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Thi s patent application is -aitontinuation-in-part of U S. Provisional

Pat ent Appl i caivio®42027 Nunmber 60/016,917 filed on May 6, Fc¥Ads97/07611
Field of, the Invention 10 This invention relates to

adhési vel adher end systens and, nore particularly to

adhesi ve/ adherend systens havi ng siloxane nodification fornulated to

provi de increased bondSILOXANE-MOBIRIED ADHESIVEADHERENDSWYSFEMS/ adher end
systens that |ack such si I oxane nodi fication. ' Background of the

| nvention 15 use of organosil anes as adhesi on pronoters and
as nodifiers fwamfeﬁqpeedmgl’ﬂmévelmmns the bond strength of the
adhesi ve to subst r #hie patest applidatibun ixvaconfimuationcinRpricof 15 gProvisiohsl RatenBAPplication

used to nodi nynﬁHl%XO/bﬁ?bf‘?ﬁl@@@ﬁl\ﬁﬁlaeﬁ%es to provide inproved adhesion to

steel, concrete, um num etc.” Organosilanes are al so used to
nmodi fy mneral -filled phenol i c, urethane, pol yester, furan and
ot her thernns@_e;lﬂmg_mo irrprove adhesi on between the m neral filler

ggnposi tatgﬂ reS' n Wﬁ:&lfﬁwﬁ&bﬁr ?émteg me&/m&eM%y&éﬂls %aef}ﬁarb ,%.em
a1 ber s e eladheead SiinEs bayipesiloytng SRR ERIRAIARUHEL U AroYiaS ncreaded o
vari ous or gan|suengalswheﬂﬁwdsqmwe/adhe@odﬂ@m%@tilaskamhsllmnb njodifivation.
Certai n adhesi ve/ adherend system applications call for a hi gh degree of
bond strength ¢ hat d of the Ih &tﬁgove descri bed systems conpri sing either
or ganosi | ane- r organosil ane- ; modi fi ed adher ends

are not Mapabl e of T’pﬁl@“d?ﬁﬂ%mla‘!eﬁaﬁaﬁhﬁq‘?m%%a“d@é Hadifisrsfor arhesiygs to improve
adhesi ve/ adhe rtmﬁomysmbagth lothe adtesive ansubltattesiiswelhjusdvre Rok exantplé, drgagosilanes are

enhanced degr e ﬂPE‘ﬁB{(e pOXy resin ﬁa&é@mEﬁvéé’@@ ProvRERAPRYed théQB{?%d y%%n%end

systens t hat n03| ane cat er or
that conpri se H“HEJ‘I' étcoré e‘"?n?ggf‘}s H}?B&ﬁéﬁperalrﬁlép% plpfgollc urethane,

or ganosi | ane- polyester, furawaid ¢thet thmﬂnesttm reninsdo imprgemathediombetweah the puneral filler
adher enchgal oNGmd kdsin' ratfL &héréiﬁv itnprivingkd o v%f‘hll?sﬁength ofRHE EmpHRTtE AREASE tRMSE B

b bl f bond.
e Capail o R e I Th S e L BV e
for conti nuousvateus Qﬁzamc resin bindersygtemsin ¢pwRosites is alsapgH srowmt el y 250[ err ] F.

35 Summary of Céiﬁml dﬂuﬁﬁk/amrend system applications cAlll Foe aihigh/ degfee bEbshdSitedgiinthat
prepared acc Ortﬂel %gv s ve 0 sx Eélﬁ)el' &W&ﬂa&ﬁ nfu(amrd'aﬁﬁeswes or organ%?xlane-

si | oxane- nodi fi 0 si:ve I on
havi ng > Oxaﬁgodlﬁed adherends arerrpnot capable o?' provngmg ?t Iis, there ore, es1rable that an

adhesive/adherend system be developed that is capable of prqyl(____l_mg an enhanced degree of bond
strength when compared to adhesive/adherend systems that elther lack organosilane modification
altogether or that comprise a single organosilane-modified lé'omponcm i.e., an organosilane-
modified adhesive or an organosilane-modified adherend%;alone It is desired that such an

30 adhesive/adherend system be capable of curing at ambient \mperature develop bond strength
very quickly, have a good degree of chemical resistance, and -be suitable for continuous use at
temperatures up to approximately 250°F.

35 Summary of the Invention |
Adhesive/adherend systems prepared according to principles of this invention comprise
a siloxane-modified adhesive component, i.e., an adhesive resin composition having siloxane
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PCT/U897/07611 1 groups distributed therein, and a

si | oxane-nodi fi ed adherend conponent, i.e., an adher end conmponent
al so containing siloxane groups therein. 5 The

si | oxane- modyd bRgpedhesi ve conponent is prepared by conmbi npaguadesRexyY
resin with an organosil ane ingredient, a polysiloxane resin, an

am ne- lcont ai ni ng hardener, a base catal yst, and an organonetallic
catalyst. Optionally, a fumed silica i ngredi ent, an extender pignent,

filler groups alidriBited theRin, ah@ W siioRdreQhodiisl idh&%ﬁd BApbdaat, liiek eannmmgﬁd
added. The a"gn‘ﬁ]ﬁ{‘%g a&gr&‘g sh%m{‘e o?%se erBLepar ed and. packaged as

t wo- pack syste r| or to application. The 10
i ngred ent s used'ni"é' ﬂ’Faéﬁ'QP éd'!?ﬂﬁ"e%"l“ﬂ’e inpnued byeombining amepaxy resgswitle d

proporti ons sh@rganosilankeingredient, apolysmmmmﬂ ilaf Bminsaontamipiaedeher @Badé%tal}gt, at
ambient te

si | oxane- n%ﬁ‘? egé g erengMﬁ *e@‘%‘g’% gf&'hée%élgceadn%esdl'%m ae ef'?/?ﬂ’%&%@ﬁ”é& n
Lo o o e S AR s e Ry b e, e bt oy
t he adher en ¢rapmqud€mckagm atwo-pack systeml that i3 rcdmbm@mgethér pridY to2dpplication! The
ot her ppesi nfing?é&‘é&ts‘%ﬁé&% Bﬁ@ﬁ@h&lﬁmv@éﬂrﬂiﬁﬁ&ﬁ corat din Q'Es‘. ngmﬂ’amtolnsc to d)r?v.de

pol yur et hane, acr yVvi nyl

chlori de, °°’Q‘p°§‘ “?ﬁ)’ﬂﬁféf WF@ﬁgp""BBg?éaé‘?md erafse wi HVEWF%H%““‘& hyl ene
vinyl acetate, pbheysiloxgne-modified adherend componepbisympadad ushngGh pdysylpxame\tksiin @

resins. provide the silox i nedded td ﬁhﬁ S@@%l%hd%ﬁlhﬂl@@ahéﬂé}ﬂt&ﬁfponéﬁeThe
si | oxane graouwps i,n the sj

ve
si | oxane- np ’ n vVes
¥ el LR SR cubeF Besips syt spey’ AL oo vinib i
20 15to: pelyupsthagec @obmmalp,t a@qﬂmﬂn@, ffiran; e aqrylate, dbermoplastic polyivinyt chioride,
t enper at ur epmybﬂhylan@ poiyamdondit, eABS, polystyresd)Ridiylienef vihyl Neetafe) holyRiyl 1a2etate,
greater thag l? vgéﬂ? [}@ﬁﬁg }a&e]s{ﬁg ng adhesi ve/ adherend systens
havi ng unnodi 1 e‘g: Si 1 or, adher end conponents; (3) provide a bond
that displays en placed o0 coptagt with.oRe@npthere te stloxapeerppps-in Maxee-m@rﬁed
adhesi ve/ adhdhesimelamslysil oxams-nivsiified gdhenendidtiofmpexknts form Si-O-Si bmisibesvean Heaselves
adher gpd cogpqy p;o%uc@aﬂa&a@h&&qwcelmommattamﬁenk %en%&&&@ lyFittfie? Bﬁdbiwous
use 25 at_te raturg:i‘hyp oa%p matex%?Ol[‘s Jdi
amount me, and that'is er otherwise possible using adhesive/adherend systems
having unmodified adhesive and/or adherend components; (3) provide a bond that displays
improved chemical resistance when compared to adhesive/adherend systems having unmodified
adhesive and/or adherend components; and (4) provide a bond that is suitable for continuous use

25 at temperatures up to approximately 250°F.
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PCT/ US97/ 07611 1 Brief Description of the Draw ngs

These and other features of the present invention will becone appreciated
as the same 5 becone better understood with reference to the

speci fi cati onywadmpese and dr awi ngs wherei n: PorIsotoral a
cross-sectional side elevation of a first exanpl e sil oxane

adhesi ve/ adher end system according to principles of the invention;
and FIG 2 is a cross-sectional side elevation of a second

exanpl e si l Oxwmw system according to principles
of the invention. rfile and other feattde’ 8f the Prddeist GhveRtioPRill becpme a prc?xate% as the same

Adhesi ve/ adherend yste red accordin 0. pri n(;|
e B Shraig Boir et dod L i 1 A ApRe BB B AP herin:
epoxy adhe5| ve ha¥FIGd is alcmsssestiomatisifie elavation of a fizst example s1loxanesadhss'cb/adherend

conbi nat i on vg,wxgq.csdrmgmmsmammnem to provide significant!y
i mproved 15 ?ﬁf strensg anndee? 1 qr tso aghem ? her‘%ﬁ gih d
that either contafiy-ASAFSYEHE O &P a ORGPk ARe FSIY cren
contai n si | oxsystemppesirding tx priveiples ofthe inygatéonc onponent, e.g., in either

t he adhgpi ve conponent al one or the adherend conponent al one.

Adhesi ve/ adheﬁ ﬂ Sk of this invention are fornulated to cure
at anbi ent teﬂ%@%f‘%'r'eﬁﬂﬁe%el op bond strength, very qui ckly, have
good cheni cal r esAdhesiveiadherend systemssprepases aé"c?ré&nséfbmncm!@ﬁ thigiavention, comprise

t enperat ures yﬁloﬁﬁxe-modlﬁﬂi dporyiadhesity, e drrepoxy adhesive having siloXame aiodifitgtibm thane

adhesi ve cormgnent ;.0 in gﬁ & n§1>/ tfi'8) sxlﬁiulng didhékfflto ad ¥i %;}ﬂsmnﬁrovcd

i nvention are prepa n
pol ysi | bxane hapd; plcompared to adB F’F‘g‘ﬁé%feﬁﬁr‘éﬁleé'w B siloxane

am ne- cont ai nnagﬁtmad candt or (ha cmMmﬁ@amme@thﬁMon ova sihgle t:ompmntnt -e.g.. in eithef 6)

a base catal ygt ade@Fvb@&ﬁb&dént Aorde!vr ﬂl@%ﬁéremcoiﬂyoﬁeﬁ BIRRE. CAwﬂEladl?d?exﬂP%Sf&&ﬁﬁ”
pigment, fill | ow control

25
oo roq, o thisTvenfion s taubiig fousofs, 8 AT, SHEHey FPeaR RS sy
epoxy resins quickly, havegood ghemiea) resistance, and are smabhéglf apatinunwp ysrcat tenhpeestuge up
t hose hgi ng w6@bGutRBEIF. one epoxi de group per nolecule. It is also

desired that the I € @Ln@ | e
range of from abog‘ gt@ﬁie’}d fc&né\&%gmﬂ%@&gﬁ i errggwn%y\%ihrgfg&\?s’&tﬁlp
the range of PYEYHOR3e Rreparediby cam W}gcé anspoxy-fesiiy Wiln(2) a polysilaxgae rsip;(3) an

i ngredi ent i sorgaediline ingratient;d4) dnaniokemitaiging bardenes (5) doasgaometalliceatabyist land

wei ght of (6)a base dabifys @@}ﬂéhd{ﬁ & Bi8leAdrlor Ritxotlopicigert SR extehdd Pé?&'ﬁi filfer, and
percen y V\Bltght of i ngredi ent may' prodiuce a

finally? cur ed 6183'(,"1"" zi‘fgg}?‘%‘yaf‘gg R%egéf%&ggﬂ’ ed degree of mechani cal
strength and chenRefgtringotedthe epesyesin ingiedient puitshie eppxy aesing waby fercfproingdhe
chem cal r esifh&f\@@omponent include those having more than one epoxide group per molecule. It is also

desired that the epoxy resin have a weight average molecular weight in the range of from about
300 to 2,000. In a preferred embodiment, in the range of from about 15 to 40 percent by weight
30 of the epoxy ingredient is used to prepare the adhesive component based on the total weight of
the adhesive composition. Using less than about 15 percent by weight of the epoxy resin
ingredient may produce a finally-cured product that is lacks a desired degree of mechanical-
strength and chemical bond strength, and that may have a lower degree of chemical resistance
to alkaline substances than that desired for particular applications. Using greater than about 40
35 percent by weight of the epoxy resin ingredient may producc a finally-cured product that may
be too brittle, have a low degree of chemical resistance to acidic reagents, or have a poor degrec
of chemical bond strength than that desired for particular applications. In a particularly preferred
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to al kaline substances than that desired for particular applications. Using

greater than about 40 35 percent by wei ght of the epoxy resin

i ngredi ent nmay produce a finally-cured product that may be too
bri-ttle, have a | ow degree of chemi cal resistance to acidic reagents, or
have a poor wee 9827 of chem cal bond strength thanphaisefigi €d for
parti C¥| ar applications. In a particularly preferred

-3- WO 97/ 42027 .

