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invention relates to a noisture curabl e adhesi ve conposition. The present
invention is further directed to a nethod of joining two adherends.
BACKGROUND [ 0003] Adhesives are comonly used to join or fasten two or nore
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pur poses are based on a wi de range of technol ogi es, including

el astonmer/sol vent/resin m xtures, epoxies, |atexes, polyurethanes,
silicones, cyanoacrylates, acrylics, hot nelts, and others. These

adhesi ves each have a nunber of drawbacks. [0004] Adhesives based on

el astoner/sol vent/resin m xtures, henceforth referred to as rubber-based
adhesi ves, contain solvents which are toxic and, nost often, flammble.
Despite these hazards, rubber-based adhe5|ves are o0oular due to their ease
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[0003] Adhesives are commonly used to join or fasten two or more adherends. Adherends

are considered as being any two or more materials, or pieces of material that are being
joined together, including wood, metals, paper, ceramics, stone, glass, concrete, etc.
Adhesives used for these purposes are based on a wide range of technologies, including
elastomer/solvent/resin mixtures, epoxies, latexes, polyurethanes, silicones, cyanoacrylates,

acrylics, hot melts, and others. These adhesives each have a number of drawbacks.

[0004] Adhesives based on elastomer/solvent/resin mixtures, henceforth referred to as
rubber-based adhesives, contain solvents which are toxic and, most often, flammable.
Despite these hazards, rubber-based adhesives are popular due to their ease of use. Epoxy,
acrylic, some polyurethane, and some silicone adhesives are formulated into two-
component systems consisting of a base containing monomers, oligomers, and polymers,
and a hardener or curative component, consisting of catalysts and curing agents. These
systems require accurate measuring and thorough mixing to develop the properties that
make them useful as adhesives. The individual raw materials in two-component adhesive
products, monomers, oligomers, catalysts, and curing agents, can be toxic and often

allergenic. Latex adhesives are low toxicity, non-flammable materials, which harden



adhesi ves, being thernoplastic by definition, |ose strength in warm
conditions, limting the applications in which they can be used.
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The need jddgesti2dl Y a thin | ayer of adhesi ve | | mts the applications an

adhesi ve can be used for and the neans (i.e., roller, etc) for applying
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If the V|scosi estve I1st
properties of the adhesive used in the bonding apphcatlon environmental conditions

(temperature, humidity, etc.), the design of the adhesive joint, and the method of joining or
assembling the adhesive and adherends together. High solids content adhesives solve some
of the problems encountered with these other types of adhesives (i.e., shrinkage, amount of
volatiles, etc), however the best of these adhesives present other drawbacks. For instance,
European Patent 0 442 380 B 1 describes the use of a high solids content moisture curable
adhesive with which two adherends can be bonded together. The patent description,
however, indicates if the adhesive is applied too thickly, the adhesive cannot form a
sufficient tacking force (tackiness), and becomes weak in the contact ability. It is therefore
preferable that the adhesive be applied in the thickness of approximately 1mm or less so as

to increase the tack.

[0006] The need to apply a thin layer of adhesive limits the applications an adhesive can be
used for, and the means (i.e., roller, etc) for applying the adhesive. To apply thin layers of

adhesives it is helpful to have an adhesive that can maintain its adhesive properties, and will



it can be difficult or inpossible to apply a thin | ayer of adhesive (layers
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without the use of clamps after a relatively short period of time, but where after joining the
two adherends can be repositioned with respect to one another for a relatively long period of

time.

[0008] It is, therefore, two of the objects of the present invention among the many objects

of this invention to solve these problems.

SUMMARY
[0009] The present invention is directed to a moisture curable adhesive composition that
includes, based on the total weight of the moisture curable adhesive composition, from
about 5% to about 98% by weight polymer which contains a reactive silicone end group,
and from about 0.01% to about 4% catalyst. The moisture curable adhesive composition
optionally includes from about 0.01% to about 10% by weight dehydrating agent, based on
the total weight of the moisture curable adhesive composition, to maintain a stable adhesive

composition prior to reaction with moisture.



WO 03/ 068886 PCT/ US03/04355 [0010] Suitable polynmers include those which
can contain the reactive silicon end groups. They include, but are not
limted twp oangssp®l yal kyl oxide, including but not |imteecrasospsbyet hers;
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relative humidity. The presence of a diluent improves flow, and the moisture curable

adhesive of the present invention has a viscosity that preferably ranges from about 1,000
centipoise (cps) to about 500,000 cps and is advantageous for use in applications requiring

high flowability.

[0013] The type of polymer having a reactive silicone end group, the reactive silicone end
group and the catalyst, all of which are described above, can be used. Suitable diluents
include, but are not limited to: polyglycols, for example, polypropylene glycol; mineral
oils, such as white mineral oil and petroleum oil; vegetable oils, such as castor oil, corn oil,
peanut oil; tall oil fatty acids, monofunctional polyether polymers; phthalate plasticisers,
such as butyl benzyl phthalate, and diisodecyl phthalate; and mixtures thereof. Also, the
moisture curable adhesive composition herein can optionally include a dehydrating agent,

filler and an adhesion promoter.
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i nvention, the noisture curabl e adhesive conposition includes, based on the
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pol ymer havi ng a reactive silicone end group, from about 0.01% to about 4%
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conposi t ifaphel 18] BR@HES to achieve an adhesive composition that retains clarity.

[0016] The present invention is further directed to the method of making a moisture curable

adhesive composition and a method of joining two adherends.

[0017] Additional features and advantages of the invention will be set forth in the detailed
description which follows. It is to be understood that both the foregoing general description
and the following detailed description are merely exemplary of the invention, and are
intended to provide an overview or framework for understanding the nature and character of

the invention as it is claimed.

DETAILED DESCRIPTION

Moisture Curable Adhesive Composition

[0018] The present invention is directed to a moisture curable adhesive composition that
includes, based on the total weight of the moisture curable adhesive composition from about

5% to about 98%, preferably from about 10% to about 90%, and more preferably, from



5% to about 98% preferably fromabout 10%to about 90% and nore
preferably, from5 WO 03/068886 PCT/US03/04355 about 20 to about 85 % and
even nor ewprogfesssbl y, from about 25% to about 75% by wei glRCT/Us0d/g438% havi ng
a reactive silicone end group; and from about 0.01 %to about 4%
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conponents, and_has excellent  physical properties. The adhesive
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about 0.01%to about 10% preferabl rom about 0. 01 % to about 5% and
ror e pr e r 8K SRS ARG Th CHI T I D R Ertge Gpd BRI r at | ng
agent, baggdoOFukiRer 4k repBiBBcatlystshiee distisSddBgowur abl e adhesi ve
conposition. A dehydrating agent is preferred to naintain a stable

adhesi ve conposition prior to reaction with nmoisture. The noisture curable
adhesi vd00Ynpldeimeisturgxusitde adheyive gempeugorn eiothe amsent 10vaptiongemiaiapout 5 %
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adhesi ve phiysieai@répepfiest The adlesive ¢émpodi@Bichétd Dpon exposure to moisture and has

little or no shrinkage upon curing as contrasted with conventional adhesive compositions

which experience substantial shrinkage due to evaporation of volatiles.

[0021] The moisture curable adhesive composition optionally includes from about 0.01% to
about 10%, preferably from about 0.01% to about 5%, and more preferably, from about
0.01% to about 2% by weight of a dehydrating agent, based on the total weight of the
moisture curable adhesive composition. A dehydrating agent is preferred to maintain a
stable adhesive composition prior to reaction with moisture. The moisture curable adhesive
composition preferably includes from about 0.01% to about 5 %, preferably from about
0.4% to about 3%, and more preferably, from about 0.5% to about 2% by weight of an

adhesion promoter to increase the bond adhesive strength of the adhesive composition.

[0022] Depending on the packaging of the adhesive, the application for the adhesive, and
the method of applying the adhesive a wide range of viscosities may be necessary.

