187"
silane, all of which are available fromWtco' s 15 O.ganpSi Licones oup.
Sui £ 301 Saedlic A et gt ST tagle afordg. madBe Bick Th PRSI  y
described for preparation of the silylated urethane polyners. The catal ysts
t ypi cal |catalystrpsedsie tile presend iryeptdon is dpmityloddawatepart s of silyl ated uret hane
polymer, with 0.01 to 1.0 parts per hundred parts of polymer being

preferred. 20THY dyaitheSisid MenitdrB@ usif@ b 3ah8ard tigrativiPiechhilyie gwml 237283 fernd 50%
relative humdity for 14 days. 2 J Ul 2002 EXAMPLES After synthesis, a

1
portion . Lyl . r. . i i y wei ght
o ci buroiresed Syt SbBRE A GeanE sy g U el SR bR 1BY 151 B
of 5 the C%ﬁ?{ﬁ"ﬁé and the, sil él ated pal ymer was subsequently cast into
TEFLON Pf# cam e megitared Yy efther e@Biqieks at 23 C and 50 %rel ative

hum dity in a climatic chanber for curing. The cured polyner filns were
t estl®d thereafter as described herein using the test procedures

Sealants

One-part sealant formulations incorporating the above silane terminated urethane
polymers can be prepared by mixing together the silylated polyurethane and any of the
customary functional additives, such as one or more fillers, plasticizers, thixotropes,

15 antioxidants, U.V. stabilizers, adhesion promoter(s) and/or cure catalyst. Satisfactory mixing
is obtained using a double planetary mixer. Typically, the silylated urethane polymer, fillers,
stabilizers ancli plasticizer are mixed at 80°C for 60 to 90 minutes in vacuum. After cooling to
50°C, the desired silane adhesion promoter, dehydrating agent and cure catalyst are added and
the mixture is stirred for an additional 30 minutes under a blanket of nitrogen.

20 Typical fillers suitable for formulation of the sealants include reinforcing fillers such
as fumed silica, precipitated silica and calcium carbonates. To further improve the physical
strength of the formulations, reinforcing carbon black can be used as a main filler, leading to
black systems. Several commercial grades of carbon black useful in this invention are

available, such as “CORAX” products (Degussa). To obtain translucent formulations, higher



applied to the correspondi ng seal ants. The viscosities of the urethane
prepol yrners, the related silylated pol yurethanes, and 10 the f or nuflat &4 2002
seal ants were determned with an ICl cone & plate visconeter, typically at
156 s-1 and anbient conditions. The physical properties of the cured
silylated pol yurethanes and the rel atefél seal ants were tested according to
the Anerican Society for Testing and Materials (ASTM Method D 412 for

tensil e glLESBYhined SN@AripRatifiRedsaidaatiolidbetBaSAd tBe Hiai€ADED witholcaMon
el ongati on at break 15 and 100 % nodul us, and according to the ASTM Met hod

D 624 forl tear strength. The hardness of the materials was observed using
Shor e A?u&?lﬁness testing. The residual tack of the cured systens was
observed by finger touch and was neasured on a scale of 4 to 0, where 4
stands for noTreatsd¢alsium sarhonatrs havingrpagtinls sizescikgm 0 am éo # o #rg pecdersed ar e
representative exanples for the above described polynmer and 20 rel ated

seal ant )&k n® are Ehilgbld uidersdetal @a8dd RendQbychas: ‘VYISTRAP RIS andngIt ypi cal
formul ati ons. The properties and clai ned benefits of the particul ar pol yner

fil an a S [ e » L1 R +

res ggsct [ g%‘?gk tfr%%ﬁﬁe%i_a?t%\gm%%?sp\ m@io 1 dg \?’N(S% I?rg’?g) ?%He %g'neca
conventional pol yoxypropyl ene _polyol, having a specified hydroxyl nunber of
27,9 andReons CERIRR GRS KaoHICIFREARS Gt 25 ‘HCUERGORE ¥ finss HeiFat | on
feel of between 0.13 and 0.18, (VORANOL P 4000, Dow Chemicals) and 36.1 g

(0. 144 rmuid)KOTOMIAE" dranhEQY. rithieseafikers carsbeysed aitker(adond’ or MDEombiSalwkl Ehil 125,
Dow Chem cals), giving a NCQJOH ratio of 1.4) adding 60 ppm DBTDL and 20

ppm of b i j 5 ;
ot  TLFSNCAAY s 00BN 00 of g gy Skt i

about 3 rs.to reduce, its NCQ content to approximately 0.8 %w. Then this
isocyana?(gy(’tgsrorﬁaﬁ'é{%gﬁlg T PO H&dLQaBH@II?YFgT (PUR A) was reacted 10 with

t he correspondi ng anount of 21.4 g (]0.084 mol e) of N-phenyl-gama
am nbr opy| t r The tiaskigigens snstomaiily gmployediin pplyurathdne sealants eancalsqlbd ysgd én hane
SPUR A. The reaction was held at 70 - 75 C until the NCO content was zero.

