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COWPOSI TIONS 5 Fleld of the Invention The invention rel dféé ey biSs
ur-e-curabl e urethane conpositions and, nore particularly to polysiloxane
pol-yuretrfiane conposi t1 ons havi ng | npr oved chemical resi gvdce /,é

-weat herability, inproved filmbuild capability, and having high {ensile
strength, elastoneric properties and el ongati on when conpared to

conventi onal woetiheae conpositions. 10 Backeraund of the PCERWSMIS®H Ur et hane
conposi tions are known to have outstandi ng abrasion. inpact, weather and
.chemi cal, resistance, combined with excellent tensile and tear strength and
hi gh el ongation. The conbination of such properties has made such

conposi tions comercially accepted as 15 specialty coatings for
applications in the tBALYILOKANEPOLYWRFBHANE C @{58955" recreation,

~wood, civil engineering and construction, marine and industrial maintenance

coati.ngg nm | C raw materi aI s used to prepare conventi onal

‘bi nders for a g)ﬁﬁ H@@mgg

coating systemi nc; u es: :Ea:lslé an % ﬁm Llrﬁar orégm&is%mé EEMW

pol yi'socyanatPe POlxfle*4n5) P FQEpasitions, haying Jmproxed. HF"%‘F&G'? A active

hydr ogen contgatksrsbility,rimpreved fimdpuild memﬂbww ¢lastomeric act i ve

hydr ogen conprpertiestand glongakion whenomparshin@binvdhtivnal urethdne compositions. Typi cal |y,
the corgactant is an oligonmer having at |east one hydroxyl group and is
.

sel ected from 2 InPdn@ins €S of polyesters, polyesters, alkyd resins

-and acryllcsf“' 5 uaII t he vehi cl Chosen for | nt
grinding 25 and i A W@%P'éfl“ﬁlﬂ’f’ “T"?FB W@Tg’ﬁ

pl asti ci zer sCchemical FaistaReA: combingd With exceliept GP-B‘F ‘(‘4}9}“’ %‘F@BS‘F F’Fdz'!!%dm!ﬁa@@m nous
ext ender s, sUbpenmbination e sich properticstias madersychegpenpositions camrhercibliyndceepted s

thﬁol ogitleﬁl a&dm&ywaﬁngs%xdapamaﬁt@ﬁe :&fmeuwtag aann@mmep&urmréaeaﬁw Istthe
I Nheren g anat e
wi th am ne coﬁ%ﬁ?ﬁ?dn\géh%mt erd zﬂmeg @&gzr"gl ngi lhﬁB coat| ng syst ems&?%r med

usi ng an am PEKESy ed bi nder often react so qU| ckly that application can be
acconpl i shed onl JPepasis r&h BRICEF JE RIS CORTRTATH (PR e OmpRRERHOr
Addi t i onal | y Iwo-package elssipragticspplyurethana coating-system éncludss: {a) aiy aliphasie erommatit posur e

to sunliaght, disr millyijocyandeercen (b) & edreactasteori curatipg tangpaheno havinghaxtiee byrrogen
stability i Scéwhg’ @Ebupﬁéjg SW aﬂﬁné)fgrddﬁd p."] litexh}’&ﬁ@(li}dz@gdﬁ%dmhhﬂﬂer to
prepare the &Qﬁﬂs’ @% Sé@oﬂmnks t@ﬂunes Typically, the coreactant is an oligomer having at
least one hydroxyl group and is selected ftom the general classes of polyesters, polyethers,
alkyd resins and acrylics. The coreactant is usually the vehicie chosen for pigment grinding
25 and may also contain other additives such as catalysts, plasticizers, antioxidants and ultra-
violet (UV) stabilizers, bimuminous extenders, suspending agents, antiskinning agents,
surfactants and rheological modifiers.
A disadvantage of using an amine cured binder is the inherent high reactivity of
' isocyanate, particularly aromatic isocyanate, with amine containing materials. Accordingly,
30 coating systems formed using an amine-cured binder often react so quickly that application
can be accomplished only with specialized plural component spray equipment. Additionally,
amine cured systems have a tendency to yellow upon exposure to sunlight, which precludes
their use in applications where color stability is required.
A disadvaniage of using a hydroxyl cured binder to prepare the coating system is that
35 the oligomer containing the hydroxyl group and any water present in the system have similar
reactivity with the di-or polyisocyanate ingredient. Accordingly, any moisture on the
substrate to be coated, atmospheric moisture in the coating environment compete with the
oligomer for the available isocyanate groups. Moisture can, therefore, inhibit the cure
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- 35 the oligoner cont

system have simlar reactivity with the di-or polyisocyanate ingredient.
Accordingly, any noisture on the substrate to be coated, atnospheric

- noisture in the coating environment conpete with the oligonmer for the

- avai |l abl e isocyatnte groups. Misture can, therefore, inlu bit the cure -1
- WD 97/ 11983 PGT/ US96/ 15094 1 process of the coating, resulting in slow or

- partial curgqgeifeaced surface gloss, and conproni sed proriussemsosse. The
reaction of i -or polyi socyanal es W|th wat er al so produces carbon dioxide

gas whi ch can cause bubpl e r.mat | coat i or din the
. coating ar @rocess i of 1he \FoRting, feé‘ﬁ g@%lwt@%ﬁém%ba |n, surt:%?;e are
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general | y Gisagvantage of using ¥ aydrbxyl turedbindet.ed prepol yners or quasi - prepol yners.
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. to obtain ont | nuowr u ir ee oagneral ly

"linits appl Yt FrAHOAS wa(fro gﬁs’g&@#{&wﬁgouﬂt %ﬁﬁ% | Net ers.
Both the orgas. cmmﬁw ROGHARSS it %“’Eﬁé‘ﬁ ng
systens  of greducisnit Imalies iv difficult| to obigmeantinngns; dybbje frge profpstive; qeatingoaid ng

Vi scosppy agesleraliynaniahippliedrdey filiethicknesotodéss than abous eightamillimefess: spr ay
- application w tﬁbtt?%vcﬁ‘@lcbﬂﬁlﬁl:m%ﬂ ,tw@-bd:ﬁp’ésﬁn aﬁﬁoﬁérﬁcmieadommg me
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ketim ne. amymmmeqt oxazol I dine ingredient. The ketim nes and
25 Known methods have been used to reduce carbon dioxide generated bubble formation

in both one-and two-component elastomeric urethane coating systems. One such method has

been to incorporate a ketimine, aldimine or oxazolidine ingredient. The ketimines and
aldimines are Schiff’s bases derived from a ketone or aldehyde, respectively. Mono, di-or
polyoxazolidines are also used. Upon exposure to moisture, oxazolidines hydrolyze to form

30 a hydroxylamine, while ketimines and aldemines produce amine and the corresporxling ketone
or an aldehyde. The hydroxylamine and amine thus produced react with the di-or
polyisocyanate to form the polyurethane and poly(urea)urethane. Hydrolysis of ketimine,
aldemine and oxazolidine, and subsequent reaction of amine or hydroxylamine with
isocyanate, is inherently faster than the reaction of isocyanate with water which thus

35 eliminates or reduces carbon dioxide generation and bubble formation. Very thick coatings

* with a wide range of properties can be prepared in this manner.

While use of ketimines, aldemines and oxazolidines may be regarded as an

improvement in conventional one-and two-component urethane elastomeric coating system,
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al dimnes are Schiff s bases derived froma ketone or al dehyde, .
respectively. Mono, di-or polyoxazolidines are also used. Upon exposure to
moi sture, oxazolidines hydrolyze to form 30 a hydroxyl anine, while

keti mnes and al dem nes produce am ne and the correspondi ng ketone or an
al dehyde. The hydroxyl ami ne and am ne thus produced react with the di-

pol yi socyanate to formthe pol yuret hane and pol y(urea)urethane. Hydrolysis
of ketim ne, walsgreasdne and oxazol i di ne, and subsequent r cRPCRUSINISO¥ ani ne or
hydr oxyl am ne with isocyanate S inherently faster than the reaction of

I socyanat e r [ r car.bon_di oxi de
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end cap i SOCYRREhE b o N uﬁﬁ@&g} ﬁé Bhymer 4P ! a&iep MSF‘D an
am no-functi S{ﬁﬁ ﬂoﬂnléoéytﬁag!: %Qe on erI@ n an e
formation in ecoatlngl
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pol yur et haneiingh @m&py@.‘n@ ,pg{,,ﬁmago@%nmt er e poI yur et han poI ysi | oxane
coatings so pro d nsile and tear stren good
chenmi cal resLs ance an g eice %Ioﬁ%%e%%esﬁg‘?ﬁg r‘gsu é‘?‘“‘%ﬁﬂm
because of tH S’Lf alth bazards asgociatd WB“M%‘&‘W“F}M‘FO end
cap the i soc?’o{ﬁ‘at@m‘!%e%f @:é‘&?vl )5S gRBfraintesting rattAnd rrespiratoryrRyseny;  Manyel | ow
on exposAr e isocysnadsihgixt high chriosiv dnhalatidai wgticigemd.c8 Dfesutt; aitliornd ihreitioklimii Ch
results in | wmasaduemog@hhqangemm BRh esthvtih I35 Ay bcyR@lel trRfs, Qpfayand

t k { f te.
{ wo- package %g ?CI isdeyk @da@a%omgmeﬂﬁs cbsdnik B Fealth RN ﬂﬁ&g&@”a €
e

ure torrs anat es | Seveére
irritation o k| nts“pé ";quonr 8f ﬁ&@%fﬁﬁfﬁrﬂ%‘?m%d“r%gfw
systems. Man iSHSPPY FRFFIEAECBY e Tt Mnd. as
a resul 25 ai PhWe ﬂ@ﬂtﬁ ml&;tnmmemslms certain isocyanates among 190 materials that

the EPA has labeled Hazardous Air Pollutants (HAPS) for which emissions must be reduced.

None of the modified elastomeric urethane coatings discussed above eliminate isocyanate and,
therefore, present the same health hazards associated with conventional elastomeric urethane
coatings.

30 In view of the foregoing problems, it is desirable to provide a moisture-curable
urethane composition that, when used as a coating, does not yellow upon exposure to
sunlight, and that eliminates any isocyanate related health hazard. It is also desirable to
provide a moisture-curable urethane composition having improved resistance to chemical and
weather exposure and which also exhibits high tensile and tear strength and high elongation.

35 It is further desirable to provide a moisture~curable urethane composition which eliminates
carbon dioxide geperated bubble formation and entrapment to permit application film
thicknesses greater than previously possible using prior known moisture-curable elastomeric
urethanes.




—values in the 0.0l ppmFrahge—have—beech—establ-shed—for—mrany—+socyanates.

Thus, spray application of isocyanate based coating nmaterials presents a
heal th hazard which nmay require the use of air supplied respirators or

ot her specialized equipnent in cretin instances. Additionally, certain

i socyanates are now consi dered suspect carcinogens. Further, Title Ill 25
~of the 1990 Cean Air Act Arendnents lists certain |socyanat es anong 190
mat eri al s t Rad ornidas EPA has | abel ed Hazardous Air Pol | upensesiseddS) for

whi ch em ssions nust be reduced. None of the nodified elastoneric urethane
coatings di gcussed aboye ¢ imnate isocyanate and, therefore, present the
same heal t WHEZE - OET

gted with conventi onal eI astoneric urethane
coatings. 30 | This WW%&FWWIP@%WW polyugrthaps compesition provi de
a 1moi st ur e- prepasdsl by combizingaim the poesros bf waer anfmaganicwdienpalgisntymsteaa palpdlj ng, does
not yel | ow um@w&ﬁm hnconswﬂﬂaghﬁmgacadwmayn ﬁ*ohﬁ@ DALIR dredlyl ®acyanat e
rel a';]eg healfilan ordandtsh &l hettblCufc Tmls%l%&- cuLabI e
ur et hane co |on avl ro e S| hem cal _.an at her
exposur e an%% %'gﬁf’ﬂmnﬁ “ﬁ &%@MM@?{W hi gh

el ongat i on. 2dgitives WW@&%’F‘F‘%P& oy soreeliaad e Hksican sebouredis o :
ur et hane coprppasé the cempositiol el i ni nates car bon di oxi de generated bubbl e
formation and eThe erpamivdi-or Qolyisscyarateeingitdisnn seful if preparing ielsmpssaivn hgy eat er
than prgVvi ogs byneRPfdnla€ USi ng prior known noisture-curable elastoneric
urethanes. -371 WO 97/11983 PCTMS96115094 3. Summary of the Invention This
i nvention conprises a noisture-curabl e_polysil oxane pol yuret hane
conposition prepared by conbi ni ~&h sence of water an organic

di -or polyisocyanate, a polyol, a hydroxyl-containing silicon materi al
‘having the hydroxyl groups attached directly to a 5 silicon atom an

or ganoggn cat al an amnj ne cat st, a nethox tional siljcone

i nternediate, glﬂ"'%l]ﬁaﬁ“b‘i ?)P"le‘f’a‘JHé‘éi e¥f°“R/5‘F'i“6‘\é% rLF G Fipaliphatic o P

pi gnent s, Serpmasistasoupsrvhere:deldit pwsvimanmm@rmw gmtavmtmqlrgtﬂahd flow
control andweipie ih tHeaanpanf fbmabde 206®©®R,000. prepare the conposition. The
organi ¢ di - or pPUhe/polyl Ygiedlet issQl if Grepiring UBSdortipoditionMae ha gkreeh! Fdiu@ONpOsi ti on
has 10 the general forrmula OCN-RI-NCO 15 where R may be selected from
the greap including aliphatic, cycl ﬁégh&%\e or aromatic groups, where
the di- or polyisocyanate ingredi i ght average nol ecul ar

where the R, group may be selected from the group including polyester, polyether,
25 polyalkyldiene, and glycol groups, and where the polyol has a molecular weight in the range
of from about 200 to 5,000.
Hydroxyl-containing silicon material may be selected from the group consisting of: (a)
silanol materials having the formulas

OH
30 I
R,-Si-OH
|
OH
s

where Ry may comprise organic radicals selected from the group including allyl, atkyl,
cycloalkyl, aryl, alkaryl or.aralyl radicals; (b) siloxanol materials having the formulas



wei ght in the range of from about 200 to 2,000. The pol yol ingredient
useful in preparing the conposition has the general fornula 20 HO R2-OH
whére the R2 group nmay be sel ected fromthe group including polyester,

pol yether, 25 polyal kyldi ene, and glycol groups, and where the polyol has a
rolrfecul ar weight in the range of from about 200 to 5, 000.

Hydr oxyl -containing silicon material may be selected fromthe group

consi sting ofwo¢myssssi | anol materials having the forml apcthisssaeeR3 -Si - OH
OH 3' where R may conprise organic radicals selected fromthe 3 Y group
including allyl, alkyl, cycloalkyl, aryl, al karyl or aralyl radicals; (b)

sil oxandl materials having the fornuflas -4%si | | WD 97/11983
PCI /US96/ 15094 R5 R5 | | HO-Si -O-Si | CH 5 1 1 RS RS and 10 Rs R5 R5 | |
|l HOS -Si OGS -OH | | RS RS e each R5 group may

al kenyl g cycl oal kyl, aryl, alkaryl, radi cal s, and where nl may
be an |nteger in the range of from bout thirty; (c) silicon
materials having two or nore

and

. Ri[ R, &

conpri se a hydrocarbon radical se %Ed féﬁﬁ e group including alkyl,

Ry| R &
1
18
where each Rg group may comprise a hydrocarbon radical selected from the group

including alkyl, alkenyl, cycloalkyl, aryl, alkaryl, or aralkyl radicals, and where R; may be

an integer in the range of from one to about thirty; (c) silicon materials having two or more

silicon atoms attached through divalent organic radicals such as those having the formula
20 :

R, R,

HO-Si -R,-Si -OH
- | ]
25 R, R,

where each R¢ group may comprise another OH group or may comprise a hydrocarbon

radical selected from the group including alkyl, cycloalkyl, aryl, alkaryl, and aralkyl radicals,

where R; may comprise a divalent organic radical selected from the group including

30 methylene, polymethylene, aralyene, polyaralyene, cycloalkylene, and polycycloalkylene;
and (d) silanol-functional silicone intermediates having the formula

3 R—~O 1 Si—O-R,




silicon atons attached through—divatert—organtc—Tadircals—such as t hose

having the formula 20 R6 1 | HOS -R7/-Si -OH 25 R6 R6 Wnere each R6
group nay conprise another OH group or—ay—€onpri se aTaH] rige d| cal
Sel ected fromthe group includi ng arkyt;—cygcl oal kyl , % ﬁ?

aral kyl radicals, where R7 may conprise a dival ent ga |

sel ected fromt he group including 30 nethyl ene, pol ymet hyl ene, ar aI yene,

pol yar al yean aI kyl ene. and pol ycycl oal kyl ene;  angctrossensuss

si | anol -func |ona silicone i nternmedi ates having the formula R9 1 35 R3-0
Si-OR8 R9 jn -5 1 TH S SHEET HAS BEEN REPLACED. 1983
pcr Aj S96115094 ?{%@F&Re&é’llﬁemdﬁﬂgyﬁ‘m% SR EOPPERE @‘?ﬂegz?' Mo oup
consi sting sk syl grange having ypyto abous MEelvercprbon AemEsWIRER $a5R) Ro 13 indepemsistly ¢ wel ve
carbon at ongelectéd rom theogrbupRAndising ofttapieydodaytaligyl, mmu:wsmmwmntgmup
censi sting ﬂicﬂrﬁﬁMthé& ks sctied sathat a Geighinetagenslerulap weighwlo it Si x
carbon_ato and y\ﬂﬁ ?OS I(ﬁ@t ed so that a wei ght average nol ecul ar-
wei ght Sis | Re"Y3A0E o gPrta){};g atﬁ_ﬂ to 15,000. The organotin

catal yst has th %1"34% R10-Sn -R12 1 R13 where Rio.
R11, R12, and R13 are sel ected fromtlﬂte1 group including alkyl, aryl, and
15 aI koxy groups having up to about el even carbon atons, and Wnere any two

of R10, R11l, R12, and R13 are als g,ec d from a group of inorganic
at ons ilracl udi ng haI ogens, sul fur, &mﬂ

RIB

where R;o. Ryj. Ryo, and Ry4 are selected from the group including alkyl, aryl, and
15  alkoxy groups having up to about eleven carbon atoms, and where any two of Rip, Ryys Rygs
and R, are also selected from a group of inorganic atoms including halogens, sulfur, and
oxygen.
The amine catalyst is selected from the group including tertiary amines and
aminosilanes having the gencral forrmula

20 I 1
RlS
Rm'_h‘f" TR
R
25 L 717 Jpy
where R4 is selected from the group including aliphatic and aromatic amines
comprising in the range of from one to six nitrogen atoms and in the range of from one to
3% six carbon atoms, where Rys. Ry and Ry are independently selected from the group
including alkoxy and aryloxy groups having up to about twelve carbon atoms, and where ng
is in the range of from one to six.
The methoxy-functional silicone intermediates have the general formula
35




The am ne catalyst 1s selected fromthe group including tertiary am nes and
aani nosi | anes having the general fornmula 20 R15 Rl14'- Si R16 1 25 R17 ,y
whére R14 is selected fromthe group including aliphatic and aromatic

am nes conprising 1n the range of fromone to six nitrogen atons and in
the range of fromone to 30 six carbon atons, where R15, R16, and Rl17 are
i ndependently sel ected fromthe group including al koxy and aryl oxy groups
havi ng up to vabemliesswel ve carbon atons, and where n3 i s picinisssasseange of
fromone to six. The nethoxy-functional silicone internedi ates have the
generallfornula 35 -6 i WD 97/11983 PCr/U596n6094 R18 R18-0 Si-0 R19 5
R18 n, “where each R18 group is indepengently selected fromthe group

i ncluding al kyl, aryl, and al koxy gro ﬁéaha ing up to about six carbon
atoms, where each Rig is independent|lyl 110 sglected fromthe group

i ncl udi ng hydrogen, alkyl, and aRy—@rpé Rigg up to about twelve
carbon gtons, and where n4 is sel ected qo thgt the wei ght average nol ecul ar
wei ght of the silicone internmediate ispgn thHe range of from about 500 to
6, 000. The chenical ingredients are conbitbedJepget her and react to form
silanol -functionalized urethane prepolyners that cure at anbient

tenperatures in en | [ o formof. sil.ox
polrrgur et hane Con%g%f %ﬁéﬂﬁégﬁ%@ﬁ%ﬁ%kw&% T esl '?]?yﬁ -
pol ysi | gganeqIAKPRY STOHBRAVIDS VP 3% RHOBLIX ERSbRR Homs. Mhereeach Ryg ip §Wﬂ%
rel at ed heal teiectefh fromythy groupdndluding dydsogen caliyd.iansh el groups havingowito shout twelst her i ng
exposur e, exbdrixintzsonis, gid Viensn, ie selecrd sb @t ths weighydveragamdletulfywesghtiot the€i ty and
el ongation. {ifins GiPAedidt Bhn the'rRige b forh Abdub 560 to 6,000.