Preferably the adhesive composition has a viscosity as measured by ASTM D1084-88 Test



[ 0022] Dependi ng on the packagi ng of the adhesive, the application for the
adhesi ve, and the nethod of applying the adhesive a w de range of

Vi scosi tiwe oamysske necessary. Preferably the adhesive comrpodists/onshas a
viscosity as neasured by ASTM D1084-88 Test 6 WO 03/068886 PCT/ US03/ 04355
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end group and catal yst as described above, and also includes diluent. It
has beemnobeundntahgthet HEbRARERME MO ventinl theMoidthre! AL SdHRSIvE KomPENiH T €
curabl e adhesive fornulations, that is, [ess than about 10,000 centi poise
and pr efieclaidsypolgser hakimg agbantive 8ilg00e ensigropp akcatalpst @y descrihed dhoyes asid t he

noi sture cur.abl hesi.v 0 Si tii nd al so jnproves the.tack. In this
enbod merfiot et ie SHER 1t FrdrR a B B eSS ol RERT T bl used on

t he t ot al mp@iuehéurftile hilRsie TORRI1AIR, thht i TeshRAH abolie 10,00BEMipoi8STad
preferably, fromabout 10%to about 90% even nore gref erably, from about

20% t o ahwseferabbplens thopabit 3960 gemtipoisgumptpvas thedlow okths maigteigcueahle gr oup;

from about 9 . %: nref f . 9 % by
wei ont . - P ofp RN kB 1h Ay BB HEH I EOttar

f r om abouidhastvd eonsagition3atadesy edsed aithe tofat wvighbefithe ¢8mpasitadin titon? &t 5%
preferably from_about 10% {o about % .and even nore referably from
about 129PBOHESY PIESHBI} 8Wta%°[“05)%}° Wout %4, SERRNTE ipg“rfallab]ré'ogﬁ?’é‘rﬁb%%sed
adhesi ve A ] : i , . RS y the
noi st ur eszcdg?gﬁallﬁgggg /egg\))&e&%}g?ogeenqlg gﬁggrﬁ%ﬁggggﬁ%%@?}gc%%woﬁ%@% han
about 20 hdateshoup A% preddrhblylfimes abhdua 0.04 botetabdat i ytvesghtppreferagml e fremabl y

near 1y ittt Gt 9 el i bE st SY: L FafruBhi Ay Ml teab it
greater t{aA aBOAYY, HUKOLEI RG] prefebubly #binaboutdT08h &F #duy 1 BEaidedveh Riie about

25%relative humdity, and even nore preferably | ess than about 30%

rel ati ve preferabiy frompaewt 1286 tregbouhl @efdilned. according to ASTM D 907 as the
property of an adhesive that enables it to forma bond of neasurable
strengt iy [ r ) r into

cont act ORERr 1 BkEadcoulhlEhne DL B A R EREAANS 1A 0Bl | Tack
Test accactiengtdck, shipbvidglBthe Inoisture curable adhesive has been found to develop tack in

less than about 20 minutes, preferably less than about 10 minutes, more preferably less than

about one minute, and even more preferably immediately, or nearly immediately, upon
exposure to the air having moisture content greater than about 20% relative humidity,
preferably greater than about 25% relative humidity, and even more preferably less than
about 30% relative humidity. Tack is herein defined according to ASTM D 907 as the
property of an adhesive that enables it to form a bond of measurable strength immediately
after adhesive and an adherend are brought into contact under low pressure. Tack can be

measured by the Rolling Ball Tack Test according to ASTM D 3121.

[0025] The presence of a diluent allows for adjustment of viscosity and tailoring of flow
properties for various applications. The viscosity of the moisture curable adhesive
composition depends on both the amount and the viscosity of the diluent. The viscosity of
the diluent is preferably less than about 10,000 cps, more preferably less than about 8,000
cps, even more preferably, from about 2,000 cps to about 6,000 cps. The viscosity of the

moisture curable adhesive composition can range from about 1,000 cps to about 500,000



[ 0025] The presence of a diluent allows for adjustnment of viscosity and
tailoring of flow properties for various applications. The viscosity of
t he noi stwo®3oerssbl e adhesi ve conposition depends on bot Ircrhsoaosssit and
the viscosity of the diluent. The viscosity of the diluent is preferably

L5 oo S B o O AR i =

vi scosi t yepeto dvat 10M0GT ¢pseThemalshare askableiadkesivenqoagiosition cambe faamyéatdd tom
about 1,000 cps to abgout 500, 000 WO 03/ 068886 PCT/ US03/ 04355 . cps,
pref er abltiﬁ,sel‘f?lBYﬁh&B Isjadyaiaggeys £QF ush B ApP B‘E}}O@‘éé?quh‘iﬁgehlﬁlllglf’@?'é‘m)g, from

about 1, O%If-lwﬁg@?%?rwfnatm@nﬁ@s@m‘éEﬁrabi@%h@é‘?@réédfﬁﬁosﬁ%%k@pﬁ@&ﬁﬁi ve

conposition can nmulated to be self-leveling and is advant ageous for
use i n apphiacatoiaodherengivill regdily §bwidnahebirface pf the"agbérend toashienga means t hat
the noi sture curabl e adhesi ve conposition once placed in contact to an
adher end ?tf‘ntfaélﬁ&v?rf/t%quﬂi‘s\?son the surface of the adherend to achieve a
substantially even thickness. [0026] The type of polyner having a reactive

si i congoersl drieuppe fiRIfR@Havitg aSdehdtveRBicOAclendigrowp, thttattve siladoakysd , al |
of which are described above, can be used. Suitable diluents include, but

are not |grain and thecatplysty gll 9Ewhish afegdesesibadiabeve, san p pendy |Saitablgdilaents i ner al

oils, suc XAE ' i.neeal . ol [ get abl e
oi 15, sudide, ohbire SRR o BN i exBnbieC B SURHELRLR bindtE2) 0.,
fatty acidk, suehagffoinedainphg whielnyiatdabosil ampbpetrodsusn oidphidgalableailp) sush hgifser s,
such as, butyl benzyl phthal ate, and .diisodecyl phthal ate;. and m xtures

t her eof . SKPEBle, E35toriof; <arnod. itk RasnY %Fﬁéi@lﬂ tw&ﬁ'&asmw%ﬂn%@fl i Rplyeher
optional 1y,14 i - gl e i i Dt er.

[ B027] T e B e

al so opt i andahikturesabereef. Mlso,dbhiyndisture ngrablgedhesivacomtivstioorhepioeant er , or

bot h. The nmi st ur ur ahl dhesi ve_...co sitjon herein can include from
Shout o crpralbgute s SRR g B e o B bout & 56 ad
nore preferably, fromabout 0.01%to about 2% by wei ght of a dehydrating

agent, H8eEH Orhetrhdistuft @lrablehdhbiveicoinPesifitn &dnd4ifing dilabiteandRedpenally
conposition, and from about 0.01%to about 5% preferably from about 0.4%
t o about Iuwaimpdehydrabing geetteirpasihgsion prymaiesoot bath5The moigtgacunblenadhodyyht  of

an adhesi c%ﬁ]p{%E@B’%gJein J:aﬂgn&u&jt ﬁ&ﬂ ab8GS.§184 tc?‘ﬂl&‘g]? hye, eE’e‘?E‘cﬁg Bron] S5 adhesi on
pronoter W e required I n € nolsture curabl e "~ adhesiv conposi tion as
conpar ed (.01% lieabvut S 24 radd ehora preferabliyefomebendtndl dentbdun ats showsight of a

dehydrating agent, based on the total weight of the moisture curable adhesive composition,

and from about 0.01% to about 5%, preferably from about 0.4% to about 3%, and more

preferably, from about 0.5% to about 2% by weight of an adhesion promoter. For a given

desired adhesive strength, less adhesion promoter will be required in the moisture curable

adhesive composition as compared to the moisture curable adhesive embodiment that does

not contain a diluent. Suitable dehydrating agents and adhesion promoters are well known

in the art and are described below.

[0028] In another embodiment of the invention, any of the moisture curable adhesive
composition of the present invention can further include filler. It has been found that
relatively high levels of filler can be used to improve the strength of the adhesive
composition while also maintaining the tack and viscosity characteristics of the adhesive.
In one embodiment of the invention, the moisture curable adhesive composition includes,
based on the total weight of the moisture curable adhesive composition: and from about 5%

to about 95%, and preferably, from about 15% to about 85%, and more preferably from



not contain a diluent. Suitable dehydrating agents and adhesi on pronoters
are well known 1in the art and are described bel ow. [0028] In another
enbodi mrerwO®B/064886 | nventi on, any of the npisture curabl e adhamsosye:3ss
conposition of the present invention can further include filler. It has

been fourb%o&tr%t% té}%o@& ‘75"%!de 'iggt ﬁ% ¥ drhaffn faix{e%c‘%%%ﬂﬂoﬁ)@eﬂ&s@g?ﬁﬁgrc{ rove

the strength of the adhesi Ition SO nal ntarn e tack
and vi scabotty0.0ttdrtaabarnidss, ipeeferablys fremathbhesd. 0% to kbowt 3&s, end acirepieferablyt he
i nvention, the noisture cur%t | e agﬂfsi \fe conposi ' based on