15 A m xthélgvention 22m@dify tHeG2opertied)and fro. Sacllitiive WSS af hipkdrifilier ROkMORyedigyl ene
pol yol having a specified unsaturation |Ievel of 0.005 neq/g, a specified

P o IR Gy sty SR IR0, T Rl ol
44 0 PR R b RANRa Soy6eas ¥ARAY Shelfke 'Us¥ soutces b dice) arc
diisodecylphthalate include those available under the tradenames “JAYFLEX DOP” and

15 “JAYFLEX DIDP” from Exxon Chemical. The dibenzoates are available as “BENZOFLEX
9-88”, “BENZOFLEX 50” and “BENZOFLEX 400" from Velsicol Chemical Corporation.
The soybean oil is available from Union Carbide Corporation as “FLEXOL EPO”. The
plasticizer typically comprises up to 100 parts per hundred parts of the silylated urethane
polymer with 40 to 80 parts per hundred being preferred.

20 The sealant formulation can include various thixotropic or anti-sagging agents. This
class of additives are typified by various castor waxes, fumed silica, treated clays and
polyamides. These additives typically comprise 1 to 10 parts per hundred parts of silylated
urethane component with 1 to 6 parts being preferred. Useful thixotropes include those

available as: “AEROSIL” from Degussa, “CABO-SIL TS 720" from Cabot,



Dow Chem cal s), giving a NCOOH ratio of 1.4, adding 20 ppm DBTDL as17 JuL 2002
catal yst, was 20 held under constant stirring (30 rpnm) at 70 - 75 Cfczr
"about 3 hours to reduce its NCO content to approxi mately 0.8 %w. Then this
i socyanate term nated pol yuret hane prepol ynmer (PUR B) was reacted with the
correspondi ng amount of 18.6 g (0.073 ol e) of N phenyl

ganmma- am nopropyl tri nmet hoxysilane (Silane |I) to formthe silylated

pol yur et hane SPUR B. The reaction was held at 70 - 75 Cuntil the NCO

content « nko ~ 3} ypet ¢ " e) of a
| ow unsa%}?gtpi@gg’%%(l %%S%%fﬁgn'g%%ﬁ%qu (%{SELWR(AW4%&G)@ R%%&ébg%lqem cal s)

and 4.5, ) e) . .of 4,4'-NDl (I SONATE M 125, Dow Chemi cal s), giving
a NCO C]—I[?@gwogo’g‘%ﬁél%%’d}rﬁ& 20 ppm of DBTDL as catal yst, 5 was held
under constant stirring (30 rpm at 70 - 75 C for about 3 hours to reduce

i ts NCO cont edtV.tstabzlézers. andlfoe antidnidarity canobeyincerporagedtintorthe sgabaat fromplatienhane
prepolynmer {PUR C) was reacted with 14.6 g (0.071 nole) of

ganmma- i SEUBNAYRI0ARY bt Arh &t FHORY 6itd 8p8rté Sérl RRBrel Iphrtd 6f diBl4ated Bethahd y1 at ed
pol yur et hane SPUR C. The reaction waS held at 70 - 75 Cuntil the NCO

cont ent S _agai ro. 10 . A m xture 311. 4 0.038 I f .

ow ans AATREL BHA 0 DR aRP eRpRat S y Tpet nlerty’ 5 3Pl Fm Sar Brnies on

| evel of 0.005 neg/g, a specified hydroxyl number of 13.8 and a

Cor 1 espowah a8 it dakpand ebaiiei st UrgEpthe (ACTIAMFRINIZE 50" AmBC VASH: 289 s) and
4.3 g 15 (0.019 nole) of IPD (VESTANATE, Hils), giving a NCO OH rati o of