PCT/ US97/ 07611 enbodi ment, approxi mately 33 percent by wei ght

of the epoxyemisisdiments appr@imatelyI3aiadet by'Reight of the epdYN RIS u§ 3{1@6‘&& the
Any epoxy regin.co %ﬂ'oﬂérﬂg nmore than one epoxi de group per nolec may be
used rncludrrng sat urated and unsaturated aliphatic,
cycl oadi phatic, ARY ePEXLFRSN cON@jningmprethansone epoxide grouppenmiolesuleypgsbotised
epo?y rezi pﬁn&hldiﬁ_g&‘inbét&phﬂ&hsaﬁmt&ﬂ aliptario)] cycloaliphatioy ldeCarSMAMY epfS! fesindl ©
preferred fo . Q’F%E . et o ed.t enper at.ure.
Exanpl es of Arofifiic %&co [ e{! i g@i’?"?@ﬁﬁ% @gé%gg}?gi;%‘g;‘?vg’&ﬁfgg@éﬁeﬂps%r
form ng t he RigfeEEd for wmiml sirenggly at ambient ey @lavatedtemperative  Exemplss of
Epon 828, Epmmmidialpamildf}odnoxizpesing fouhd iSefalfdr fdahingthel Adhekiva component of this " €
" -

T ; , :
chon ! A A8 e B (0l 5 17
Speci al ty CHfSH§oBperdally axsilaple fomghell tehemical gf Houston, Texag: Daw Gherpisalls RER3H, s o
r epr esent at i DEN @82t DEN 3R und PERy732¢ aiech€VOrSiiecialty ChemicaléxiEpaliop 8280, IRRS0 and

Referfing 1 CEjaliSy SINO dibdpteschfive of (ROARY Edky re§M§'fiﬁﬁP:|h€y RObsa i prefee
resins 1 nclude s nol - o O al.KOXYVY- ncLi anal .| S| 1 QXan res] ns
havi ng. A el ght - BePage dicholbsiipdhe s mikent FitablF BoiyRfoxine resins ingiud sspel-
about 100 t oralkoxelnctipnal nelysilyane fesinpbaving 4 weighiaverags moleswarovkight in the range
desired hbe ?ftifﬁ@n@ dbout 200 1o 10,000 STHEARE oFhe PolyiiloxhiETey efddRil 18Absifea Because it
strength, Reat e .

{1 nal Dy cur G ber doym *‘?ﬁ**%"%%gfer rgg%%@%&ﬁ@%%ﬁgaﬁ%maes&s'@#ﬁ%%fe}m s
prepar ed by finallysgpred product. Inpa prefgrred embodiment, the adhesiys gpmponsnt is prapassd by esing by
wei ght of t lie tieotange bbfcem abous §i5rto20 pertentrbytviigh? Of the polysilaxaneriigtasedfont the
adhesiage COonp@Ppivkighiof thiSidhesiveabipbififn. 200dhg RssndEAb6EIY.5 Pot A bp Weight ofithe
pol ysi | oxane resin ingredi ent having a | essor deqgree of s Foxa e ;

Pod i cat ool s S tperEg ent iavingh Bosst dceete St Sioulicaion hag desined g,
cheni cal borrdovide mepyotementsiinl flgxibilitee gshemicali bond sicengthiadis gnd heat resistagce atising
thag about  ZQedper then hbduy 20pexgbrt byfweightt of tHeysolysiléamne réshSinBreieal ﬁfdj" SfHdw&Eaé’h Y
proauce a : rege..or . nec nl| ca
strength ancfi naajl&'cru P@g Pésqh gviéggtl a gl[ee %@mgg"%“?ét%gé‘h%@?? ﬁ(glﬁ Ir%s?smmc thal
appl i i ondesif

|
Qr pArtieular appijcptions, &t @ partisplarhsefered embodimang,apatexisnasely gae
percent by peicgitby ekightof tiepblysilokaneaesin ingredient isged:thi peepare the adhesivé conpyctipt! €
the adhesive congemgNtor alkoxy-functional polysifokhifebins Rundnkd3 Hseli N6 (thid ﬁmcm%{)e

Phose. haw, ngnaie those HaYH e S loaioh epgml e 50 o | O e
[err] i _
30 - R,

I
R- O { Si- Of R,

35 : i
where each R, can be the same or different and is indeperéd#_mly selected from the group
consisting of the hydroxy group and alkyl, aryl, alkenyl, and allébicy groups having up to about

4.



35 where each R err] can be the sane or different and is

I ndependent |y sel ected fromthe group consi sting of the hydroxy
group and al kyl, aryl, al kenyl, and al koxy groups having up to about
-4- VO 97/ 42027

PCT/ US97/ 0761 3\yd 97/42027 Si X carbon atons, V\/nere each R er r pctre78%615 he
sane or different and is independently selected from t he group
consi stilng of hydrogen, al kyl, al kenyl, and aryl groups having up to about
12 carbon 5 atons, and where "n" is selected so that the polysil oxane

resin ingredi Qﬁtcalba,satanw}ﬂﬁhaoh\lﬁ lcaxgbe the same or diffdrént whdbis intlpidentlyselcbrd frafge

of from about f

avail abl e sil éﬁe &0 pg?ojna’F@gQSth?dm ?n’ Slk%ll alk gﬁ‘?@!ﬁ 5}% ha%lggg 'i&éli%u 12 carbon
DC-3037,5 DC- 3@%ms, ansionhsre DtliS% so that 35’8 Wwww@t has4 weight averagsm
Dow Cmmdnl}n- okight itiltisevdngeldf ﬁbﬂgbnut 2680¢b E);OI!M SY231, SY550, SY430
and SY409 avai | ablg,bh ;Qommercx Ui Sfaliabl Lllaﬁ&” E g/iﬂﬂdtﬂﬂal Mﬁﬁﬂ:&ﬂé}fzuﬁl ude_

orm ng the. tnhce-a%giaq‘iég F RS PN o bR A it o Do
havi ng a wei glQomingofddidland) Michigan; and BYR01, SY231, SYjsa SYv30rand §¥ 409 available fomut

90 to 5q§ Thayixer Sifiddnes F ARARJNMcAIREn] Ngredi ent is desired because
it provi

es i nproy, roperties of., adhesi,on ta a vari et. of S tes.
a preferred 15 f&?f@‘&& F?Tgﬁt"rgaf’ﬂséhﬁ?iwg?fi\?gt &8 {frfggﬂ“"? E‘?i Y Biming Fl??g
in the range afihesivecompanent ¢f. this inventitg include those ayingaweight mragmnowculahwelght
organosi | ane Iuml& ?a:jgsaffr&ﬂ%%t 90td $00. TRE dde OFR aneiﬂahmg@dmﬁh ¥ésired because

conposi ti on. p?fl]a‘%g R0 es dfzéd&&%nc U éﬁe\’;‘ﬁ b Qﬁbs?rgt% St h%\yrer%meg

or ganosi | ane |

| ower dd§ree &m mwdhﬁw cQRpPRY SPEﬁPﬂfﬁ‘&PY P%EB larthe range of frogpaboptt2} 929,
Usi ng greater p'ém.ﬂ Boweight26F the brpandsilime ingiedibht inked &ie therigah Oﬁlghﬁﬁﬁthe adhesive

i ngredi ent mi%or ar{ll ﬁ?&ﬁ& fabﬂﬂ'dzs &Eﬁ%y%e@éix%fth&g ndsﬁa &Ex‘xttrﬁaly

t han desired

jon
preferred enb®MNEH ﬁ? S C'SF B‘@?‘ a‘@b&F'ﬁ fdef‘ %/Pamcula’
or ganosi | ane apphcauons i ngngmesnttharmbus@ﬂ netwprbmymght vfthe axghwsilae iogagientonty.
Or ganosigganes i&ﬂ@éa ﬁ%@swurwp&mm ﬂkﬁ@ ofEbritfle (AR acs'ix&‘! ed?tphﬁaeulhmapuelﬁmhut In

are not Ilmte ane

vinyl sil anes, a P&{%W\“‘%R{ffwﬁ E’é‘ﬁ V‘Ie%t p?dé‘ Hgépely g\go peree §H¥ Iwﬁ&gﬁ%tt ?18@8"9‘?3 cng
the fol | owi ngingsedignsis usest teprepare the adhesive component.
Organosilanes found useful in the practice of this invention include but are not limited to

epoxy silanes, aminosilanes, mercaptosilanes, vinyl silmé:_s; acryl and methacrylic silanes,

25 including those having the following generai formula:
R,

Y-R, -‘:S'i -R,
30 R,

wherc “Y™ is an organo-functional group selected from

H,N-, CH,=CH-, CH,=C-C00-, C\H2 ;:H-, SH-..
H3 0
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[err] where "Y" is an organo-functional group selected from
WD 97/ 42027

PCT/ US97/ 07611 1 where Rl err] is selected fromthe group
consi sting of alkyl, alkenyl, cycloal kyl, alkylaryl, aryl,

am noal kyl , aphppaey . and am nocycl oal kyI groups haV| ng up E’i’m@pﬁu‘%ut en
carbon atons, and 5 where each R err] group can be the sane or

different and is independently selected fromthe group consi sting
of alkyl, cycloalkyl, aryl, alkoxy and acetoxy groups.

Exanmpl es of syfetéRl & &!&@B%ﬂ e E(ﬁﬂis?%ﬁf MEﬁf Hi(ij%'gtcyrcl%lﬂ% m&h?m Ve

co rrp onents (0] ven
avai | abl e, fSPingalil "é“‘"?ﬁf@rﬁ"gér“ ‘E]P%{Pﬁ oups a"mg "méhp'émscasbomm myd
Connectd cut wherereachR, swmg@she the same@rr dxﬁemnssi is ndepdndertlydelested ftbmhd @66 |

10I met ga@bﬁmgoﬁalkﬁm@bmﬂgﬁyl ﬁlkbﬁgm,ac&bbk | I anesf anddam no

si | anes under re re

organosil anes are ’éﬁ%’ie%%ﬁ@@b Grganog] Iap%wgre dleg{f éj‘JHé{mA}( Y ¥rRomponents
functional siofjsdyvention include those that are F'@F@FM&HM avalablecfonexample; Groma0Sii Specialty
har dener, suiChedicals aﬂbmﬁuqoﬂtbmeahmuﬁu&ﬂﬁmﬁﬁestmﬂ ofisilanes that mclu OYin g&ﬁ@%&&g
BPEUS"QQS' Y conpgfjﬁ’gﬂﬁfef EE%W%E%"C ec%é:ﬁ%e i S g achn Ar | Wfhrrss

pol yami de or Pagticy °’ga"°s' anes arthe mige sifanes such asmlhlﬂqtmmm ne
hydr ogens pefunctibretsilage). It i s desired that t he am ne- cont ai ni ng

00 o e ?pSeriihg BEE e NGl (b il AR oo MR <

46 Hse of amfﬂu C

desired becaff¥ T”P“ﬁéhep%d EvecmpeRgnt of this ‘“"eml"ﬁén‘é\“&s@?q sslerted fiom th@@r@woxy
resi n ilhgr edicemprisig aliphatic, cycloaliphaticaom awivatic qublyamin mlyhmldghe; aﬂmny&
conponent lshi}ﬂ&%h@ﬂn&}b]alddﬁltﬂgaétﬂefaﬂ%eﬂﬁ' eﬂ%f er molecule. It d{&Eﬂeﬁb dém{ng

per cent by V\@&gg g Eer%menae t ai ni n,% 1 ener nﬂw ent ase

total weight Reaive cwﬁ'ﬁﬁo\ K 'I'ﬁr“’?‘%lé‘é“ Elia g&l?&g'i"mo?@“b@r'@ent
by wei ght of 6Q0h¢ Theuse of the mawwent@ammﬁrg xmdsmwrdesnragrbmhmn helasitqmoagelc e
an adhesi ve therpsstihkingofthy epogty fedin ingredient. | nsufficient degree of am ne

ot eat oVt han; abol - SBRush Hhoplipeht, BenifielPShitpbtal Bl iy mis Bt
i ngr edi ent #°*Hﬂ5°“‘ to 25 perc F%%‘E’\é\ﬁéﬁ the fAraias-gentaining bardenas msrmiwnn basest oethe or
unr eact ed antom weight ofthe adhesmdcmmqsiuon Using less tharestiut omdyerdeatty Wwagd of the
strength andaxﬁiﬁe%ﬁeaimx{geﬁaraéxﬁmsge&neath&nf mahéey aft WaREkivY QG %;moln“ h?\mxg an
Phe. an pe- colmpurivih e oF Aibe RilionaBlo 2ost BiiCantureitnd Groxtiresip gt Usis
adhesi 92 con%ﬁéhihanslb"“‘ 25 percent by WSBh‘t%f eaminereontainingdiandencr ingredienteit may
i ngredi ents pmdiuwda?n adirsice sehpusitidfl Haviagek&Rs Of Ghtacted amme wisieR) Shrp I-e'di]&: @k

nar Goner < ‘?‘*‘ Mg ond g chehftal 8l of i, B e ipec 1 °

r equi r ement spartioylacly preferred gmbodiment, approximatsly [§fperenthy-weight of thi ragninercoiasiving
i ngredi ent t ksdenesingredientisuserdto/prempethe adhesivla cothponaht.
30 Suitable amine-containing hardener ingredients include those selected from the group

consisting of aliphatic, cycloaliphatic or aromatic polyarniqés, amidoamine or polyamide
hardeners, and combinations thereof that meet the above-describﬁé_(_i requirements. The particular
type of amine-containing hardener ingredient that is selec{ed may depend on the final
adhesive/adherend system applications. For example, the use of aliphatic polyamines are desired
35 where rapid attainment of bond strength is needed, the use of ﬁ'bycloaliphatic polyamines are
desired when long pot life is required, the use of aromatic po;yamines are desired in those
applications where a high degree of chemical resistance is needéd, and the use of amidoamine
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adhesi ve/ adherend system applications. For exanple, the use of aliphatic

pol yam nes are desired 35 where rapid attai nnent of bond strength is

needed, the use of cycloaliphatic polyam nes are desi red when | ong

pot life is required, the use of aromatic polyam nes are desired in those

appl i cati ons wbenrmze2r hi gh degree of chem cal resistance is mrexdsaIvnd t he

use of @m doam ne - 6-

WO 97/ 42027

PCT/ US97/ 07611 or polyam de hardeners are desired in those

appl i cati ons uielyanrsdmiardeners aigidesitey] imthoserrpplicitions where some flexitulity of the adhesive

adhesi ?/e/ Edheﬁxei{caﬁedlﬁldaheﬂeﬁdfoﬁﬂwr ed5d - To DFO(TjTDtﬁ

cross-linking o r.edi ent required t

hardeneP cont ai n tjtg’ &g{éyqr%?xg@ng\?gﬂgrﬁp%yﬁvm%eﬂgn étr'srfﬁ‘luér@ Idéatqge amine”