tjon _inclydes
the t ot alToBARPH Ot {¢abah 2 & by et Coi‘fﬁ%“;a‘ﬂﬂefé‘?n@é{’% Ob@iz’(%PBhg.Styaﬂd from

about 5% 9 I Y (0} % and
nore pr efper%%{)aiggo ?E»g%}%gﬁtﬁgg%b%gg%@@b%%%%%?f %E%E%, é%[){oghﬁutgl?&éj §too'rﬁ)g‘é@out 75%

by wei ght403efiller rTHedypagf polymerdiaving aseddtiversdicenclenyt gropp, the tactivemliton®. 01%
to about 4% preferabl fr bout 0.01%:.t bout 3% and re preferably
f rom aboutiigow g Beetiyas Ryt NErh A dariheaPOVeser bt bitanllireabs o about
85%  pr elogiéiovall J0ABRIAPQIHpobsns Qrea?guanm&ﬁte@%muaf &f BN aaidg, e
about 15%to about 40%filler. The pe ‘of polynmer having a reactive

si | i cone reeigtuty oupble adlesivedieteinvkassixcelienhphyseqati prppertiss,ancluding weatharipgt , al |

of which are described. above, .ca e oWer eas convent aonal adhesi ve

conpost i BHEe SRR 3T sl B MRS oL MIBIcEE 3pa FRRYZRN BEGbREA"The

noi st ur e rendeady flleaddadiigve herein has excel | ent physical properties,

I ncluding weathering and retention of clarity, shear strength to a range

of surfaces, and initjal tack for . a broad range of filler |oading. [0029]

1 cl arilPg2%9s Y Rlarifes e morsaie amaeleaﬁéﬁé%ﬁ(wn&ﬂ%@gilf PRmeressHYor fetkdsary or
desired, biER pfdiGuiBRluRI SineHYARbRIALAEH Lol elyhi GPRVAI TSR Rhad | Vel y

hi gh Ieve11 Hc:l?l Pigl f{gr. Itll%as been #oun , Ssurepri s:yng Yy, thatl tf\e v?icosi ty
of the ndiest (vadcsnpridiegindhashe esousitp of thei ooisturetwibls adfwsyecospostioy, from

about 1, 000.cps to.about 500,000 i,n _addit.j to achjevin xcel | ent
Shear st MEREROSNAIFERG! FEmIPPungdD corit afigtsphPlo et REmFN B aebiEvhe
conposi t ieRBellAB¥dABstAenBitdhdfténsie trémadli THe Mekndt s@rabR ARSI bnigdskhi bi t
good paintability. In one enbodi nent the noisture curabl e adhesive

conposi t ihamingrcigll ¥er pading hasalso 5 tfonnskio wxhibgpupd paiatabildp! Jn a®% t o about
85% prefernahl f.r om about %.t.0 about 9 n r ef.erapl y from
about " 25 Rou A BbRATY e basyRbineR on SRA.EE o BRSL SO T8 el
group, f r%%,gbﬁuiabfy 1025 % ikoub®D! préfératdy et cih abdut 2094 ©RbaBH%, dn@ ndet 0

nor e

about 3% an . : o
preferably from about 25% to about 75% by weight polymer having a reactive silicone end
group, from about 0.01% to about 4%, preferably, from about 0.01% to about 3%, and more
preferably from about 0.2% to about 2% by weight catalyst, from about 20% to about 85%;
preferably, from about 35% to about 85%; more preferably from about 43% to about 85%;
and even more preferably from about 60% to about 85% by weight filler, based on the total

weight of the moisture curable adhesive composition.

[0030] A wide range of fillers can be used and include, but are not limited to, zinc oxide,
reinforcing carbon black, non-reinforcing carbon black, semi-reinforcing carbon black,
white carbon, expanded graphite powder, powdery graphite, crystalline silica; molten silica;
silicates; chalk; calcium carbonate including limestone; talc; mica; alumina; aluminum
hydroxide; zirconia; titanium dioxide; wollastonite; feldspar; aluminum silicates; solid and
hollow ceramic microspheres hollow spheres of ceramic or plastic; metal powders and
microbeads; wood flour; dolomite; organic pigments inorganic pigments, fumed amorphous

silica including hydrophilic and hydrophobic types, glass microbeads, glass fibers, clear



preferably from about 0.2%to about 2% by wei ght catal yst, from about 20%
to about 85% preferably, fromabout 35%to about 85% nore preferably
from abouwo43%6488 about 85% and even nore preferably freaoralseit43s0% t o
about 85% by weight filler, based on the total weight of the noisture
curabl e Y 0 1 & | gggﬁ, | : be used
and i ncl gﬁgﬁ.ﬁ Agutfoegsr’ @ﬁoﬁﬁ%@%&%%gés,@eﬁgﬁw ) d;éiési’%}fl%rk@%ﬁlag@%}sbon bl ack,
non- r ei nft¢res M Arceanadhgie bf etltableditier issdalfiwn chrbgnatasdld mniderethk fradeddaiiee  car bon,
expanded l\gr aphi powdery graphite, crystalline silica; nolten

te powder,
silica; lcFQ"&laf"ejéj,O tyHgekys afdasisth €4r bonat e i ncl uding |i nmestone; talc;
m ca; alum na; alum num hydroxide; zirconia; titanium dioxide;

wol | ast gmﬁ@; 1h 8hSB B mboAkHEH B¢ Sl dftdh §Bhas HR BuAdSurftidgyV tkARM C
m crosphieres hol | ow spheres of ceram c or plastic; metal powders and
m cr obeadsgistnoodiriile adhesite compostioneaamaiotap Yeelatity at fidletylgmelof pp derabau,

fumed anor us .silica ingluding.hydr.ophilic and drophobi ¢ types, ,gl ass
i o1 obeaddl B weighhipiRon Bt B S et mmiel Bt iR 0RTeEoo 5 ey
fibers, clRar iPRINGME thal e ARAAGE cubdbi@idhREvY [ﬁle@@&%ﬂﬁdﬁag t@fhé Siafdaid Bdst ons

t hereof. An exanple of a suitable filler is calciumcarbonate sold under

the traddviethed fon(@aritutend &1caonessof Painit pad bk IRauideps meaared o8I M R 28A8t her
errbodl ne%higﬁ 'sta'}gstI éfﬁ‘\&itﬁn%gr b lt@%%l&l%%%ffl\w 'Ctoﬁ:ﬁﬁi%% ﬂ-{]ﬁh)ﬁa'n‘g&ﬁ t_he
moi st ur e ‘cur abl’e “adhesi ve conpésl ion can maintarn 1ts ¢ arllty at filler
| evel of Cuatihgs, Mpaetials, 409APplivwioght Achadmg to test aethbdASTME 2000, clarityhie

noi sture curabl e adhesi ve_caonposjtion r* i1t i.s meant thtﬁt t he

t . By. "cle
moi st ur e deliPethser eapmrRisteJaskiod apy uistble pemiiforgity yhemesed demie TRRRtieast hod
for dari Lt I QUi ASTM D
2000 ani'ch R0 57 EANR MRl cTRER, 1AL Ao R B e e b1
on Pai nt adhebiveCmatposigion ekkibis exdedentd iV stapity shidhomtypicatly endhanarterstic of &
met hod ASI‘?M D, 2090, cl ar.i.tr?/ is defined as a conplete | ack of any visible
nonuni f ortRaf 9IRGSEE COMRRRECT n ness, in bottles or test tubes, by strong
transmtted light. It has al so been found that the noisture curable
adhesi veogma P otiuk, ifAnEKEY ddhBcifXRehé fdtstldy calabliadhésivedtingdositonlcyiaia lupy
uncharacteristic of a clear adhesive conposition. [0032] Thus, in another

enbodi nere abeis 4Q%, sraferably droabpleous §bietsi apeuictipasore ipsrferabin fEom abew 5% & about
40% f f b 9 %0 5%
9 prety 5135%0\6/& r%{r]lg a1 Qe p?e/fe%a%]bgﬁ‘gﬁ a&%ﬁt 10 }JP(LQDOBE ﬁ)‘&:ﬁﬁ%& g%%%lﬁ’évfgﬁom

to about even nore pre r'om about Y filler
t o achi ewdhédive composition that is clear, or substantially clear, while also having excellent tack

and viscosity stability. Whereas conventional fillers, such as, for example, calcium
carbonate and titanium dioxide, tend to produce an adhesive composition with visible haze
at relatively low filler loadings, such as, for example, 0.05% by weight or more filler, it has
been found that use of a clear filler produces a moisture curable adhesive composition that

is clear at substantially higher filler concentrations.