0.5, addHNGLNO (Ghrsatdfakel)andyTRGANDX 401 ot ¢ TRSUVAN FI79% 1“TINBY INed2d” under
constant stirring (30 rpm at 70 - 75 C for about 3 hours to reduce its NCO

content dENERIRN zgygwr@g? %brkcg{aggasg)?g%%ﬁ,épol yur et hane

prepol yner (PUR D) was reacte ) of gamma

i socyanat oprogyl.triethoxysilane. (Silane I11) to formthe silylated

pol yur et hane .rgamgx'ﬂ)‘%géeé‘?e(ﬂ?ﬁﬁﬂgnﬁ ML argguseiuy & eﬁgﬂlﬂt t he NCO
content was again zero. A mxture of 238.1 g (0.029 nole) of a

| ow-10ns afoomutation op tieynssegpt inpsritione TheseyoateridlPRMicap@rer gPadeveRE0.5
Chemicals) and 4.35 g (0.019 nole) of |PDI 12 J UL 2002 14 ( VESTANATE,
Hiils), 9ivpdi per Nadrédpartst dfahodilylaréd uredtthele POlyfidr, AR OB t6l20uayts hem

dilaurate as catalyst, was held under constant stirring (30 rpm at 70 - 75
C for @0l BT o UG8 i R e e DS O
(0.02 moj &), 35 FUR ) FRFAPRL ABOION L L L&Y RSt W3S 07 sitane, “SILQUEST A-
1170” silane and “SILQUEST A-187" silane, all of which are available from Witco’s
15  OrganoSilicones Group.
Suitable cure catalysts are the same as those that have been previously described for
preparation of the silylated urethane polymers. The catalysts typically comprise 0.01 to 3
parts per hundred parts of silylated urethane polymer, with 0.01 to 1.0 parts per hundred parts
of polymer being preferred.
20 After mixing, the sealants are typically cured at 23°C and 50% relative humidity for

14 days.



5 (Silane 111) to formthe silylated pol yurethane SPUR E. The reacti oih 2w 2002
held at 70 - 75 C until the NCO content wad again zero. Filns were mde
"fromthe prepolymers by pouring 100 to 120 g of the prepolyner into a gl ass
jar, the lid of this jar being equipped with a gas in/outlet, and a device
that allows the air tight rotation of an agitation rod. The pol yner was
degassed under vacuum at room 10 tenperature, until no bubble is present.
The jar was opened and 1 wt %tin catal yst was introduced into the polyner.
After cl BXIAMPOES he jar, the catalyst was incorporated into the polymer by
m xi ng under vacuumuntil the blend is honogeneous. The content of the jar
was pourg%sé_g&%&@;gTFE nould to react with air noisture; an about 3 mm

pol yrer obtained and tested after 2 weeks at 23C and 50% rel ati ve
hum dity ble |: Polynmer Structure Overview and Vi scosjtiges

Syst errABcoEpor\?@r ynilipsisag Boniopofte sy btssRo e@mwasz@er%@yéﬁaﬁ% pish 1kp
125MDI M 125MDI M 1251 PDI | PDI NCO' OH rati 0l. 41. 40. 620. 50. 67si | ane

endcappeby weight bf dibagltdudilauage (DRTDMs curing catalyst. The homogeneous mixture of

| . 00011. 00012. 00017. 00025. 000si | yl at ed1l 5. 2243. 276. 8S7. 696. Opol yur et hanevi s

t | t
S e i

(MPa)0.31.0 50. 4el 2481696Q125 26100% | us .
(NPa) 0. 185 *fﬂeg%fmowzfgﬁ%)?@AéSW?@E%F'é@ab‘m SR a FaAg CHBoR U EE: « ack
of the cured systens was observed by finger touch andwas neasured on a

scal e 4 The oursd pplymer films warestested thargaftersasdieadritedherainiuging the test procedisks

of the conpl etely cured product. The seal ant systens - Exanples F to K -

wer e for@ﬁlﬁaqamoﬂgsﬁdhau@rseg@qyre descri bed above. The foll ow ng
i ngredi ents and anounts were used: 10 IngredientphrSilylated

Pol yur et hanel 5
Avkivhatials hgggbgﬁ% %)%9%@ %@%@ﬂ%&; aéereﬁte%?sﬂ%% i Pdtyitethiintd Tand
A-11202( N-( et hyl)-'y-am nopropyl trimethoxy sil ane)

(W t £b) D@Fcﬁetsmrfstzg sealdyy pgtesletsrmined vithan Kelioas foplate vlacsaﬁea RBIcHY #the
seal ant s are summari zed in Table 3. 12 J UL 2002 16 Table 3: Seal ant
Properti é86 Systnéﬂﬁliﬂem@nétniohynerABCDEvi scosity (Pa.s)172.8467.292.8121.6
~313. 6tear (N mm4.98. 26.68.08.9tensile at break (MPa)1l.52.7-