Preferred am hardenerdoptainiahigast two active amine ydrogens peronelemule. fyeferredramingrcentaining

gﬁrmer C: al | ]y ﬁa\flaédeashhﬁuad Boe tﬁéirar@méreiallﬂfmlﬁ’ﬂ@ G, %rad%dmple, Air Products and
emcals o e S cam ne

mor e part i cul Gpeas S hue Kokl el od WS aRh Bt Rheselil sh R pteafifl

2422. 10 Ancamine DEZAddiethylgnirigminghand, Ancamine é??l c catalyst, suitable

mat eri alig i ncl ude ms&trﬂixg ﬁthermnahbtalhc catalyst shitablenmateridll éndhadenthetaN drikis inell

e.g., zinc, llﬁdu H O@%fl nlebd) BG40 G, lead and tltn octoate,

neodecanat es an napt Hc anat e gch as but I
the like are Bgoderapiesap nap e"ates otitapates s utylapats ‘EJB'E“ ‘HF alsp useful
or ganonet al | i in thaduarentdtventiond dise pfttie brganomeadllic eatdlysi lsaleywadsto aatalyze hydrolysis and

g ggﬁg?z at 'nglneﬁ{nds&sna{ SEme g,lrrgaa%sggie;ﬁ.rdwl%a&a% %gl éﬁﬁ; gﬁna (ilelpt ﬁsﬁ.%t}ymm&ﬁ
preferr L entB H‘?@H‘F ﬂ 1) ?\fﬁasomb?eg if! h’r’rﬂo‘?{‘éﬁ?ﬁf @Bﬁ?gghﬁﬂgllﬁivﬁ g
in the range efmponent istroenared by usiog in the ranga of ﬁynwbpm 1 tf 5 péreent by weight of the
-organonet al | i gy ﬁﬁﬁﬂtﬂlﬁ& cabilst Basedlod ﬁetdtﬂtv&ﬁlghl\@f Wb hdiekive bempgdiipai YL@mg less than

conposi tion.

or ganonet al | i %.(J,sgng !%{Ee; bt oi&he orggfh a SR @&%ﬂ%@&ﬁ‘ﬁcﬂn megm o pqﬁd?%n ng
a long cure thavingalg pg ﬁ‘ﬁ?“ﬁ’ﬁt‘hab@alé potibs shitablefer pastiqulas gpplicatigns) Usingigmater than
Usi ng geeat er abolefiveXitrcent byaoeight of ihe ergassmasllic batalys icgrhprodiice alfmally-cured product

or ganonet al | 'ﬁav?\?é Wééd meﬂaspeyﬁ&cemidanaﬁém %aqlcexr e&xacsuengm and c@@eﬁwg

| ower ed propert.ies ren

SJ cal. ngth %‘@ ‘gn‘i EA th an
cheni cal Tesistapce %f%ﬁ%@eﬁﬁ%e ip 8"‘i°f‘ss R %‘Y?{“%S? L@nbodyme aPme‘mte‘Y
particul arly @ péreent bylweightnfitheconganompieHis entalystds ysed to prepare the agkssivesompgnent.

wei ght of the orgayRuURHY M&ﬁﬁﬂﬁﬁfox?&oﬁﬁﬁﬂnd&ta%’s@&%&gﬂnbﬁn 26iipsundS which

conpone larl'y preferred class of organonetal lic
cat al ys?% are ao"?é’?f fgl(l?‘ﬁmﬁg?%'pega%o&mﬁpv%l ch 25 have the foll ow ng general
f ormul a: R [err]
|
Rs- ‘Ig" -R,
30 R,

where the R,, R, R, and R; groups are selected from the group consisting of alkyl, aryl and
alkoxy groups having up to about 15 carbon atoms, and where .any two of the R,, R, R;and R,
groups are also selected from the group consisting of i motga_mc atoms consisting of halogen,
35 sulphur or oxygen. _
Organotin compounds useful as catalysts include tetmmethyltin tetrabutj‘rltin, tetraoctyltin,
tributyltin chloride, tributyltin methacrylate, dibutyltin dichlbride, dibutyltin oxide, dibutyitin
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where the R err], Rerr], Rerr] and R err] groups are selected fromthe
‘group consisting of alkyl, aryl and al koxy groups having up to
about 15 carbon atons, and where any two of the Rlerr], Rerr], Rerr] and
Rl err] groups are also selected fromthe group consisting of

i norgani ¢ atgyeyeensi sting of hal ogen, 35 sul phur or o¥¥§88707611
Organotin conpounds useful as catalysts include tetranethyltin
tetrabhtyltln tetraoctyltin, tributyltin chloride, tributyltin
met hacryl ate, dibutyltin dichloride, dibutyltin oxide, dibutyltin

[Dé:r/ US97/ 076sulﬁde, dlbutﬁ‘ﬁx %Eétﬂt%o%ibuwltm dialaurate, dlbutyltm maleate pol er, dibutyltin

di al aur at e, Wer&ﬂ Oézgo? % ﬂgt?m}-%ﬁo% L?g, a?é) goct)ylux){:ude dioctyltin
di l,aury| ner cdal@utm dx@qtﬂtl@m;c énosm tig,dijaurate, digotyltin: Mteymlwngg djastyltin &js;
dioctyltin gﬁogayltﬂbﬂﬁoﬂté)ld'bc@ltm sulﬁddﬂnh@i&ﬁ}flﬁ 3—@*1616&[#6 in'oﬂmﬁiéi)dﬂ jparticularly
(i soout yl ¢ nEsyPYREr Rumpfefile ﬂé?b@t O Rt ity wdiie o, for
propi nate). a&mpaletm!é’mﬁ“ﬁ?&c micals yder FP@duqungmMmcmelT-b catal yst is

di butyl ti ndi acet ReRrringaio the bueeRtalysiithey bﬁéa(taka@%k G fugeamn téihbination wnh the
SETDfy o orpE: SR b A 0 0] Sl e
with t heglo hydrolysis,and sopé e&Fﬁq"B 'ia&f‘%{ﬁﬁ?tm% Pengfi 91’8‘"@&"&3'! E"lyﬁlm‘a“e “esms
epoxy- pol yarfThecabacalalyst and egaometallimchtalysereact synergistiegllly ol pranstealiecure process
fgg?ﬁgsat ' O%B%Bﬁ}ﬁm%gh{%gﬁnpk angiré &ﬂ@wﬁtm%gﬁs&%le% pol yf'eggi(ane
synergistically gv}'ﬂbl% F@gl?%%&%‘?se‘“b 88‘8 GRidE tidse sefeﬁ'r‘?g%“f‘%g? ZIOPP Sonsiting
anbi entt5 t enpeérra¢roaptansypalyanidés, polyinidess amidormides, rand allphatlc amine compousds tapd| e

base cat al y%;ﬁyaﬂ,m&mﬁumtﬁaqmtmeu&a foiaqide sel ected fromthe group
consi sting 15 of nercaptans, polyam des, polyim des, anidoani des, and

al i phati c am ne conpounds and aromati c am ne corrpounds havi ng the
general formula: [err] \Amgxweamp Rlerr] and Rlerr] group is
i ndependent |y sel ected from hydrogen, aryl and al kyl groups havi ng
up to ?)bout 12 carbon atoms, and where RRgjr] is selected fromthe group
consi sting of alkyl, aryl and hydroxy al kyl groups having up to
about 12 carbon atons. In a preferred enbodi ment, 25 the adhesive
conponent i swiprepathdd abg Rusgrowp isnndmendeaﬂngaemfedffmﬁmmm @yhandpiigyd gpanps ent
béh _ VIRWRE bp Qiabéﬁiqzmmmaﬁhebﬁﬁ séléctdd fPont ﬂfe@kou\p%ﬂéﬁm@fofmﬂ
adhesi ve co e |
of the baser%gﬂ# ng“x?‘ré%yl “PSS‘?S%H‘& 29 t° ad es ”&2‘ ! i f Eem& em%oa}'ene&
25 the adhesive component is prepared by using in the range of": from about 0 1 to 10 percent by
weight of the base catalyst based on the total weight of the ad_hgs_xve composition. Using less
than about 0.1 percent by weight of the base catalyst may not pr_qducc an adhesive composition
baving a sufficient rate of cure at ambient temperature to facilitate its use in particular
applications. Using greater than about ten percent by weight ofthe base catalyst may produce
30 an adhesive composition having an excess amount of base caialy'st that may reduce chemical
bond strength, mechanical strength, and chemical resistance in a finally-cured product. Ina
particularly preferred embodiment, approximately five percent: by welght of the base catalyst is
used to prepare the adhesive component.
Amines found useful as base catalysts include dimeth‘yl methanolamine, dimethyl
35 ethanolamine, dimethyl propanolamine, dimethyl butanolamme dimethyl pentanolamine,
dimethy! hexanolamine, methylethyl methoanalamine, methyl: propyl methanolamine, methyl

ethyl ethanolamine, methyl ethyl propanolamine, monp__ .-isopropanolamine, methyl
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having a sufficient rate of cure at anbient tenperature to facilitate its
use in particular applications. Using greater than about ten
percent by wei ght of the base catal yst may produce 30 an adhesi ve
conposition having an excess anount of base catal yst that nmay reduce

chem cal wo9Tend strength, nmechanical strength, and cherixuserorélr
resistaqce in a finally-cured product. In a “particularly preferred
enbodi ment, approxi mtely five percent by wei ght of the base catalyst is
used to prepare the adhesive conponent. ' Am nes found useful
as base cat al ﬁmﬂmmlmimdaemmme, diathanalaviinerethanolaminet Aypartidblarly preferred base

et hanol ani ne, cghiyRtidnk 6%9(& FdiniometiylRihEd, mwﬁ%ﬂfq‘:&?aug%ﬁ% om Air

pent anol.am ne exa I am 0 hoanal am ne,
met hyl pr opy! Pf?élf‘ﬂﬁﬁ‘oqlbemlg% “"é%‘t"ﬁ ﬁg B anol am ne, nethyl

et hyl propanol ani um@memeapa‘#moawm 9$e°fa thickener is optional andénay
97/ 42027 be desired to achieve a parncular adhesive viscosity for mixing and apphcanon Addmonally,

PCT/ US97/ 0761&1& use of a thnc]k%nrery g elttaHs% Qﬂﬂ?llcgﬁ“{egg lus Q qu%)va;

et hanol am ne r re
tris (dinet hyl"ﬁ!’??%ﬂ‘g'f’ﬁ ﬂ}w wfﬁ&»mﬂ%mtw iscpmmereinly svaijahle)i r

5 PO oduc fet efamiplefram ICabotCbep., dﬂWalﬂfaﬂt;th‘ésaﬂﬁﬁﬁt%ﬁﬂ%ﬂ@alK@QSﬂ product line.
Referring to %Qﬁnfcma%ﬁﬁ%rgﬁ?mﬁﬁsﬁ%g d?erﬁ%et'fhtba Sshersus ). of a thickener is

optional and eslr leve a particul ar adhesive
viscosity for mx |l‘hbprﬁﬁﬂe"a‘5'§1" ?ﬁﬂ’et"f”aﬁ%ﬂq‘ﬁﬂs prepared by using,up tebowfivg
t hi ckener naypéreend dwyi weightlod ctbwﬁmedtsxlwatmgredjem diasedonrcthe ttbtal weighnefthe hiksdRe

to provide composmoxi NIsirfpedtr AUl By e'ifef&ﬁ‘lgi{hveléﬂ BF &k ﬁfrﬁ%ﬂfcﬁ'lﬁ &ﬁ &Jaago

Corp., 81 vl PRAME % ”E‘%[f‘ég%%%"‘%%ﬂ {OR k. iscaps to st gply. Tyt parcularly
A particul ar I preferied embedimentyeppredimpiely 0.6 pereeit &y weight Ghthe Guded siliGr mgedient is
In a preferreﬁlgee&bpdpmeadﬁebﬁe me conponent is prepared by using up

(02t 1o, s ofnpBARAL phe il BBk TRt 4SR0S L
greater than W68t ‘F‘?‘{Pg" Sp E"(—?rfF“W‘Wé? GT?P“ﬂfSh?‘?‘fea%‘ﬁéB“@fqu’%%@heﬁg? &amehtw
may 15 20 pr pivideconrenimingst mtos: dnp pedférred embbdiment, ﬂgadhdshbe&npﬁneﬁtﬁpwpsﬂo

m x or apply. b)l Wing up¥é ﬁﬂo‘ﬁ%@ﬁér&nt by wetht of ﬁfe%&ﬁﬁc{i{? Frgﬁi@}:t’ ased on the total

O R ot Do sl T it BBt
pi gment i ngr eexteader pigmeniingredient c@rmﬂdmantﬁéh@emcp@nmmrrbdmenmﬁicxem amount
i ncr ease mdubﬂ&slnfﬁ%ﬁﬁdéﬁl‘t&kli‘ddvdég&etd! adhéiomBin deRsiakapp ﬁ&%ﬁé) npdl lctdaﬁy

2?11233: \r/rg nI or "ﬁkﬁnﬁcﬁeﬁgod:men %5: qfatglg Ih ?Wc&x@ E& ngh{ oaiitfle ewdﬁrﬁ r,ﬁ r!)“g{“die ent
about 60 perc’él"}ﬁedﬁ?l’(ﬁe#'@ﬁte est‘ﬁé”@l??@ﬁﬂer pi gment ingredient based on the

t ot al we Byitdbleoéxtérkder piginertiingredienty ielude silica, Whical gv@llatohitd, tdlé) &ﬁlcﬁiw ut

60 percent by?]\oﬁ‘drﬂ{&t afd o{the conven onal Iéﬂgﬁnl g{euﬁlg ”Eﬂtﬁahwaﬁﬁ tp‘?@fterrg cxtcndgf

produce an adhesi Ve’ CO I.ciédt anou

resin to pro@Bey fRrsio °%‘fe thig dpyention ds, yyqliastonign &hat |ig a
parti cublr|y @mmercially evahabled‘rmrtfodcmnk;, Napops ki, ImﬁtVéiﬂlybodﬂ Nev Ckork uhder the
wei ght of thepreaucemﬂwudgasmt SildxaheRbARdd adhesives prépar& déé&dmg% ﬂf

adhesi ve corrpgggg qpl F %xt en 3: gs %ﬁ’rﬁ@g
i nclude silich HioRmay alsq Snfa(:)xhlsxpall %ﬁ fm oF Q& iﬁ?{m s PigsRt, %ﬁg{l%ageg}fd

ot her convent suéﬁraﬂmsp?rgm@r mwgwwm?nmgmmtq@mrvc@moams;n qxtentiensteckifisrs anddbe
like. Such other additives may be present up to about 10 percent by weight of the total adhesive

35 component composition. :
Siloxane-modified adhesives prepared according to pnnclples of this invention are
preferably prepared as a two-part or two-pack system, wherem___ a first part comprises the epoxy
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E

pignent for form ng the adhesive conponent of this invention is

wol | astonite that is 30 commercially available from for exanple, Nyco,
Inc., of WIIsboro, New York under the product name Nyad 1250.