[0033] Preferably, the filler has an index of refraction that is within about 30% of that of
the moisture curable adhesive composition, more preferably, within about 20%, even more
preferably, within about 10%, and most preferably within about 5% of the moisture curable
adhesive composition. For example, about a 1 mm thick coating of the moisture curable
adhesive composition preferably transmits greater than about 60% of the visible spectrum of
sunlight, more preferably greater than about 75%, and most preferably greater than about
90%.
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adhesi ve conposition that is clear, or substantially clear, while also
havi ng excellent tack and viscosity stability. Whereas conventi onal
fillers, wWooboessge f or exanpl e, calcium carbonate and tit @oirasosio4szs de,
tend to produce an adhesive conposition with visible haze at relatively
low fill 0a4) e filler,
It has @634 fo@%g’%shoz#ﬁfégsgtﬁ%tf&%;%ﬁe%g% ﬁoﬁ@c;@?r(?o%ngé‘?h%ﬁ%oa%%sa% curabl e
adhesi ve coaippsisioh ithean ist diedr or islsasaine'alﬂy @lbarsindﬂadi@hﬁtlaaé hot lmiggaleto: furhéder

concentrations. 033] P efer th |l er . has an_index of refraction
that is VARM¥Phe uats&% n@féu ipg h yfﬁ ilig anff W@rmomfryeese gleshmicrabds iglass

conposi ti @n{@? er abl

wi thin abfg{%{s ?%%}fp ﬁ%@%ﬁ%@%}é )éle%%lgig@r ﬁl\?\(/?? %ﬁaﬁgaatl)eoa?l;}sg % ? 8"?/ﬁéeljé Qrr%l st urg
curabl e cadibasitioss th@rqoﬁsPlterfmblyFthc ﬁHmaﬁmph@ leanfdthesiva isla fameadhingiplopsisilivg  of
t he noi st.ur.e..cur.abl e ..adhesi ye conposj tio fer tr at er

{ han abodbgdsEIR pRLDTES Bt K s aBR i dsfohi e, e iticas sh ERaupriop fiphcd
great er tdaRs.aBithpléodt siablcsktd Elh@zfs%@gﬂl&bg&l@é‘mEkérnﬁﬂK%@Mﬁmc}QO% 10 WO
03/ 068886 PCT/ U803p /04355 [0034 les of fillers that be used to
B btuee Cerpiny under s taicosma R VIS, BB Bed0; BAOR Fathyriopbilisdimed silions

"t ua ndhgHobEs G IR R R DR fbpbRbic PR ERT AR ' o

fibers, GuRable pOkyfsea cfdab@dtﬁ:swﬁ ispfaniedl sylitarsold wideber dsiderineaA erpsil PXESO
powders or_ conbinations thereqof. Preferably, the filler for a clear

adhesi ve hyPegussaferiparirpRbRzsfield Park,iNJe| udi ng, but not linmited to, for
exanpl e, hydrophlllc fumed silicas and hydrophobic funed silicas. Exanples
of suit WOéﬁée' aﬁﬁ&sﬁﬁ@cﬁgﬂ)lg a@/eﬁv@%o%%gﬁﬁn H%lsoéled}%'sﬁtbtantﬁﬁ&mny
under t e t enane 15A, N20, N20P for hydrophi[ic fufed
silicas dmdthﬂﬁlleﬂ-ﬂ%tﬁt;led—jﬁﬁfer&b&ﬂhaﬁdb& averngde BR0@6 afroftitse tlirap@lbo]mﬂﬁ@l ¢ funed

| Anot h bl e | ive i |
2ol oot B g Ao 150 ey Rl BEOERA  ubfg  o
Ri dgef i el gf/Bamk and\@ven[xﬂ&%}efarﬁb%&%@n abdR 63 Yy @ramuren Ipeefaelmﬁhme

conmposition that is clear stantial]ly clear, the filler particles
pr ef er ablfillenhgsca anfaav erea@é 1Q§§|tlfaa@b01ar9@an dgrameerd evearmers pueferably, lespihgn am

LT e 38 TR A0 R TSR L Mo, 200

pr ef er r edndibeate édﬂﬁ)le fuﬂﬂelsﬁ'é cbﬂlﬁoﬁtl&Uhérél‘ﬁQ)r&Eﬁl@I}Ohc1uﬂ§§le§d’tﬁéh @ckwuu O%Qand

n2/ gram and even nore preferably, |ess tha
even more preferably, less than about 7% by weight of a filler having a surface area that is

greater than about 90 m%/ gram, otherwise, the viscosity is substantially increased and the
moisture curable adhesive composition can exhibit haze. The average number particle size
of the filler should range from about 30 nm to about 70 nm, preferably, from about 40 nm to
about 60 nm, and even more preferably from about 45 nm to about 55 nm. For example,
filler that has a surface area that ranges from about 35 m*/gram to about 65 m*/gram, and an
average number particle size of about 40 nanometers, for example, is Aerosil OX-50 by
Degussa Corporation of Ridgefield Park, NJ. The Examples below show moisture curable
adhesive compositions containing fumed silica of various surface area and the excellent

results after UV exposure in a QUV weatherometer.

[0036] In another embodiment the moisture curable adhesive composition has two or more
fillers having different surface area. Filler that has a surface area of greater than about 65
m?/ gram, and preferably, greater than about 90 m*/ gram are used to retard or eliminate sag.

The moisture curable adhesive composition preferably contains up to about 4%, more
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about 65% n2/gramto achieve clarity be used at substantially higher |evel

| oading. A noisture curable adhesive conposition herein preferably

i ncl udes wWegs/tdsan about 10% and even nore preferably, Pesasohesssabout 7%
by weight of a filler having a surface area that is greater than about 90

ne/ gram %fggib)}fye to. AbORt 3 SHRSVEY nfoPe ﬁﬂebe'ialﬁghpblt ”%%‘%%@Fﬁu&ﬁe

moi st ur e fcur dhesrve conmposition can e Paze e average nunber
particle }mwmg a sru:ffacehare{t gfehter thehabow Y0anerann: ohs Aboutaveg asurface aboaf 70 nm
pr ef er abl mabout 40 nmto about 60

f f
beut 46 s I Eae b HrfloHoreaRa mbest Qi tier e JR5G Rl Shak oo O™

that ranggspid ﬁﬂeﬁbee&mﬁélﬂf@{ GhALRiNi& MRS hrt GA1 BRABIE A deterddind the pRYSIrage
nunber particle size of about 40 nanoneters, for exanple, is Aerosil OX-50

by Deguwacentmpm of ¢agh of theRivdge micse Gllpuar depending Hh@n Eﬁémﬂl@sﬂr@efbfdhﬁ show
noi st ure dhesi.ye osi.tions ngal.ni d silica of various
surface g%xala{rﬁzgng%géf ‘P@ﬁ?ﬁlo}s ICPléabgefat i‘FSIW %05 l?re ina QW

weat heroneter [ 0036] In anot her enbodi nent the noisture curabl e adhesive

conposi t[0037]hathetibistte dR@idlde a(ﬂhelsﬂvercSmbasdtldSlgoﬂﬂlEfeﬁibeﬂi&n@tsr(fe@ﬂ'ﬁ)earabave Filler
that has a surface area of greater than abou ram and preferably,

great er tapiiAnalbyonsludes fom gbowh 0o tos @wuté%,é@%rﬁarqfﬁra Vi fFATR 2P Qut 900 10 The

noi st ure {.04:C 4%
Tor e 11 W BE b BAS P ROTRET AR IREFIPARRL ¥ 5508} RLRh g i
nore pr ef‘tﬁmbdrytha}nothlavagmnf the métshye viabletcofmipbigon. headdng)natlsmmdlaum area
greater than ut. 90 n2/gram As filler havin surface are about 90
m2/ gr am &MEROY adhedive pomap %‘Ebomﬁogﬁl&éﬁn?@d%ﬁagéﬁ“gﬁ?@tfoél@? eﬂgn&, H’H‘W%f t he
Moi St ur e pyeHEARhRe PSR- Uﬁdﬁrﬁm%l)rs{soﬂlbneﬁﬁs %Ktehh&g Hl&l&é&ea&fehoﬂﬂ Il be able
to determ ne the proper concentration of each of the two or nore fillers,

dependi ngremoters, Y shsofteoseandrséabiliers he fillers, to maintain clarity of t he
noi sture curabl e adhesi ve conposition. [0037] The nDisture curable adhesi ve