2.72.351 . 94el cmeghysml BiopeftRa 6f (hidcard kA ¢ atebpo?AAABIHLI Al iRChelabidl sealants
(MPa) 0. 71. 72. 21. 20. 6Shor eA2549622327r esi dual™ tack*24444* The resi dual tack

of the cyy. e

ccal o 4 NsRoeRHE Rl T AT R RbhIBETah R Vil B (T VLMY
ofthe co e cur edpr oduct,. D| rect conparison of Systens A and B and of
their ng% gca %ré&F swengty reyraling theyalyes foryensiie SF%R%P%WF‘H% elgngationat break

i nfl uence of enpl oying either conventional or |ow 10 unsaturation type of
pol yEY heang d00/%l rmodwus, iahd scdoedihgtal thg WSTRG MethdeD 24| fgolear sirenpthan ext renel y
| ow | evel of term nal ethylenic unsaturation allow for the synthesis of

silyl at ed ur etrhaRgrdR&dsTeSmivetidls WS bBRFRM S eSHYra A NaRdr@Ed teMtiriy. t he
pol yaddi tion reaction w thout sacrl ficing mechanl cal properties or

increasing re K. | 175 % and
67 % for pol yﬁrril\:}g%I |qur§hw§;llg8§tggl%§rﬁ Y% grg (%,fl ve e)drbyttir%grfoéx Ef‘%wa%h at 15
break (233 % and 80 % for polynmer filmand seal ant, respectively), 100%
modul us, MEAsreshon a seale afdta §avhers b stagds fgp 8o Fesrdug] @ﬁlgattd foryersipdig, a1l
reflect the higher functionality and therefore the inproved crosslinking
net wor k. Conpdhe fallowihg Sasst anerefdesenthtiCe axaingits forehe aboet deetibakpdlamesar@d@ and
H, respectively, denonstrates the inpact of either using am no silanes or

| SOCYRNAtared SANER sf¥dms TaBRS summarizes the polymer systems revealing typical

formulations. The properties and claimed benefits of the particular polymer films and related

sealants systems are shown in Table 2 and Table 3, respectively.



20 endcapping on the viscosities of the systems. The isocyanate sil§nejy m
endcapping leads to distinctively | ower viscosities of silylated

"prepol yners of simlar nolecular weight, such as 1 2J UI 2002 17 the
reduction of viscosity by a factor of three in the exanple shown. This
property typically carries over to theizorrespondi ng seal ant fornul ations

as well, such as the reduction of viscosity by a factor of 5 in the exanple
shown. Sgsampie I0SastdmEAYenonstrate the ability to build up silylated
pol yur et hanes of 5 extended chain length and still obtain favorable

viscosities by pahyadduia g0t Qﬁﬁ{oilé)'bﬁ aRehV&kibeAl ﬁb@h\f@b@ﬁ&& ptybn Balikg At i on

| evel allow for the synthésis of hi"gh enough nol'ecul ar wei ght dret hane

prepol yners. enable the u f trifunctional silanes for epdcappl

i Chout " Seifet Serof miskbestt Y and orgiond Ry » ol PR visterg BEFGRP R %o
formulation Killustrate the present invention in a conprehensive way: The
enpl oy mennsapiratiowieaafdetwesnilold awl 668, (¥ ORAINODI R 4009, Blomolikenpigals) 4nd 36.1 g
synt hesi s of urethane prepolynmers with extended chain | ength, endcapped

Wi th §rifoinéd mendbf 4 30ayAea thediaha BRSocy Adité (1G4 LIOMIVISONATEIN $25, 90w ng good
mechani cal properties and flexibilities, wth the added benefit of | ower

resi dual ~4ack d.faster rofdl es., Ex | es 42 mers U, V and
Seal ant scksmﬁﬁs?ﬁlgéﬁy%ﬁ@ ﬁ,&ﬁ}ﬁ ggbf.eadgpg%pgl 8%#?760 %‘3’ ng a
conventi onal POl yoxypropyl ene polyol, (VORANOL P 4000, Dow_Chem cal s) and
14.8 g ( bewsylchisrisde aga recrion gatplysiiprasdarisysiemgreseestiyaliaves ield undeyppnstansoNATE
M 125, Dow Chem cals), giving a NCOOH ratio of 0.75, adding 5 ppmtin as

di but yl t stirrihigl (3 rEhpat((TDBTBLC f@atabbytsI howsiso eehck tvHNED cateat ®dppaiximatelyg ( 30
rpmp at 70 - 75 C for about 3 hours to reduce its NCO content to 20 zero.