Si |-oxane- nodi fi ed adhesi ves prepared according to principles of this

I nventi on maygegezcontain small anmounts of other agents sge?n@§mﬁ*gnent
wetting agents, surfactants, organic or inorganic color pignents,
hydrocgrbon resin extenders, tackifiers and the | i ke. Such ot her
additives may be present up to about 10 percent by wei ght of the total

adhesi ve 35 resin, polySiluXandiesia Gp@Stiallie catalyst, any thickener, anhlyRs@R8er sthdr Sla
adhesi ves Pr LR R hRSS g Qheta(?n' “nﬂ&n@}% Ty.thIS _nventlorg.ar . ]
preferably pt e'o‘é"ug’(? asﬂé- %J%D parl¥2 or % Wo- %ﬁg‘f?‘%@& ng basy, prlalyy ireredients;  Prioz - ¢

conpri 3es tHe 1§spggpycation, the first and second parts are combined and mixed together, causing the
-9-. organosilane andCpélysiléX4n3 7resin ingr_edients to undergo hydrolysis and condensation
catalyst, anytgns o dhe presenod b orgfiOnkall HA Bike il AFRIIRELE oo esin
part conpri SBandggo %‘msﬂ@kﬁmﬂéﬁw‘&@am@#laﬂéperé?ﬂep%éhqséwéby@ug a cured
i ngr edi ent s.epPry tesinthaving siloxane todifjoationc dlhie dsolatédveadtion Hetwaerl the @pOX\Orekin lah$
are copgpi necgnangbmesﬁplmgﬁaﬁmesimiﬁﬂéﬁbmis%ﬁgegrin U.S..Patenﬁlgglgg%?é 1%’§%o§ﬂﬁ¥ch

ol ysil oxane resin i ngredjents to undergo olysis a nsatl
Peagt i ons (i’ﬁ{"frﬁ@”b‘?"éﬁ%‘t@d‘?ﬁe{"ﬂ‘é&or gangrret al i cyand base catal ysts), and
causi ng t he epox¥he adhesive composition isformulated;ovhen dlestirst andisend paty are a6mbinkd
L he ani nel haag&nm,rtoicagraeglheaantmhbagtahy.i:{mé mn@soft,fr&uragsk{t-m"c to 1208 Ridhid £S5 N
avi ng sil oxane i . .ed reacti.on n the eppxy [esin
ond 10 ' CApRpL ok BER abalk 16 beis ¢ n Hifled FRigHly "5 8 e kb
Pat ent1S\unbamonngeftime that iffakes the adhesive compongrts ef thisiinvestipioachigve §00 percent
reference. cure depends on many itors Sivh 31 U aBsbign® feiipeburt, Shd Ahdlk af Siganotedllid he

first and s [ fioget her, to cure at. anbi ent
t enper at ur e?ﬁgﬁgstc%& aﬁﬂ‘[e"@%r?gﬁa’ é]nﬁa eorﬁ{ahyel}b "o rié: to 120[err]C within a
time period of W& E“ié"’hﬂf@’ﬂen &0 o thaes adhesive/adherspd| systemy of this o

be under st oddvdnﬁgn, t prefersd adherends uane - substiatesehaviugt silokarteakadifitadtionad Ariheresd
conpor@t s- Rhmbéhesits h&u%zreﬂ&dti@ﬂés&m@,f&mnmﬁﬁ Bdn comprise any oglu,r@vo%‘? ReRfS

on many factors ,such as I he lent . tepgperature. the anmount "o

or ganonet al Irﬁ'_"gts’ple component Hﬂfnge?s)"é @%ﬁ%@ﬁ@ﬁ%fﬁca?éﬁmwn%ﬂflmg thatihays ve
humi dity.  siloxane modificationy ke thatsase eapabls of Herming) an Sir@-Sidhapd rwitit thefsilpkane-
adhesi ve/ adhssdifiell sdiesiesrcankponiits Adherend componstasiise® Br prepédEitRepraciie of Biks
are substr at; | [ i Qi | X .CO nent s
used qr. pr eglg‘r%gg@t?/hﬁ? Rg %ﬂr?%g?ﬁ% ce oifugltkl ﬁl?tsﬂoﬂflugﬁgﬁ g’{\aﬁ%g'r? %lgic?d S e"-qgﬁ i
two or2Sot heform, or may be jg the foymcof a sapBoRits Comprising onuer mgre syshTesinsda gombination

t her nopl ast iwithene bhmoreaster tlemgntpog.yastructuraly réinfoecing element suchiab fikérghass or the
nodi ficati Ongel - €., that are capable of formng an Si-O-Si bond with the
si | oxane- _ nodi.fi ed _adhesjve onent ., Adherend co nenfs used or
prepared in the %'Ffﬁg?‘ﬁ@gﬂﬁﬁsf"ﬁ “ge ose tﬁfggg W?R%Wd’ﬁmﬁﬁ‘&%g’ O%gﬂ’ﬁ’d}uf‘?‘&ﬁ’?‘
excl usi vel y prlygiloxangatsinsi Pasticuinsly prséiored sidoxanesinodified adhieesnd compengnt@re preparat m
or nay3pbe i iy usifg i@ Tutpe offrér BAG0.5 © 26 PEReENt Dy MatighDofn ARV §-ob slfabol Rftibhal N
Ot et o pepenpe 8 "1 Bofler R0 U S TRk of ' S W
molecular weight in the range otg from about 200 to about 10,000. The polysiloxane resin

ingredients that are most useful in forming the adherend component of this invention include
those previously described for forming the adhesive component'f bﬁhe invention. Additionally,
35 if desired, the adherend may be prepared by also using an oréé_ii@metallic catalyst and a base
catalyst to promote hydrolysis and condensation of the polysiigxéﬁe. Suitable organometallic
catalysts and base catalysts include those previously described for forming the adhesive
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Preferred adherends include those that are prepared by using silanol- or
al koxy-functi onal pol ysi |l oxane resins. Particularly preferred

si | oxane-nodi fi ed adherend conponents are prepared 30 by using in the
range of fromabout 0.5 to 25 percent by weight of an al koxy-or

si | anol - f unct wansw42027 pol ysil oxane resin. It is furthereckrssmersii hat
the pol ysi | oxane resin have a wei ght average nol ecul ar weight in

t he range of from about 200 to about 10, 000. The pol ysil oxane resin

i ngredients that are nost useful in formng the adherend conponent of this
i nvention i nclkosiponent of the invémiior. pr evi ously described for formng the

adnesi ve conponentyyfaghliend difpdhén? bf thAdNehlic Ry dso Ptude othérrediBSLlcf s cdhf,
adher end5 may be lgﬂr,epar ed, by (ﬂlﬂsol usi ngq an tggl%a]mometﬂ |ul c catalyst anda
base Phgnpligs polyesten apd iy #ijRsy BlyIpthanyy, polyypide.maclamisg, Biran, gerylate and
pol ysi | oxane. tigunepkistiepayviuyhdraidsl palysthylene, polycatibndts; ARBS, polgstirancs ethgleat yiayls
| le ude those agusty Iaﬁw%v@ggsidzetageiofy%icfepm pelyprofyieé ¥esihs’ Gepending on the final
PCT/ US97/ 0761 intended use for the “"{&%ngﬁ‘g frangple.ifdesirahle. i repgee an adherend using a phenofice
adher end conpeasixin additiomioghe ppjysHoxang resin forapplicitions thatcal) foran adkesem davisgigdndas
epoxy, 3o tenijREMAL of flaiOleyigtaicel and vinyl ester, pol yurethane,
pol yam de, nel am I : .t hernopl ast i | yvi nyl
chior1 e, pol yet oyt oA R AL U i BBl st of thig LD ERITR I REE 1ot o
acetate and pBpadbeiyeeniwesirane-modifisdsehstrateser aégqf?-}s_’lsoﬁ g t¢ Bl A san example
dependi ng on kikexahé-nodified adhesive/adhetend dpstern $€ udediin tHiemathergenerilly bampiscaniiie,
i s desirable &i@oﬁﬁ?—ﬂﬂzﬁ e hdRABRY G lbstatd D, @ sﬂb%gldl&iii?]ed adhesli\{c ff’fﬁﬂsgos«%] on a
addi ti or] to the od%sl o>%age regi#n or %E_E#I at |q%n§|,t (gt ca for an
adher entShavi SYfTaE5Fgricg of the AR, sitaxans-modit F@?‘Fée ek 8,4 Seeond siloxane-modified
Si | oxane- nodi hdhegenddirsubsateadtdispesed optosthe .niboxeﬂe-mhdiﬁe{ﬂ a@l@sivé h Thefinadlyfoutedt 0
fSL m a 3 t r0gg?iloxape-m%diﬂ%g:hdh&%m%nﬁé’@st%dg(h‘éﬁd'Q‘G e&ﬂlq?::waﬁt%r&]{ :ﬁﬂdseéond -
adherends. Referrin - Si ne- i f _
adhesi ve/ adhePeRg "%‘?/qsofdgirﬁdfg}' eﬁéﬂ gﬁﬁﬁf‘f@%&ﬁ ﬁ'é?“%ve'%?é‘?‘gﬁig 3’8@?’5‘@5}3"?‘1‘&
si | oxane- modi Pepepdingen hegpagiiculay gerlication, the segond siloxancaneified achgrend Héstande14
didrs]pos egoo g afobmed fromaatmitammoistﬂeamnets-éﬂa@tréréﬂtﬂonﬁhkt@smfmd it el ls)iloxane—
adherend 12, . aﬁg%} i L bl e I erend or substrate
16 di sposed on g"?ﬁé Sl g)é?th'g)- m@%ﬁ%%‘é‘ﬁ%}gﬁ%"ﬁ%ﬁ?ﬁg&f i nal | y-cured
si | oxane- modi f i ed Id#tedesupdersood:that the adherendcamnonen of the dnyentiosrcan e inihp feravaf
first and secenumberof differentsstructums elepapdingioadts iiéneled putpost 4ndi fickctidh, Fob exaniple,
strongly bondih@nid\i ghiRadpiieigplieiioh 9 daRérend ma; O £8P i j
parti cu%gr apgll?#z%laiij(o t hg&%gﬁng:‘os I M-e@???%%a;%ﬂgﬁ?%n g%%@gpalhiggrﬁo
formed PPom adiftihe fike Mpigapecifically thead ca e i the & adiberglastrgintorcesresip
form t he fi r spipgiand pineditting or couplingnesgh toreprisingresilonaheinodificsivesia comparent, e.g.,
Pﬁvi ng hs i 0>O<I agiRxamRGhddifisdiehéXy resin, siloxane-modified ‘Bllénpiié 1t'etsiﬁ a?&th‘é rmif@.r REERMAUHRIG.
e adheren . . | he .f orm of. .
nunber of _di 1 f-ah SRPIHY ?{%%?f&?ﬁ%@ﬂééﬁ%‘gﬁs%?ﬁ%ﬁ o 183w 3bip sua ipg jenefs
function. For 'o8stheffomprise a first pipe mgmber 20;(Brspsiloyane-medified adherend)and a second pipe
the adh8@end nmmber2R éirstrsilNage-modifivdxidherepd)positipiedeobiidllyi with tRéir pipe edsdidjabent
el ni or ged 1 oarorifhlath wiiiAAOEP DEsloRe Modified e RAM b Nsfbold (e Bhitite
conprising a B8R 3&3%?‘?1‘%& ﬁfee@ﬁ[")le’gdg‘rwr?eﬂi?? ﬁé‘?’@.fz?ﬁ%‘""ggﬁbxam modification
" (second siloxane-modified adherend) is positioned over the pipe ends and onto the siloxane-
modified adhesive 24. Once cured, the siloxane-modified adhesive 24 forms a strong bond to
35 both the pipes 20 and 22 and the fitting 26, thereby strongly bonding the pipes and fitting
together. '

The thickness of siloxane-modified a_‘dhesive need_ed -tb obtain a bond between siloxane-

-11-



si | oxane-nodi fi ed epoxy resin, siloxane-nodified phenolic resin and the
like. Referring to FIG 2, an exanpl e sil oxane-nodified
adhesi ve/ adherend system 18 adapted to join two pipe |engths

toget her conprise a first pipe nenber 20 (first sil.oxane-nodified adherend)

and a secondyi 9932039 menber 22 (first siloxane-nodified b

posi ti 3ned coaxially with their pipe ends adjacent and/or 1n
contact with one another. A siloxane-nodified adhesive 24 is disposed over
a surface portion of each pipe near the pipe ends, and a pipe

fitting 26 hasiifigd sdieRndstepsrids b thedhitien] lication, dnd@ d
adher end) lsgjg@@e[é?%qgﬁ“ﬂe@e p?’gﬁ er%l?sppz;‘r:]admgnt O%dzgié ’ﬁihclg%%g-%fm iy

nDdlfled adh ce cured, the sil oxane-nodified adhesi ve 24 forns a

strongSbond to 3s\lthough sperificiembadiments af silgranomodified pdhesiveladhanendipstemb baeby
strongly bon#ieng desefibed pad Hlostratddt hbm it is to bé QgALRRDLA that s1loxane-mod1ﬁchhe

Lhi ckness of a&iehﬂéﬁﬂﬁn!ﬂ&%&@é ?.gofgn&?ﬁﬁ%etaa&w 8" Ha SpetiiCaly
PCT/ US97/ 07 69escribed and still be withig theqn derpe of the inyeption) Fop exampde, patherithan being
appl i cation, usaﬁxﬂfanppuhgqnpes tdglathen; situxensodifiedradhesive/adherend systeitd dﬂﬁﬂ?hﬁéx&l&no

10 m | hpmet efn? be us to joinp hﬂgg hee? 8»&&&:1%@%%&% 8 add

si | oxane- nod Yed a l!1 end, sy ﬁ H:xgen d%%&“i’"&g&
and il lustr afaéllffatbm eing, Ufe (? fr dming vidhaetlingn devices | ogethvs. siexane sapdified
adhesi ve/ ad haﬂsﬂde/sqmt@dﬁsysﬁma of this inventipn can hayseddo [joiaddgeties stibxeae-niddeied

that specifi &me}eﬁds that do not hd%&ﬂhﬁﬁ}ﬂn&mﬁ fihdtioh, 8, Madah bP nhd\Gird éﬁ%%?g.‘?&aﬁéope

f th h
Foi ni mg, pi petosbet b eBR Rsdns g Foe %Sﬂi’%m%%mémnmmmnw hi s

i nvent fdn 10the lik ematy be used to join pipe fillings, .such as tees, el bows