The chemical ingredients are combined together and react to form
silanol-functionalized urethane prepolymers that cure at ambient temperatures in the presence
of moisture to form polysiloxane polyurethane compositions of the present invention. The
resulting polysiloxane polyurethane composition does not present an isocyanate related health -
hazard, has improved resistance to chemical and weathering exposure, exhibits high tensile
and tear strength, and high elasticity and elongation. The composition, prepared in this
manner, eliminates carbon dioxide generated bubble formation and entrapment and is,
therefore, capable of being applied as a coating at much greater thicknesses than prior known
moisture-curable urethane compositions.

15

20

25

the same becomes better understood with reference to the specification, cizims and drawings
wherein:

FIG. 1 is an isometric view of a flexible hose comprising a polysiloxane polyurethane
binder composition prepared according to principles of this invention.

30

gd _bDescription of the Invenfion

Polysiloxane polyurethane compositions for providing enhanced chemical resistance,
weatherability, abrasion resistance, and impact resistance to the surface of a substrate, when
applied as a coating, and to the body of a device, when used to form a composite, may have
as significant ingredients an isocyanate-terminated urethane prepolymer and a
hydroxyl-containing silicon material. A preferred polysiloxane polyurethane composition
may be prepared according to the principles of this invention by combining:

(a) an organic di-or polyisocyanate having the general formula

35
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manner, elim nates carbon di-ox-de—gererated—-Bubble—formatton—and—entrapment

and is, 0 2 therefore, capable of being applied as a coating at nuch
greater thicknesses than prior known noisture-curable urethane
conpositions. Brief Descrintlon of the Dr a ings These and ot her features
and advantages of the invention will becone appreciated as 25 the sane

. becones better understood with reference to the specification, clains and
drawi ngs Whgp@idlegsF! G 1 is an isometric view of a fl exidrhsssnsne
conprising a polysiloxane polyurethane binder conposition prepared
according to principles of this invention. 30 Ddedl ed Description of the
| nvent ifon Pol ysi | oxane pol yuret hane conpositions for providing enhanced
cheni cal resistance, weatherabi | OCN-RprNEI@n resistance, and i npact
resistance to the surface of a substrate, when applied as a coating, and
to the body of a_ device, when usedtoformac S|te

si gni figcant | ngP’B‘HF taRs gﬁ’t‘ipfnébh"yﬁﬁgf‘bﬁ%ihﬁ?m ‘b’t‘ﬁ%'@ %Flgg’@%r and a
35 h 1-gi g ei dromatic greuns ke whete thefdior pelyisdcyanate dpgredienp s, 4 weightos verage

conposi ti Onmoﬁawbmghtmﬁgﬁﬁmndhm 200 té R.@OQrwithci pl es of this invention

by combi ni ng: ( QvaIAY 5g‘;,z,.@(;(;l.yli_ne;,ocyanate havi ng t he general
formula -7- 1 \%9 J}.’g %%'/U 96n5094 1 OCN-R1-NCO where the 111l group

may be sel ected fromthe group mcl&:& gg i phatic, cycloaliphatic, 5 or
aromat i;g groups, and where the di- poey cyanat e ingredient has a weight
average nol ecul ar weight in the range of from about 200 to 2,000; with (b)

a pol yol having mg t& p.may be
ot o A R e G

wei ght in tmmng\!?feﬁsequéwma@wﬂonP@ %ithoo; with 15 (c) a hydroxyl (OH)
cont ai nisng sili @na byﬁb&ﬂ(@ﬂ)wmhn@sﬂgoﬁhml mmmmmmetemmm group
Or groups apH gbiPe!Bshpd afettihdhéd Hitechf & |é hilicorioad, Gikdh o Wi silasl a@rids | anol

mat eri al s formul as OH
BRAXAg e fddEraDfoREaIE OH

Rg—Sli—OH

|
OH

20

where R4 may comprise organic radicals selected from the group including allyl, alky},
25 cycloalkyl, aryl, alkaryl or araiyl radicals.

Another preferred group of hydroxyl-containing silicon materials are silicon materials
baving two or more OH groups aunached directly to the silicon atom such as the siloxanol
materials having the general formula

RS RS
30 o
HO-S8i -O-Si-OH

| |
RS RS

35 and



20 R3-Si-OH OH where R3 nmay conprise organic radicals selected fromthe
group including allyl, alkyl, 25 cycloal kyl, aryl, alkaryl or aralyl

radi cal s. Anot her preferred group of hydroxyl-containng silicon materials
arestrfTcon natertals having two or nore OH groups attached directly to
the silicon atom such as the siloxanol materials having the general
formula R R5 301 | HOS -OSi -OHI | R5 RS 3S and -a WD 97/11993

PCP/ US96/ 150%bdtapsi3 | | | HO S 0-Si OSi -CH5 11 1 PCTRES6RS| RS
where each R5 group may conprise a hydrocarbon radical selected fromthe
group éncludlng al kyl, al kenyl, cycloal kyl, aryl, alkaryl, or araikyl

radi cal and where nl nmay be 10 inR? erR%n the range of fromone to
about thirty. Another preferred gr ulp o{ d xyI contai ning silicon
materials are materials corrprué)r_ég groups attached to a
silicon atomthat have two or = Eﬁ attached through dival ent
organi cgradi cal s such as those haﬂln the gemeral formula is R6 R6 |

HO-Si -R7-Si -OH 20 R6 R6 where e OuR_may conprise another OH group
or may conprise a hydrocarbon radical seimectéd fromthe group including

al kyl-, cycloal kyl, aryl, alkaryl, and aral kyl radicals, where R7 may

conpri se a di val gt QAN froltlhy Bmpisd £ EidEbkalobR AP eflid E? g 25
roet i ene. By e cy;%‘ﬂwem ok e sida
an integer in the range of from one to about thirty.
Another preferred group of hydroxyl-comtaining silicon materials are materials
comprising two or more OH groups attached to a silicon atom that have two or more silicon
atoms attached through divalent organic radicals such as those having the general formmuia

is fS | |R6
HO-Si -R,-Si -OH

| I
R6 R6

20

where each Rg group may comprise another OH group or may comprise a hydrocarbon
radical selected from the group including alkyl, cycloalkyl, aryl, alkaryl, and aralkyi radicals,
where R, may comprise a divalent organic radical selected from the group including
25 methylene, polymethylene, aralyene, polyaralyene, cycloalkylene, and polycycloalkylene.
A particularly preferred class of hydroxyl-containing silicon materials are
silanol-functional silicone intermediates having the general formula

‘R
10 N

R,,—O#-slfi—oms
R

a5 where each Ry is independently selected from the group consisting of hydrogen, alkyl,
and aryl groups having up to about twelve carbon atoms, where each Ry is independently
selected from the group consisting of the hydroxy, alkyl, and aryl groups having up to about
six carbon atoms, and where 1, is selected so that the weight average molecular weight is
in the range of from about 500 to 15,000; with
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A particularly preferred class—of—hyarexyr—contaning siiTcon materials are

silanol -functional silicone internedi ates having the general fornula RO 30

1 R$-OSi-OR8 | RI9 n2 35 where_each R8—s—i-ndependpatty sel ected fromthe
group consisting of hydrogen, alkyl, —and—ary+ gr oup‘TMlévSHEngmSt F out
twel ve carbon atons, where each RO is independently | sel eBEELd\CEDom He
group consisting of the hydroxy, alkyl, and aryl groupsS mavrmg—sp-—-tedabout

. six carbon gj Eﬁl @and where n2 is selected so that the werghteismver age

nol ecul ar werght 1s in the range of from about 500 to 15,000; with -9 ~ T
1 THI'S SHEET HAS BEEN REP~ADED W)97/11993_ PC AJS96/ 13094 i (d) an
or ganotli n cat al (4 an pEgaRahy camlyst bayieg e 1 5 R10-Sn -R 2 R13 where
R10, R11, R12, and R13 are selected frRma group including alkyl, aryl, and
10 al koxy groups having up to about elgeVen carbon atons, and where any two
of R10, R11, R12, and R13 are also sell ected froma group of inorganic
at ons incl udi ng haI ogens, sul fur, RW-S X'ﬂjgn; wth (e) atertiary amne -
cataly or an am nosil ane having the lgeneral formula is RI5 Rl14'" Si R16
20 where R14 is selected fromthe group including aliphatic and aromatic
am nes conprising in the range of fronPone to six nitrogen atons and in
the range of fromone to six carbon atons, where Rl15 RI16, and Rl7 are
i ndependent | y seheetRyg, RyjoRy 4, aed Bjpup s@&weddrosi & goup) inshuiding risyly agrhdndir y| oxy
groups 1?5"""' Aftor{ibrénds Aiviiglup ko\okiRlevéll dafbon MbmsTand whele miyaweof Rig, R§, R, t he
'ange 0 ”%Hﬁneué leékéfectew'ﬁton\agroup of inorganic atoms including halogens, sulfur, and

oxygen; with
()  a tertiary amine catalyst or an aminosilane having the general formula

. Irls 1
RS Ry
|
| Ry |

15

)
20

where Ry, is selected from the group including aliphatic and aromatic amines
comprising in the range of from one to six nitrogen atoms and in the range of from one to
six carbon atoms, where R;5, Ryg, and Ryq are independently selected from the group
consisting of alkoxy and aryloxy groups having up to about twelve carbon atoms, and where
ny is in the range of from one to six; with

(§)) methoxy-functional silicone intermediates having the general formula

. RXB
30 |
R,~O Si—O-R,g

I
| Ryg

25

In,
35

where each Ryg group is independently selected from the group including alkyl, aryl,

and alkoxy groups having up to about six carbon atoms, where cach Ryq group is

independently selected from the group including hydrogen, alkyl, and aryl gronps having up

-10-




(fJmethoxy-tunctional silicone Internedi ates having the general fornula
Rrg 301 RIB-O- Si-O19 | 18 N 35 where each R18 group is

i nrdependent|ly selected fromthe group including alkyl, aryl, and al koxy
groups—fraving uap to apbouf sIx carbon atons, where each R19 group is

| ndependently selected fromthe group including hydrogen, alkyl, and aryl
"groups having up -10 I WD 97/11963 PCT/ US96l 15094 1 to about twel ve carbon
atons, and Wpghfiegs Sel ected so that the average nol eculmorseégbds is in

t he range of from about 500 to 6, 000; vvith (g) a carbinol having an average

of at |east t caﬁ&on onded hydr.ox s. per . .carbinol .an I ght
aver ager mol & 6{?\% P&n‘ﬁ’@“‘y g%f%% '%’o“TG Fojo;0 pa W"Pﬁ" gd‘@ﬁ
fillers and ¥pimghrings of framahopy 509 16,000 r\‘f‘ such as a non-al coholic sol vent;

with (j) varioudgdi fafcarbimi havingas avefage dfit {east ¢wo mnemwwymrgmm

wetting, fl Wbﬁﬁmnaqlwelmdvﬂge dmdéaar WHiEHR irl ©ARECHE fiom 600 10[008: Wik di -
pol yi sacyanat e |d;)gr gsired that the weight 10 average
nmol ecul ar wei ght beW| hlnt abov |f|e range to facilitate the

reactions betweBn 4% &m&}Qﬁéﬁg’f{ PR MBI yol . The pol ysi | oxane
pol yur et hane corPosiveriens W’FQM”G‘“%) PigmEnt Jewise. fjow qopmol
I nvention rm;xddmrlikelse in the range of fromtw to fifty percent by weight

of the polyi socmmﬁepetmnﬂdfgeﬂem-&baymbmmgmm nwdaafea%aﬁmewe@&rves to

enhanc he %%;é RO S

corrposﬁf% on i@ﬁgoﬁﬁh ssﬂ{xg) an ou tv@b‘ﬂ% g%;ﬁﬁv\%%mt he
pol yi socyan 3P oo1 P

di spl ay the mﬁe@%@eﬂw @r?ém'wmwwm the range of fiom &Wo 19
conposi t i on fiftyrgerdest by wrightcof; the: polyisestianate ingredignt r d@nmomsm%mwmemhe

pol yi socyana&eﬁtasnﬂaﬁ@nhédhemnutammﬂamemmd fpliecdmpbsitdona A doRipositiont 00
brittled or caibkinged! thinibbR two recit w&&mw :&tampfasa,ymmhw@@eﬁ sféwid 3 | 1 ke.

The preferre nountmp%fﬁmégpg J‘o\é;m

conpositi onsp I ONn del% S on ‘%ﬂ% %’FI c&ﬁty%m ron. For

exanpl e, \/\hé’ﬁ‘“b‘é‘é’d Y cgmpgsLiep
polyisocyanate has been showu to produce cured product that may be too brittle for such

applications as & coating, composite binder or the like.  The preferred amount of
20 polyisocyanate ingredient used to form compositions of this invention depends on the
particular application. For example, when used as a coating to form a membrane for
concrete, it is desired that the composition have a low hardness of approximately 30-50
Rockwell A, formed by using in the range of from three to five percent by weight of the
polyisocyanate ingredient. As another example, when used as a coating to form an abrasion
25 resistant hopper car lining, it is desired that the composition have a hardness of
approximately 80 Rockwell A to 50 Rockwell D, formed by using in the range of from six
to eight percent by weight of the polyisocyanate ingredient. As another exampie, when used
to form an elastomeric concrete coating for exterior resistance, the coraposition is formed by
using in the range of from ten to twelve percent by weight of the polyisocyanate ingredient.
30 As another example, compositions of this invention can be used as a binder for
reinforcing particles, members, or elements in composite articles. In one embodiment, the
composition can be used as a binder for fiberglass, chopped glass fiber and the like to form
a hose 10 having improved flexibility, impact resistance, chemical resistance, weatherability,
and elasticity when compared to conventional hoses. In such an embodiment, the hose 10
35 - may comprise in the range of from about 60 to 80 percent by weight reinforcing material 12,
and in the range of from about 20 to 40 percenmt by weight binder 14. The hose can be
formed using conventional manufacturing techniques by molding process, extrusion process,
or the like.
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concrete, it is desired-that—the—eonposttion—trave a {OwW har dness of

approxi mately 30-50 Rockwell A fornmed by using in the range of fromthree
to five percent by weight of the polyisocyanate ingredient. As another
exanpl e, when used as a coating to form an abrasion 25 resistant hopper car
lining, it is desired that the conposition have a hardness of

approxi mately 80 Rockwell A to 50 Rockwell D. fornmed by using in the range
of from six ggn(;bght percent by weight of the polyi socyomsswersogagr edi ent .