Then thi g guidh Orten s Qé&y&ﬁié%é?&%%d%%%ﬁ%%@%ﬁﬁ%@ﬂi@@ (LRl Was

reacted wth 8.47 g (0.041 nol opropyl tri nmet hoxysi | ane

(Silane 11 o formthe silylat po et hane. SPUR U. The reaction was
hol ol ot hd sordésiiife Emptagtis?] i Y e GNPy bt ol o e A
m xture of 315 g (0.082 nole) of a |lowunsaturation 1 2 J UL 200T 18
pol yoxy prewyapsery ipioefeaxysilaneBidana]) 1ofyom the sitydeted palyuretheas SPURN. T 4 ¢
(0.062 nol e)

reaction was held at 70 - 75 °C until the NCO content was zero.

Example 2 (System B)

15 A mixture of 322 g (0.082 mole) of a low-unsaturation polyoxypropylene polyol
having a specified unsaturation level of 0.005 meq/g, a specified hydroxyl number of 28.4
and a corresponding molecular weight of 3950 (ACCLAIMTM 4200, ARCO Chemical) and
28.5 g (0.114 mole) of 4,4’-diphenylmethane diisocyanate (4,4’-MDI, ISONATE M 125,
Dow Chemicals), giving a NCO/OH ratio of 1.4, adding 20 ppm DBTDL as catalyst, was

20  held under constant stirring (30 rpm) at 70 - 75 °C for about 3 hours to reduce its NCO
content to approximately 0.8 %wt. Then this isocyanate terminated polyurethane prepolymer
(PUR B) was reacted with the corresponding amount of 18.6 g (0.073 mole) of N-phenyl-
gamma-aminopropyltrimethoxysilane (Silane I) to form the silylated polyurethane SPUR B.

The reaction was held at 70 - 75 °C until the NCO content was zero.



of 4,4"-MDI (I SONATE M 125, Dow Chemicals), giving a NCO CH ratio ofy P. gsz
adding 10 ppmtin as DBTDL catal yst, was held under constant stirring (J IO
rpm) at 70 - 75 C for about 3 hours to reduce its NCO content to zero. Then
this hydroxyl group term nated pol yurethane 5 prepolynmer (PUR V) was
reacted with 8.82 g (0.043 nole) of gamra-isocyanatopropyl tri nmet hoxysil ane
(Silane I1) to formthe silylated pol yarethane SPUR V. The reaction was

hel d at Whe NCO content was again zero. Table 4: Pol yner
Structure rvie i scosities Syst em pol on i socyanate NCO OH ratio

si | ane endcapper. cal c at ed ur.et hane sSco y (Pa.s)
U V VORANOL P @B‘@“ﬂ@&% B/E‘ﬁé%m&g‘{vf/r’ Rﬁ“i BOMOW‘%P%CM"?YOII‘ 17, ooo
17,000 44.0 204.8 10 Filns and Seal ants Were made from pre- po | ymers U and V

accor di ngAEGLMMTEm@(i@,dmR@Q Glemitas)tanddiddve (0.0581male) of 44 -MIDD(ISONAIR M S:
Pol ymer Film Properties SystemUVtear (N nmm1.42. 7tensile at break

(MPa) 0. 1785 Qﬁﬁb@ﬂ%}cals toihgaINEGICIE v D092, HadHE 98 phMRISB PBE a§8§5119§te

A332resi dual tack*0 5?’ he residual tack of the cured systems was obseérved

resi duar e By er&oﬁ%@\rﬁﬁ?nfﬂ“ééﬁﬁ%?tsfﬁ L o Rife b ¥aRACO e

perfornance properties of the sealants are summari zed in Table 6. Table 63:
Seal ant Ferdpatrte zers. Thesihis bydroseygreypoeymnpten/ polyaessthang prapelypaAPYBAS, Wasear
(N mm5.011.0tensile at break (MPa)l.12. 3el ongati on at break (% 386305100%

modul us  ¢dyPREGvithlt 46h 00.07 PdAs bf ghdhaliséyakdtddbpyleméaskydilate (Siake 10 tot he

cured systens was observed by finger touch and was neasured on ascale 4 to

0, where ‘hfﬁa@@gglavfe gop&éfgﬁﬁ%ﬁm E2% e ARGk 2 hegé%zd 275 ﬁ%ﬁl eNCO

conpl ete y cureé rect comparirson o

their related sealants X and Y, respectively, reveals the disti nct

i nf | uencEOWENHAFIA8PNF§T%i t her conventional or |ow unsaturation type of

pol yet her polyols for this technol ogy. Polyether polyols with an 12JU
L 2002 20