conposi tj of t J from
about 0. BIRT i SRR RE Qb an G2 LR G Ferc B0 R Rag s B P
nost  pr efiehétiibye thelQahalieapdbi o dfeepaniohing tﬁ%ldhér&tﬂlcghﬂhﬁéncamna@the- oxi dant,
based on the total weight of the npjsture curable conposition. In addition,
t he noi stioQiguregHge ad %W§§PW@0%B%B§%CP@HC%BF]FOMI ly includes additional
optional ingredients, including but not limted to, anti-oxidants,

catal ysts, lubricants, extenders, biocides, adhesion pronoters, UV

absor ber[680302]d Iatadditibhzthe moisture curable adhesive can be used in low temperature

applications and over a broad range of application temperatures. For good low temperature
application and use it is desirable that the moisture curable adhesive have a low glass
transition temperature. Preferably, the moisture curable adhesive composition has a glass
transition temperature (Tg) of less than about 0°C, more preferably less than about -20 °C
and most preferably less than about -40°C. In order to use the adhesive in a variety of
environments, it is desirable that the moisture curable adhesive has a broad application
temperature range. The application temperature range is the temperature wherein the
adhesive can be applied and still cure and function at or near its optimal curing and physical
properties. Preferably, the application temperature range is from about -20 to about 60°C,
more preferably from about 0°C to about 45°C, and most preferably from about 5°C to
about 38°C. The service temperature range is that range of temperatures in which the cured
adhesive will maintain substantially all its strength, adhesion and elasticity. Preferably,
substantially all of the adhesive’s strength, adhesion and elasticity are greater than 80% of

the adhesive’s maximum strength, adhesion and elasticity over this temperature range.
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[ 0038] Another significant advantage of the invention herein is the
substantially short tinme to achieve tack, and the capability of
reposi t i omong/osdses adher end or adherends once the noi st urectwsabbssadhesi ve
conposition has achieved tack. [0039] In addition, the noisture curable
adhesi ve saRdify YRElniil el MR AL SR ammsm%f@mnmmm@ﬁoﬁ] dsbaad
range of appfl cdtion terrpe atures. good | ow tenperature ppl1cation
and use i-60tGtogwut BAI°E. t hat t he noi sture curabl e adhesi ve have a | ow gl ass
transition tenperature. Preferably, the noisture curable adhesive
conposition has a glass transition %ﬁlﬁ@rature (Tg) of less than about 0C
nore preferably | ess than about -20 C and nost preferably | ess than about
-40C. | 08#@erTheomeisere ¢isatdel dhsisive compasitien hereip ineludesnbyntriy potdimised tot i s
desi rabl e that the e cur hesw
enper at P O meect RSO Iakfe E4RRES" AR AT SRRy Rt RE e T,
wher ei n tﬁiﬁnutﬁ@ﬁﬁ@lst\é%n@Mxﬁ@es&ﬁﬁbbﬁdfeaﬁm‘ysmnhd catalyss mothde bR oiay@f eRdmple near
its optimal curing and physical properties.  Preferabl t he application
t enper at Lnné nopligétatien inelyde serppeunds havipg apoisrtiapaitrogep ﬁénpmékuémgm y from
about 0C |4 s o"i‘@ﬂ; The
gﬁﬂﬁﬁe f«?ﬁdﬁ@&y@éﬁggi r&rﬁfn@%%é‘tﬁﬂ?ﬁr joline, 1 nlﬁw‘]n@xg)ﬁkfﬁ%eggp

service tenp re’range rs-t ange’ of te é cured

adhesi ve (@tydroxgethiBinorphalisé, aN-dildeyhydlpHtoluiding th- (iﬁngbﬂhylaﬁﬂﬁkgptoq)mnan(tb N-
el asticity. Preferably, substantially all of the adhesive's strength,

adhesi on Bethyleyaelidosr: i, B&ﬁ@yglpb@fy@we@lwaﬁn%@%fhe liksecorppragdy Bavdng &% num

strength, A WO

051 068884y TR E R AL AL Y U el R Bl MR N 2R e Yor ¢ he

adhesi vestetmdméthylprapamahﬁmhmmm NrN;m 2 eetrametb @Bt ame alh @ut didixe, biSgNaNy st
0040 The |stur ahl.e aghesi ve .co sition herein includes, but is
Lot I}m tclé’(‘]‘eih@ ami %Fﬂ%q@sgf g ymlpﬁrﬁ))a&t}beét%‘ﬂg’fesgly?%bﬁ( iry am ne |

cat al yst jimbin1) ﬁﬁhﬁbwyﬁethéxeﬁﬁ ?@BH&MNN—dl&b&%HmﬁﬁfdﬁieﬁﬁN’ and m xtures

t her eof . Tertlary am né catalysts include by way of exanplé and not
limtati cdlmﬁthwlmmammpmuﬂthslpmam@ bﬁepcwmlnmesham,t rogen atom i ncl udi ng

trieth th | >

et hy! napRRaIneRio Py R Es s RO By  TBR RS S ROP G Reet ASERUSIA R ui di ne,
0- (di met hykdesxy %Bﬁl?@ﬂa%thl(NeN Niinteetyiathdwetholindgiteline,

N, N-di cycl ohexyl net hyl ami ne, and the |ike; conpounds having two tertiary

ni trogen ta%(m%phqhépﬁ IDR§hay, Pis(2e- dwﬂh)émpmhéilh%thﬂWheén’e&démﬁthéhmﬂawIN N -
N-methylimidazole, 1,4-diazine, diazabicyclo[2.2.2]-octane, 1,4-diazabicyclo[3.3.0] oct-4-

ene, 1,5-diazabicyclo[4.3.0]non-5-ene, 1,8-diazabicyclo-[5.4.0]-undec-7-ene, phenolates
thereof, octoates thereof, and the like; compounds having three tertiary nitrogen atoms
including N,N,N’,N’’,N’’-pentamethyldiethylenetriamine, N,N,N’,N*’,N"’-
pentamethyldipropylenetriamine, tetramethylguanidine, N-cyclohexyl-N’,N’, N’ N’’-
tetramethylguanidine, N-methyl-N’-(2-dimethylamino)ethylpiperazine, 1,5,7-triazabicyclo
[4.4.0]dec-5-ene, and the like; and compounds having four nitrogen atoms including
1,1,4,7,10,10-hexamethyltriethylenetetramine, 1,3,5-tris(N,N-dimethylpropyl)hexadro-
1,3,5-triazine, and the like.

[0041] Tin catalysts include by way of example, but not limitation, stannous octoate,
dibutyltin diacetate, dibutyltin dilaurate, dibutyltin mercaptide, dibutyltin thiocarboxylate,
dibutyltin dimaleate, dioctyltin mercaptide, dioctyltin thiocarboxylate, dibutyl tin oxide in

diisooctyl phthalate, aliphatic organotin, and mixtures thereof.
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tetramet hyl propane- 1,3-diamne, N, N N ,6 N -tetranethyl hexane -1,6 -

di am ne, bis (N, N di net hyl am noet hyl ) et her,

bi s( 2- di wDlgloesssmoet hyl ) et her, et hyl ene gl ycol bis(3- di metrhyshyeasshopropyl
ether, N - cycl ohexyl N, N- di et hyl f ormam di ne, N, N - di net hyl pi perazi ne,

trimeth i 1) Di: i ne,
N oy (ORI T30 e s RERSIEL USSR ol AR Pl "
hydr oxyetléad }auhpmbﬁmme blsfﬁiﬁ}i\hedﬂeearﬂaﬂeﬁpﬁmyhmrmng)ﬂiéﬂm, phd therdte.
bi s(mor phol i noet hyl ) et her, bis(2, 6-di met hyl mor phol i noet hyl ) et her,

1, 2-di et hyl i m dazole, N-nethylim dazole _1,4-diazine, diazabicyclo
[2.2.2] -octane, 1,4-di azabiééﬁ%%m

1, 5- dlazablcyclo 4. 3. 0] non- 5-ene, dlazablc cIo 5. 4. 0] -undec- 7- ene,
phenol atl@@43]t Hepadition rthsabeve- @%@fi@&rconmaemhé Risturg G IerigBesivey i ng three

tertiary i

NN R SRiPOEER oFsRBcsohlfl ol dan optionally inglyde gn q@itye or combination of

pent amet hyltlﬂhlvasr Ofyitableetdditaves n&ludb@tymy&tﬂwhlgpbnblﬁmmehmltatlon anti-oxidants,

N-cycl ohex tetrane | guani di ne,

N ot hy | CRAED. RN nHGT CRRG oS pEIAEn pEomates, YV shsasbst g labilizers.