?nd the |ike to [Thpaenehaiisms"bidwhichnie siloxane-modified ad]ﬁﬁxhﬁﬁdHerﬂB s?ﬁéxﬂﬁ)réﬁ&fs‘“
or joining t

aghesive) anapeiadeal Hiepat %ﬁ?ﬁm &ﬁﬁl&%%*ﬁ‘q‘éé B TR e eispene

si | oxane- modfieekant wétting ¢ haraciggisticsaf the s ﬁ‘&t“e'd‘éf’dffé%i W@eamﬁbnakmﬁmmm@re

function, e.lygh igiemmarohesivé $trength wf thradbesbife, aid| formaatien: of siloxane bords Bethicexithe

const r pgt | ONadreEAEAr adhérbrd<ane- nodi fi ed conponent s of corrposi te

el L o g ThfsR an ot Yoasutes G he inveption vl be btst PEsEood With rofereios & g,

adhesi ve chafollewingiexamples. |I§:sm)be M@ﬂéﬁé& therfeltovdnpexaniples aresxllbsﬂ'anwef:bma be
rel ated to tfe embodiments ofsiloRdreaitidifisg billiesige/adhatend byatchiflor 8fis @bertid®, and are not

si | oxane- modj ti ach Aqh gﬁﬁhiﬁ% o#aﬂ‘%}éﬂﬁé&ﬁ)ﬁ%o,gﬁﬁehg%{' Galle 'sa’t\(elg%he&?nd ﬂ?‘%ﬁg‘r%t BBnds

i nherent cohesi ve str
bet we t he begprepared gepquding jo.prifg Hhisanygntion. The examples set forth a siloxanermedified
features of ¢poryadhesiveta sﬂbxanelrdmdmdtphbncﬂm adhslendsardost uniolified pREMNE @nd epoxie
foll ow ng exgyuple®- It is to be understood that the follow ng exanples are
illustrative of but a f ew enmbodi nents of sil oxane-nodified

adhesi ve/ adherend systens of this invention, and are- not i nt ended
to be limt th%@&@d@mBWMimmwmf adhesi ve/ adher end

syst et”ﬂ) t haEI' CanA&ﬁloxane—xQ&itlﬁk]!c’ e FesRCHIREIN D mipBnddk Wk bRp&Rd Bl cM?nbﬁung the
e ASEeRi n 1  W A o r Be

and epoxy combining approxlmately 3 percent by weight (pbw) epoxy resin (Epalloy 8250-epoxy

novolac); 15 pbw extender pigment (Nyad 1250); 0.6 pbw fumed silica ingredient (Cab-O-Sil

TS-720); 0.6 pbw organometallic catalyst (Metacure T-1 '-d-'ibutyltindiacetate), 04 pbw

35 polysiloxane resin (SY231); and 0.9 pbw optional agents, pxgments and the like.” A second part,

Part B, was prepared by combining approximately 15 pbw amine: hardener ingredient (Ancamine

DETA); 25 pbw extender pigment (Nyad 1250); 2.5 pbw organg__sxlane (A-1130-aminosilane);

-12-



adher end. Exanple No. 1 - Siloxane-nodified epoxy resin adhesive

30 A sil oxane-nodi fi ed epoxy resin adhesive conponent was
prepared by conbining the following ingredients in the foll ow ng
proportions. A first part, Part A was prepared by conbi ni ng

appr oxi mat el y vé@opaozrent by wei ght (pbw) epoxy resin (Epal | opcBRS®02q0Xy
novol ac)i 15 pbw extender pignment (Nyad 1250); 0.6 pbw funmed silica

i ngredi ent (Cab-O Sil TS-720); 0.6 pbw organonetal lic catal yst
(Metacure T-1-di butyltindiacetate); 0.4 pbw 35 pol ysi | oxane resin
(SY231); and 05 fowbaye esthlysts GAncagimeKS54); and inpbw optisial adeats! | ke. A second part,
Part B, was prepared by conbining approximately 15 pbw am ne hardener

i ngredi ent (Ancam ne 25 pb extender pi gmrent (Nyad 1250);
2.5 pbw ?r gano@!—ﬂ'—‘éﬁﬂé—@ﬁ%l‘j@@“gg?ﬁ%@w E)awh

-12- An uniodified 2poxy resin adhesive component was prepared to compare against the

PCT/ US97/ 07611sﬂlaxane-mod1ﬁed bl‘ésxﬂadiﬁeﬁﬂ:t af ¥% léﬁ@&amwecdﬁﬁimg QHGI ﬂ)lltﬂmﬁﬁ
optional agents

U | f
An unnodi fied @gﬁ%‘fn}se‘&‘ﬁe ﬁg?rrg/gro 'bsh&]?'psgﬁgnlpf §PO§¥ EFPT H;PA’ %’msbl"\‘/"elg
agai nst the appmmmatsl}'ll’dmoﬂmﬁﬁsfw wm@ﬁhb@&ﬁmuh GQYQ}@),OE‘O b ohHi eedsnd

1 by confu ni NGegolif rdsl (Epwh BZb-bisphenol A epdx§ )N pow Hurhétsifidd ihgheliiest (Cab-O-Sil -
proportions: Agéibﬁ@wuﬁﬁjg \E@)'Etmda‘r ﬁ\@% %E?\?E%‘ié?e OQ@Q%gn% ad)Pm?Owaf)w
: FAGHn,

approxi mat el y resin

of a second 1(1’1‘°Pm‘bb¥b99y"‘?‘@§$ ?PP(‘E%‘B?F%’Z@ PveHRies bardenes fgrsdieng GAnepming:
fumed silica idygloaliphatit arhita))afd 23 pbw base catalyst (hicdiiihe; 1 6aTvgoRarhing)w ext ender
filler (220 Grit Al um num OXi de) A second part, Part B, was

pr epar ed, by caopbi nin PL.OXI fe)% ne, hardener i ngredi ent
(Ancami nb PACI\55’51“—'-1!19—&"46—30 é‘&’é‘f“& ﬁﬁ‘%?lfgglfﬁ”raqg% ™®ndnd 23 pbw base cat al yst
( Ancami ne 1637- pol Aasitpxasg-modified phenalic s¢sin for ngs in Gonsirgiting an Aéhenendi coinpdnent was

pge lenl tcr ag[ler e gcdcﬁgirmegnto pnncxpleﬁoﬁhlk %ﬂﬁn@%ﬁxbﬁﬁg&h@mbw&xgnﬁ@%dlﬁﬁt@rn thé e
i structi o |

princi pl es of n‘?ﬂ?‘g e R {noé'ﬁ ?P f el?f gpbf“f'nghﬁngm c’#\nmngiéir?gréﬁf@h S'T%ﬁ TP
fol | owi ng pr opyrilablsiiom B chemicalsaf Sully, Bngland); Gnbavasid catalyst (Rhepcpd 38tnalsanvailehie ¢

resole rasin from BP Chauealbﬁbﬂq’bwmﬁsxﬁbmmﬁﬂﬁmj (&Ibb\y ,organgmenallic; catalygbw

acid catal yst w
pol ysi | oxane r@ﬁ nﬂfegi( bgzﬂg‘w% ﬁ%ﬁeo%e t|§lc a?gfggﬁrﬂbg@& reinfroB
(Metacure T-1)lamipF Yﬁa%’ “g( OB the silgxane-mpdified
fi bergl ass r eiphmlic exdin by preimpregriating hatl s layers Oﬁgleqaa@‘eng Wit the@iguidgedoplacingitie
oz. Woven rovi ;s}a éaqa sloq’éagbaoﬂa £X Behvasdn release coatedmemhtbg aﬁ&&mmgtm layers

t o
Dl acihg The o i Y tﬁ’éﬁpﬁwg@é%afésye‘?XT'Ee?g'aaf NI e
coated steel pwasabaut 7apercentby mgighhe | ayers 25 for one hour at 175
[err]F plus one hour at 250 [err]F. The glass content of the finally

preepar edhdhergngpie No. 4 - SillEneAi0MEed epoRFAdieithd Py Wei ght .
A siloxane-modified epoxy resin for use in constructmg an adherend component was
30 prepared according to principles of this invention by combmmg the following ingredients in the
following proportions: approximately 77 pbw epoxy resin (Epon 826-bisphenol A epoxy resin);
18 pbw amine hardener ingredient (isophorone diamine); S pbw polysiloxane resin (SY231); 0.2
pbw organometallic catalyst (Metacure T-1); and 0.2 pbw base catalyst (ethylaminoethanol). A
fiberglass reinforced laminate was prepared in the same manner as that described above for
35 Example No. 3, and the glass content of the finally prepared adherend was about 75 percent by
weight. -
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Exanple No. 4 - Sil oxane-nodified epoxy adherend A

sil oxane-nodi fied epoxy resin for use in constructing an adherend conponent
was 30 prepared according to principles of this invention by combining
the follow ng ingredients in the foll owi ng proportions:

appr oxi mat el ywo/ohpe epoxy resin (Epon 826-bi sphenol A Epoxﬁcﬂﬁﬁh 11
18,pbm/§n1ne har dener i ngredient (isophorone diamne); 5 pbw po ﬁoxane
resin (SY23 1); 0.2 pbw or ganonetal | i c catal yst (thacure T-1);
and 0.2 pbw base catal yst (ethyl am noethanol). A fibergl ass

rei nforced | EisnnileNecS- Unmdifietphenolidudheend manner as that described above

for 35 Exanpl 5" %mﬁﬁe“gﬂ@ @EL%QL ?oﬁlsé:?l gﬂ{ig a?xI adthgr%né \Iivgsalgrleg J f%??&rggses
o

adherend was abou
13- 3 of comparison amsgtpp ,gﬂyagepd of Examp]e 1 using the same formula as that set forth

PCT/ US97/ 076 3 Exdinple No. 3, but withautnipd golystloxdne resi 57 dnhealli Dl iand %QA&%&E@%:.
An unnodi fied phenolic resin for use in formng an adherend was prepar

for purposes g I n ns t he adherend of Exanple No. 1

using the sa aém{‘nzﬁgéedz@f’ in Exanple No. 3, but

wi t hout the pol ysﬂnmwrhfﬂhwxummngfmwmﬁhhmgamm}eyﬁdwmﬁﬁﬁm&aﬁﬁpﬁ s ¥pt

Exanpl qoNo.  @om HMHQ};JIMEMW No 4usm the sam f]pnéﬂpur osesfogtg"io
shaRe

conpar i Eih“af&%ﬁwef S4B G op el b s

?%Fﬂ%b’&i as
that set forth in Exanpl e No. 4, but w thout the polysil oxane
resin, organ ahtibie jmemand base catal yst. Prepar ation of

Test Speci nens sh tes eci ne
pr eparg from eac%m%lgl P Lz X"gf °r?&%§g %{égp%}e%pm e%g{m ‘ﬁP’@(‘ﬁ’ é“ §“d 1
to 6 usi ng a PSRIEE t‘égl‘?’ﬁ‘ﬁj‘ SratES H@VFféalé??BF&mP@W taapply loadat a rate
of appr oxi nabéapprdiﬁnmlys(Jmlsﬂnﬁmtodeteanm bendxtength.t Mergspbcifiddily thé RECS g)Ed:xﬁ@hsl Y,
the test SpegjefHipared by placing m'i&n%%measibbaesag &pfea% Gt QE&JHE?%?? -be,tteseied

to-be tested adh Sl eot surface
Substrate. - afiPtOOME AR RATER AUt of 315D cosiedsprond edhsernd (hahisamtameas e | s
the sane as ﬁn-gadhe:end) into cqntackwitptlitrenposed)suifareof thee-be tested sdhesihe sethpohe th-be

~surfacegof t kstedardhesivesis kRdwhBE bétwBerbhbth BdtlerdnBE TR 44BesPR was antﬁé{l thjcure to

-‘adhesive is n The adhes ve
cure to ?&MW%% ﬂ?We 'ﬁﬁéﬁ '? ‘Ec’s £ POKEP "s yas scﬁ\“rly
portion of t Awhereddn a uertieal positianahileadngd was applied to ﬁeams’mfrﬂmﬂqwnvalrdln diréated

posi ti on whi kezond ddherbndas applied to free end of the downwardly directed
second adherend

25 Test Results
Results from the single bond lap shear strength test are set forth in Table 1. For the test.
each of the different adhesive examples were combined with each of the different adherend
examples to illustrate the enhanced shear strength effect that occurs when each of the adhesive
and adherend component are siloxane modified, when compared 10 adhesive/adherend systems
30 where either the adhesive or adherend is lacking siloxane modification.