Example 4 (System D)
A mixture of 311.4 g (0.038 mole) of a low-unsaturation polyoxypropylene polyol,
having specified unsaturation level of 0.005 meq/g, a specified hydroxy! number of 13.8 and
a corresponding molecular weight of 8130 (ACCLAIMTM 8200, ARCO Chemicals)and 4.3 g
15  (0.019 mole) of IPDI (VESTANATE, Hiils), giving a NCO/OH ratio of 0.5, adding 40 ppm
of dibutyltin dilaurate as catalyst, was held under constant stirring (30 rpm) at 70 - 75 °C for
about 3 hours to reduce its NCO content to zero. Then this hydroxyl group terminated
polyurethane prepolymer (PUR D) was reacted with 9.93 g (0.04 mole) of gamma-
isocyanatopropyltriethoxysilane (Silane III) to form the silylated polyurethane SPUR D. The

20  reaction was held at 70 - 75 °C until the NCO content was again zero.

Example 5 (System E)

A mixture of 238.1 g (0.029 mole) of a low-unsaturation polyoxypropylene polyol,

(PPO, ACCLAIM™ 8200, ARCO Chemicals) and 4.35 g (0.019 mole) of IPDI



extremely low |l evel of terminal ethylenic unsaturat~~n, being generhlINIL 2002
| ess than 0.02 neg/g of polyol, allow for the synthesis of silylated
“urethane polymers with increased nol ecul ar wei ght via the pol yaddition
reaction without sacrificing nmechanical properties or increasing residual
surface tack. The increase in tear strength (93 % and 120 % for pol yner
filmand 5 seal ant, respectively), tensile strength at break (282 % and 110
% f or pol 1d .seal ant ectiv 00% nodul d ore A
and o IURe Aba T lr Bainarte P attic EL: sfoime 4 st of S ingiigarec
functionality and therefore the inproved crosslinking network. 12J Ul
2002 21 ¥WaTalyss, @ds Wld/BRidr Sonstant Atinping € 86 spripat 1 €ffatQ fog abowgi3l houss te deduce

pol yur et hane, conprising (A) reacting (i) a polyol conponent having

term nal ;JURgRS %rﬁém@ 24r8S ThED Ak k%'d?o%ﬂog?ol.g? ttshhﬁgeeu\baly%&n%&epmﬁﬂerof

polyvl with a ecul ar wei ght of" 2 000 daltoris, with

di i socya onponent, a tyic excess of sai

conponen{ﬁﬁlgEééYaa rféﬁcp o@hﬁgg@QQ@W@E(fgg%?'gﬂflyaé’af?ﬂ%ﬂgFtﬁg%@ﬂﬁ? epol yner
is formed which is hydroxyl-term nat ed; angdé%) reacting said pol yurethane
pr epod ynéyilane {H) @rferroﬂherme;éatctdsmdyan@me S§PU hsfreaction wWas heldiag 70 175 °C
OCN-R-Si-(X)n, (-OR)3.m(a.) wherein mis 0, 1 or 2, each R~ is alKkyl

cont ai ni ptilkhé NCD EateRvaala@aih ze@ach X is alkyl contstining 1 to 4 carbon
atonms, and Ris a difu:nctional orgaz~ic group, to endcap the hydroxyl

Sccording to Sismee HHRE ol e ?%bﬁly#’% ¥ Bkl Ga0 2y BPERE IR e 1y
containing 2 to 6 cargon at ons, process accordi ng to claim.1 wherein
exeh R 10 Agiagyjarghe éwmswbﬂn&fzw@e&dm@@eﬁ oytst.angipfeyicowet dliaveach
Xis rrethyl or ethyl. 5. A process according to cIa| m 1 wherein mis zero.
G A prothessr tight ootdiiomofl an aglitaiion tbdwiTée @otynier wa depassed’ undir pamossas raéaxaor di ng
to claim1 wherein said isocyanate silane of fornula (1) is
ganmyy i SREYRRALRPAARH0HubblEGS hR¥#E] TAE IO RSISwORGRY Atdhght Was ¢l ai m 1
wherein said |sogyanate si | ane of forn‘ﬁr“%foﬁe s

gama- i S A0 ORICR o y%l{e(rat R?txly aosmg of the jar, the catalyst was incorporated into the

polymer by mixing under vacuum until the blend is homogeneous. The content of the jar was
poured into a PTFE mould to react with air moisture; an about 3 mm polymer sheet was

obtained and tested after 2 weeks at 23°C and 50% relative humidity.