[4. 4. 0] degsps a%@ﬁwe@@&h 6&% kK &ontdD he OTRAHIABoNIBNCEG, thersby BifkdRGRRe at oS
including 1,1,4,7, -hexanet hyl tri €t hyl enet etram ne,

1,3,5-tr |mmp¢upmmwbgr,@p;dujuseglastrtmnsmoa t1@nparatad) 06 thepolymérizativke. [ 0041]

Lo o e a0 RTRY S e Bl e b e
nercapti 3§odu@t bptw lebinPodifibo@ad. Nasieedginst d-poliitletizdtion] st antetlegidady| tin
e

mercaptide, dioctyltin thiocarboxylate, dibutyl tin oxide in diisooctyl
pht hal at @r biglegiealtattackdr ganotin, and ni xtures thereof. 13 WO 03/ 068886
PCT/ US03/ 04355 [0042] Lead, b| smuth and nercury catal ysts include by way
of exanple but not limtation leﬁ@ﬁfﬁrﬁhﬁyé% anat e, bi snut h neodecanoat e,

phenyl mercury propionate, and th tional Optional |ngredients

[ 0043] di-tion .to the s e e curable
adhesi véao@ﬂ C?&I??lgtﬁre ?ur%lﬁ %l}eéglgn nven f%ggn)&ggﬁ op fi élg%a{[ﬁggsa%%%t[ ude an
addi ti ve Exanptesliifdahydstinf agead dhdlidepBut aﬁunbtabhwedadgvlhymamdtmwmemyway of
exanple, but not limtation, anti-oxidants, catalysts, |ubricants,

ext ender inyialkoxyslane dapiganie ang praepicaeslitesnand ghedikse rPgefawalbs theslehydrating

S dd t her eb
affect 1 ngeras VERTARERALBILE SR ok RaBRnTEId e AT BY HfaFost Ner o0y
t enper at Bpegialvies bhBapniry@T.i zat i on

[0045] Adhesion Promoter

[0046] As mentioned above, the moisture curable adhesive composition may also include
an adhesion promoter. Examples of adhesion promoters include, but are not limited to, N-
(beta-aminoethyl)-gamma-aminopropyltrimethoxysilane, N-(beta-aminoethyl)-gamma-
aminopropyldimethoxymethylsilane, gamma-glycidoxypropyltrimethoxylsilane, any
substituted silane where one or more of the substitutions contains a different functional
group and the like. A preferred adhesion promoter is N-(beta-Aminoethyl)-gamma-
aminopropyltrimethoxysilane sold under the tradename Silquest A-1120 by Witco OSI
Specialties of Danbury, CT.

Anti-Oxidant

[0047] The moisture curable adhesive composition may also include an anti-oxidant.

Examples of anti-oxidants include, but are not limited to, sterically hindered phenolics,

substituted benzotriazole, hindered amine light stabilizer (HALS), thiodiethylene bis(3,5-di-
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product fornmed fromthe conposition. Qthers can affect the integrity of the
pol yneri zation product of the conposition (e.g., protect against

de- pol ymewD2a06838q oxi dati ve degradation or biological atrCcaalsp3/d3ss

Dehydr ati ng Agent [0044] The noi sture curabl e adhesi ve conposition al so

I ncl udes but
e not 1P A AR i B R U o e R St P

i nor gani moarbduaubgamemeoﬁehiefdrﬂﬁy, theldntt heidhiticen irfelwefegcbuaths yot lirhﬂaediehydr ating

Wt oo Caiergpbe hITFRENGT R i oerche Bedsoans TRONES| U s OB LEr 0046 As

ment | oneC Vs of TRryIBWE N SsubdfiRRla®ALIR RN Es 1@ TRRS tid PlcfiRe #iQid ncl ude
an adhesi on pronoter.” Exanpl es of adhesion pronoters include, but are not

limted t387 WCibmspwam@iwtlha/ls pf @mtawarﬁi\fﬁobmdpydtammnehgimtﬁbﬂﬂzmld

gl;lcjigrrt;gt SI ;a}g n %@5&9&‘? 1%‘?%22@52%%% %)g(%]b%attlﬁh&tfaéﬂg Wi 05 Wer e one

or nore Qt,n{bmngyp@gﬂebgtlons contains a different functional group and the
| i ke. A preferred adhesion pronmoter is N-(beta-Anm noethyl)-gamma-
am nopropgl tri rrett hoxysi | ane sol d under the tradenane Silquest A-1120 by

Wtco inpAeisture Cyrable fdhesivy COEIPOSItIONN471 The noi st ure

curabl e adhesive conposition may also include an anti-oxidant. Exanples of
anti - oxi ﬁﬁgﬁq A5 S F ARk aB10 adiis Rk b¥ti

phenollc,[6 sultasfalut)lﬁeteceo enzot rfpgéz%{ng@%n erg am r?gal:p 1t stab&ﬂ}xfgr
(HALS), tusingdioatdmyibeaieradessity Squipmint aM)t@hmﬁmgﬁSBreRﬁlesmBﬁBen
tert-buty hydr oxyhydr oci nnamat e ot her UV-absorber or free-radical
Scavengelduriag I HSHLE Db TEARREGHrAgH e B FmPvHEL R TR S P

i ncl ude, &%métﬁreﬁﬂtthé wﬁqs&ﬁlchpand i BhieGAdthncehiddaiRANS ARk 68 theol d under
the tradenane |rganox 101 C ba Specialty Chemicals of Tarrytown, NY;

substit utcedlpbemzmt Gcm@ilwthmmolumj@atmg\ thetmixthen andompuling ava@am oy G ba

Specialty Che l,nder ed..am b| I | Lzer sold
under thé® ’PPE%I r‘?ier’?li‘ Ver %‘W\Aﬂ{?ymﬁﬂﬁ’g ‘é’gsa oy %e%uﬁq F’ 4PFyt own,
NY; and ged fthicve B@cebﬁ@le&ﬂ(ﬁlsture content. Preferably, the moisture curable adheswe

composition herein has a moisture content of less than about 1000 ppm, more preferably
less than about 800 ppm, and most preferably less than about 600 ppm as measured by

" ASTM Test Method D4672. Also preferably, the adhesive composition has moisture
content greater than about 200 ppm as measured by ASTM Test Method D4672.
Preferably, the moisture curable adhesive composition has a volatile content of less than
about 10% by weight, more preferably less than about 5% by weight, even more preferably
less than about 3% by weight, even more preferably less than about 1% by weight and most
preferably less than about 0.5% by weight of the overall adhesive composition as measured

by ASTM Test Method D1490.

[0050] In one embodiment of the present invention, a moisture curable adhesive
composition is used to join at least two adherends (or at least two materials or pieces of
material to be adhered). The adherends include, but are not limited to, paper, metal,
ceramic, glass, textiles, cloth, plastic, rubber, foams, masonry, wood, leather, composites
and the like. Further, the two or more adherends can be of the same or different materials.
The moisture curable adhesive composition comprising a polymer including reactive

silicon end groups is applied to at least one of two adherends. The adhesive is preferably a
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[ 00481 Met hod For Making Moisture Curable Adhesive Conposition [0049] The
above conponents of the noisture curabl e adhesive conposition can be m xed
usi ng corwenBioessad processi ng equi pnrent and technol ogy. Prefrarsabb4sss st eps
are taken during the processing of the noisture curable adhesive
conposi tion Ny e 1 | f a1 $halh el e LASHE kd L Qele@nd i N
sone instoglﬁ %@t@g,?@ﬁ%&?ﬁ%@%#%?%pgﬁ?t ?\:e cgnpgsitio%m%gn%rgﬁﬂﬁf this
i nvol ves sideatwagjddsher miubtiple sdesrod/tior adhatehdngmalav wopnmeritmnal alesieest Hdewat er ,
however, .ot her nmethod known to those.ski|Jled.in the afyt ¢ d be used
Lo achi e VBN Eeidt A6 PEPHE) 9t G ST LHE Do b ASHTE 2 PREORBITER T RETh abl o

adhesi ve sp%ﬂ?,%hérg,QPom5§liébr£ﬁ§s, And'BisSérdERincRY &tfonf pacRESing SiRA agbout 1000
ppm nore preferably |ess than about 800 ppm and nost preferably |ess

t han abouube30Gnp pneaaineras Brefetably, thagTistTis surabke adbdsipa eqtrpositiands pprifedr abl vy,

s moas bl PRI IP Fo PN Ao e Geaien B P R oP L B e

adhesi ve ,aamR28 bicf bl FonRabisdl 215 tbab&at mtinMhickess It haprefeateatiat 1% by
wei ght, nore preferably |ess than about 5% by weight, even nore preferably