As another &% rrp €, when used to forman clastoneric concrete coating for
exterior resistance, the conp05|t|on |s forned Si he range of
fromten to t\/\éﬂmﬂﬁé‘i’ww thisiinypigriop have hesn Qléﬁﬁﬂgﬁd !mgfnt

As anot her aeveingised tocforp @ semmpositesartidle mvsmm@m lp hosegit isfa be a bi nder
for reinf Guihinige @aﬁewwﬁﬁmm&mmnﬁfmmmmmmmd es. In
one embodi 'M”a&ﬁ&n%ﬁ&eﬁﬁ p@ofomﬁﬂﬁmfﬁﬁclé wnaegl ass,

B bot %ﬁh
chopped gl ass er an ‘ﬁﬁ‘*
erX|b§I|t ftsf{éé emc r'e5|s ance vveatﬁes‘ Ilty, and

el asti ci tyméb‘imded to conventlonal hoses. In such an enbodinment, the
hose 10 35 may Anympitsbls@rsanic i or polyingeyanate. fitesnAlinbaic: CYSIPAHRIANRPT SOMaENE by
wei ght rei rm@reertgedr&t)efomlth&z;ompamibm n Suitable comgpsicopolyisasyanates Liocle® t o 40
perCfent by ,wm? h:%%:;ﬂhﬁmhmmmmmmm.mmmm| o?ﬁl
manuf ag ur| e S X | r the
li ke. rﬁﬁgﬁ% 18{19%3 E ?thiggkﬁlzog oras of this
i nvent i on HEPY. pEphenyiens ﬁf‘ﬁﬁYW“dW% anae, | digmpsiding, 'Bgfng used
to form a cxyiyiens disecyanatei (XPD. bysingijseqypngten
under-st ood 'I'MGDDJ ndiinkg] Sdibgyarafe t(BDY. |mnmmmat3éém&¥m t he
corrp05| ti onl rmmg gp@g&ymymymwmmmm Wehedmethjlees, and
can ing Ude fné hifsod 1'..&:&@&& BocgarufdRdsOVE ( DRsR& N1 es of
e e

erX|b| it ing e i stance, and
el asti ci tyy M‘%‘e orggﬁ% dYes ﬁb ﬂnﬁﬂﬁ% %‘anale ei t her
al i phati c, cyclmﬂ‘hét'l‘lf RRlYISoCYARMES e PR ¢ PRI
CONPOSi t i onchefBical mrgmmdpoIMMyanm@sd#%cwmm e e

pol ypheny|  {#ifses s pirephenylens Bitkodyasdard] ipplipaerty lere phispienyliisosysosteand2et’ amDl ) and
10 liqypd C@&%@Wrms&%ﬂ@mm Gsid Earbodinki@ andawdianihine mAdifledand

2, 6-tol ueneMcB sqgranat e paraphenyl ene diisocyanate, napthylene
d| | socyanat €, Si L ne d| I.sgcyana n dﬁ?ﬁ | ysi ne
di i socyanat e, téﬁ’ g Mﬁ'ﬁ é‘% spc (gn‘gb W% meryl
di i socyanat segtimring mgﬁp@oéy"&ﬁ% socyanat e
(IPDI). bi snwwnasﬁmmﬂmyxyhmme(mm isodygnatorcycihexylhy | ene 15

di i socygnat ehethaidd (DeshrbaRt hwh, enﬁradkmsnﬁetﬁnﬂylmcblmumymmnermath es,
i.e., DesmogufmNhylene diisocyanate biurets and isocyanurates i.e. Desmodur N-100, Desmodur N-
3200, and Desmodur N-3300. A preferred polyisocyanate is 3-isocyanatomethyi 3,5,5-
trimethylcyclohexyl isocyanate produced by Huls America of Piscontaway, New Jersey,
under the product name Vestamin IPDI.
30 With respect to the polyol ingredient, it is desired that the polyol have a weight
average molecular weight as described above to facilitate reaction with the polyisocyanate.
A composition prepared according to principles of this invention may comprise in the range
of from two to sixty percent by weight polyol. The polyol ingredient enhances the percent
elongation, modulus of elasticity, resilience, chemical resistance, weatherability, and
a5 hydrolytic stability of the composition. Using less than about two percent by weight of the
polyol will produce a composition having high levels of isocyanate and silanol, causing the
composition to be 100 brittle for application as an elastomeric coating. Using greater than
about sixty percent by weight of the polyol will produce a cured composition that is soft and
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166, —Desmodur N-32Z00 and Desnodur N-3300 fromMles, Inc., Pittsburgh, PA
Aromatic di- or polyisocyanates are preferred for conpositions where

opti mum chem cal resistance is desired. Preferred aromatic di-
pol-yrsoTyamatres are tol uene dilsocyanate, paraphenyl ene diisocyanate,

pol ynmet hyl ene pol yphenyl isocyanate and 2,4' and .20 4,4'-di phenyl net hane
diisocyanate (MDI) and liquid carbodi mde and uretonimne nodified NDI
variants. Al wpleaidess di - or polyisocyanates are preferredP¢TUSS&ENMOSI ti ons
where opti rrum weat hering resistance is desired. Preferred aliphatic di-

and - pon| nat e |nclud : |socyanama|ethyl 3,5,5-trimethyl cycl ohexyl
isocya ;_‘}& fg' Wt o cycl ohexyl) 25 net hane (Desnodur W,

t et r anet hyI cRPRiRh a8 (TRAStPIVB) %°“3n6“ RS XARET

dii socyanat polwruhates pmpdymuocwuiuﬂtatms present ivertipdur As 109d Bmimpdar N-
3200, and lyfer [Refery | oconipoaids having- atswaomatorret hyl
3,5 5- 4 mﬁébﬁy igﬂﬁﬁg

Pi scont avvay rse )ﬂo gfmt ro ucg umb{%@{& Wth
respect to , ?r:?ﬁﬂq‘egl % 5% ve a

wei ght  avei:Brdy tT‘@”’ﬂ%éi‘W@'&”&‘oﬁ%’ gt B“F%‘E‘?‘F eacti on

with the poIN;wsanlym d’m mammmllbmfdmweamgmmwmm pl es of
this invent imcmmmme@emm tghs range of fromtwo to sixty percent by

\Arrﬁijgrhsﬂg:‘yg:a }P t enc ﬁﬁe'mfﬁdt?mr&%y?ﬁhermf%, and
35 hydr ol yt PEPS F% Vm@?‘ M%F‘F%' e °r¥ ggy%lf A

: | oy
percent by V¥CHH tP°BF“?9?é‘e3l¥6‘Pl§f6f"%°1l‘l PRIy ItRdieRe gy éfrrﬁ%lf"tw Als Ao EYEQIs i g
| evel s of i sod palyetberthinether; iglysels|of whighs tha gfollerdng @ EKELHANED (9s t'l?n'tyéftlg;’m
brittle for emqmipléscati on as an el astoneric coating. Using greater than

about sjsxty per‘b%!}ieubrlﬁethﬁéxﬂmhep EGMWEY(NZQ(W || produce a cured
conposi tion tha ql;t dgo1953 PCT/ UMB/ 141194 1 not wel |
ca
oridly

suited for m)st iOns > Iy and polyol are reacted to
Ntia-Lof ldﬁ‘%ﬁ!ﬁe‘kﬁ‘gﬁ%ﬁmpol ymer useful in the

forman i socyan
present inventi ¢alycargrolaetane giols; 490-2008ocyanau- t er m nat ed ur et hane

pre- pol ymer r ef dydroxy werminatsd bisphenol\ priyais. Wzﬁ@ 10e 5 i socyanate group per
nol ecul 20 whi ch \polytatBonae|gyyesiet MWhs00:asa0,0r  pol y(ur ea) uret hane |inkages upon

][ eacéi on O|r: ?:ur | JOFrethiide BRIy ol mamho_lmer chem stry and t echno::ogy (r:]an be
oun I n Pol yur e SC

I nt ersci ence >I;ub | S e%ﬂm%%@%&r@g “b l ;!lm%%?g'g{fﬁ(@& ) and
Pol yur et hanes Hé‘m;ook @unt her Certel.

polybutylene ether glycols, MW 400-4000, and

25 polyoxyethylene-propylene copolymer ether glycols, MW 400-4000.

Polyester glycols are reaction products of polyhydric alcohols, such as ethylene glycol,
propylene glycol, diethylene glycol, dipropylene glycol, 1,4-butanediol, 1,3-butanediol,
pentanediol, 1,6-hexanediol, dodecanediol, polyethylene giycol, polypropylene glycol,
polytetramethylene glycol, neopenty! glycol, 2,2.4-trimethylpentanediol, hydrogented

30 bisphenol A, propylene oxide addition products of bisphenol A, glycerin, trimethylolethane,
trimethylolpropane, pentaerythritol, and trishydroxyethyl isocyanurate, and a polycarboxylic
acid, polycarboxylic acid anhydride, or alky! ester of a polycarboxylic acid, such as phthalic
anhydride, isophthalic acid, terephthalic acid, dimethyl terephthalic acid, succinic acid, adipic
acid, azelaic acid, dimer acid, maleic anhydride, fumaric acid, itaconic acid,

35 tetrahydrophthalic acid, anhydrous hexahydrophthalic acid, methyl nadic acid anhydride,
trimellitic anhydride, pyromellitic anhydride, and butanetetracarboxylic acid, in a mixing
proportion where the hydroxyl groups are in excess. _

Also permissible in combination are, e.g., monobasic acids such as fatty acids, benzoic
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Hansor_ Publi shers —New York—31985—2+0—Potyots—used to make t he

| socyanat e-term nated urethane prepol yners or quasi- prepolynters may

i_ncl ude pol yoxyal kyl enc ether glycols, polyester glycols, polycaprolactone
gl ycol s, polycarbonate glycols, castor oils, polybutadiene glycols, acrylic
pol yol s and glycols and pol yetherthi oether glycols of which the follow ng
dre nentioned as non-limting exanples: 15 polytetranethyl ene ether

gl ycol s. NM“@@Qﬁ 0, polypropylene ether glycols, MVBEOUSEEB4 cast or oil

and castor oil | vatives, MW 300-1000, poI ycappool act onc glycols, MV
300- 2000, hydroxyl t er m nat ed bi.s

pol yca¥ bon&Fid: 3 yertiary bu 0‘8 “%8+ °ets%’% i oet quld @v

400- 2000,  Iaiedhod,dyrrosysabaryic %‘E ity

equi val ent musihgdroxyb&iroic 40130, Mpw;pmmmemmbﬁéle y‘t‘&ﬂ @UW(}BQ‘%OO and
2’5I pol yoxy ejng wh@gwrmlmgymmﬂwm glsedhanetg&lgmglml ng;::;ﬂml, ]
Po yes er qlmaﬁ dnf, &&%hﬂi&lsl fexlediod, A1 2-BexilefieO 1.50ich as
et hyl ene gl cO ,'.ém l%;%q%ﬂn%*ﬁc?l %%ﬂﬁ{ﬁggc 'mcmg ) gl ycol ,
1, 4- butane TeLtun dIO| -hex d.J canedi o
pol yet hyl erigl-gimpthenol. 3onssiufiee eﬁﬁ“ﬁ?%l %5’6? col ,
neopent y| diydmayethogy)uimne,5HRytexyRIeRsraricReniapol, 1 d‘i’@f@@h’t“é‘&"’%’ﬁ’?ﬁ _ enol A,
propyl ene oxjzdgdRaginigoRy)-2esctolc Bealigloxypl s frpenapedisl, glyicgrire 1i2:6-hexanetriol,
trinetyl OlleHl: lgl&h@tlhyll%ﬂé WWWWK sorisito], saabe, lactose,
trishy roxxf ld#SOQ%an dﬁﬁ kdtacton€! d. pol ycarboxylic
aci d anhydr ﬁ gcar thalic
anhydride. | sopﬁPﬁ&F‘F 5@‘8*‘%@‘?@’%&"%. c acid,
succi ni ¢ acthel presesit WQWMMY@HMW‘%F%W ride,
fumari ¢ aci Chemidaf Stamiord, a1 dpolybiityleat etbdngiycelp avaChemicab i Midlapd I, #1ar
hexahydg Oph&ioﬂd'cﬁs;&%l%my(bm&h IncaCBayorme I palyester paiyohd (Miles,dnanhydr i de,
yroneII|t|¥%§% q ‘QpQﬁﬁh@ﬁﬁﬁ@b@&ﬁ%&ﬁhﬁiﬁﬁkowOum%nmmmkﬁg
proportion [0} | 1i MEKI’&%MM in
conbi nati on grytgﬁ ygr%‘?%‘rfﬁ'gm?%%wgé “D é@#;’ benz ’; -13 |
VO 97111983%@%@59*1!5@9‘1%?‘%{’6 |P6°PY‘&PRJI° r&"f‘ MP e 8
nonoal cohol Bhiledeiphiza PAowwenthé profuct pame ARCQAGKS, and ol eyl
20 Isocyanate-terminated urethane prepolymers and quasi-prepolymers are also available
from a number of commercial sources including Miles, Inc., Air Products (Ambier, PA))
Hexcel (Dublin, CA), Uniroyal (Naugatuck, CT), Dow Chemical, Essex Specialty Products
(Clifton, NJF) and Polyurethane Corporation of America. (Everett, MA)'.
Isocyanate-terminated urethane prepolymers from Air Products available under the product
25 name Airthane are preferred because of their low free monomeric isocyanate content and low
viscosities.

With respect to the hydroxyl-containing silicon material, it is to be understood that the
composition of this invention can be prepared using a silanol material, 2 siloxanol material,

a silicon material having two or more silicon atoms attached through divalent organic
30 radicals, a silanol-functional silicone intermediate, and combinations thereof.

With respect to the silicon material, suitable silanol materials include
dipbenyldihydroxy silane, dicyclohexyldihydroxy silane and phenyltolyldihydroxy silane,
xylytrihydroxy silane and phenyltriiydroxy silane. With respect to the hydroxyly-containing
silicon material comprising siloxanol, suitable materials include tetramethyldisiloxane diol,

35 tetra phenyldisiloxane diol, diphenyldimethyldisiloxane diol, dibutyldiphenyl disiloxane dio}
and the like. A preferred siloxanol is diphenyldimethyldisiloxanediol produced by Huls
America,

With respect to the hydroxyl-containing silicon material having two or more silicon
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al cohol , hydroxycarboxylic acids such as hydroxystearic acid,

par ahydr oxybenzoi ¢ acid, and netahydroxybenzoic acid. Mnonoric glycols
may be bl ended with polyols and include ethylene glycol, propylene glycol,
di et hyl ene glycol, triethylene glycol, dipropylene glycol, 5 nethylene
glycol, 1,3- and 1, 4-butanediol, 1,5-pentanediol, 1,2-hexylene glycol,

1, 10- decandediol, 1, 2-cycl ohexanedi ol, 3-cycl ohexane-1, 1-di net hanol,

4- et hyl - 3- cywbefiaggne- 1. 1-di met hanol . 3-net hyl ene-1, 5-peraisasresdesol , (2
hydr oxypr opoxy) | propanol 4-(2 hydroxyethoxy) but ano,

5- (2hydg oxy phsiP n |
1- ("2- hy roxy [ OPOX -2 oc%& rﬁ hy mgen%%‘ﬁgdgg e&'ﬂ
1,2, 6- anet* ). p-phen droxys , p-cyclohexylege-bis( l)

1,1, 1-tri rretWO&Wé &mwmwmmmmmp@atmpmm@rmr bitol,
sucrose, | acefeees compounds is jllustatedtio $1. 8 PaterNm [2:561 429, iwhichds iskrein incorporated
hydr oxyst er myﬁafeﬁdceca’pﬁﬁﬂeﬂfé‘d m&xywmﬁﬁcMWuWyleﬂ&m&ah yl)

i socyanat e- tighpy ﬂ&g&epol ymers of the present I nvent i on

i ncl uded pol yoxy%ﬁ@%ﬂene ﬁ’géi léﬂmarhset he,éwg !ﬂ‘gl O in_ Chem cal,
Stanford, CT), & nghsiticong ) |
castor 15 oi MM'%S% Mﬂmﬁﬁ@!ﬂl S}BROWWMMW 8 wejght aBagaQnmiqculht])

pol yest er powsigtit of (4sh Ithes abburcl,000 dré mdrsieadilyhavaiRBleand silsiot-funicliohal sikdone

Chi CagololL)Wﬁ@hﬁ@ciﬁf&w'ay&iﬂesnﬁl%lﬁnw bérd& mﬂa'am\!.{ns% n.a“d

hydr oxyl -terM Q{mel mﬂq !lg arI y
Chor cal - of J—éﬁ* eP"' i “éﬁﬁevai?o?%@e”e i rfgﬂéﬁm&%‘%ﬁ(:é

| socyanat e- ¥ é‘bl"‘m*’@f‘ﬁ%tné“‘ ﬁmmoaﬁaﬂmmwmmuma al so
avai | abl e fqopwntzn therrbage of ffroponesoe six percend und: ers ckenapllifiecd hy such lcammertialty , Ai r

Pr oduct 5 ( Andvhitible priiudts ad-Dove Cornldgtd T 126018ADC-6-2230 Qi DO IN2sap 2 meT) Dow

Cheni cal , Essa%n-ﬁ;a@sdnal smemBrxﬂdé&fehﬁte ﬁ&h&&&&a% &nﬁeldwg

Cor por ation ]9 E‘X‘?J 1253650ﬁ¥hanate M 1 atE ure ane
prepol yners fro A| Eod S bI u fhe @ Cl R rt hane
are preferre’ﬁ‘ 'B%(f'at‘1’§ F"‘Fﬁ&l'f“’ ‘r?grﬂﬂﬂ"@?“f‘{?wg'sé hattd COBRFEME and

| ow Vi scosidPPo¥imatgly ¢ightypeseent sofids vﬁémm/mwh@dm aining silicon material.
it is ta0be undehsempsitivipreparddaccardingirintiples effthis nvention way tomprise ivthée
pr epar ed usm@eaaf&binaﬂfﬁbnﬁ&w @ﬁé:&h@%ﬁiﬁ@h diﬁyﬁédﬁimn Micsh hakeAf],

ggt erhal lhavnggm I I %fe?ﬁ{; (i 6o % ;)rgani c
radi cal s na | cQpe, .nter nedl a a i ons

t hereof. Wt spec f‘#es*fsbl ?.gﬂ’yé’f" XY EOHRRE & h%‘ﬂ WiSerial s

i ncl ude dip §’F R d §P°¥ﬁ”1"5 'HH’&’& thfi MVW%HWaW

phenykoP/| di 9epYsnEisngl §quam= MF‘}@M mmoswynmelaan@ prectags htbe jdocyanste/ ¢y oxy
silane. Wt rprcchremmt with hae.ﬂw leliminhaty carbor dibxide tgbbia ifbriratioh 438 eftfapmbnt.

conpri si NG SiidifgXies Than aBbtic FRBLEpRREEyY @él&t'oﬁ%%gﬁoiﬁ%tﬁﬂﬁw tiltinShd ﬁ“e
TR i (ol e e
y pha%g%ad gxg tha.n about sixty percent by weight of the hydroxyl-conmnmg
30 silicon material produces a composition that is 100 hard and brittle for most elastomeric
coating and composite applications. A preferred composition for use as a coating comprises
approximately thirty percent by weight of the hydroxly-containing silicon material.
The isocyanate-terminated urethane prepolymer created by the reaction of the
isocyanate and the polyol are reacted with a hydroxyl-containing silicon material having two
3s or more OH groups attach directly to a silicon atom, an SiOH percent of from about 0.5 to
about 20, and a weight average molecular weight of about 1,000 to about 15,000. The
hydroxyi-containing silicon material is reacted with the isocyanate-terminated urethane
prepolymer at an OH to NCO equivalent ratio of from about 2:1 to about 6:1 to form a
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and the like A preferred-sHoxaret—ts—diphenytdrnethyldisi T oxanedi ol

produced by Huls Anerica. Wth respect to the hydroxyl-containing silicon
material having two or nore silicon -14 WD 97/11983 PCT/ US96/ 15094 1 atons
attached t hrough divalent organic radicals, suitable nmaterials include
ethylenebis ( ydrMs ), p-phenyl ene-bis-(dinethyl) hydroxysilane),

p- cycl ohexyl ene-bi s(di butyl) hydroxsilane and

1, 6- hexanet Ryl gipgedsi s- (di met hyl hydroxysi |l ane). The prepacawssnseé nany of
these conpounds.is illustrated in U. S. Patent No. 2,561,429, which is

her ei n incor orated 5.by refere A preferred hydroxyl -containing silicon
mat eri &l M@B‘FS}"&!