15
Table 1: Polymer Structure Overview and Viscosities
System A B C D E
polyol P 4000 Acc 4200 Acc 4200 Acc 8200  Acc 8200
isocyanate MDIM 125 MDIM 125 MDIM 125 IPDI IPDI
NCO/OH ratio 1.4 1.4 0.62 0.5 0.67
silane endcapper I I I I1I 111
calcul. approx. MW 11.000 11.000 12.000 17.000 25.000
silylated 115.2 243.2 76.8 57.6 96.0
polyurethane

viscosity (Pa.s)



1 2J UL 20D2 22 9. A process according to claim1 wherein said

di i socyanate conmponent is selected fromthe group consisting of 2,4-13dlJérél
‘di i socyanate, 2,6-toluene di ~socyanate) 4,4'-di phenyl nethanediisocyanate,
2, 4' -di phenyl - net hanedi i socyanat e. i sophorone diisocyanate, 4,4

di cycl ohexyl net hane-di i socyanat e-i soners, and m xtures thereof. 10. A
silyl ated pol yuret hane prepared by a process conprising (A reacting (i) a
pol yol conponent having term nal unsaturation |less than 0.2 0.02

m | liequival ents per gramof polyol. with a nol ecul ar wei ght of

2, 000- 20T@e) 2dal t oRelymer FHm(RProperdiedi i socyanat e conponent at a
stoichionetric excess of said polyol conponent to s~~d diisocyanate
conponengystg\,g}ereby a pol yureghane prgpol ymer ig¢formed wp ch is hyglroxyl
term nated; and (B) reacting said pol yurethane prepolyncr with one or nore
i socyanatear &/hames of the fadrbrul a (1#40CN-R-Si243~", (- URR$3. ", (1R-6wherein
mis 0. 1 or 2. each R is alkyl containing 1 4 carbop_at ons, ch Xis
al kyl coWPéHl%?trk’@ea%(F@a)f ear flon atoms,ﬁ%and R isb'g di funct&'énal org %'IC
group, t C oy dr ox groups sai d pggpol yner wmist h said

I socyana gﬁ [ I%%@éaﬁiﬁ A si ?{% at ed p%) yur et hanggxccor di ngso cl ai m32160
wher ei n K% mbdulusqMmayal s®riai ght o00.7br anched-al kyl con®.di ni ng 20.t4 6
carbon atons. 12. A silylated pol yurethane according to claim 10 wherein
each R~ Bkomethyl or ethyl. 93. A sil3l ated poByurethane2@ccordi nd2to clai m
10 wherein. gach is nethyl or ethyl.,14. A si]ylatcd pol yurethan

accor di nbes{cgm'@laﬁllfxm 10 wher ei ﬂ mis zefo. 15. A.J Si |yl at ecf‘ pol yuret%ane
accor di ng Thresithai 1k1dD thahare@ syiteiit iwss Eved by fidged tobkhlan@ G@2mebsurddGon aAcaié 4 yd @t ed

pol Yy et Redes am8fortonGidual ek o k8 Vb @IS of he ednthlerhrttapalire. si | ane of formul a
(1) 1s gamma-i socyanat opropyl -tri net hoxysilane. 17. A silylated pol yurethane

according to claim 10 wherein said isncyanate silane of formula (1) js
ganuua- i S0cC a | -t ri.et hoxysi | ane.

The sealant systems - Examples F to K - were formulated using the procedure

described above. The following ingredients and amounts were used:

10 Ingredient phr
Silylated Polyurethane 100
DIDP 40
CaC0;*(0.07 mm) 90
Si0,* 2

15 TiO,* 5
SILQUEST A-171 (vinyltrimethoxy silane) (Witco) 1
SILQUEST A-1120 2

(N-B-aminoethyl)-y-aminopropyltrimethoxy silane) (Witco)
DBTDL 0.15
20  * surface treated

The performance properties of the sealants are summarized in Table 3.
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20 endcapping on the viscosities of the systems. The isocyanate silane endcapping leads to

distinctively lower viscosities of silylated prepolymers of similar molecular weight, such as
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10< weight urethane prepolymers to enable the use of trifunctional silanes for endcapping without

atxo@gag; weld<such as the reduction of

sacrificing flexibility. System E and its related sealant formulation K illustrate the present

invention in a comprehensive way: The employment of low unsaturation polyether polyols
10 allows for the synthesis of urethane prepolymers with extended chain length, endcapped with

trifunctional isocyanate silanes, having low viscosities, showing good mechanical properties

and flexibilities, with the added benefit of lower residual tack and faster cure profiles.