35
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25 Test Results Results fromthe single bond | ap shear

strength test are set forth in Table 1. For the test. each of the
di fferent adhesive exanples were conbined with each of the different
adherend exanples to illustrate the enhanced shear strength effect
t hat occurs wwevazeh of the adhesive and -adher end rxvpssmewit ar e
si | oxang nodi fi ed, when conpared to adhesi ve/ adherend systens 30 wher e
ei ther the adhesive or adherend is |acking sil oxane nodi ficati on. 35
-14- WO 97/ 42027 _
PCT/ US97/ 07611 TABLE 1 __ TABLE
1 SINGLE BONDUABSHE AR STRERTIPTRENGTH 5
BOND THI_.CKNESS LAP SHEAR STRENGTH, psi FAI'LURE
ADHERENB ADHESI VE /1 NCH I NDI VI DUAL AVERAGE
NODE Exa E>BOMDI THICKNESS  LAP SHEARSTRENGTH, psi FAILUREA4
1040 &QE&& v4DHESIVE N - INDIMIDUAL AVERAGE (. Q2¥ODE
éogz_o Example Bg:[% c&%m ve 944W/ si | géﬁg Vewllgi I Ot:)é}%sri]vec
: No.3 0.020 1067 . cohesive
Exarrp! € w/snloxﬂe Olcu/snoxane 0.010 937 1126 cohesive
cohesi v¢o No. 2 0. 015
862 924 Example cobDeWi ve 937 No SidokNiane
0. 008 No.D96 0.015 8¢rarti al cobmsive cohesive
0.010 no gifyppne 0.008 gﬂ tial cohesi vepartialcohesive
Exanpl e Exanpl e 0. 544 711 partial cohesiges )
adhesi ve Example O EBRample Nog gz 7§} 010 650 . adhesive
588 15 No.5 No. 1 adhgsigve gy Si |l oxane W Si | Queaite
SO no siloxane w/siloxane _
Example 0005 415 adhesive -
No.2 0.010 642 - 447 adhesive
no siloxane - 0.010 285 adhesive
Example Example 0.005 1244 1237 cohesive -
20 No. 4 No. 1 0010 1203 . cohesive
wisiloxane wisiloxane 0.008 1265 cohesive
Example 0.008 _ 1120 1091 cohesive
No.2 0.010 1063 cohesive
no siloxane 0.010 1091 cohesive
5 Example Example 0.010 937 926  cohesive/adhesive
No.6 No. 1 0.010 891 cohesive/adhesive
no siloxane wisiloxane 0.012 950 cohesive/adhesive
Example 0.005 723 776 cohesivefadhesive
No. 2 0.010 795 _ cohesive/adhesive
no siloxane 0.008 810 cohesive/adhesive
30

The test results illustrate that the highest lap shear strength that was achieved when using
the siloxane-modified phenolic resin-containing adherend of Example No. 3 occurred when it
was combined with the siloxane-modified epoxy adheswe .of Example No. 1, i.e., an
adhesive/adherend system where both the adhesive and adherend contained siloxane

35 modification. Similarly, the highest lap shear strength for the s1loxane-mod1ﬁed €poxy resin-
containing adherend of Example No. 4 occurred when it was combined with the siloxanc-
modified epoxy adhesive of Example No. 1. Each of thesg,it_egt groups, where the siloxane-
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Exanpl e 0. 005 415

adhesi ve No. 2 0. 010 642
447 adhesi ve no sil oxane 0. 010

285 : adhesi ve -Exanpl e Exanpl e

0. 005 wooawzr 1244 12377~ . cohepiygs

No. 4 No, 4 0.010 103 Te¥E siben

cohesi v}e w si | oxane w si | oxane ~0.008

1265 cohesi ve Exanpl e
0.0Q8 modified adhesivelatd adherend were bondef ®kether, displayed I5PER Bngth test values

No. 2 - 0.01
cohesi ve that were gngger than test vathS g\e?sgg(eg ar the test g;owherc the adhesive componepy g1

cohesi vk 25 and/orthe mihgrepd eomponentmyveserarking polysiloxane nghdific@tion. The results of this test

937 cleargzﬁmonﬁtﬁtﬁﬁt sifpeAsH Bond ¥@ength provided Wadh@sweladheren&"?ystelns of this

0. 010 891 cohest:ve/ adhesi ve no
si | oxane W?Slnfloxane 0. 012 950

cohesi ve/ adhesi ve Exanpl e 0. 005

723 Additionil Examplessi ve/ adhesi ve. ' No. 2

0. 010

no sil oxane % ¢-mddified adhesive and adhcrexgllsastemscmﬁ§ i BARRRSWIT suited for use
cohesi ve/ adhd$ Wwﬂgegleﬂ"&mgh performance eqposiie stFms i diberlassreinforsed ppoxy etk
hi ghest | ap gihesolicgtipiog gystentsh Sthefaloveiog arevexdmples of fibérgigss-reinforced pipdi@ihesive

si | oxane- mdlsj,gt&ﬁgﬁé]ﬁﬁahé&rdi@%ﬂi&&[@s%?ﬂﬁﬂﬁvéi@ﬂﬁrﬁ?ﬂe&fas@éﬂgﬁ]fcl egﬁge and lpc

occurred whe si |:0xa

adhesi ve of %Z'Ié‘?ﬁﬂ"ée"?\ﬁ"sq"cm q¢ vging nﬁ%rfﬁ"xane'mm’éegd?l?g%ql\‘ié?%ﬁgf‘@ﬁde‘sf%? aAviifer e
bot h t W& adhdixampleNed3, yistacstandand @gnmaalrfémn@itm@mrwss A fiberglash-feinfertédopipe

Similarly, theadpighfitihgd wite k6 donstridte@ing e untbafisd: bmsaﬁheream%ﬂlﬂﬂ séi‘ I%W

i n- d_af
Cambl med wi t 0P pERCBRRIC oS! ViE SSale ERIBBY bl SaRRSL PSSsr a8 piprater,

1. Each of t eedified;and gqnagpﬁged Dipes, were [gut Ut Hyorfoe 1 sectmns and joined together with a
-15- respective siloxAGe-8164ii20 87 unmodified pipe fitting, using . both s110xane-mod1ﬁed €poxy

PCT/ US$g/ 076 lésm adhesnves and uﬂﬂl‘é&ff ed cf?(?li'&?d éﬂﬁes?%g t@%}ﬁraegﬂge J%{l ESSP V\g,
t oget her, di spl ay,ﬁlbe E’E‘ ea(;lﬁ (#]r engtn. ?c@ltﬁ veas : q re higher
than test val ues MEY{FFaFPagifivd,ep §‘E ¥ r"@”ﬁ Hed deyinis |%P‘E%)ﬁ?$%!ﬁ@nt
5 and/ ortogether weteddentidal ©o sipilaciet ﬂlw& radhttsals lePmposjtising distlosegrubove in Example
modi fi cat i on.NoEhEardde® UReferridg té Talde & ®6low, adhesives A through C are unmodified epoxy resin
adhesives and, more specifically, adhesive “A” is ldenucal to that of Example No. 2, and
25 adhesives “B” and “C” are similar to that of example No. 2_ “Adhesives D through G were
siloxane-modified epoxy adhesives prepared according to principles of this invention and, more
specifically, adhesives D through G are similar to that of Exarjjﬁle No. 1.
The pipe joint assemblies were subjected to ASTM D1 59§ short term burst (STB) testing
to establish the short time hydraulic failure pressure of thennosemng resin piping systems, which
30 is an indication of the strength of the bond between the pipe, adhesive and fitting. The short term
burst test results are shown in Table 2 and demonstrate that 'pxp" ”ﬁttmg assemblies comprising
both an adherend formed from a siloxane-modified - __hef resin (i.c., having siloxane
modification) and an adhesive formed from a sxloxane-modxﬁed epoxy resin (i.e., having
siloxane modification) generally provide greater STB. value s:than pipe fitting assemblies
35 comprising only a single component having siloxane modxﬁcahon
The pipe joint assemblies were also subjected to a 20 mmute fire test. As the results in
Table 2 indicate, pipe fitting assemblies comprising both the snloxane-modxﬂed epoxy adhesive
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clearly denonstrate the superior bond strength provided by

adhesi ve/ adherend systenms of this i nventi on. Addi ti onal
Exanpl es 10 Si | oxane-nodi fi ed adhesi ve and adherend systens of
this invention are well suited for use as structural adhesive-high

performance covpesszt? systens, e.g., fiberglass-reinforced epoOrRyS¥IedsLL
phenol i ¢, pi ping systems. The follow ng are exanples of
fi bergl ass-rei nforced pi pe/ adhesi ve systens prepared according to
principles of this invention. A fiberglass-reinforced pipe and pipe
fittings were oopetentande sieiangmodifedphicnolisradherendi dompdneuit didaiot ignitegndburm, and
;Plr mul a set {j%&ﬂa WRONR jbiBtAﬂe]?kage deéaearpl P IThis!¥e -ﬁnﬁxet('j vw;ae@e%mﬁd@,fcépﬁ&.gl BIHRSiah
i l ament -wi ndi ng .prQqcess.. i ber. ss-reintorc I pe .__and pi pe
i msS ver o BPGBEE RS slomermotfebri e MRS Sels fems eeen insfiliord, b o
set forth above in Exanple No. 5, via the sane reciprocal
filament-w nding process. The sil oxane- TABLE2 nodified and unnodified

pi pes were cut into two-foot se%&%F??gcﬂﬂ&ﬁ{&ggA%r with a

respective sil oxane-nodified or un prp Itting, using both

si | oxane-nodi fi ed epoxy 20 resin adhesi ves, and unnodified epoxy resin
adhesiveH) to forma pisTBWHnt assenbly. STB WITH si-bhe

si | oxane- nodi fi ed epoxWNMOHFIERdhesi ves that were MOBWIBDD | oi n the pipe
sections ADHESIVEG e tREENOWET ¢ | dent 2B MINGEE s i | BHENOBIG hose adifdMINUEE
conposi ti ons d EREJQINTS (psil, SROPANEFIRETEST  RICEJOINTS(ps)) ) PROPANEFIREJEST

Tabl e 2 bel ow,, adhesi ves j§t hrough ¢ Ak &4hrodi fied épq) resin . .
adhesi ves and,A nore specifically, agnesi ve "A" is i dentﬁ:‘al to tf“%l{es%’?b"ms

Exanpl e . 2,pand 25 11sadhesi vesigniBs andbglns” C' are si mdobar t o t Raikes 448 burns

exanpl e . 2. Adhesives D through G were si | oxane-nodi fi ed epoxy

adhesi ves pregared accord3fg to principles of this inveé#ion and, nore

specifically, adhesives hrough G,are si.mlar to that, of Exanple, No. .1,

The pipe joi ntg"asse'rrbl i egls&ere subj §°§E:§: Z%:%e ASTM D1599E@§ort t er m B L et
e s

(STB) testing to establish't rt time hydraulic failure
pressure of thernosettingemsesi n pi ping systens, which 20 is an -

i ndicati2ih of the strength of the bond between the pipe, adhesive and
fitting. The ghort term 1860 burst test results ar@&hown in Tabke 2
and denonstrate that pi P¢ fitting assenblies conprisi n% both an
adherend forngd from a sf%xane-nodi fied phenolic resi s‘h . e havi ng

si | oxane nodi fication) and an adhesive forned froma

si | oxane-nodi fi ed g@voyh Eifdkale-fbdified adlitsive-gdherend systems iof théqiieseiDikVErtion had)

general | ys pr O‘GeQerél&%{i %Jimilﬁidé?abié‘%ﬁghm RleRicd ot ée%gll 1?‘?‘%?39 gﬂaﬁaio% thereof,

conprising only a single conponen Vi ng Si]Joxane 1 IFon. .
The pi pe ] oi ntOtheE yariatipnsare pessible, Thgrelors; thespiit agd scopg ofithe appeqded Claips ghould;
the resul ts i mot be limited Tmthe prferrendvartions gesqribeflibetdimg assenbl i es conpri si ng
both the sil oxane-nodified epoxy adhesive

- 16- WO 97/ 42027

PCT/ US97/ 07611 1 conponent and the sil oxane-nodi fied phenolic
adher end3®onponent did not ignite and bum and '

35
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there was not joint | eakage detected. This is further evidence of the

exceptional adhesion 5 . provi ded by the sil oxane-nodified

adhesi ve/ adherend systens of the current invention.

TABLE 2 PHENCLI C PI PE ADHESI VE TEST DATA
10 wo 972027 STB WTH rERUSHafdis - O
UNMODI FI ED MODI FI ED ADHESI VE  PHENOLI C
20" M NJTE PHENCLI C 20 M NUTE SYSTEM Pl PE

JO NTS (psi) PROPANE FIRE TEST PIPE JONTS (psi) PROPANE FI RE TEST

A laimed is: I gnites and burns 1650

I gnites and burns 15 I gnites and burns
1400 i ghii t o4 aﬁﬁgﬂ’e’adhe’end system °E§;‘%’%q“g | 1630

2095 35 D an adhesive componept,epmprising siloxane groups mgpbmtgcmhp@m, and

2400 diosadhereptl compbitedt comprising siloxane groups distributed therem, wherein thé10
joint | eakag

5200 20 %.dhesge compor't:ent is in coniagt waxth the QdiRrend component

1950 G 1400 _

1650 2. 7ht hdhegivetidhensat aystamdl iaf i recited ditedihivie 1 adhereidNthe Sydhk 66

of the jgresen g&éﬁ%b{fkgaﬂéﬁfc&%xnmg been described with considerable

det ai | W|th reference certaln préferred variations thereof,
ot her vari ations #BPOE PV Ther ef ore, the spirit and scope of the
appended cl ai ns m@osnlanemgredhw be limted to the preferred variations
described her ei n.a polysi@xane resin; 35
-17-
an amine hardener;
15 an organometallic catalyst; and

a base catalyst.

3. The adhesive/adherend system as recited in claim 2 wherein the epoxy resin is
selected from the group consisting of aliphatic, cycloaliphatic and aromatic epoxy resins having
20 greater than one epoxide group per molecule.

4.  The adhesive/adherend system as recited in claim 2 wherein the organosilane
ingredient has a weight average molecular weight in the range of from about 90 to 500, and is
selected from the group consisting of epoxy silanes, aminosilanes, mercaptosilanes, vinyl silanes,

25 acryl, and methacrylic silanes having the following general formula:
R,
|
Y-R,-8i-R
30 l
R,

where “Y™ is an organo-functional group selected from

35
H,N-, CH,=CH-, CH,=C-C00-, Cin /CH-, SH-
H, 0
-18-
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WO 97/ 42027 PCT/ US97/ 07611

1 What is Clained is: 1. An adhesi ve/ adherend system
conprising: 5 an adhesi ve conponent conpri sing sil oxane groups

di stributed therein; and an adherend conponent conpri sing

si | oxane gr oupgo eH/8bg7i but ed t herein, wherein the adhepcresmamonent
Is in cqntact with the adherend conponent. 2. The
adhesi ve/ adherend systemas recited in claim | wherein the adhesive 10
conponent is prepared by conbining: an epoxy resin; wth

an organosil ane ingredient a pol ysil oxane resin;

an am ne hard 1% c

a base catalys R; # selected from ﬂ@gﬁﬁ;ﬁ@%&ﬁﬁé%?f&dher @mﬁ% <'fluskexrnécfl

in claim2 whaminoplkylanipon) M@chgc oalkyl grougs havinaip tp Z:Htttw aghog ggpms, and
consi sting of va{erepém;tnm graupds imdepeptantly elected ﬁommhctgrou;eqammytmgaﬁ'an@l hgthﬂleZO
greater than | L3 aBEILritips. MOl ecul e.

adhesi ve/ adheren system as reci ted in claim2 wherein the organ05| I ane

i ngredi ent has a wei ght average nol ecul ar wei ght in the range of from about
90 to 500, and is 5. The whwaéhﬁrmdmtmas regeited fn ¢Jaims? wherpig thef padysileyane resin

Si | anes,10am NGSdeletid from WR g@@ﬁ stis ¥ Silandl- Aid alﬁd,ﬂyameama%olysﬂm@ﬁé pkins ﬁ&\@ng
met hacrylic sz#eanes ﬂ Vl{‘}ﬁ e foI l'owi ng general formula: [err]
where "Y" is ctional group selected from 35

.R2 :

R- 01 8i- Ot R
15 |

where each R, is independently selected from the group consisting of the hydroxy group and
20 alkyl, aryl, alkenyl, and alkoxy groups having up to about six carbon atoms, where each R, is
independently sclected from the group consisting of hydrogen, alkyl, alkenyl, and ary! groups
having up to about 12 carbon atoms, and where “n” is sclected so that the polysiloxane resin
ingredient has a weight average molecular weight in the range of from about 200 to 10,000.