Arreri ca. Wth r&mm&WM&WM%ﬁgdrmww&sz i

si | anol - funmmlmﬂlelpreameofmmmmm meéY@PWHﬁEﬂ‘WW@I i cone
i Nt er medi at gerlabdithCredttbGi ChE cailyst AGE copriscin aaganotiniompbund! Withgespedian about
1,000 are n&&og&wcxn%&a méagmﬁuﬁeﬁwmiyw@%:e&aa}mﬁuwmm
In
esu

|nterned| at t .aver about
15,000 is d?‘ﬁélgg |g\ﬁy osP%'ﬁlI g{r?el\;i\#l I coni ain a

pr edoni nat e OEAwERA tcatglysts jare dibyptin lﬁ’b A e compengially oo sof ¢t
and gummy f evilshefon mmmf@mﬂew&mp the prRdues inames: -1 apd

conposi t es. TIQ| inaldyeVitdol ChemicalfCong. tof Nea[Y oek, Niew Xoek und¢rgheprodust mame Stke a

si | anol,4 cog {)ent in the range of from one to six percent and are
exenplified y uch %Miﬁ !Qm?p

DC- 26018. DC- 6- p%z - 1- § %fﬂfs an%lnﬁz% % E)na silicone
i nt er nedi at @9BEohiRmP R {UF BT c i gan,
under the prarteaierat shedydrolytic E‘Bwﬂd%F‘?PrPﬂ“? d‘? MHE?PHHEFF““

i nt er medi at ehe Mmm%%p&gﬂymlbe@mmgn@m ofathe bydroxvht el y

10, 000.15and gﬁﬁmeﬁhmmraﬁd(mm:hﬁink side erladtion.peg.C tha reastiiniof thedsodyanine ee
_percenft sil M&Hﬁﬁl tusﬁg 143 &Q@Etﬁdt : Waﬁtmbﬂh@ﬁnoz 'ltjhl S

i nventi on na I se | ran nt by
wei ght of t ggﬁ P‘S"d‘#‘t‘éﬁ‘ﬁf veg&f“lgc%n rraa%ﬁgﬁﬁ Lpﬁlgﬁﬂmﬁu&q‘ﬁgn can be
pr epar ed u5|hM§° 3}3% P'FYFB%‘E’?'TB?‘:@' P‘"’g@“@é‘

conbi nati on mmmmmmmymc@nnwwmﬁmwaeﬁ%wsu I i con
mat er i ado r easthlyst prbides tnivee df the aurgaporing¢agadyst tham needédngraschlesate thechydtolytic nat e t he
di sadvant aggglyasnasishtithCiild MhkeRfodd isCRBMmdallP RadesirdRC Y Arpréferrddia cethpesitivhi ng

conposi ti ongmﬁgzl 8 a coﬁtﬂw;%ﬁfa PW‘%E?e p btl%i &r&gﬁmn daffyed i On with

wat er and el te ca bon Bty Using
| ess t han about dr 0X on nr ng
sili con mat derHEY ﬂP’&ﬂud‘é‘é‘Y& sofwe Hﬁf‘“ ﬂ'ﬂ%l ted for
nmost co28 i ngimntllylmnmvlme.aprmmemlhvmﬂﬂwtlhg @W‘@PYWP&#D&B@HW-& Xty
percent by VRétByiproplinidtianby damingl, - auethiyléthyleanolamine, monoisopropylamine,
methyidiethanolamine, triethanolamine, diethanolamine and ethanolamine. Preferred amines
include dimethylethanol-amine and ethanolamine. Like the organotin catalyst, the tertiary
amine catalyst also serves 1o accelerate the hydrolytic polycondensation of the
30 hydroxyl-containing silicon material and the isocyanate-terminated urethane prepolymer.
Compositions prepared according to principles of this invention may comprise in the
range of from 0.1 to 4 percent by weight tertiary amine. Using less than about 0.1 percent
by weight of the tertiary amine will provide an insufficient amount of catalyst to effect the
acceleration of the hydrolytic polycondensation. Using greater than about 4 percent by
35 weight of the tertiary amine will provide an amount of catalyst greater than that necessary
to effect the acceleration of the hydrolytic polycondensation and, thus is economically
undesirable. A preferred composition useful as a coating comprises approximately two
percent by weight of the tertiary amine.
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30 siticon naterial produces a conposition that is too hard and brittle for
nost el astoneric coating and conposite applications. A preferred
cofrposition for use as a coating conprises approxinmately thirty percent by
weigit—of~The nydroxly-containing silicon material. The

| socyanat e-term nated urethane prepol yner created by the reaction of the

| socyanate and the polyol are reacted with a hydroxyl-containing silicon
materi al haviygedisess 35 or nore COH groups attach direct!| ypaormwse/ssei con

at om an Si OH percent of fromabout 0.5 to about 20 and a wei ght aver age

nmol ecul WEI ght Eggg Qg? E@ ailgﬁ::i & QRkR! Ni ng
SI|1COﬂ terial Eh é‘b socya termn e le‘Fﬁ
prepol yner ath &?F‘ kipstiop 'ﬂﬁ!dh% Qraanotn a‘P|°8° pﬁrﬂyﬁ'ﬁ But 6:1

to forma - ISctivD BeTweehaBs hymxyuﬂs@mmmwo_n mruh@m mnmmmwdr et hane
pol ymer . Thembeﬁolhﬁéwmmdmﬂwmmmom@mmmmm ng
Slhl ' cor smlater |coin secnrml-.uah@edoﬂfpmih& (8 "6 Rfceint By \&x hahamnetomeeﬁl erate
t he hydrol ytic | r

catal st ey SHD, %‘@@@a oﬁ‘gwe&“t AU wil° W ol M B Ryapoli

or ganot i n catpaﬁyﬁ%"fi‘“‘%‘m‘ %%’%ﬂ“ﬂ@"’rﬁ? ErERPEgm t he

group i ncl udiumghane]jppepoiymmet.n mnw&wramdce @ l9reanatin mmwt gmize cmluml thel tin
mer capti de, anfindsilee |betommes Bare fof roiec SFUP polgimert baokivné allmjirgt the olycstidensationt i n

di lau atg an p‘ytyltln diacetate and are commercially ava|IabIefromA|r
Products of. % HE 'ﬂﬁ P and  T-12,
and by Wtco, e"%?mﬂffomml@# ar g’el\vfe ol%gg née ogtﬁ)ctﬁxuct narre

SUL- 10 3. A 3 38 2o g 5sipd; resletpeion of Y ent i on

nmay conprise W%n@@"@?‘ fpélﬁi (Breger thanoabguty SE‘ﬁtl’eﬁﬁmv\?& Fwishtopfy et i n
cat al yst. Themimogdametwill providel apsamayat greater thap seeded| to reffecs theh deshrgddhysirglytice

pol ycondgns atgoBordknshiia ah&.ctnmyécoﬁémy nmanmel | AC préfeffed Ednhpasitii leful i€

i socyanat e-t gf Wecdﬁmﬁh%ﬁ) qp@é& Wmeamdo'f t he
hydr oxyl - rou 6. 1 508 n E e.d.

t he reacti ongﬁ’n‘gﬂ‘@‘ﬁ sovyanat %%ﬂﬁﬁ&\%g‘?gpry or re ane %g?"nog%'ss t han

about 0.02 éPﬁ‘B‘i’ﬂy“By‘ i ght of the organoti n catal yst does not provide an

ef fective amount Witht mespest gsmottien rashoxy-functiqral] iligons ningremedias, o (nrefepred
hydr ol ytie pahehoxpdactatal siicoaeinermddiates davesa weight preeage nolecyiyr waighti of aboute of

undesirabl e snﬁ@maaeia@nﬁemﬁacﬂmﬁmamm pidBicBths PovaCething®3074about 2
o ganot i ﬁycﬁ’fgﬂ e ﬂ“ﬁ%@“‘ ol Xt P Ylabhiid, Melshckibeds! o
or gano
polgycondensa i?s‘énﬂ“gfﬂﬁg’v % ﬁ’sqg B’ﬁg?ﬁyc %@2‘?1’%‘5‘?‘%“ NTSFRAE | o d
conposi ti on Yiscasiy|of she caating SOMPRSitiER nf wmoamm ARepding "E)P‘S“"f?&’é’ ¥ by
vei ght o?Handnvestiommay peruprisd lup te abaub t¥entycpercetrbyeight op theerdethoxy-fierictiepal | n
addition to tsilkon Piemédidte. C Wsing gfehter than about twenty percent of the methoxy-functional
silicone intermediate produces a composition that, when used as a coating, has a high solvent
content that increases drying time and reduces film. A preferred composition useful as a
coating comprises approximately ten percent by weight of the methoxy-functional silicone
30 intermediate.
With respect to the carbinol ingredient, carbinols particularly useful in the polymer are
at least difunctional. Accordingly the terms glycol and polyol are used herein as being
interchangeable with carbinol. Exemplary glycols may include ethylene glycol, propylene
glycol, glycerol, diethylene glycol, trimethylene glycol, tricthylene glycol, dipropylene
35 glycol, tripropyiene glycol, polyethylene glycols, trimethyl propanol, 1,6- or 2,6-hexanediol,
neopentyl glycol, 1,3-butylene glycol, pentaerythritol, hexylene glycol, partially-esterified
polyols, cyclopentanediol and the like.
Preferred carbinols include hydroxyl-functional acrylic resins, polyoxyalkaline ether
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tertiary am ne catalyst. _Ecenﬁ—a-w—a-m-ﬁesﬂ—nc-l-crde—dﬁre‘t‘hw et hanol amne, 25

di met hyl propanol am ne, di net hyl but anol am ne. net hyl et hyl net hanol am ne,

met hyl propyl net hanol am ne, nethyl ethyl et hanol am ne, nonoi sopropyl arni ne,

t net hyl di et hanol ani ne, tiethanol ani ne, di et hanol ani ne and et hanol ani ne.
Preferred am nes include dinethyl ethanol -am ne and et hanol am ne. Like the
organotin catal yst the tertiary amne catalyst also serves to accelerate
the hydrol yé{"fﬂﬂ gycondensation of the 30 hydroxyl -cont acrussgi®wd i con

mat eri al e T'socyanate-terninated urethane prepolyner. Conpositions

prepared according to prlnC|pIes of thls I nvent i co rls Jn t he
range &f fr elypls. polyesterglyrolse poly wma {jg? t han

fi
dbout 0.1 pglycdnsnd mymwmlyelhmgeﬂ%r Fho¥E ofjcprbingl,
i nsuf fici entneaﬁmwbm@émaamemd pmoduet. f Bar tinstanes, wmamnmmm
hydrﬁl yt;c WO e ASifel dn® ear fg ﬂmrelmmnabwmwemr it 35
wei ght of t etert oREAM AP AAR rihgat er
than tfat n ?&ﬁrﬁ@%m}?ﬁc% ratl.on % I
pol ycondens #feoeF igarpve adhgeon %”é‘i',‘@ﬁ‘a %’alﬁ’ﬁ %’r\?j‘e‘gl ré%rkﬁl p'ylg‘;'%r e‘*‘er Fed
COMposi t i onmwmmwmwwmwﬂrwmﬁ% A pefereht by
wei ght, of iBinbleE pélgoxyprapylene mamifEcine @7&@@8@@@/@9@%@@1 14854 h
respect 1o Lligham magﬁ:&vaagemadnem@umwmmm inlieu of the

tertiary amne Ez&ﬁl ﬁ&@iojfréﬁla ﬁ@ﬂpﬂsﬁn\@ﬁﬁcﬁ\' ooinﬁm%ci@% erate
t he hy ontlc pol'ycondehsatj on actlon a|n|ng
silicon nat 9% Rfreest ?025%5 %‘&\éﬁ ure an f Gt

conposi ti on cpmbimphwiticprediecs® SPIRY “FB“ paying 3 redcr fspayange 1P §' meﬁ'SS may
conprise in mﬁﬁgxaag:edubssﬂmbﬁmme AM&@QWM‘%?‘%WQ’F&“‘%‘%WI ane.
Li ke the t cfelijedlp sﬁanﬁepmaa& yeadile strérgthoand nexs istrength. ah pocferesd \compasision
accel ergte t,}}&uﬂu g&a;b:ﬁ'c&pmﬁg %ﬁﬁﬂﬂﬁwmw hﬁglh)cdnbﬁmyl cont ai ni ng

silicon materlal {eGtibe Wb Liopreptre
However , unllke

anotin a% er{s am n %Q%t aL gﬁmq{g},no& | ane

becones partln‘éﬂdﬂtgrfékg ?ol ycondens

reacti on. Udnh@messlmhhnwdb@eWoﬁ@mﬁ@r%@ﬂ‘F) b?c\Wé'f "h*é‘% | | ane’

wi |l provi deubite, bariedh fiemborae), simpisn witfydratee grphiv ozind. &h‘éml“é‘ e9rpercand the

desi r edagccel@r afreOddnpbsitidatmdyy ebintpisel G to fbohty ey crescanti ynweight dillesn. AUS| ng

gr eat er thang%@ iR EP s ool Spria afthOXimA) TRE blrcehebyioblghipr OV e
r esir

an anmount g ter Tl needed to effect the ed hydrol ytlc 15
pol ycondensa and, thus | s econom cal I u de5| rabI e Mu%

conposi ti on usef With F&spect 10t | RSB BIETmE Rae, RS pg{ ;cdgérjft by
wei ght ani noplithaineyaninPigesen apdblue, maslﬂq“mssthq ’BEVeb"a RotolRF| ‘%‘H’Fﬁ‘opr opyl ,
trimet hexysi bonfpBsifidnd ThEEdasitmythay comprise up to about twenty percent by weight pigment
A preferred composition useful as a coating comprises approximately five percent by weight
pigment.
Some of the compositions of this invention require the addition of solvent to improve
application by spray, roll, brush, dip and the like. Non-alcoholic solvents are preferred and
30 include ethers, esters, aromatics and the like. Specific solvents include, for example, MEK,
MIBK, n-propy! ketone, methy! iscamy] ketone, methyl amyl ketone, isobutyl acetate, butyl
acetate, ethyl 3 ethoxy propionate, xylene and higher boiling aromatic solvents such as
Chevron 25, hexyl acetate, heptyl acetate and the like. The amount of solvent that can be
added to the composition is currently regulated by various state and federal environmental
35 agencies to maximum of 420 grams per liter. A particularly preferred solvent is butyl
acetate.
Compositions prepared according to principles of this invention may comprise
additives such as pigment wetting agents, surfactants, defoamers, flow control agents,
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tTTernoxysirane. Wth respect to the nethoxy-functional silicone

internedi ate, preferred 20 nethoxy-functional silicone internedi ates have
a wei ght average nol ecul ar wei ght of about 1400 and are exenplified by
suctrtommercratty avai I abl € products as Dow Coming's 3074 and 3037, SY-231
manuf actured by General Electric Co. of Pittsfield, Massachusetts, and

SR- 191 manufactured by Wacker. The net hoxy-functional silicone internediate
lowers the wossesdy of the coating conposition. Conposkci/useenggsepar ed
according to principles of this 25 invention nmay conprlse up to about

twenty percant ﬁicér*:&?@ﬁ:ddﬂfs di at e.
Usi ng great %?“Fﬁéeﬁm&gout ‘?’I\/\/euiﬁ‘P‘sa %Z%!Pé{ {#B%k o t}%xi‘: un Tl MEI | i cone
i nt er nedi at hmfﬁﬁ W‘IB‘nﬁ PEFHR Y ®-has a

hi gh solvent cdhe eompqsiwanmmslyscomhmgm Pm@rrenmolvmgw' prgRBAtin A

preferred Cwsw MWyMWemMMQa&epmnmmﬂesmbﬁwpmm rraisiag thet en

percentg by g brtSxitiRely Qq;gcjngg tpprdXiRidlpanedt €. Wth
respect to he r J el t he
pol yner are %QLSP&CYWC |o§1:(g+"l ’g\ﬁ%g’ er s L’III *Bnd pol yol
are used her“?? Prygeats spd pofigh &'@%IbF"e Ef&@%‘p ¥Eh3Pe ) yeol s

may i ncl ude mﬂynnmes W ip Repssior (i belgWyc'BIe W%W@P@WM e
gl ycol, tri mnaﬂbwhammgbmehmmeémmmmmmymmmycol ,

tripropy en%ugmﬁ@'m&ehy&ﬁm&&rm Ismmmcma&eabn bekiefsd OF

2, 6- hexaned;}&)gﬁ=u €ORS t&tl t&% &ereijtg)lh,
h I I artra eriftie ol’s, c anedl ol an e
I ieﬁ)e/. eg(rae?ersl’eéf"ﬁlg' ' SH'G‘@f ‘IcﬂWc‘I %ﬁéﬁ"g’&'@?yl ic resins,

pol yoxyal kal i ne ether -17 W097/ 11993 PCT/ US96115094 1 glycols, polyester
gl ycol s, pol ycarbonate glycols, caReagtioniNo, and its derivatives,

pol ybutggdi ene gl ycol s and pol ycar pol actone polyols and the |ike. The choice
of carbinol wll affect a{HV-RjGNchaIr pH +O# of— he cured product.
For instance, |If high nolecular weight carbinols are used. the tensile and
tear strength and percent elongation of the resulting elastumer will 5 be
| ower. The addition of a high nolegular wei gIb carbinol may inprove
apparent drying tinmes or inprove %-j‘hem on or;weatherability. The addition
of a glaaol or |ower nol ecul ar ht carbinbl will [ower viscosi ty and
may increase cure or dr @G -RmdY GQ-QERQTQECC NeR5iMEGO i s pol yoxypr opyl ene
manuf act ured by ARCO under the prIoduct name Arqol 1025. which has a wei ght
average nol ecul ar wei ght of apprgxi mately 1000g 10 Conpositions prepared
according to principles of this invention may conprise up to ten percent

by we ht of the carbinol Usi n reater than_ten percent b i ght of the
y | g sxlanoll-fumuonahzéd getgane prepolymer (SFUP) m%repared as rgp sexlngd IIn

Reaction (2) below, by combining the preferred hydroxyl-containing silicon material with the
organotin catalyst, the amine catalyst, and the isocyanate-terminated urethane prepolymer
according to the previously described proportions, and blending the mixture together at a
temperature of approximately 70°C for approximately four hours. It is believed that the
30 hydroxyl-containing silicon material and the isocyanate-terminated urethane prepolymer
undergo hydrolytic polycondensation to form silanol-functionalized urethane prepolymers.