Examples 11-12 (Polymers U, V and Sealants X, Y)

15 Example U: A mixture of 315.3 g (0.079 mole) of a conventional
polyoxypropylene polyol, (VORANOL P 4000, Dow Chemicals) and 14.8 g (0.059 mole) of
4,4’-diphenylmethane diisocyanate (4,4’-MDI, ISONATE M 125, Dow Chemicals), giving a
NCO/OH ratio of 0.75, adding 5 ppm tin as dibutyltin dilaurate (DBTDL) catalyst, was held
under constant stirring (30 rpm) at 70 - 75 °C for about 3 hours to reduce its NCO content to

20  zero. Then this hydroxy! group terminated polyurethane prepolymer (PUR U) was reacted
with 8.47 g (0.041 mole) of gamma-isocyanatopropyltrimethoxysilane (Silane II) to form the
silylated polyurethane SPUR U. The reaction was held at 70 - 75 °C until the NCO content
was again Zero.

Example V: A mixture of 315 g (0.082 mole) of a low-unsaturation
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SPUR V. The reaction was held at 70 - 75 °C until the NCO content was again zero.

Table 4: Polymer Structure Overview and Viscosities
System U A%
polyol VORANOL P 4000 ACCLAIM 4200
isocyanate MDI M 125 MDIM 125
NCO/OH ratio 0.75 0.75
silane endcapper II I
calcul. approx. MW 17,000 17,000
silylated polyurethane 44.0 204.8

viscosity (Pa.s)

10
Films and Sealants were made from pre-polymers U and V according to the procedures set

forth above.
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* The residual tack of the cared systems was observed by finger touch and was measured on a
scale 4 to 0, where 4 stands for no residual tack and 0 for very tacky of the completely cured
5  product.

The performance properties of the sealants are summarized in Table 6.

Table 63: Sealant Properties

10
System : X Y
prepolymer U \Y%
viscosity (Pa.s) 62.4 345.6
tear (N/mm) 5.0 11.0
tensile at break (MPa) 1.1 23
elongation at break (%) 386 305
100% modulus (MPa) 0.3 1.1
Shore A 16 43
residual tack* 1 4
* The residual tack of the cured systems was observed by finger touch and was measured on a
scale 4 to 0, where 4 stands for no residual tack and 0 for very tacky of the completely cured
product.

15

Direct comparison of Systems U and V and of their related sealants X and Y,
respectively, reveals the distinct influence of employing either conventional or low-

unsaturation type of polyether polyols for this technology. Polyether polyols with an
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1. A process for preparing a silylated polyurethane, comprising
(A) reacting (i) a2 polyol component having terminal unsaturation less
than 0.2 0.02 milliequivalents per gram of polyol with a molecular weight of 2,000-
20,000 daltons, with (ii) a diisocyanate component at a stoichiometric excess of said
polyol component to said diisocyanate component, whereby a polyurethane
prepolymer is formned which is hydroxyl-terminated; and
(B) reacting said polyurethane prepolymer with one or more isocyanate
silanes of the formula (1)
OCN-R-Si-(X)m(-ORY)3.m (1)

wherein mis 0, 1 or 2, each R is alkyl containing 1 to 4 carbon atoms, each Xis
alkyl containing 1 to 4 carbon atoms, and R is a difunctional organic group, to
endcap the hydroxyl groups on said prepolymer with said isocyanate silane.

2. A proeess according to claim 1 wherein R is difunctional straight or branched alkyl
containing 2 to 6 carbon atoms.

3. A process according to claim 1 wherein each R' is methyl or ethyl.

4. A process according to claim ] wherein each X is methyl orethyl.

5. A process according to claim 1 wherein m is zero.

6. A process according to claim 1 wherein m is one.

7. A process according to claim 1 wherein said isocyanate silane of formula (1) is
gamma-isocyanatopropyl-trimethoxysilane.

8. A process according to claim 1 wherein said isocyanate silane of formula (1) is

gamma-isocyanatopropyl-triethoxysilane,
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18. A silylated polyurethane according to claim 10 wherein said dilsocyanate component
is selected from the group consisting of 2 4-toluene diisocyanate, 2,6-toluene diisocyanate, 4,4'-
diphenyl-methanediisocyanate, 2.4’ -diphenyl-methanediisocyanate, isophorone diisocyanate,

4,4’ -dicyclohexylmethane-diisocyanate-isomers, and mixtures thereof.