| ess t harmeisure cugalhgdhgsivg Bempesiaon iweppligskaver atdasy 25 %caf thavadhermdise | 9% by
wei ght and S f ut 0.5% by wei ght of the overall
adhesi ve S(%én%&é?ttﬁgﬁoejéﬁ?}%?si&r%?ﬁle}E@QA Test Method D 1490. [0050] In one

enbodi ng00519f THesuhEs efthel ddterehdin bedondddahay be maimdihal indloasiortact with
conposition is used to join at |east tw adhere (or _at | east two

mat er i al $agh othepEd t}t?fadjhﬁ%‘(%ﬁl‘?"éfol’ﬁé SB&‘%&%@FE&) Q‘ﬂaﬁ%e adhrEsnds i98ethatdsidie, but
are not | L&t . : r apd I [ el

ol ast i c, R U REkCnoio Y PR, A A A TR | e
Furt her, roheohtaot with respect &therothreds) faess thanfaboite? Osamuitesy prefeidbdy émtless

mat eri al s he I sture curabl e adhesj It | S I
Ml ud nataEmont [omTis; suhme AL eSS R ABO ) R SR GRR R o
adher ends,reflR81 8RRV 1 REighter ably a 15 WO 03/ 068886 PCT/ US03/ 04355

one-part type, "but may also be two or nore parts. The adhesive can be
applied to a single side, two sides, or nultiple sides of the adherends

sini | ar [0952 oA thentesiseewianss. tackiibe adhgrends Je be inddeara Hitt Fertagiyd
convent | an%llin rr%tbp)géi getﬁ%&? e With 3’% da%h@sq{/es Ie?erzﬁ"l’%qﬁé {a'cf' gsesru?ﬁcietﬁ R&t !Jl as,
PYone and disp al p

rollers, ['s~or "sprayers, ensed 1 n cgnvention ackagi ng such
as t ubesempaatlyyreanihziadRédndsi@h puhidlyipart beonmoitd curtngoofithdddhesisibiesi ve
conposi t iP?Qfeia%ly?Ft)hgl aid%(ejrends can be repositioned for some period of time prior to initial cure.
The initial cure is defined as the time during which the assembly can be handled, 1.e.
moved, without degrading the bond. After this time, the substrates can no longer be
repositioned without permanently degrading the bond strength. In the case of a bond where
one substrate is immovable, i.e. a wall, it is the point at which bracing is no longer
necessary to hold the substrates together. Preferably, at least two adherends can be
repositioned with respect to each other for more than about 5 minutes after they are first
contacted, more preferably for more than about 10 minutes, even more preferably for more
than about 15 minutes, even more preferably for more than about 20 minutes, even most
preferably for more than about 30 minutes. Also preferably, the bond between the at least
two adherends is cured sufficiently to prevent further degradation of such bond after a
reasonable period of time. The inventors, preferably, consider a 90% cure to be sufficient to
make it reasonably difficult to degrade the bond through use or misuse of the bonded

adherends. A 90% cure is defined as when about 90% of the available reactive silicon end

groups have reacted. At 23°C and 50 % relative humidity, preferably the adhesive is about

16



that is initially up to about 7 nm nore preferably greater than about 1 mm
to about 5 nmm and nore preferably fromabout 1.5 to about 4 nmin

t hi cknesswoloB/ioésssgreferred that the noisture curabl e adhesTwsSopeEposition
is applied over at |east 25% of the adherend's surface that will be joined

to the otgyef -AUAG REGhad Hedba };Bﬁsisﬁ&fegggﬁra‘ﬁiy {shBotdes REs il RsdRaponded

maybe nmai ntal ned 1 n non-contact w ch ot’her until the adhesive
devel ops ahosuff hairg evert moke freferabl distabeut e cwnd s kesgtbamabouhd2 hoursasd| t  of

exposure to atnospheric isture.. Pref eraa?)l he adherends are maintai ned
in non- dBAY REGLCR ]@'Hs?l?é’é‘gg@?’cﬂlf)edtlﬂéesétﬂ?‘f’é‘r Qg{f%fﬁ?ur?'ess t han about 20

m nutes, preferably for |l ess than about 15 m nutes, and nore preferably

for | essTHe Y8 eahigWetalled BéseHpESn isRMNEnTYEOAMER of Rh&dreaddihy ohl§Sand AN about 1
m nute. [0052] Once the adhesive devel ops a tack the adherends to be joined

are fir smneenssaay timdtationsrshwlg bg underdtopd theseffom Hdenogi nunerpes medidisatians and
Pr ef erab the tack.i ffi,clent to [ t rends
1 om parninsssaf bEfial By AL UELED @ an SARBR! Mot e SR Bisplel G AT
adher endge aendis. TaP esliohignethnifés wNRr AL ifathed tydifynte patuy oftthe inveiitic,
cure. The initial cure is defined as the time during which the assenbly
can be rPahshaudd net be constpied @s a mitagan op difrseaphiticrasd WBe1s dsfined salely byt i e,

t he sub nn |l onger be repositioned without pernmanently degrading
t he bonﬁﬁé?épgﬁgﬁam?ﬁ'the case of a bond where one substrate is imovabl e,

i.e. awall, it is the point at which bracing is no |longer necessary to
hol d the substrates together. Preferably, at |east tw adherends can be
repositioned with respect to each other for nore than about 5 m nutes after

they are first contacted, nor nore than about 10 m nutes,
even nore preferably for nore &m%&%ﬂﬁnut es, even nore preferably
for nore, than about 20 m nutes, even nost preferably for nore than about
30 ni nut?fé%"‘?—@)@—ge'—greferably,. t he band get,ween the at | east dher ends

5 t WO
i's cur ed0Q¥At iTeFsAmPlEs o, praisiarercurahle Adiesiye GPRAGT RN ofte uwbé%hgelm er a
[ €as0nabl GerB SEAR A1 rebdr by Mé%n&w&g@?@c%gu&f £lrahaRlc, IGPVRLARY AndiVe cure

to be sufficient t 1t reason iffrcult to degra ond
t hr ough uses maderiysuséngd pdliggropplaniedxidadithrasnebyldin@bésysilyldunctiotef gnoepl as

wh bout . 90% of th i ' i d ted.
A Dac B el Gunn Brve sieifEbRkepSi Gk doohh o 18N Gareh s wo
03/ 068886g; Bt BRI/ BMRer rdAYPdatyae I{ieﬂddﬁgﬁf’{&ﬂaﬂi\ Bt A nRE SvelBRE

preferably is about 90% cured in’less t .
minimize moisture exposure. The mixer was started on a low speed and the following

materials were added: one of three polypropylene glycols sold under the tradename Arcol
Polyol PPG-2000, PPG-3025 and PPG-4000 by Bayer of Pittsburgh, PA, and a sterically
hindered phenolic anti-oxidant sold under the tradename Irganox 1010 by Ciba Specialty
Chemicals of Tarrytown, NY. The mixer was then sealed and heated to between 71°C -
77°C. While heating, a vacuum was applied to the batch in the mixer to continuously distill

off any water in the raw materials.

[0054] The mixture was tested for water content after mixing at the target temperature to
determine if the target level of less than 1000 ppm was obtained. Heating and vacuum were
continued until the moisture content was below 1000ppm. Once this level was attained, the

heat was shut off and the vacuum broken.

[0055] When the batch had cooled to below 50°C, a vinyl trimethoxysilane dehydrating
agent sold under the tradename Silquest A-171 Silane by Witco OSI Specialties of Danbury,

CT was added to the mixture and mixed at low speed for five minutes. Afterwards, N-(3-
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about 16 hours, even nore preferably is about 90% cured in | ess than about
12 hours and nost preferably is about 90% cured in |ess than about 8
hours. Thwofoenessed ng detail ed description is given for cl earnseso4sss

under standi ng only, and no wunnecessary limtations should be understood

t her ef r ongJda&S-1 A QisinitePdifal | : hose
skilled ?ﬁl t he rlt’ﬂ\gm{ﬁ?gout r ep%fra%lg%%ﬁegggnr’??ﬂgteg%??&eéﬁ%&éggggﬁgg IIH‘%{%SE

i nvent i orA-1TR@ by WitanwD SIS Eec ritpdsed Danbirys €T weastaddédtotthe mixtyysi 4nd milxed atat ur e
of the inventio

but sh d trued i mi (] t
Cher mor R for s BuEE Alrafils PBuSPRR biE i EioBrty] MehMlerRiaNte il pL oo
Exanpl es yhder the d@&ind P‘bnﬁ%fzrmbea 1|;I\-b°y WiRb DI 'SPeéiliedbEDAIRY, | (VB was

conpositions, listed in Table 1 below, were generally prepared by the
fol | owi npddedteettia maxtuge, B vaeisiny wes trawing and,/fthe ews furgy wagipmexsad\as low\speedderditey

m xi ng a pol ypr | ene oxide with.a t hyl.di,. ho vl e functional group
sol d und mtuﬁeg' f‘?%@@‘QWS%aS%“gBW%EF H@ﬁ@%ﬂ%‘g’ﬁ A ﬁ‘zﬂgf f&tgﬁrat?“ﬂgpan in a
| ow speed Sigma Bl ade Lab M xer from Tel edyne Readco of York, PA keeping
the m xer covered to mnimze noisture exposure. The m xer was started on
a |l ow speed and the followng materials were added: one of three

pol ypr opwi€ene gl ycols sold under the tradenanme Arcol Polyol PPG 2000,

PPG 3025 and PPG 4000 by Bayer of Pittsburgh, PA, and a sterically
hi nder ed phgNMlatdriafnt i - oxi dant sol d undex. § Reoby adeNaR %] JaREX3 MAY by