. 35
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carbinol _will produce a conpessef~heavi-rg—areducedtSo0cyanate to pol yol
rati o and. thus having a reduced cross-link density. A reduced cross-1link

density causes a reduction in_such—desired physical p sile
strength and tear strength. A preferred composition i5THISSHEET HASBEENAL i ng

conprises approximtely ten percent by wei ght carbinol| WtREPLASPBCt t ¢
fillers, conventional fillers can be used to prepare t Tt ‘
i ncl udi ng fii&&r%éuch as silicaspewder. talc (magnesi upcsabscaswe). cl ays
such as chin cﬂay (alumnumsilicate). woll-astonite (calciumsilicate),
cal ci um carbonate, barites (barium_ sulfate, barium netaborate), alum num
tri hydrdate, graphite. zinc, aluninéﬁgm@%gﬁe; and the 20 |ike. The
conposition nmay conprise up to about twenty percent by weight fillers. A
preferred conposition useful as aCoating c rises approximately five
percent by weight fillers. Wth jespect to fhe pignments, . pignents such
as iron oxide, titaniu INR 0o 20 {N-R{ eNC@Nnd bl ue, hansa
yell ow"and the |ike nagyg; usk |to coFgﬁafﬁe c redE 25 conposition. The
conposition may conprise up to igOUt twenty pegcent by wei ght pignent. A
preferred conposition useful as coating conpgises approximately five
percent by weight pignent. Sonme of the conpositions of this invention
require the addition of solvent tﬁu*nprove application by spray, roll,

0

t he

brush, H;p and the like. Non-alco ic solvents are preferred and 30
include ethers, esters, aromaticsiand the |ike,_ Specific solvents include,
for exanple, MEK, M RK n-pr*op&,"i’etb@@ n‘e‘@hﬂz sotnyl ketone, methyl anyl
ketone, isobutyl acetate, butyl fcetate, ethyl 3 ethoxy propionate, xylene
and hi gher boiling aromatic sol vegpg such as Chevron 25, hexyl acetate,
heptyl acetate and the |ike. The anmount of solvent that can be added to
the conpgsition is currently regul ated by various state and federal

envi ronnmental 35 agenci es to nmaxi mum of 420 grans per liter. A particularly
preferred solvent is butyl acetaf®. Conposi® ons prepared according to
principles of this invention may donprise afiditives such as pignent

wetting agents, surfact@uN-RleNgrepsRiHOWEINE-R-NGEhts, -18 ~ w0 97n
1983 PCTI US96/ 15094 1 t hi xat rdp‘%s and stabilizers as well as bitunm nous

and hydggcar bon extenders gpd .a544,C1 Zer SgyAA €Q ition may conprise up
to about five percent by V\zl?th a{dg?i?i ves. H?ﬁelc?rrgzsiti on is prepared by

conbi ning the preferred polyi sod anate, organotjin catalyst, and pol yol
i ngredi ents according to the preﬁgi ously descri proportions, raising the

The reaction is typically conducted in a heated vessel equipped with an agitator,
nitrogen inlet and condenser. The catalyst ingredients and hydroxyl-containing silicon
compound are charged to the vessel and the isocyanate-functional urethane prepolymer is then
added with continuous mixing and nitrogen blanketing. A sample is withdrawn from the
vessel periodically and analyzed for unreacted isocyanate with an FTIR spectrophotometer.
The reaction is complete when the FTIR spectram shows no evidence of isocyanate of at least
2,250 centimeters'.

" The silanol-functionalized urethane prepolymers of the present invention cure at
ambient temperatures in the presence of moismure by condensation of the silanol groups to
form polysiloxane polyurethane elastomers. If desired, pigments, solvents, additives and
fillers can be added to the silanol-functionalized urethane prepolymer according to the
previcusly described proportions and blended together until the mixture is uniform.

The silanol-functionalized urethane prepolymer, amine/organotin and/or aminosilane
catalyst, pigments, solvents and additives are combined to produce 2 single package
composition system. Optionally, the amine/organotin and/or aminosilane catalyst may be

25
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5 tenperature to approximately 70C and bl ending the m xture together for
approximately three hours. Wiile not wishing to be bound by any particular
theory or nechanism it is believed that the polyi socyanate and pol yol
reagct—to—formram rsocyanat e-ter m nat ed urethane prepolyner, as represented
I n Reaction (1) below. The reactions provided below are not intended to
illustrate the entire range of chem cal reactions that may occur between

reactants 10wg9émbgs Only intended to illustrate and cl arpdryusbbomener al
type of chem cal reaction believed to occur. Accordingly, it is to be

under stood that chem cal reactiaqns other than thos cific descri bed
and i | st r R Frogt ﬁ%"‘g’&?ﬁg"’gfﬁif FeRY Ph{’}&micc}wgf B o5 1
OCN- RI - NCO + HOMuisturepyred pplysiloxage pofyursthapseompositions phthis igweption agsefuling - H H
25 A si | anolmahy diffeteonapplicatiohs Usucly beswefager coptirigy,naompp@e Uitidens or thediker Alie as
represent ed moeymﬂeﬁﬁﬁmﬂm wrethark @epillymér\and ifabirfun@iohdd §11igne tridrmediate used
hydroxyd - cog Bt b CABIRAG Mt BrebiFmer ARl 167 s atiiutar ' N
am ne cat-al o&%ggp ret hane §{§£O|
according t °FHE m xt ure
t oget her at PalY“'F@Pﬁé:PEPQW@n(SW ﬂ'ﬁbP@Q‘FﬁatF@F $X3pIPIS. COMPAAISOR Syeierms based o our
hours. |t | aroomtic éseeydndid atethidecprEidlymeds have |good piemics]l reyiswndei widle aliphatici al and
t he i socyanadofyahsié-bastifit Gféthidhect bﬂﬂﬂyﬁepm‘&nemunmﬁe&ehyﬁr Obdéthefing.
POl yCoNgeNS B Al ik ki Schal qampt,%e.s ﬁ;mgmlmems
1983 Pcr / USGRTSHY 2 ”‘”whe‘ﬁc'i%%% °‘y ""P olyrets' hive’ good
hydrolytic stability. Silanol-functional mnermedintes havmg an SiOH content of four to eight
percent cure fast and have high tensile strength and hardness, while Silanol-functional
intermediates having a lower SiOH content have higher elongation and lower hardness,
15 Compositions of this invention have several advantages compared to prior known
' elastomeric urethane compositions. For example, compositions prepared according to
principles of this invention eliminate any isocyanate related heaith hazards to the end user
by reaction with the hydroxyl-containing silicon material and are, therefore, more
: toxicologically acceptable. Compositions of this invention also eliminate the problem of
20 carbon dioxide bubble generation and entrapment due to the prereaction of the isocyanate
ingredient with the hydroxyl-containing silicon material, thereby precluding reaction of the
isocyanate ingrediemt with water. Elimination of bubble entrapment allows for greater film
build thicknesses than allowable using prior known isocyanate-based coating compositions.
Moisture-cured polysiloxane polyurethane compositions of the present invention display better
25 weatherability and chemical resistance than prior known elastomeric polyurethanes and have
surprisingly high tensile and tear strength and high elongation.
These and other features of the present invention will become more apparent upon
consideration of the following nonlimiting examples. Table 1 includes a description of the
ingredients used in each example.

V\Drrn
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Ll 11l 5 OCN-R1-DNeC - O R2u O CmepRlereen NCO——— e} AT~ , —OH

LI | o105 y T no '\J

HO+ OH 15 00 11 11 GNHPHHH&OGMN NCO1 20 HO S -OH
HO-Si -OH R3 R3 25 The reaction is typically conducted in a heated vessel
equi pped with an agitator,  nitrogen inlet and condenser. The catal yst

I ngredi ents and hydroxyl -containing silicon conpound are charged to the
vessel and the isocyanate-functional urethane prepolynmer is then added

_ Wi th continyQysmmbdaxi ng and nitrogen bl anketing. A sanplgrhiséisdsladr awn from
the vessel periodically and analyzed for unreacted isocyanate with an Fl

| R spectrophotoneter. 30 The reactign IE conpl'ete when the FI'IR spectrum
shows ‘no evi dence of isocyanate of 2.250 centineters''. The

si | anol - f uMATERIAL zed&lﬂéﬂ&w pr QESCREEHAONOf t he present invention cure
at  anbi enDC-E6QI8r at ur Mow Corhing Pr atigobmabnalphenyipropylsificane ilemediite on of the
skl anol groups to form poI y5| I oxarl’éal t pathe V@@St‘mesmomem red,

pi gment s, , dgj ﬁfm Ol
sil ano ft| ncti onal i zed ureée e PrsioR] ¥ wEpht A¢drafe ofgmw ousl y

descri bed [wopimoerei ons and bl ended t oget her unt|I t he mxture I's uni form

The sil ano t## onal |l_7esd ur et han ngr , a ot| n and/ or
am nosi | an /Al yst, tgment s, W‘é ol ) conbi ned to
produce a rdfKes packag!&co Corrp05|t|mw RoRy.- d{ol t he
am ne/,qr gafel2i n and/ or AirnPrededitd ane ditatyh by dilaureee be - 20 WO 97/ 11983
PCT/ U§'96 1 pack i n.moi st4¥my! 4p dBreont ai ners, typically epoxy or
phenolic I | NS anGyl -: Mbi Sdeflafpercur €d pol ysi | oxane pol yur et hane
conpositio 8% | t1on are pigheentWetlidy agent
R-9 Dupont t.itaniumdi ide
X%Pblmk #6 General Carbon
C-722 Air Products § teuamthylene ether glycol urethane
15 f° , $.75%NCO
| acetate Union Carbide solvem (urethane grade)
Acetate Arco solvent (urethane grade)
Dabco T-120 Air Products moistare cure catalyst
DC-26020 Dow Corning amino silane
Vestamin A-139 Huls cycloaliphatic amine
Epalloy 8250 cve epoxy novalac resin
20 DC3074 Dow Corning methoxy -functional silicone
Imsil A-10 Illinois
Minerals silica
Dilson 6500 polyamide wax thixatropic agent
25

200 46 grams (g) of lsophoronz dnsocyanate (IPD]), 0.17 g T-12 and 8.5 g of BYK-
077 were charped to a resin flask equipped with heating mantle, agitator, nitrogen inlet,
thermometer and condenser. A solution of 302.24 g Arcol 1025, 66.47 g Arcol 425, 70.14
g butyl acetate and 175 g Arco PM Acetate was prepared in another vessel and then added
30 to the resin flask containing IPDI over a two mimute period. The temperature was then
raised to 70°C and held at constant temperature for three hours and 15 minutes with
continuous agitation and nitrogen blanketing. The resulting isocyanate-terminated prepolymer
had a solids content of approximately 70 weight percent, an isocyanate conmtemt of
approximately 4.40 weight pcrcem and a Brookfield viscosity of approximately 2480

35 centipoise (cP).

339 9pof DC 26018 was dxssolved in 183 gof butyl acetate in a resin flask equipped
with heating mantle, agitator, nitrogen inlet, thermometer and condenser. When the DC-
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many different applications, such as surface coatings, conposite binders or
the like. The isocyanate-term nated urethane prepol yner and

si1anol -functional silicone internediate used 5 to make the

si |lTanor-tunctronal 1 zed urethane prepolyner are selected for a particular
appl i cation based on the desired physical and chem cal characteristics of

t he pol ysil oxane pol yurethane conposition that they produce. For exanple,
conposi ti on sygbpiipesbased on aromatic i socyanate uretharrerpsssaséogner s have
good chem cal resistance while aliphatic isocyanate-based urethane

U et hant pr 3@‘& 8 SR U RRE 0 5 éﬁ?‘l@?@%@ﬁ%ﬂ% Wﬂ%%m nated

cheni cal M4T7 ¢ ofithaisasyanptg terminged a¥e W#fer s have
good hydr ol gaded-toshecDC1Z6018. solitibm ok aftwmmtmmrmhod nmrmmauresvahmd\@ an Si OH
content of fger, mwmfwwmwmmmwmmarength
and hargness %ﬂ r}h

cont ent have eq:gkon Mn an ggg E’a‘{W‘g Iwg?aqgﬁo&#&é igéfgwf this

i nventi on ha*”gw
ur et hane con%mlwmmm“ﬂ?mﬁ BLiPE#Mis prepared according to

principles of this invention elimnate any i socyanate related health
hazards t o tpeomitidn 6f Sikmerd 8 -containing silicon

mat eri al gand ar enpﬂrpﬂﬁﬂa r X I sitions
of thi Slll nventi o a%so e 6%09‘“;% LQ‘W% fhu\lemg hﬁx'ﬁe‘ Bubbl e
generation a?n ént J P§§ prer cn(“g“on of 1. S0 fa"ﬁ%‘?é"
i ngr edi ent I?ég:ﬁmpmﬁ f ﬁg‘"ﬁ’glf"fckc i tn: aﬂnd %g?"@\ﬁ/m
precl udi ng rmw finenesscaf arind wsingraravdesalissolygr Thisdeauired abowy#mat i on
of bubbl e eniningseAh additiomisd50 @rof gilanal-fancribnalived upethanel ptepoigheroeas added lamh

al | owabhg USRQomdsifibn WROMXed BR1 ¥aifame- based coating conpositions.
Moi st ur e- cured pol ysi | oxane pol yuret hane conpositions of the present

i nvention digplay better 25 weatherability and chem cal resistance than
prior known ric pol rethanes and have surprisingly high tensile
and tear strengthirthaee HKARC-T2e rfy SOMmBATCialiy, availahls | ispeyRpate-eEaniigde yregEng he
present i nvemmmmltwmmmmmmmk Adsthane XABEC-78his bised he
fol | owi 2g noon istphbionEdiBucyamated pdigdeirémethyiene tthed @Breal. deis C00 gridentisolids aixdhe

I ngredi ents psed jdoBa8RE BonfehP 0. 75 .35 -21 WO 97/ 11983 PCT/ 11896/ 15094
1 TABLE | MATERI AL 'SXMPLTER DCS RTPTI O\I

245 9gof DC Z6018 was dlssolved in 158 g of butyl acetate in a resin flask equipped

25 as described above. 2 g of Sul-3 and 8 g of BYK-080 were added and mixed until uniform.

A solution of 219.1 g of XAPC-722 and 158 g of buty] acetate was prepared in another resin

flask and then added to the DC-Z6018 solution over a two minute period. The temperature

was raised t0 49°C and held at constant temperature for eight hours with continuous agitation

ard nitrogen blanketing. The resulting silanol-functionalized urethane prepolymer had a

30 Brookfield viscosity of approximately 4000 cP and a solids content of approximately 60
weight percent. The FTIR spectrum showed no evidence of isocyanate.

A pigmemed composmon was prepared as follows 150 g of the silanol-functionalized

35 urethane prepolymer, 4 g of Nuosperse 657, and 6 g BYK-080 were charged to a one quart
can. Approximately 60 g of R-960 titanium dioxide and 3 g Lampblack #6 were added and

the mixture was dispersed to 3 Hegman fineness of grind using a Cowles dissolver. An
additional 450 g of the silanol-functionalized urethane prepolymer was added and the
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DC- 76018 Dow. Corpi-ig—si-anrel—funett+orat—phenytprooyt—srtTTone Tnternedi at e
wth 6% Si OH, and a wei ght average nol ecul ar weight of 3000. 5 DC- 6-2230
Dow Corning silanol-functional silicone intermediate with 5% SiOH, a

wei ght average nol ecul ar wei ght of 3000. |sophorone diisocyanate (IPDl)
Hul s Cycl oal i phauc diisocyanate. MWN =222.3 Arcot 1025 Arco 1400 MIV

pol yoxypropyl ene ether diol Arcot 425 Arco 425 MW pol yoxy propyl ene et her
di ol 10 T- 1gohhsresy oducts dibutyl tin dilaurate Sul-3 mmussswputyl tin

di acetate BYK-077 Byk Chem e def oanmer BYK-080 k-Chem e defoanmer Nuosperse
657 ul $ Pi ment . wettm gg%m 960 Dupont tttansum di oxi de bl ack #6 Ceneral
Car bon* | arrgx”ﬂ F?mo ucts | PDUppool yt etrat net hyl ene et her gl ycol
ur et hane 15 prepol yrrer, 5.75 Y%N\CO butyl acetate Union Carbide sol vent
(urethane grade) PM Acetate Arco solvent (urethane grade) Dabco T-120 Air
Product s nifixgfapleg cure catalyst DC Z6020 Dow Corni ng am no silane Vestam n

A- 139 gul s cycl%glgq{,ds Mﬁ 2emgmwh@gweesi n 20
DC3074 Dow rn| F%Jnmshé rlgmi@ﬁlﬂ gnmpéyg(

M neral s si % son 6?%’0;@0 ‘gt“ﬁ c? I xat | c_ agent I e 1 25
ration of i'S%‘E’:P&r‘i aoel-fuge \'I¥ %‘8“’3’5“ f‘ﬂ‘fg@

i sophor one &@iweight peseeat and @ Brookfield Mw@fwmnmi BR Spefeum, o1 o

charged t o sghowedsiorevidencelof dsqeyampyeed Wi t h beat i ng mant I e agitator, nitrogen
inlet, gthernmonmeter and condenser. A solution of 302.24 g Arcot 1025, 66.47

g Arcol 423onfQraliVe Example ¢
500 g of XAPC-722 was dissolved in 125 g of xylene in a one quart can using a
paddle type mixer. The mixture had a Brookfield viscosity of approximately 1000 cP and
a calculated isocyanate content of 4.6 weight percent.
15
Comparative Example 5
Comparative Example 5 uses the same urcthane prepolymer solution described in
comparative Example 4.
Examnples 1 through 5 were combined with the catalysts and/or curatives and solvents
20 as shown in Table 2. The compositions were spray applied as a coating on 3" x 8" x 1/16”
hot-rolled steel panels with Bonderite 1000 treatment using a Devilbiss suction gun. Each
panel was allowed to cure at 70°F (21 oC) and 50% RH for two weeks before measuring 60°
gloss and conducting QUV accelerated weathering tests. Free films of each exampie were
prepare using 20 mil and 40 mil Leneta drawdown bars on polyethylene sheet. After two
25 days, each film was removed from the polyethylene sheet and allowed to cure for two weeks
at 70°F (21 ©C) and 50% relative humidity before conducting chemical resistance tests and
measuring hardness, tensile strength and percent elongation. A summary of the test methods
is shown in Table 3.