25 6.  The adhesive/adherend system as recited in claim 2 wherein the amine hardener
is selected from the group consisting of aliphatic amines, cycloaliphatic amines, aromatic
amines, polyamides, and amidoamines having at least two active amine hydrogens per molecule.

7. The adhesive/adherend system as recited in claim 2 wherein the base catalyst is an
30 amine having the general formula

Ry ]lv - Ry
Ry

where each R, and R,, group is independently selected from the group consisting of hydrogen,
aryl, and alkyl groups having up to about 12 carbon atoms, and where R, is selected from the

-19-
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[err] - 18- WO
97/ 42027

PCT/ US97/ 07611 where R3 is selected fromthe group consisting
of al kyl, cycloal kyl, alkylaryl, alkenyl, aryl 5 am noal kyl,

am noaryl, agg Apdaecycl oal kyl groups having up to about t t ons,
and where each R err] group is independently sel ec;eét}:e tr?’g‘&lfhe

gr oup éonsisting of al kyl, cycl oal kyl, aryl, al koxy, and acetoxy
groups. 5. The adhesi ve/ adherend systemas recited in

clai m 2 wher ghdhptddgsifing b bk X AVE ahERydRoxdGiky] grg'gﬁsy@ﬂng)%ﬁg abdifl H‘z%ﬁ@oﬂ LEOHR.

consi sting of silanol- and al koxy-functr onal ne resins havin

t he general formula: 15
[err] 5 8.wheThe adhesive/fiherant! system asregiteddreclniny | fistherdonthrisingra thiokener

group consi sthhdah &terldé@piineditoxy group and 20 al kyl, aryl, al kenyl, and
al koxy groups having up to about six carbon atons, where each Rerr] is

i ndependent |y sel ected fromthe group consisting of hydrogen, alkyl,
al kenyl , and aryl9-gr olipes adhesive/adherengy sysigmups mesiteddutclah® t awherein sho ragheremid

where "n" i s compfiss @ dompositd RavidgeresincympdiRiieda is répdiled by using a pdiRIbEAe fiiin
has a ygi ght im&ge nol ecul ar weight in the range of fromabout 200 to
10, 000. 25 ' 6. The adhesi ve/ adherend systemas recited in
claim2 wherein the am ne hardener Is selected fromthe group
consi sting of alilfhat Tbe aibesiesadhergnd syalemsatdited mnlaims, whereiftlic 6sin component
am nes, pol ygasa ' ' R{rA] Ayl ) .
hydr ogens pe r@ﬁ&xglﬁchgrgﬁgﬂmﬁ&‘ c@ﬁﬁﬂkéﬁ dte %ﬁd%%?égﬁhg%gﬁ%ﬁ%@% 'ng,,nso { 'fe:‘m
as roci ted | RODFSIFm SRy epss Rolyyethanss Folyamidey Ze raine,  furge, acrylajgyitheemeplasticg
t he gedér al polyvimylachloride, polyethylene, polycarbonate, ABS, polystyrene, ethylene vinyl acetate,
polyvinyl acetate, polyamide, and polypropylene resins.

11. The adhesive/adherend system as recited in claim 1 wherein the adhesive
‘component and adherend component are bonded together by Si-O-Si linkages. '
20 ' '

12, Anadhesive/adherend system comprising:
an adhesive composition comprising a polysiloxane resin; and
an adherend composite comprising a siloxane-containing component that forms Si-O-Si
bonds with the polysiloxane resin of the adhesive composition when the adhesive composition
25 and adherend composite are placed into contact to form a strong attachment therewith.

13.  The adhesive/adherend system as recited in claim 12 wherein the adhesive
component is prepared by combining:
an epoxy resin; with
30 an organosilane ingredient;
a polysiloxane resin;
an amine hardener;
_an organometallic catalyst; and
a base catalyst.
35
14.  The adhesive/adherend system as recited in claim 13 wherein the epoxy resin is
selected from the group consisting of aliphatic, cycloaliphatic and aromatic epoxy resins having

-20-




[err] 35 where each R err] and R err] group is independently

sel ected fromthe group consisting of hydrogen, aryl, and al kyl
groups having up to about 12 carbon atons, and where R err] is selected
fromthe _ - -19-

WD 97/ 42027  woO 97142027 PCT/US97/07611
PCT/ US97407611 group consisting of alkyl, aryl, and hydroxy

al kyl groups having up to about 12 carbon atons. 5 The
adhesi ve/ adherend systemas recited in claim1 further conprising a

t hi ckener greater thardongiepexidegraunipes mplasnle. 9. The
adhesi ve/ adherend system as reC| ted in claim1l wherein the adherend

conpri se a conposi Vi n onent at | s prepared by using a
pol ysi | o ane resi nlgﬂ hﬂ' 67%3 nd Systen & Teci cl‘“m@ wher g“’yorga“os'gme

adhesi ve/ adher ingredignt hesa wgght@w@wnvlnct&arav%hgwmemgmoﬁ frem pleosit A0 ¢S Aashis
of t he adher endsefedtell ham ﬂcs:mwpl cORsisting 6fRpony sﬂﬁieﬁ&hﬁﬁbsﬁmmxﬁé?&pﬂfsﬂﬂ{bs GRS kifdnkd) O

of epoxy, phengéﬁ*l m sﬁ)&l {@%ﬁﬂxp%%hlﬂééin@é@eﬁm Q(ur et hane,

pol yam de, ura acr er no pol yvi nyl

chl ori de, polyethylene polycarbonate ABS, polystyrene et hyl ene vi nyl
acetate, 10 pol yvi nyl acetate, polyam de, and pol ypropyl ene resins.
11. The adhesive/ adherend systemas recited™ n claim | wherein the
adhesi ve component and adherend conponent are bonded together by
Si-OSi linkages. 20 12. Y-#y-Sidifesi ve/ adherend system
conpri si ng: an adhesi ve conpobkition conprising a

pol ysi | oxane resin; and an adRerend conposite conprising a
si | oxane;gont ai ni ng conponent that forns Si-O Si bonds with the
ponS|Io}gne resin of the adhesive conposition when the adhesive
conposition 25 and adherend conposite are placed into contact to forma

strong att achnyppére tVeis@iniokdano-functional group selectedf®dm The adhesi ve/ adherend
systemas recited in claim 12 wherein the adhesive conmponent is

repared by conbinin
pPrep y g: H,N-, CH,=CH-, CH,=C-C00-, (:;H2 ;:H—, SH-
20 CH, ©

where R, is selected from the group consisting of alkyl, cycloalkyl, alkylaryl, alkenyl, aryl,

aminoalkyl, aminoaryl, and aminocycloalkyl groups having up to about ten carbon atoms, and

where each R, group is independently selected from the group consisting of alkyl, cycloalkyl,
25 aryl, alkoxy, and acetoxy groups.

16.  The adhesive/adherend system as recited in claim 12 wherein the polysiloxane resin
is selected from the group consisting of silanol- and alkoxy-functional polysiloxane resins havmg
the general formula:

30

35 . | 2

-21-
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an epoxy resin; with 30 an organosil ane ingredient;

‘a pol ysi | oxane resin; an am ne hardener; an
organonetal lic catal yst; and - a base catalyst. 35

14. The adhesive/ adherend systemas recited in claim 13 wherein the epoxy
resin is wo9714.2§55’ ected fromthe group consisting of ali pPpiskénerer1

cycl oal i phati c and aronati c epoxy resins havi ng

-20- 1} WO 97/ 42027

PCT/ US97/ 07611 1 greater than one epoxide group per nolecule. 5
15. The adhesive/adherend systemas recited in claim14 wherein the

or ganosi | ane r.e has hi, _avera | e ht |n the
range of fr oWhers sagh g!)gt'ﬁéjﬂg%fm (lj‘yns&lecgeWrogn the é%?%gonﬁr gﬂﬁa‘w %G(B‘

consi s6i ng odlkplparyl; aliienylnend, alkowy groups having uprfe abei isixsiarhen @tomsy Mhyne egth Bniss
acryl, and ”ﬁhé)ﬁﬁ&éhhy%eléétb&ﬂ&ﬁ thgrotigcdnkistingOdf Hydéogen, Qﬂd?ﬁraﬂdenfloiﬂﬂ-ﬂrﬂ groups

LT 15 paving W' ourT2 daoft o BAPRAHE SH! RU8kcil 9ol BE 8GOy

from the gr oingredisnihas 8 weighbaveag jrolecalar-weightiin the rangr of fpgpiabo|208 £/10, OQS’r yl,
am noal kyl , am noaryl, and am nocycl oal kyl groups having up to about ten
car bonl@t ons, anq.,. The adhesive/adherend system as recited in claim 16 further comprising a fumed

silica thickener.

18. The adhesive/adherend system as recited in claim 17 further comprising an

extender pigment.

I5
19. The adhesive/adherend system as recited in claim 15 wherein the amine hardener

is selected from the group consisting of aliphatic amines, cycloaliphatic amines, aromatic
amines, polyamides, and amidoamines having at least two active amine hydrogens per molecule.

20 20. The adhesive/adherend system as recited in claim 12 wherein the siloxane-
containing component of the adherend composite further comprises a resin selected from the
group consisting of epoxy, phenolic, polyester, vinyl ester, polyurethane, polyamide, melamine,
furan, acrylate, thermoplastic polyvinyl chloride, polyethylenc, polycarbonate, ABS, polystyrene,
ethylene vinyl acetate, polyvinyl acetate, polyamide, and polypropylene resins.

25

21.  The adhesive/adherend system as recited in claim 13 wherein a sufficient amount
of the organometallic catalyst and base catalyst is used to prepare the adhesive composition to
promote forming Si-O-Si bonds with the siloxane-containing component of the adherend at
ambient temperature.

30

22.  An adhesive/adherend system comprising:

an adhesive composition comprising a polysiloxane resin sclected from the group
consisting of silanol- and alkoxy-functional polysiloxane resins having the general formula:

35

22~
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where each R err] group is independently selected fromthe group consisting
of al kyl, cycloal kyl, 25 aryl, al koxy, and acetoxy groups.

16. The adhesi ve/ adher end systemas recited in claim12 wherein the
polysil oxane resin is selected fromthe group consisting of silanol -
and al koxy- f unwbisosmb? pol ysi | oxane resins having t he semassdorsll
fopnula:130 [err] 35
-21- WO 97/ 42027

PCT/ US97/ 07611 where each R2 is |ndependently selected fromthe
group consisting of the hydroxy group and . alkyl, aryl, alkenyl, and
al koxy groups having up to about six carbo Rato , mhere each Rerr] is
|ndependently sel ected fromthe group consjgting of hydrogen, alkyl,

al kenyl, Sand aryl groups havmngcu S§-0 obR Ut 12 carbon atons, and
wher e "p" Is selected so that the ponS|Io gne resin I ngredi ent
has a wei ght average nol ecul ar weight in theg rarge of from about 200 to

10, 0Q0. 10 17. The adhesive/ adherehd systemas recited in
claim16 further conprising a funed silica thickener.

18. The adhesi ve/ adherend systemas recited in claim 17 further conprising

an 10  ex{RéeacdRY [Fifdeperdently selected from the gmh% consmmg g ﬂﬁ&iyﬂ&fx?%&ﬁip%d
system as recl t]ﬁdl I n&@%kegr@ % Q)?( %l’oﬂp.; F&l r(%pl 9 a glx carbon aogélsr wBﬁlgtela%h R,is

sel ected from PA¥
ani nes, ar omat inéependenﬂy Se“?‘éﬁﬁ Spﬁp%?ﬁ"@é%ﬂg %frhid@ﬁ?'ﬁé » Atkenyl adridragylgroups
| east two act i N&isgrupto dbpa mnﬂﬁnrz&rmsmicbwhdre “n” is selected so that the polysiloxane resin

ingredient has a weight average molecular weight in the range.of from about 200 to 10,000. ; and
15 an adherend composite comprising:
a siloxane-containing component that forms Si-O-Si bonds with the polysiloxane

resin of the adhesive composition when the adhesive composition and adherend
- composite are placed into contact to form an attachment therewith; and
a resin selected from the group consisting of epoxy, phenolic, polyester, vinyl
20 ester, polyurethane, polyamide, melamine, furan, ‘acrylate, thermoplastic polyvinyl
chioride, polyethylene, polycarbonate, ABS, polystyrene, ethylene vinyl acetate,
polyvinyl acetate, polyamide, and polypropylene resins.

23. The adhesive/adherend system as recited in. claim 22 wherein the adhesive
25 component is prepared by combining:

an epoxy resin; with

an organosilane ingredient;

a polysiloxane resin;

thickener;
30 an amine hérdener;

an organometallic catalyst;

a base catalyst; and

. an extender pigment.

35 24.  The adhesive/adherend system as recited in clalm 23 wherein the epoxy resin is
selected from the group consisting of aliphatic, cycloahphatxc and aromatic epoxy resins having
greater than one epoxide group per molecule.