30
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g butyl acetate and 175 g Arco PM Acetate was prepared in another vessel
and then added 30 to the resin flask containing |IPDI over a two m nute
petiod. The tenperature was then raised to 70C and hel d at constant
terfperature tor three hours and 15 mnutes with continuous agitation and
ni trogen bl anketing. The resulting isocyanate-term nated prepolyner had a
solids content of approxinmately 70 wei ght percent, an isocyanate content of
appr oxi mat el yweiorh@egaei ght percent and a Brookfiel d vi scoPCTASH15094

approxi mately 2480 35 centipoise (cP). Pnparation of s lanol- tnc |ined
urethang prenolymer 339.9 g of DC ZGW di ssolved in 183 g of butyl
acetate in a resin flask equi pped w eating mantle, agitator, nitrogen
inlet, thernonmeter and condenser. \Wen the DC -22 | WD 97/11983

PCTJUS96/ 150C0RTEN2GOQPARITICN npl et el y di ssblved—0-2%-g-8f T27 was added
and m xed ungj iform Approximately 4 3gof_the__. __

i socyangt e- ?wmpli%t %d ur et hane prepol yrrer??oor apar ed-above was- added to the
DC- 26018 sol Esdngilec8er a two m nute period: The-tenpd@ture-was rai-sed to
70C. then heW!anaGPtf-'éﬁrB’ﬁ@Bi% &t the same-TenperatUr e}t h ronti nuous
stirring andSIRBYGGELS keting. The M}R spectigim o€ thE resul ting

si | anol - f uncge l2bzed ur et hane prepol ynerz shewed o0 evi dence of

| socyanat e. THee Brookfield viscosity was approxi nately-3200-<P and the
sol i ds gent ePAPSRaT-ApProxi mately 67.4 wei ght percent. gﬁ'n‘&i oh of p3Snente
siltn 1-funcYSYRIRPBT 1 et hane” 10 Approximat €1y 150 g of ~the

si | anol - f unchipnd itaeeh W eohaies Qhepp! yneraprepareds abeve, # g Nuosperse
657, and 6 gDBYIHI80ghes @ochaigecdreo) a 1 dbart24can24 Appsoxibaately 60 g of
R-960 titani Wi'd%h%;;glge %Larrpbl aclisgg 1% g%?qq)g ngd,$he mxture was
di spersed t OgyoddaguBh. Tgene8E of grind Ggbnthek Coné €508l 2883 ver. This

requi redsabout ten mnutes. An additional 450 g of silanol-functionalized
uret hane pre@il \howelenstegifedtlaning]’ the conposition was m xed until

uni form ale,22 Al rthane XAPE-722, a commggcigl]y gyailgblg

i socyanat e-t er m nat ed_u;gjlelgﬁge prepol ymegosupsl i eglg by r4§>r oducts was
used in this exanple. -/ neleane XAPC- 722 | gabasxsd 29 oreo soplwr one

di i socyanat e_and pol yt anet hyl ene et her glycol. It is 100 percent solids
and hagoan PBRY ﬁ&ge?%{)ﬁ{lzn?y% B™M5 papeent i) Pr epar at) e of
silangLfltgcti Qralized urethane prep nmer 245.9 g of DC Z6018 was di ssol ved
in 158 g of Qhemdc pesigtancen 24 donr fdpptlktestd pped

4o OB

~'c 00 A0 N Ad

sodium hydroxide (50%) 10 10 10 10 10
hydrochloric acid (37%) 8 8 8 8 8
sulfuric acid (58%) 4 8 4 2 2
25 phencl (89%) 4 4 4 2 2
phosphoric acid (85%) 6 8 6 4 4
acetone 10 10 10 10 10
ammonium hydroxide (28%) 10 10 10 10 10
ethyl alcohol (95%) 8 8 8 8 8
acetic acid (99%) 4 6 6 2 2
cumene 10 10 10 10 10
30 (a) continuous, bubble free film
(b) bubble entrapment, foamy
(c) some bubble formation
{1) vellowing, cracking, crazing
35
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25 as descri bed above. 2—ge+—SH—3-anrd-8—gof-BYK-080"Wwere added and m xed

until uniform A solution of 219.1 g of XAPC-722 and 158 g of butyl
acetate was prepared in another resin flask and then added to the DC Z6018
solution over a two mnute period. The tenperature was raised to 49C and
hel d at constant tenperature for eight hours wth continuous agitation and
i trogen bl anketing. The resulting silanol-functionalized urethane

prepol yner hggefy348 Brookfield viscosity of approxi mat el pcriR0isoie and a

sol i ds cont ent o% approximately 60 weight percent. The FM spectrum showed
no evi dence of isocyanate. Preparati Pi gnmented Sil anol -functionalized
Ur et hant Preool vier A pi gnent ed conp was prepared as follows: 150 ¢
of the silangdgrfunctionalized 35 urethane prepolyner. 4 merse
657, and 6 g BYg— 080 were charged to a one quart can. Approxi rrately 60 g
of R 960 tit oxide an Lanpbl ack #6 m xture
was di sgers%ﬂ ﬁgﬁgﬁg Wdfé’ g’égof grind usi ng a %gvfﬁ aggﬁ%géér An
addi t i onal lg?sf_t ghl anol -ftrnctionalized urethane paspel ypage was
added and thHongRBionV\D 97/ 11983 PCrNS96/ 15094 1 conposi t ASTM wR41fi xed
unti | unlfo%%ls ngs tgnce Exanpl e 3 was prepared in the s%% 2

Exanple 2 a? gtgﬁggd were 306 g of DC- 6-2230. 35 ®13 gbutyl
acetate, 4 g o 12 and 219.1 g of XAPC—722 The resul ting

silanol gduncti onaplié{sb Ghengmne pr epol ei ds content of

appr oxi mat el y 608 i g% and a Br |ty of

approxi mately 3800 ¢ "f‘ﬁe gpectrum no eV| ence of isocyanate.
10 Conparative Exanpl e 4 500 g of XAPC—722 was d| ssolved in 125 g of xylem
in a one quart Carbouﬁmenafmoa.d@l présehtéd i Tﬂbrearcmirhmﬁ mohpdkmnﬂsﬁ)okf ield

viscosity of%%@%oﬂvégggv&@%bﬁygﬁ]& gt ent  of

4.6 wei ght p Lve Exanpl & es the
sanme ur et hanopp UW% TP °B’| conpar%l{lve E&%?‘b

Examples 1 tﬂ?lﬂ@ﬁ 5 were conbined with the catal ysts and/ or cur atlves and
solvents 20 as Thownbble clizdpment2andTframy appesmines 6f $hendQ anik grasw, deyms| pled as a
coating on 3Confpafutivi Exartfies 4 and 5 clearly indicates that the compositions of the present

invention are capable of being applied in thicker section than conventional moisture-cured

20 isocyanate based urethane coating compositions.

The silanol-functionalized urethane prepolymers of the present invention may also be
used to toughen silicone and polysiloxane compositions. The flexibility, impact and abrasion
registance of such compositions can be improved by partial replacement of (or addition 10)
the silanol-functional silicone resin component(s) with silanol-functionalized urethane

25 prepolymer.

Example 6 is an aminosilane cured polysiloxane epoxy coating comprising the
ingredients shown in Table 4. Example 7 is the same coating with fifteen weight percent
addition of the silanol-functional urethane prepolymer of Example 2.

Example 6 2
30 '
Epalloy 8250 437.1 437.1
BYK-080 12.9 12.9
R-960 233.4 233.4
Imsil A-10 146.8 146.8
Dislon €500 10.0 10.0
DC3074 ' 374.4 374.4
35 Example 2* T == 18.2

*Silancl-functiocnalized urethane prepolymer from Example 2.
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hot-rol | ed steel panels with Bonderite 1000 treatnment using a Devil biss
suction gun. Each panel was allowed to cure at 70F (21 oC) and 50% RH for
two weeks before neasuring 60 gloss and conducting QUV accel erated

weat hering tests. Free filns of each exanple were prepare using 20 m!| and
40 'm | Leneta drawdown bars on pol yet hyl ene sheet. After two 25 days, each
filmwas renoved fromthe pol yethyl ene sheet and allowed to cure for two
weeks at 70Fwb@inw®) and 50%rel ative hum dity before copchmsvérsgescheni cal
resistance tests and neasuring hardness, tensile strength and per cent

el ongati,on. A su e S 3 -24
| WO 97/11983 P gm&" Rl 0 S pisdriy %6& HAR s, Civges 2°
Exanpl e 1 1Q@issolver. plocash examplg) was mixed with-18, 1. gramszof Dow_. 100

-- - Conpar aﬂwﬁmpemmmﬂm and.applipd @t 2ﬂm@)wdﬂ!attm¢@=mﬁp"lﬁé!@ ®Ix-- --
-- 100 but yl1/32C esmeiblestd&d)sték) pil&ls'alsihﬂ a Dﬁeﬂ&ﬁﬂﬂioﬁmﬂmﬂ Tﬂber-abﬁsx&ﬁpﬂneﬁ of - 10

Dabco T-5120 Example 6-and Exampte’s i g Anihind Xatn Yt Uoh (1)
20m|s(hrs i%é iﬂe 0m|s(hrs)302 24 36 12

Har dness, Shore A e nqt h, . psJj.. 1500 2100 1800 1000
3000 El ongat i on, }@ ‘?fd“g?) E‘@) ag@(ﬁfr&m&ee&m had8i ng 60

G oss - i nit difect mpagtresisiancelof 33 in./Ibajandd 3% milligrameweight 4ws inshe Taber (abraslon)
: test compared to 52 in./Ibs impact resistance and 85 milligrams weight loss in the Taber
10 (abrasion) test for Example 7. This data indicates the utility of the silanol-functional urethane
prepolymers of the present invention in improving the impact and abrasion resistance of
polysiloxane based compositions.

Although limited embodiments of polysiloxane polyurethane compositions have been
described herein, many modifications and verifications will be apparent 1o those skilled in
15 the art. Accordingly, it is to be understood that, within the scope of the appended claims,
polysiloxane polyurethane compositions according to principles of this invention may be

prepared other than as specifically described herein. -

20

25
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- 8 weeks 24 35 55 20 15(1) 20 Appearance—t40—trt—dramdowns) (a) (a) (a)

(b) (c) Chem cal resistance. 24 hour spot tests. sodium hydroxide (50%.
10 10 10 10 10 hydrochlorttcacid (37% 8 88 8 8 ¢ acid (98% 4 9
4 2 2 25 phenol (89% 4 4.4 2 2 phosphoric acid (8 B)de@fEEﬁHA BEE

(95% 88888 acetlc acid (999 4 6 6 2 2 cunene 10 30 (a)

cont i nuous ? free film(b) bubble entrapnent, foaammsém)smone bubbl e
formation (‘i’ "OW ng, cracking, crazing 35 -25 WD 97111983

PCT/ US96115094 1 TABLE EST TEST METHOD Dry tinmes ASTM D1640 QW
accel efat emm &3 (W 313B BULB) 5 Hardness, Shore A ASTM
‘D2240 Tensil e trengt rilapgFancionabized Pyerhtfgt PISPPLYRST )\ FOmposition PFReed r®si st ance

ASTM D2794 cohsblixiig: abr asi on ASTM D4060 Chemi cal resistance ASTM D1308 10

10 = No change %%Mb@[—oﬁbﬂ sha® hivhihgOthe fotlalage 2 = Partial failure 6 s
Def i ni te change 0O Conpl et e fal | ure

OCN-R,~-NCO

10

where the R; group is selected from the group consisting of aliphatic, cycloaliphatic,
and aromatic groups, and where the organic di- or polyisocyanate has a weight average
molecular weight in the range of from 200 to 2,000; with
a polyol that can react with the organic di- or polyisocyanate to form an isocyanate
15  terminated urethane prepolymer, and combining with the isocyanate terminated urethane
prepolymer:
a silanol-functional silicone intermediate having the formula

20 | I
R0 | 5i-O-R,

. L nz
25 )
where each Rg is independently selected from the group consisting of hydrogen, alkyl, and
aryl groups having up to about twelve carbon atoms, where each Ry is independently selected
from the group consisting of hydroxy, alkyl, and ary! groups having up to about six carbon
atoms, and where n, is selected so that silicone intermediate has a weight average molecular
30 weight in the range of from about 500 to 15,000.

2. The silanol-functionalized urethane prepolymer composition as recited in claim
1 wherein the polyol has the formula

35 | HO-R,-OH

where the R, group is selected from the group consisting of polyester, polyether,
polyalkyldiene, and glycol groups, and where the polyol has a weight average molecular
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“Aconparison of the data presented in Table 2 clearly indicates that
conpositions of the present invention have inproved weatherability and
chem cal resistance conpared to prior 15 known noi s
coatTTyTONPOST LT ons. and al so _have high teasile streg
The bubbl e entrapment and foamy appearance of the 40{m | GREBMGEBWNS
Conparative Exanples 4 and 5 clearly indicates that the conpositrons of the
present i nsadéingasare capabl e of being applied in thiclkerussaseson than
conventional noisture-cured. 20 isocyanate based urethane coating

conpositions. .The. si| an =funct ur et hane prepol yners of the

presenf’ | an%‘hﬁ‘E?g% l?"“hg&ﬂbf";zlﬁaoughen silicone and

pol ysi | oxaneconposi tions. The.flexibility, inpact and abrasion resistance

of such conposi 8i onmmmmmammmlmmmmwmcm addi tion

to) the si{ fuiGbrdopfisingipdrgaiotin Catalyst Seddtted fRomiTS geoRD COogsisting df dibutyltin

si l anok- f“%{aﬁz‘i ahi %W%%&Wr Exanple 6 is an am nosil ane
Si

cured poly oxahe epoxy coating conprising the ingredients shown in Table
4. Exanple 7 is the same coating with flfteen wei ght Bercent addi ti on of
the silanol - f unét i ondhe siAngl Magtionalizedyarhane prepalymer sofppogition as gecifed inglaip 5| | oy
8250 437. 1 ufmthar copprisimon apinocatalysy R- 960 233.4 233.4 Insil A-10 146.8
146.8 Dislon 6500 10.0 10.0 DCSO74 374. 4 374 4 35 Exanple 2* -- 18.2

*Silangp-functi gnal i giadussbefuhciofal rEMF iR biEas fecited 18 Bailn VO
97/ 11983 PC f 6/ .15 gglgg t &
fineness of H-,rg 'én Fﬁiﬁe%é%?,ﬂl sso vtger% gdﬁﬁ&greggu“gré"%fggch
exanpl e vvaswgﬂ‘%“f'ﬁ“%miaﬂ &ﬂ'ﬂ"ﬁg s 76020 ami nosilanc and
applied at 20 mls wet fllmthlcknes ﬁ %W x 7 % x 1/32' sandbl asted
steel panels using a |.eneta drawdo g | Taber abrasion panels of 5
Exanpl gg6 and Exanple 7 were prepare py $pray application after thinning
each formul a R Si —4R
14 l 16
R
17 lpn,
20

where Ry, is selected from the group consisting of aliphatic and aromatic amines
comprising in the range of from one to six nitrogen atoms and in the range of from one to -
six carbon atoms, where Rys, Ry, and R;; are independently.sclected from the group
consisting of alkoxy and aryloxy groups having up to about twelve carbon atoms, and where
ny is in the range of from one to six.

25
6. The silanol-functionalized urethane prepolymer composition as recited in claim
1 further comprising a methoxy-functional silicone intermediate having the formula
R 1
Rs—OT .‘Si—O—Rm
| Ris |,
35

where each R;g group is independently selected from the group consisting of alkyl,
aryl, and alkoxy groups having up to about six carbon atoms, where each R;g group i8
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twenty percent by weight—wth—buty+—acetate—After—two Wweeks cuinat™ 70F
(21C) and 50% rel ative humdity, Exarrpl e 6 had a direct inpact resistance
of 34 in./lbs and 119 mlligrans weight loss in the §e t est
conpared to 52 in./lbs inpact+esistanceand 85 ml| Héﬁ'rﬁ Eﬁé‘fgo:&BEBNs in
the Taber 10 (abrasion) test for Exanple 7. This dat @_i ndiREBLAGEDt he u ility
df the silanol-functional urethane prepolynmers of the presen Ve on in
i mprovi ng thgoigWpagt and abrasion resistance of polysi |rcrassssssed

conposi tions. AI though limted enmbodinents of poI ysi | oxane pol yur et hane

conposi tions hav been bed herein nodi f.ications a
verifidatio ﬁﬁg?@ Wﬂgﬂ%ﬁfé Iy 3 LE (i rh/&ch%rdl ngly,
it isto beuBMttﬂd!Fmamtﬁm&i% Eﬁ“‘?ﬂé’%ﬁﬁb’é’ﬁa&)‘n

pol ysi | oxanavejght ¢fithetiticone inteompdiatt isiimthe rmge of fiomm §0Q 10 6:000nci pl es of this
I nvention may be prepared ot her than as speC|f|caIIy descri bed herein. 20

25 30,35 -27 4 6ol IS R/ 15094
1 V\HATET S g Is a o - nctlona | zed uret hane prepo ymer
conposi tion kgffé n organi c di- or polyisocyanate having

the formul a OCN- R1-NCO 10 V\/nere the R group is selected fromthe group
consi sting of aI 8.pha(The silangl fhnstioralized urethane prenelymersAgpositiog peyegited incidimwher e

t he organic 1chm@rmﬁpd|sjngsmmmaﬁﬂdhmsaebmdgmnman€gmg&ommhgoﬂbwl ght in
the range of e& WF%QP shﬁac&nQOQefoM&h fﬁwp&hmlag&m thik@FopbsC ANV sidbiliderd, Ne

organi c di - I Ma yanate 15 term nated urethane
prepol ymer. by 1 @ﬁ?‘ﬁgﬂﬂoﬁ egfso yana e term nated urethane
pr epol yner;

9, A composite comprising a binder formed from the silanol-functionalized
urethane prepolymer composition recited in claim 1, and having a reinforcing material placed
15 in contact with the binder.

10.  The silanol-functionalized urethane prepolymer composition as recited in claim
1 comprising in the range of from two to fifty percent by weight di- or polyisocyanate, and
in the range of from two to sixty percent by weight polyol.

20
11. A silanol-functionalized urethane prepolymer composition prepared by
combining:
an organic di- or.polyisocyanate having the formula
25

OCN-R,-NCO

where the R, group is selected from the group consisting of aliphatic, cycloaliphatic,
30 and aromatic groups, and where the organic di- or polyisocyanate has a weight average
molecular weight in the range of from 200 to 2,000; with
a polyol that can react with the organic di- or polyisocyanate to form an isocyanate
terminated urethane prepolymer, and combining with the isocyanate terminated urethane
prepolymer;
35 a silanol-functional silicone intermediate having the formula

.
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a silanol-functional silicone internediate having the formula 20 RS-O Si-O
R3 R9 n 25 where each R8 is independently selected fromthe group

consi sting of hydrogen, alkyl, and __arvl aroups having e
carbon atons, where each R9 is independently sel ected fron1ﬁ BEUP
comsi sting of hydroxy, alkyl, and aryt—groups havi ng ud bon
atons, and where n2 is selected so that silicone internedi ate has a wei ght
aver age nol ecwosrmisa® wei ght in the'range of from about 5@CTUS6A%H00. 2
The silanol -functionalized urethane prepol ymer conpesition as recited in
claim 1,wherein the polyol has the formula 35 HO R2-OH where the R2 group
Is selected fromthe group consisting o }Qplyester, pol yet her,

pol yal kyl di ene, and gl ycol groups, and ere tlhe pol yol has a wei ght
average nol ecular -28 S EET HAS B D WO 97/ 1 1983 PCT/ U896/ 15094
1 weight in the range of from abo&FEs_ZQ &—g—é& 3. The

sil anol -fsuncti onal i zed ur et hane prepolynﬂr cornposition as recited in claim
| further conprising an organotin cat al sellected fromthe group
consisting of dibutyltin 5 dilaurate, i but yI'td n di acetate, and dibutyltin
mercaptide. 4. The sil anol - functionalized urethane prepolyner conposition

as recited i nygdrabdih R}, i infdpeie

si | anol - funct 5 ecl |n clalm
4 wher ei not hehg%‘gécat'ﬂg (? |ts Fec eg%lf'g %%@y
tertiary am nggmé('ﬁ’ IB’E'“’ biapd %rmbsra?ns ‘éB1'8§bWé§’P‘ﬁg"b?me
fornula Ris &omg am!l!hefSPz m%wwm@inmiakmemmMMlm gr oup
consi stl ng of weilghtm giziranga of frem @bt 500 @15008, in the presence of;

an organotin catalyst; and

an amine catalyst to form the silanol-functionalized urethane prepolymer.

15
12.  Thesilanol-functionalized urethane prepolymer composition as recited in claim
11 wherein the organic di- or polyisocyanate has the formula
20 | OCN "R 1 "'N CO

where the R, group is selected from the group-consisting of aliphatic, cycloaliphatic,
and aromatic groups, and where the di- or polyisocyanate has a weight average molecular
25 weight in the range of from 200 to 2,000.

13.  The silanol-functionalized urethape prepolymer composition as recited in claim
12 comprising in the range of from two to fifty percent by weight of the organic di-or

polyisocyanate.
30
14.  The silanol-functionalized urethane prepolymer composition as recited in claim
11 wherein the polyol has the formula
HO-R, -
38 IQZ (251

where the R, group is selected from the group consisting of polyester, polyether,
polyalkyldiene, and glycol groups, and where the polyol has a weight average molecular
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conpri sing in the+ange—of—Fromome—to srx Tiitrogen atons and in the range
of fromone to six carbon atons, where R15, RI16, and R17 are independently

.. selected fromthe group wn&—si—mg"df”éﬂ'ﬁxy roups_havi ng
up to about twelve carbon atons, and where 25 n3 |sTHl$ISHE\[e,r HAS' G L from
one to six. 6. The silanol-functionalized urethane preptﬂepnmﬁoco 5ition

ds recited in claim 1 further conprising a nethoxy-Tunctromat—s+liLone
i nt er medi at gyd¢mipgag the formula 30 Rlg R18--O0 Si-0O RLO PCRUSRASOH 4 35
where each Rig group is independently selected fromthe group consisting of

al kyl, aryI nd .al koxy sqr ou to about six carbon atonms, where
each RE9 g Ee‘ “&%ﬁtwb@w ------- TH S SHEET HAS BEEN

REPLACED V\D 97/ 11983 PCr/ US96J15094 1 i ndependently selected fromthe group
consi sting of hyld og®he silanok-functionaliredyrethans prrpplymerLompRition s recked BSIHM ¢ we| ve

car bon at oni4 canstisiafan the qghge of fah eed @iy perteat byaweight ghithepolyolage nol ecul ar
wei ght of the silicone internedi ate is.-in the range of from500 to 6,000. 5

7. The sil anol -t tactyc gggg‘ m?&mg ik eci ted
inclaim 1furt6er co r|S|n ers & &i‘m

si | anol - f und{ Cemersigdy %t lggro "‘1°Pt§'&m?n claim
1 further c@ﬁmm teril-s ol vent S and addi t I ves sel ect ed fromthe group
consisting of pigment 10 wetting agents, surfactants, defoaners, flow

control magent s. {hi Xmﬁmnnﬂbﬁmabukmrp&polyheﬂmﬂmmﬁmmwmar bon
ext enders, °°mfﬂ§£% -of Ardn WO b t ryC périent Dy "Wei bé,mﬁr ditq;,rred from
' nc . |é$d

the silanol - %fefﬁ.)h net@reﬁwﬁ&g’gﬂ@ act'E%gt h the

claim1, and®

bi nder. 10. WW@%@IMWbWaW‘E‘%d“W’é@“%’H silicang npositi on as

recited in claim 1 conprising in the range of fromtw to fifty percent by

wei ght 8 - or poig/i sQCymipaiie havifgla binder fdimed fromg ehesiiarfol-funrtionalizédoursthatey

percent by vl ahtsPimpelition as recited in claim 11, and having a reinforcing material placed in
contact with the binder.

19. A silanol-functionalized urethane prepolymer that is prepared by combining;
20 an organic di- or polyisocyanate having the formula

OCN-R,-NCO

25 .. N .
where the R, group is selected from the group consisting of aliphatic, cycloaliphatic,

and aromatic groups, and where the di- or polyisocyanate has a weight average moiecular
weight in the range of from 200 to 2,000; with
a polyol that reacts with the di- or polyisocyanate to form an isocyanate terminated

10 urethane prepolymer, the polyol having the formula

HO-R,-OH

35 where the R, group is selected from the group consisting of polyester, polyether,
polyalkyldiene, and glycol groups, and where the polyol has a weight average molecular
weight in the range of from about 200 to 5,000, and combining with the isocyanate
terminated urethane prepolymer;
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2071 A 5||ano|-funct|onalized ur et hane prepol yner conposition prepared by
conbi ni ng: an organic di- . polyi socyanate having the formula 25
OCN- RI - NCO where the R grou is selected fromth
al i C, cycloallphatic, Ni C
di - or polyisocyanate has a wei ght average nol ecul ar i ghtREPRACER: ranfe of
from200 to 2.000; wth a polyol that can react with tfie¢ organic di- or
pol yi socyanaiwpdrda®r m an i socyatate term nated uret hanecpusgsaseser, and
combining with the isocyanate term nated urethane - prepolymer; 35 a
si l anol - functi onal %Qﬁlﬁornula -30 1 TH'S
SHEET BEEN REPL,&&%‘0 W %%%%% A% O Si-ORg 5 |
R9 n2 where each R8 is independently s Jﬁﬁted fromthe group consisting of
hydr ogen, al kyl, and 10 aryl groups h yp to about twel ve carbon
at ons, where each RO is I ndependent | y Iected fromthe group consisting
of hydregxy, alkyl, and aryl grou IS about six carbon atons,
and where n2 is selected so that sTlic géeinte nmedi ate has a wei ght average
o]

nol ecul ar weight in the range of fro ut 500 to 15,000, in the presence
of, an organotin catalyst; and 15 an ajn cappl yst to formthe

sil anol -functionalized urethane prepolyner. 12. The silanol-functionalized
ur et hane prepol yner conposition as recited in claim 11 wherein the organic
di - or pelyisocyanate has the formula 20 OCN-R, -NCO where the Rl group is
sel ect ed fr owhdrheach Rgupindependently selgcted from |the-groupcconsistiog ofbyidprigen. iatkyl, and

aryl groups having up to about twelve carbon atoms, where each Ry is independently selected

from the group consisting of hydroxy, alkyl, and aryl groups having up to about six carbon

atoms, and where n, is selected so that silicone intermediate has a weight average molecular

weight in the range of from about 500 to0 15,000, in the presence of;

15
an organotin catalyst selected from the group consisting of dibutyltin dmmme
dibutyltin diacetate, and dibutyltin mercaptide; and
an amine catalyst selected from the group consisting of tertiary amines and
aminosilanes having the formula
20 i 1
Rls
Ry *ls"- Ry
25 L Ry dn,

where R4 is selected from the group consisting of aliphatic and aromatic amines

~ comprising in the range of from one to six nitrogen atoms and in the range of from one to
30 six carbon atoms, where Rys, Ry¢, and Ry, are independently selected from the group
consisting of alkoxy and aryloxy groups having up to about twelve carbon atoms, and where

n5 is in the range of from one to six, to form the silanol-functionalized urethane prepolymer.

20. A silanol-functionalized urethane prepolymer prepared by combining:
35 an isocyanate-terminated urethane prepolymer; with
a silanol-functional silicone intermediate having the formuia
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and aranmtic groups, and—where—t-he—th—eor—potytsocyanate fras—a wer ght

average nolecular 25 weight in the range of from 200 to 2,000. 13. The

silanol -functionalized urethare—prepetryrer—conposi ti as recited in claim
12 conprising in the range pf fromtwo to fifty percemstpmeeeing toER It he
organi c di-or polyisocyanate. 30 14. The silanol -fuhcti opggiagp§ UT tlhane
pr epol ynmer conposition as recited in claim 11 whereée! t he

formul a 35 {Joememed WwWhere the R2 group is selected froreunisssposaup
consi sting of polyester, polyether, polyalkyldiene, and glycol groups, and

where the polyol has a weight average nolecular -31 d | | 7'H S SHEf T HAS
BEEN 2. REPLACED WO 97nt 983 PCTNS96 94 | 1 weight in the range of from
about 200 to 5,000. 15. The silanol-fi,hctipnalized urethane prepol yner

cotaposidoa as recited in claim_ 14 ¢opprisfng in the range of fromtwo to
sixty percent by weight of the 8@1’% Si55-QpiRsThe si | anol - functi onal i zed
uret hape prepol yner conposition as r clted n claim 11 conprising in the
range of fromfifteen to sixty percentRby i ght hydroxyl - cont ai ni ng
silicon material. 10 17. The silanol +f|Treti®pal i zed ur et hane prepol yner
conposition as recited in claim 11 conprising in the range of fromtwo to
fifty percent by weight organic di- or polyisocyanate, in the range of
fromtwo to,sixt ey cent wei.ght | yol nd .n t ange f from
{11t eep to % _w%@%@dﬁ%@rﬁ#ﬁ%ﬁgﬁ%ﬂ@i -

i nt er medi atafy) grPBPSPAVINGURIY ?“E‘g'°ﬁ“a'9‘?"rfé°“é? Bheteieach Ro s ipdqpentently pelected

si | anol - f urfok tbe gioixy capsistingtafi hydroxyp alksylosndrapy! geuppkaving jup e ehoutsixtarted i n cl ai m
11, and ha\oi, dhdrwhieseing isdelegtedsul that isitibonp imermediatehasaoveighe dveingd Moledudarbi nder .
19. A Si'awzggmr{ﬁéwé@&ﬂfmauﬁﬁsdoa@@s,mpolywer that is prepared by

conbi ni ng; an organic di- or polyisocyanate having the fornula

RlzNCO 21. A method for forming a an ambient temperature moisture curable silanol-

- functionalized urethane prepolymer composition comprising the steps of:
combining an organic di- or polyisocyanate, a polyol, and an organotin catalyst to
form a first mixture;
reacting the first mixmre under heated temperature conditions to form an isocyanate

20 terminated urethane prepolymer;

combining a silanol-functional silicone intermediate with the isocyanate terminated

urethane prepolymer to form a second mixtre; and

reacting the second mixture under heated:conditions to form the silanol-functionalized

25 urethane prepolymer. —_—
. '\

30
35
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25 where the R group is selected fromtheé group consisting of aliphatic,
cycl oaliphatic, and aromatic groups, and where the di- or polyisocyanate
has a wei ght average nol ecular weight.in the range of from200 to 2, 000;
with a polyol that reacts with the di- or polyisocyanate to form an

i socyanate term nated 30 urethane prepolyner, the polyol having the
formula HOR2 -OH 3S where the R2 group is selected fromthe group

consi sting of wasmpess er, pol yester, polyal kyl di ene, and ptyussknsgeooups, and
where the polyol has a weight average nol ecular weight in the range. of
from about 200 to 5,000, and conmbining with the isoeyanate term nated
uret hane prepolyner; -32 | TH S SKf HAYIBEEN REPLACED WO 97/ 11993
PGITNS96n5t 194 1 a silanol-functioflal silicone internediate having the
forrula RO | 5 RSSOS-OR3 | R9 a2 10 where each R8 is independently
selected fromthe group consisting of hydrogen, alkyl, and aryl groups
havi ng up to about twelve carbon atons, where each RO Is independently
selected fromthe group consisting of hydroxy, alkyl, and aryl groups
having up to about six carbon atons, and where n2 is selected so that
silicone internedi ate has a wei ght average nol ecular 15 weight in the
range of from about 500 to 15, 000, dnce of, an organotin

catal yst selected fromthe group coRs di butyltin dilaurate,

di butyltin diacetate, and dibutyl K and an am ne cat al yst
selected fromthe group_consisti \nes and am nosil anes
havi ng the formula 207R




| RI4 Si R16 | 25 R17 ,h where R14.1s :selected fromthe group con5|st|ng
of aliphatic and erl sing in the range T ',

six nitrogen atonms and in the range of fromone to 30 six| -"vi‘a'ta‘bn'grfEET
where R15 R16, and R17 are independently selected fromthe|group consistijng
of al koxy and aryl oxy groups having up to about twelve carpon gty 1A8d
where n3 is in the range of fromone to six, to formthe
si l anol -functi onal i zed uret hane prépol yjger. 20. A silano] -functronalrzed
ur et hane prepSYBAEILS &LadMEAHLY)y conbi ni ng: 35 an i socyat nte=terninated

ur et hane prepol ymar WAt b(laholsmhaibﬁﬂlméddmﬁetﬂamqim;ﬂlyhieﬁmmpbm I prgared ebyhavi ng

the formula éoggba ing:! THI S SHEET HAS BEEN REPLACED WD 97n1983
PCT/ U396/ 15094 | DR3 5 1 where ac R8 i s independently
selected fromthe a@r"&?ﬂ“’?b |p§{yfsﬂ<a'a?ffew&f tkyl. and 0 aryl groups

having up to about twelve carbon atons, where each RO is i ndependent |y
selected fromthe group consisting of hydr ox al kyl , and aryl groups
havi ng up to about six carbon at om&CH § wﬁgﬁg n2 is selected so that
silicone internedi ate has a wei ght average nol ecular weight in the range
of from about 500 to 15,000. s5 21. A nethod for form ng a an anbi ent
tenperature noi sture curable silanol- functionalized urethane prepol yner
conposition conprising the steps of. conbining an organic di- or

pol yi socyanate, ayhelk¥R!R; s ifdRleQEDRGHR e Brdup bétsiviily JrCatiphaic byt lJal(jt;Sb%Exc,

m xture; reac&hqgmhgggn{urssg“@ xture under heat ed tenperature conditions to
forman i socyanate nat ed uret hane prepolyner; conbining a .

si | anol - f unct i onaP P8IyPl e fan reseteyithdths aganiclic gr PﬂW&@é?é?lgﬂf@ W%@ed
ur et hane pr epetyinsted wrethaaenprepalyaeo,nahdnéorbining; withn the risoaydnata gertrieted acethahe
m xture underprigRfing: conditions to formthe silanol-functionalized

a silanol-functional silicone intermediate having the formula

R—0+45i—04R

where each Rg is independently selected from the group consisting of hydrogen, alkyl, and
aryl groups having up to about twelve carbon atoms, where each Rg is independently selected
from the group consisting of hydroxy, alkyl, and aryl groups having up to about six carbon
atoms.

2. The silanol-functionalized urethane prepolymer composition as recited in claim
1 further comprising an amine catalyst selected from the group consisting of tertiary amines
and aminosilanes, wherein the aminosilanes having the formula



04,JUN13Y' 93 WHAT IS CLAIMED IS: 28 1. A silanol-functi ; ——tH
prepol yner conposition prepared by conbining: an organ RERLACEMEINT SH!
pol yi socyanate having the Tornula OCN R1-NCO where th group 1Is
sel ected fromthe group co"si sting of aliphatic, cycloaliphagfjgyn g9
aromati c groups, with a pollyol that can react with the ¢rganic di- or
pol yi socyanate to form an i socyanate 2% erni nat ed ur et hae EpoOr yner, an
conmbining with the. isocyanate term ng{zed urethane pregolyner: a

si lanol-functional silicone internedi at'es having the formula R9 |
Re-0--Si-0--R8 R9 2 where each RS is [ ndependently sel ected fromthe group
consi sting of hydrogen, alkyl, aﬁ_d —arglh _agrogps having up to about twelve
~carbon atons, where each RO is inH’epenFently el ected® fromthe group

consi sting of hydroxy, alkyl, and aryl! groups having up to about six carbon
atons. 2. The silanol-functionalized uRg;t hane prepol yner conposition as
recited in claim 1 further conprising an am ne catal yst selected fromthe
group consisting of tertiary am nes and am nosilanes, wherein the

ami nosi | anes  havj;ng. khe;f QEOM fofRER-AD consibie SF Hiiptatic ki ardibic s
comprising in the range of from one to six nitrogen atoms and in the range of from one to
six carbon atoms, where Rys, Ryg, and Ry are independently selected from the group
consisting of alkoxy and aryloxy groups having up to about twelve carbon atoms.

ol

Li3

3. The silanol-functionalized urethane prepolymer composition as recited in claim
1 further comprising a methoxy-functional silicone intermediate having the formula

where each R;g group is independently selected from the group consisting of alkyl,
aryl, and alkoxy groups having up to about six carbon atoms, where each Ryg group is
independently selected from the group consisting of hydrogen, alkyl, and ary! groups having
up to about twelve carbon atoms.