23~
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20 20. The adhesi ve/ adherend systemas recited in claim12

Wherein the sil oxane- cont ai ni ng conponent of the adherend

conposite further conprises a resin selected fromthe group

consi sting of epoxy, phenolic, polyester, vinyl ester, polyurethane,

pol yanm de, nyloamidRy furan, acrylate, ther rmpl ast i geiaoYife ;?;
erne

chlori 3e, pol yet hyl ene, pol ycarbonate, ABS, polystyrene.
vinyl dcetate, polyvinyl acetate, polyanide, and polypropylene resins.
21. The adhesi ve/ adherend systemas recited in claim13 wherein a

sufficijetnt anountas, hmeadhesﬁk/aamermrsgaaﬁrﬁsfeaitédnﬁcxaﬂhghm:rcﬁnﬂtﬁaf%ﬁgmtfﬁhvst
IS uUse (0] r r VA | e
S - 0.5 bongeSut 1 {90 FRER MEwERAPI Ik, B0l R s yoed poskd, SR e give

anhi enf t enpé&pmpeRition. 30 22. An adhesi ve/ adherend system
conpri si ng: an adhesi ve conposition conprising a

pol ysi | oxane resijy sefge f sil

and al koxy-funct |i§nal %ﬁfélsxfl%'gdglﬁgﬂﬁs Itﬁggﬁmmted mt%al&?e]'ﬁ{évrﬁ% ﬁﬂg%’ almffs
-29. ingredient hasgyveightaygmge mo ecular weight in the range of from about 90 to 500, and is
PCT/ US97/ 076§e]ectedﬁ'omth§ gbud consisting 6f epoxy silan¢scamincdilaits, mérchptotianediinyl s}ianes

sel ect frogtp rAfRhmt b ERwWY, and ~al kyl,
aryl, qpke Fér&aﬁndﬂﬁflﬂ g/] groups&ﬁg%){lhﬁg up tggéegﬁgluitgﬁg#ix carbon atons, wher e
each Rerr] is i ndependently selected fromthe group consisting of

hydr ogen, al kyl, al kenyl, and aryl groups having up to about 12
carbon atons, and where "n" is selected soﬁ%hat t he pol ysil oxane resin
' Y-R,-Si-R,
15 l
‘R4

where “Y” is an organo-functional group selected from
20
H,N-, CH,=CH-, CH,=C-C00-, (iHo CH-, SH-

H, 0

where R, is selected from the group consisting of alkyl, cycloalkyl, alkylaryl, alkenyl, aryl,
aminoalkyl, aminoaryl, and aminocycloalkyl groups having up to about ten carbon atoms, and
where each R, group is independently selected from the group consisting of alkyl, cycloalkyl,
aryl, alkoxy, and acetoxy groups.

25

27. The adhesive/adherend systemn as recited in claim 23 wherein the amine hardener
is selected from the group consisting of aliphatic amines, cycloaliphatic amines, aromatic
amines, polyamides, and amidoamines having at least two active amine hydrogens per molecule.

30

- 28.  The adhesive/adherend system as recited in claim 27 wherein in the range of from
about 1 to 25 percent by weight of the amine hardener is used based on the total adhesive

33 composition.

29.  The adhesive/adherend system as recited in claim 23 wherein the base catalyst is

-24-

: [y



i ngredi ent has a wei ght average nol ecul ar weight in the range of from about

200 to 10,000. ; and 15 an adherend conposite conpri sing:

a sil oxane-contai ni ng conponent that fornms Si-O Si bonds with the

pol ysi | oxane resin of the adhesive conposition when the
adhesi ve conpaeso $warand adher end conposi t e arecruserRdsiy Nt 0
contact 4o forman attachnent therewith; and aresin
selecteJ fromthe group consisting of epoxy, phenolic, polyester, vinyl 20

ester, polyurethane, polyam de, nelam ne, furan, acrylate, thernoplastic

pol yvi nyl selected from thecgnowprof dminepompetrtds havieg the geneta férambd: €, ABS,

pol ystyrene, ethylene vinyl acetate, pol yvi nyl acet at e,

pol yam ge, and pol ypropyl ene resins. 23. The

adhesi vel adherend systemas recited in &-aN¥Nm-2, wherein the adhesive 25
conponent is prepared by conbining: | an epoxy resin; with

an organosil ane ingredient; . . Ryppol ysi | oxane resin;

t hi ckener, 30 an am ne hardener; an organonetal lic
catal yst; a base catal yst; and an extender

pi gment. 35 where each R, andsBy, groupis indepensiently selniotod Sivep thy grovmoassistiog iof gtirogen,
claim tZ;ioWne][ aby), @E&u@pgmpdmi up3o about 12rﬁrs@i 2261%1_@%& whBre IR)Sis SE104EI from the
consisting o a 0 |Bnﬁj esi.ps_havin
greater than né‘bgp@gf@%og?’g{}b X Idgoé‘gl 34 POl Habing W id abiut 12 2arbon ators
-23- WO 97/ 42027 -

PCT/ US97/ 07611 30.  Anadhesive/adherend system compriding: The adhesi ve/ adher end

system as recited én&dﬁés%%aﬂosmrﬁéﬁarédmykmb{nﬂgg_e of from
about 15_to 40 percent bé/ wel gh; f 'the époxy réesin is used based on the
Re an €poXY fesin; wi

total adHesive T conposi tion.
26. The adhesi ve/ adheamorganogitane ingeedientici t ed i n cl ai m 23 wherein the
or ganosi | ane a polysiloxane resinl; Ngr edi ent has a wei ght average nol ecul ar

wei ght in the range ofa r%ﬁ'sﬁx%?ﬂxtickgg fo 500, and is
selected fromthe group consisting o1’ epoxy sil anes, am nosil anes,

mer capt osi | anes, vi ny| ans§mpigepardener; 10 acryl, and nethacrylic
si | anes 20avi ng t he f ol amsgagmeealiercatalysr nul a:

an amine curative agent; and
an extender pigment; and
an adherend comprising a siloxane-containing component that forms Si-O-Si bonds with
siloxane groups of the adhesive composition when the adhesive composition and adherend
25 composite are placed into contact with one another to form an attachment therewith.

31.  Theadhesive/adherend system as recited in claim 30 wherein the polysiloxane resin
is selected from the group consisting of silanol- and alkoxy-functional polysiloxane resins having

the general formula:

30 )

R,

|

R~ O 1 Si- Of R,
l
L Rz in

35

where each R, is independently selected from the group consisting of the hydroxy group and
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[err] 15 where "Y" is an organo-functional group

‘'sel ected from 20 [err]

where R3 is selected fromthe group consisting of alkyl, cycloal kyl,

al kyl aryl, al kenyl, aryl, 25 am noal kyl, am noaryl, and
am nocycl oal f4Ps haV| ng up to about ten carbon atons,

wher e each R&éﬂ?ﬁgroup I s i ndependently selected fromthe g?g’g%”%%él sting
of “al kyl, cycl oal kyl, aryl, al koxy, and acetoxy

gr oups. 27. The adhesi ve/ adherend system as

r ef"i t Eddi P cl a‘i‘lkﬁ" &y, ‘Aﬁk@ﬁﬂ | dﬁdhh&xf‘ﬁ?oﬂ?s Khlﬂdégﬁhﬁé about six carbon aton%owhere ehdh R, is
se ected Trom cﬁnﬁ Qelec?e%sllrom theggroup c}ﬁlflﬁ e mg?rh? grgglc X% Eﬂﬁ% &?ngrﬁ??‘r&

am nes, arond
havj ng &t | edzamng\w taaboutd 2aatbae atoms; Bgomkers iy lmlemﬁ %0, that the polysiloxane resin

28. The adhgiiu@tRdRes KeightaveiagdindRcllROnighl in the ¢k BT dm Wb&s 200'td 10, dode

range of from about | to 25 percent by wei ght of the
ani ne hardener is used based on the total adhesive

conposition. . 32 The adhesive/adherend systenpgs recited inirini Yl Wheteisy tinSlb)}sneem
as recited i Rofitaiind V\g&ﬁﬁit of the kélftrend SefofmédBy)isingithe polysiloxane resin.

- 24- 97/ 42027

PCT/ U89170/ 07611 sel ect ed fJ omt he %ec .of am ne conmpounds. havi ng
the general for mu33: The adhesive/adherend system as Tecited in claim 32 wherem the sx[ogme]-

containing component of the adherend further comprises a resin selected from the group

consisting of epoxy, phenolic, polyester, vinyl ester, polyurethane, polyamide, melamine, furan,

acrylate, thermoplastic polyvinyl chloride, polyethylene, polycarbonate, ABS, polystyrene,
15 cthylene vinyl acetate, polyvinyl acetate, polyamide, and polypropylene resins.

34. The adhesive/adherend system as recited in claim 30 wherein a sufficient amount
of the organometallic catalyst and base catalyst is used to prepare the adhesive composition to
promote forming Si-O-Si bonds with the siloxanc-containing component of the adherend at

20 ambient temperature.

35. Anadhesive/adherend system comprising:
a first adherend component having siloxane modification;
an.adhesive component comprising siloxane modification disposed onto a surface of the

25 first adherend component; and
a second adherend component having siloxane modification disposed onto a surface of
the adhesive component, wherein the adhesive component forms Si-O-Si bonds with each the
first and second adherend component.

30

35
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where each R err] and R err] group is independently selected fromthe group
‘consi sting of hydrogen, 10 aryl, and alkyl groups having up to about 12
carbon atons, and where Rerr] is sel ected from the group

.consi sting of alkyl, aryl, and hydroxy al kyl groups having up to about 12
carbon at ons. wo 9742027 30. An adhesi ve/ adherend syst esamoswpworsii Ng:
an adhesi ve conp05|t|on prepared by conbining: 15 an epoxy
resin, with § an orgaggosi |l ane ingredient;

a ponS|onane resin; a fumed silica thickener;

an am ne hardener; 20 an organonetal |l ic catalyst;

an am ne curative agent; and an . ext ender pignment; and
an adherend conprising a siloxane-containing conponent that forns Si-O Si
bonds with si | oxane groups of the adhesive conposition when the
adhesi ve conposition and adherend 25 conposite are placed into contact
wth one another to forman attachnent therewth. 31. The
adhesi ve/ adherend systemas recited in claim30 wherein the polysil oxane
resin is selected fromthe group consisting of silanol- and

al koxy-functional polysiloxane resins having t he general fornula:
[err] 35 where each R2 is independently selected fromthe group
consi sting of the hydroxy group and '
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o OS5 648~ i
alkyl, -aryl. ‘al kenyl, and al koxy groups having up to about six carboniPes ©OPY
at ons, Wnere each R[err] S | ndependently sel ected fromthe group
consi sting of hydrogen, alkyl, alkenyl, and aryl groups 5 -
to about 12 carbon atons, and where "n" is selected‘so that t i
pol ysi | oxane resm I nﬂé:&slimtachﬁsp@pwai&mﬁ%&age nol
in the range of about 200 to 10, &fational Bureau 32.
adhesi ve/ atNEBRMNATTIGNAL APRLICATION] RUBLISHEDOUNDER BHE M&Nﬁl COQRERATION XREATY (PCT)

contai n @Erﬁéﬂ%ﬁ%ﬂ&ﬁ@uﬂ@here”d Ifs 1o ﬁ%ﬁBXon}iﬂbﬂQn&*&%ﬂQ' ysL)| %@/42027
resin. 72 33. The adreﬁl vel adher end.-system as cited in
claim 3? \Aﬁg?%l ’t]r?émm I oxane- -ccm!)mwnmmgalemmm of3 Nb«mmemrm)
further cotpt rses—a restnsetected—fromthe group— TONST St g of

epoxy, pae mémﬁqnalpwma-t I&l’ngbuv Fal PCEUS9B0761 lF i1 Resizmt : A%aam 416 AZ Pl BBYBO.BR,
furan, yvi ¥ r§': ﬁﬁﬁgﬁﬂa@ GE,
pol ycarp %zr’ll'ihmmﬂéé‘ R yst %gﬂ”?@ ko?nsggt hyl e)riaie E?mﬁgtv mﬂhg(,@a

MpQJIW\MmM Nz
acetate poI yam de, and pol ypropyl ene resi|ns. (?-.P’l‘ RO, RU, SD, SE, :;ﬁgm TR, T,
adhesi vE®® % e d lI m 3
of the Drganorre a Izé‘t %gﬁ?}é?’g %h{me ¢4t al yse, -nsrssm’mm AW“ %%,ES

adhesi vp nposition to pronote fagrmn ER Gmxwonmsawmmsﬂwmmm

si | oxanp Qépm@mgﬁw%@go qc;;sadmdh dend &3F. BICF, CG, CiGM;GAGN, ML, MR, NE, SN, TD,

t enper af ur e. g;101.2894 (US). gi vel a %er end system conpri sing:

a first adherend corrponent av si | oxane nodi fication; an
adhesi vE % %&%i_ %% di H%tbgnnﬂoﬁﬂg%gpognto a surface
of the s kkﬁﬁ,]«s’:\ " §ad: w081 d ond
adherend conPervat Bady KuSx amBLnedinf6.dat i on di sposed onto a surface of
t he adhesweU @a@ﬁ}sﬁg “%{é{,) VerdrieEsiaiin £4ilve conponent forms Si-O S bonds
with each the '1'S| rst second adherend conponent. 30 35

-26- (74) Agent: LANGTON, Grant, T; Chnstle Parker & Hale, LLP,
P.O. Box 7068, Pasadena, CA 91 lO9 7068 (US).

(54) Title: SILOXANE-MODIFIED ADE{ESIVEIADIIEREND SYSTEMS /

(57) Abstract

Adhesive/adherend systems (10) of this.inven- 1 6 : 1 0
tion comprise a siloxane-modified adhesive compo- 14 _ /
nent {(14) and a siloxanc-modified adherend com-

ponent (12, 16). The siloxane-modified adhesive
component (14) is prepared by combining an.epoxy
resin with an organosilane ingredient, a polysiloxane
resin, an amine hardéner, an organometallic catalyst,
a base catalyst, and any thickener and extender pig- ' 12
ment. The siloxane-modified adherend component .

(12, 16) is prepared vsing a polysiloxane resin and :

may also contain other resins suc as epoxy, phenolic, polyester, vinyl ester, polyurelhane polyamide, melamine, furan, acrylate, ther-
moplastic polyvmyl chloride, polyethylene. ‘polycarbonate, ABS, polystyrene, ethylene vinyl acetate, polyvinyl acetate, polyamide, and
polypropylene resins. When placed into contact with one angther, the siloxane groups in:the siloxanc-madified adhesive (14) and siloxane-
modified adherend components (12, 16) form Si-0-8i bonds between themselves to form an attachment force that both occurs at ambient
temperature within a reasoriable amount of ‘time, and that is gneater than otherwise poss:ble using adhesive/adherend systems having un-
modified adhesive and/or adherend componenls
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