4. The silanol-functionalized urethane prepolymer composition as recited in claim
1 comprising in the range of from two to fifty percent by weight di- or polyisocyanate, and
in the range of from two to sixty percent by weight polyol.

5. A silanol-functionalized urethane prepolymer composition prepared by

combining:
an organic di- or polyisocyanate having the formula

OCN-R,-NCO



29 Rs Rl4 Si- R16 RI17 where Rl14 is selected fromthe group consisting
of aliphatic-and—aromatic am nes conprising in the range pF+om-one—to.
six nitrogen agons and in the range of fromone to six caREBBAGEHE%ﬂ‘SHEET-
.where R15, R1$, and R17 are independently selected from tfhg group

consi sting of al koxy and aryl oxy groups having.up to about € hon
atons. 3. The silanol-functionalized ihemhane pr epol yner con%§g¥f¥§ﬁ®§§
recited inclaim | further conprising a nethoxy-functiondl 3rTicome

i ntermedi ate having the formula RI8 R18-0 Si-O R19 1 R18_n_where each R1$

group is i ndependebde the | gostipGiselettol Frdn the Boristiii of t dlipBatief cypldaliphatic,ar yl
and al koxy gr%ﬁ%ﬂﬁag&g%%%&lo a?out si x carbon ?torrs,fvmhe(rje each R|19 Igroup
is independently seJé&c romthe group consist,ing o rogen, al kyl,

g &ﬁ&'ﬂ Bochsti i g 0 BF pltibcfasmle ¢ Hm G eydtat

and aryl groups h&wpP ; . :
si | anol - f uncttermindtédz endthanccpregolamep: andotombiningcwithp the jisocynnata derminated direthanec| ai m
1 conprising grépolyar;r ange of fromtwo to fifty percent by weight di- or

pol yi socyanate, a 1 Qﬁ'igﬁ” i percent by wei ght
polyol. 5. A sil aggy@*’%{é‘?ﬁgﬂa I ze%ﬁ#ﬁ%ne B%@Sg‘?rgl%r conposition
prepared by conbining: an organic di- or polyisocyanate having the fornula
OCN-R1-NCO 1 ' REPLACE '7 SHE | 30. 04JUN19:'3 where the R group is

sel ected. fromthe group consisting of 4l jiphatijc, cycloaliphatic, and
aromatic groups, with a polyol that canp react jwith the organic di- or

pol yi socyanate to form an i socyanate aninated ur et hane prepol yner, and
conbining with the isocyanate termgoaygdsareyigne prepolyner; a =

sil anol -functional silicone internmddia eI havi ngét he fornul a

R

—+

s n,

where each Rg is independently selected from the group consisting of hydrogen, alkyl, and
aryl groups having up to about twelve carbon atoms, where each Rg is independently selected
from the group consisting of hydroxy, alkyl, and aryl groups having up to about six carbon
atoms, in the presence of;

an organotin catalyst; and

an amine catalyst to form the silanol-functionalized urethane prepolymer.

6. The silanol-functionalized urethane prepolymer composition as recited in claim
5 wherein the organic di- or polyisocyanate has the formula

OCN-R, -NCO

where the Ry group is selected from the group consisting of aliphatic, cycloaliphatic,
and aromatic groups, and where the di- or polyisocyanate has a weight average molecular
weight in the range of from 200 to 2,000.

7. The silanol-functionalized urethane prepolymer composition as recited in claim
5 comprising in the range of from two to fifty percent by weight organic di- or
polyisocyanate, in the range of from two to sixty percent by weight polyol, and in the range
of from fifteen to sixty percent by weight silanol-functional silicone intermediate.



group conS|st+ﬂg—e#—hyd+egeﬂ— aIkyI and aryl groups h.
twel ve carbon atonms, where each Rg is independently sel
group consi sting of hydroxy, jﬁlkyl, and aryl groups haV|ng
carbon atonms, in _the presence of; an organotin catal yst}
catalyst to fornlthe si |l anol - functlonallzed ur et hane pr¢
silanol -functionalized urethane prepol yner conposition gs recited |n clal

5 wherein the organi @ sizrol-fimctiomhlizied orethameegirepolyarer thiatis fpospatell §

where the Rl gr OdforfzamicSdt! SiGoBikobyaftid hdvihgUhicddindloONsi sting of ali phat| C,
cycloaliphatic, and aromatic groups, and where the di- or polyisocyanate

has a wei ght average nolecular weight in the range of from 200 to 2, 000.

7. The silanol-functionalized ur et(?l@&e}g_?\ﬂebyrrer conposition as reci ted in
claim 5 conprising in the range o romh fwo to fifty percent by weight
organic di- or polyisocyanate, in the range of fromtwo to sixty percent
by weight polyol, and in the range of fromfifteen to sixty percent by

wei ght sil anol - fwmset:h&n éb&d@@@&brﬂtﬂﬁrﬁ@ﬂlo&kﬁmﬁpﬂmﬂﬁﬁ, cpdichlifatic, |1 FO

grggsN §5§gm mig%! gi) I.C %&iﬁégégegf ocg{a?%te ﬁaw ng tﬁggkofegﬁ?

OCN-RI - NCO W d fromthe group consisting of

al i phatic, cycl caolyohtha mcts mﬂdﬂlaldemtppldlswm@sm formorn isesyanaterterminatedo r

pol yi socyana&mﬁwfeﬁlmghépayam@mr@ﬁumar wei ght in the range of from
200 to 2,000; with a polyol that reacts with the di- or polyisocyanate to
forman isocyanate terninated urethane. prepolyner, the polyol having the
formula HO R2-OH where the R2 groupsip sejrected fromthe group consisting
of polyester, polyether, polyal kyl'dien®, "and gl ycol groups, and where the
pol yol has a wei ght average nol ecul ar -

where the Ry group is selected from the group consisting of polyester, polyether,
polyaikyldiene, and glycol groups, and where the polyol has a weight average molecular
weight in the rangé of from about 200 to 5,000, and combining with the isocyanate
terminated urethane prepolymer;

a silanol-functional silicone intermediate having the formula

where each Rg is independently selected from the group consisting of hydrogen, alkyl, and
aryl groups having up to about twelve carbon atoms, where each Rg is independently selected
from the group consisting of hydroxy, alkyl, and aryl groups having up to about six carbon
atoms, and where ny is selected so that silicone intermediate has a weight average molecular
weight in the range of from about 500 to 15,000, in the presence of;

an organotin catalyst selected from the group consisting of dibutyltin dilaurate,
dibutyltin diacetate, and dibutyltin mercaptide; and



wei ght in the range of fromabout 200 to 5,000, and conbi ni o

i socyanate ternm-nated—urethiane prepol yner; a sil anol -func1mﬂ@ﬁ1"ic ‘_'WT

i nternedi ate having the fornula ;RO 1 R8-0--Si-0- R8 R9 np here each
i s i ndependently sel ected fromtliue group consisting of hydfopen.s glkydos apd
aryl groups having up to about twelve_carbon atoms, where pagh R9 is

i ndependently sel ected fromthe groua consi sting of hydrof<y al KyT, an

aryl groups havin t rb &Wﬁuﬂm_
so that silicone ?‘ht"@]‘%ﬁﬁéﬁg sﬁas a(i%g] %%t g%&ér agéﬁﬁgl ecula ight in the
range of fromﬂémmn“swm@dhqgnﬁ‘éﬁ in the presence of; an organotin

catal yst selected fromthe group consisting of di butyl tin dilaurate,

di butyltin diacetate, and dibutyltin nmercaptide; and --~-------- Fc)'4 JUN
1993 32 an am ne catal yst' sel ected froﬁltshe gr oup consisting of to a

am nosi |l anes having the fornula 15 R14} 6 R17 where R14 |Is selected from
the group consisting of aliphatic a[}g _é)ﬂgﬁl c amines 'conprising in the
range of fromone to six nitrogen a ahdtie the range of fromone. to
si x carbon atons, where R15, R16, and Ri? are independently selected from
the group consisting of al koxy and atlel y groups having up to about

twel ve carbon, atons, and where n3 is in the range of from one to six, to
formthe silanol-functionalized urethane prepol yrrer

si | anol - functlonallzed urethan i ni ny

i socyanat e- t er mi n¥b€8 R ﬂ%‘ﬁ@gﬁg fﬁ’é’ F&W%ﬂ‘\‘cﬁngb d‘ﬁ’é‘?es

si | i cone i nt eompribingt ia t!tmngtpg)ftfnm dt@mxaltroml ateras ©d3n 4@-rangedf B@moenevther e
each R8 is i npeaersedbhmy, WRteR] SR LS 210 R}eard ittty iscledi0froh thy gioagen,

al kyl, and consisting of alkoxy and aryloxy groups having up to about twelve carbon' atoms, and where
n is in the range of from one to 5ix, to form the silanol-functionalized urethane prepolymer.

9. A silanol-functionalized urethane prepolymer prepared by combining:
an isocyanate-terminated urethane prepolymer; with
a silanol-functional silicone intermediate having the formula

[
RS
|
R—OT ]Sl—O——Ra
R

where each Ry is independently selected from the group consisting of hydrogen, alkyl, and
aryl groups having up to about twelve carbon atoms, where each Rg is independently selected
from the group consisting of hydroxy, alkyl, and aryl groups having up to about six carbon
atoms.



i ndependent ly sel ect ed from t he group consi stl ng of hydroxy al kyl, and
aryI groups having up to about six carbon atons. REPLA MQ% S«E’
JUN 1998 33 16— A TEthod forforming a an anbient tenp i AL .
curabl e si[anol - functionalized urethane prepolyner. conpdsition conprifsing
the steps of: conbining an organic di- or polyisocyanatd, |a HIJM) 1998nd an
organotin catalyst to forma fast mMXture; reacting thg flirst mxture
under heated tenperature conditions to form an isocyanate term nated
uret hane prepol yner;. conbining a sil.anol -functional sili® b
with the isocyat@te A arthodfercidrmiog etmmlqm tepotytieer meigureqtumble silsaeing

m xture; angadis@fitddGedidne pfepsipiet ddimpbsition cumpiisinghthastgd otondi tions to form
)N 1093 20 o k%g‘gﬁ“yﬁeépﬁﬁ‘we' *’Eﬁ%ﬁﬁp A oo

OH + R3-Siformpfistmixyrens 0 0.0 0 R3 1 11 11 1.1 . 1171 HO Si OC—N—Rl - N
C-OR oc-N&m«hernetam@un@rmwdltempezamwmomﬂfelmarrwecxaeaé‘tt|on is

typical |y ot Rediane prepiiphadl vessel equipped with an agitator, nitrogen
inlet and condepsafingg Reumat fhdidhar kﬂ%ﬁ%&ﬂk&m@ﬂﬂmhﬂgfswyﬂm&@ﬂﬁxﬂi& ng
silicon urethane prepolymer to form a second mixture; and

reacting the second mixture under heated conditions to form the snlanol-functxonahzod

urethane prepolymer.




conpound are charged to the vessel and the i socyanat e-functi onal urethane
prepolyner is then added with continuous m xing and nitrogfn—bLankeLLng-Ah
sanple is withdrawn fromthe -vessel periodically and analyJ&@UA@EMENTSHEET
unreacted isocyanate with an FTIR spectrophotoneter. The rgaftTomrTs
conpl ete when the FTIR spectrum shows no evi dence of isocya
2,250 centineters-'. The silanol -funct] gnallzed ur et hane pr
present invention cure at anbient ten% ratures in the pres
by condensation of the silanol groups_to_  farm polysil oxanel pol yurethane

el astoners. If desired, pignents, sol > itives and fillers can be
added to the silanol-functionalized urethane prepolyner according to (fie
previ ously ‘descri bed proportions and bl ended together until the m xture is
uniform The si.l anol -functionalized urethane prepol yner, am ne/organotin
and/ or am nosilane catalyst, pignments, solvents and additives are conbi ned
to produce a single package conposigjon systegp Optionally, the

am ne/ or ganoti n and/ or am nosil ane cg alyst may be REPLACE ENT SHEET 10 04

JUN 199% (d) an organotin catal st havi ng the neral formula R11 |
R10-Sn -R12 R13 where R16C N-Ber8G@d from a group

i ncludi ng al kyl, aryl, and allnxy r-oups haV|ng &p to about el even carbon
atons, and wher e any two of RIO, Ril, R12, and gl3 are also selected from
a group of inorganic atons including halogens sul fur, and oxygen; wth
(e) atertiary am ne catal yst or an anlgiﬁllane having the general formula
R15 Rl4- Si - R16 1 R17 where R14 is ected fromthe group including
al i phatic and aromatic am nes conpri sSi g in the range of fromone to six
nitrogen atons and in the range of+ fpm®hegp _sjx carbon atons, where
R15, R16, and R17 are independently sél gcted fromthe group consisting of
al koxy and aryl oxy groups having up to %@9”t twel ve carbon atons; with (f)
met hoxy- f uncti onal S|I|cone |nterned|at havi ng t he gener al for mul a

R, o) o | 0 R
I (] H AT | B

HO-5i-0-C-N-R R, -N-C-0-R,-0-C- ~N- R, ~-N-C-0-5i-0OH

R L

OH H H , H H OH

The reaction is typically conducted in a heated vessel equipped with an agitator,
nitrogen inlet and condenser. The catalyst ingredients and hydroxyl-containing silicon
compbund are charged to the vessel and the isocyanate-functional urethane prepolymer is then
added with continuous mixing and nitrogen blanketing. A sample is withdrawn from the
vessel periodically and analyzed for unreacted isocyanate with an FTIR spectrophotometer.
The reaction is complete when the FTIR spectrum shows no evidence of isocyanate of at least
2,250 centimeters™. : '

The silanol-functionalized urethane prepolymers of the present invention cure at
ambient temperatures in the presence of moisture by condensation of the silanol groups to
form polysiloxane polyurethane elastomers. If desired, pigments, solvents, additives and .
fillers can be added to the silanol-functionalized urethane prepolymer according to the
previously described proportions and blended together until the mixture is uniform.

The silanol-functionalized urethanc prepolymer, amine/organotin and/or aminosilane

catalyst, pigments, solvents and additives are combined to produce a single package
composition system. Optionally, the amine/organotin and/or aminosilane catalyst may be



R18 R18-0 Si-0--R 19 18 n4 where each R18 group is independently select ed

from‘the'group i ncluding aikyl, aryl, and al koxy groups havig N = O 018
si x carbon atones, where each R19 group is independently sekggt‘é bﬁﬁ‘mgﬁﬂ
group including hydrogen, alkyl, and aryl groups having up REPLAC M EF, N 1
SHUu TrY O6 4 JUN 1998 where each R8 is independently sel gcted 4 yomiyis
group consisting of hydrogen, alkyl, &®d aryl groups having lp to about
twel ve carbon atons, where each RO is independently selectg¢d fromihe
group consi sting of) aherginptin oxtslyst having the gendrabfopnulyr oups havilng—up ta about

L

si x carbon atons, and where n2 is selected so that a weight average
-nol ecul ar weight is in the range of frd?plabout 500 to 15, 000. The
organotin catal yst has the general forrrulla R11 R10- Ol -R12 R13 where
R10, R11, R12, and R13 are selected from!'t he group including alkyl, aryl,
and al koxy groups having up to aboutngr' nfgar bon atons, and where any
two of R1O, Rl 1, R12, and Rl13 are also|selected froma group of inorganic
atons including. hal ogens, sulfur, and @(ggen. The amine catalyst is
selected fromthe group including tertiary~am nes and am nosilanes havi ng
t he general fornul g 4- Si - 6 where R14..is. selected from
t he group i ncl udi n‘@?eglﬁwhﬁl'§ﬁnﬂld§%@m°%@§ Eraypigeiiding, kYna‘?'ﬁé ange
of from one t clkokkeroups havingripde sheut elaven ¢arbon Atoms, ¢ whese any tHmobRe. Ra1. Riax
carbon atons, anh®ypaiblso slddted fooml a lgiotp aF inotganie pms dieluding halogenk cxlifhy, and t he
group iincl uq;fggn%{&ﬁxy and aryl oxy groups having up to about twelve

e rget

car bon at ons. Oé}{-'f“n ti on?l silicone, i nuavrirre éaénggl av%a(l ie
general formula a ng fe g orm

iary amine catalyst or an aminosilane

R15

R ,— Si— R

l

R17

where Rj4 is selected from the group including aliphatic and aromatic amines
comprising in the range of from one to six nitrogen atoms and in the range of from one to
six carbon atoms, where Rys, Ryg, and Ry; are independently selected from the group
consisting of alkoxy and aryloxy groups having up to about twelve carbon atoms; with

() methoxy-functional silicone intermediates having the general formula

18

R g—O01 81—0R 4

18

where each Ryg group is independently selected from the group including alkyl, aryl,
and alkoxy groups having up to about six carbon atoms, where each Ryg group is
independently selected from the group including hydrogen, alkyl, and aryl groups having up
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where each Rg is independently selected from the group consisting of hydrogen, alkyl,

“and aryl groups having up to about twelve carbon atoms, where each Rg is independently

selected from the group consisting of the hydroxy, alkyl, and aryl groups having up to about
six carbon atoms, and where n, is selected so that a weight average molecular weight is in
the range of from about 500 to 15,000. :

The organotin catalyst has the general formula

"R
Rm—.:Sn “R,,

R

11

13

where Ry, Ri1, Ryg, and R4 are selected from the group including alkyl, aryl, and
alkoxy groups having up to about eleven carbon atoms, and where any two of Ryg. Ryy, Ry,
and R;3 are also selected from a group of inorganic atoms including halogens, sulfur, and

oxygen. .
The amine catalyst is selected from the group including tertiary amines and

aminosilanes having the general formula

R
|
_ Ry igl""' Rie

R17

15

where R4 is selected from the group including aliphatic and aromatic amines
comprising in the range of from one to six nitrogen atoms and in the range of from one to
six carbon atoms, where Rys, R, and Ry are independently selected from the group
lincluding alkoxy and aryloxy groups having up to about twelve carbon atoms.

The methoxy-functional silicone intermediates have the general formula