Ci ba Specialty Chenicals of Tarrytown, NY. e mXer was then sealed and
heat ed t o RLWER03 AlPolynier /7C. Wi | e heatdongrs ssayacuum vasg eappl sext749) t he
batch in thg i Mak do? PeIgREs Nnuously distill offgany water gin the raw :

mat eri al s. A LQ@Pél2000BiEt Ur e was test edigh@io y@j er contegto after mxjng at
the targetatampermbyipgud® determne if the target |evejpsaf | ess than 1000
ppm was ol¥,ah1esboo Dgaiding and vacuum were contg nued untiglg t he noy@tgir e
content wag,fglePYoollppp Once this |evel was @ttained, gohe heat vwms shut
of f and t hg,Macimdoakaeh. [ 0055] When the batch had coolhed to bel oy 50C, a
vinyl tringtRaxyRiliansugghydrating agent sold ginder thegtoradename § | quest
A-171 Sil apg,aRotco CSI Specialties of Danbury, CT wasgpadded to the

m xture angd ixedo Ahtid@unspeed for five mgupesy Afterwapds, N (3 i WO

03/ 068886 dildsl R4 83 PDehydrating Agent) 12.5 (1.490) 14.7 12.3 (1.5)
Silquest A-1120 Silane (Adhesion Promoter) 18.7 (2.229) 21.3 18.4(2.2)
FomRez SUL-11A Catalyst 12.5 (1.490) 14.7 12.3(1.5)

Shear Strength

ASTM D 1002 (Modified) Note: The modification consists of using surfaces other than metal.

All other parameters remain the same.

The viscosity of the composition of Example 1 (Brookfield Viscometer, T/B Spindle, 5 rpm at
23°C): 2400 cps. The adhesive of the composition from Example 1 was spread on one layer of
canvas adherend and immediately covered with a second canvas adherend and the peel
strengths were measured. The peel strengths of the five test samples were 4.7, 4.4, 4.5, 4.3,
and 4.7 pounds per lineal inch (pli) with an average peel strength of 4.5 pli plus or minus

0.25 pli.

The adhesive composition of Example 1 was applied between formica and plywood

adherends. The moisture curable adhesive composition was troweled on one surface only
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trimet hoxy-1, 2- et hanedi am ne) silane adhesi on pronoter sold under the
tradenane Silquest A-1120 by Wtco OSI Specialties of Danbury, CT was
added to wbae3nssssaure and nmi xed at | ow speed for 5 m nut ePCTASO®04855 dS,

di butyl tin oxide in diisooctyl phthalate catalyst sold under the

tradena :

added trﬁi}/8 9(”11%@5? aﬁhﬂrhe]ﬂz]ateg\?%déﬁ)ﬁ\éﬁvég)nﬁ é]\ﬁn%%b he%ﬁ’l%ésteﬁg)z}b wgypl%%ﬁelﬁt | ow
speed f @veh hvdhearediot195°C Tdrepprox imatel ydatwutrd o edgerisfting mas obseraml. ai r -t i ght
container for further testing. Table 1 Raw Material Ex. 1 (W% Ex. 2 (W%
Ex. 3 (wt% Kaneka S303 H Pol yner 623 (74.264) 638.6 613 (74.3) Kaneka
MAX 601 -l s1909 O@Exﬁﬁglg h WR céé&&@ﬂ)r Shday §t‘i‘éng3d§§n wb8d. 7&%20r9m% td ASINGO!

PPG- 3025 Di I u Arcol P-4000 Diluent 0 0.9 163.0 “Santicizer
100 Pl add |1@®25ehe ﬂleaOSt@ngﬂilwams fiolBSs: Ali7iCopsk dftert 240hadr0fr@m appheadion, 98X Li ght

Stabilizer 0 Ae | rganox 1010 Anti oxi dant 6.2
(7.39) d’.sbafge.f(}g%@ ﬁ‘é‘gfﬁﬁé%fﬁ ?gﬁgk(Dehydratl ng Agent) 12.5 (1.490) 14.7
12.3 (1.5) Sil quest A-1120 Silane (Adhesion Pronoter) 18 7 (2.229) 21.3
18.4 (2.2) FonmRez SUL-11A Catalyst 12.5 (1.490) 14.7 12.3 (1.5) Shear
St r engt HThadmndnessiofzhe pdisgive cempoipereof Bxpnple divas elpoitesteds o Sose 8f  usi ng
surface oth th t ra t ane. The
Vi scosi t 1? Wgsggﬁpr%slaﬁ %%lﬁ%’)h %ﬁ’%pf:&e}?o ’%ﬁoo | e?gél{%sﬁ(.:bglrrrslsat er, T/B
Spindle, 5 rpmat 23C): 2400 cps. The adhesive of the conposition from
Exampl e 1 was spread on one I%er of canvas adherend and i mmedi atel y
covered with a second canvas f-and the peel strengths were measured.
The peel strengths of the fi2¢stest sadples were 4.7, 4.4, 4.5, 4.3, and
4.7 pounds per lineal inch (@phs) with3an average peel strength of 4.5 pli
plus or mnus 0.25 pli. The adhesive conposition of Exanple 1 was applied
bet ween form ca and pl ywood

The shear strength of the composition of Example 2 was tested on wood after 24 hrs, 48 hrs

and 1 week. The results were as follows:

Shear Strength (Wood):

24 hrs. 147.6 psi
48 hrs. 198.5 psi
1 week 175.2 psi

Examples 4 - 11

[0056] In Examples 4-11, moisture-curable adhesive compositions, listed in Table 2 below,
were generally prepared by the following procedure: a clear adhesive was made by mixing
polypropyleneoxide with a methyldimethoxysilyl functional group sold under the tradename
MS Polymer S303H by Kaneka of Osaka, Japan in a low speed Sigma Blade Lab Mixer
from Teledyne Readco of York, PA keeping the mixer covered to minimize moisture
pickup. The Sigma Blade Lab Mixer was started on a low speed and the following were
added: fumed amorphous silica filler with a surface area of 50 m?/gram sold under the
tradename Aerosil OX-50 by Degussa Corporation of Ridgefield Park, NJ; a substituted
benzotriazole anti-oxidant sold under the tradename of Tinuvin 327 by Ciba Specialty
Chemicals of Tarrytown, NY; a hindered amine light stabilizer anti-oxidant sold under the

tradename of Tinuvin 770 by Ciba Specialty Chemicals of Tarrytown, NY; and a sterically
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adherends. The noi sture curabl e adhesive conposition was trowel ed on one
surface only 18 WD 03/068886 PCT/US03/04355 (1/8" x 1/8") and then tested
f or adhesworns/oddses f or m ca/ pl ywood assenbly was pl aced i n &aT/Uso®mM3shd
heated to 105C for approximately 3 hours. No edge lifting was observed. The

o Aot TERRRLPHeRRe SEafiy S8R, FRel Bt ARBRRERRR) (10l (RS RRe |1 10

hours fr qheasipdls 68TaroReowAISYS psi after 48 hours, and 175.2 psi after 1
week. The hardness of the adhesive conposition of Exanple 2 was al so

tested. The Shore A Hardness was 32A after 24 hours f{ggm application, and
was 37A[8928r e muar was thep pealed andrheated do betwepn $1°C3277 g While hgatingha shear

surength 8LubhS SQIRgEY 1ol XAl Budy MRl SPLRER: ORLuALLR, 8 s,

48 hrs e results were as ear rengt od): 24

hrs. 147 .mhixpgt wadEstedafted @8cling tie tarkevesiperhiibe B @s¢rmifexahpthersthd targetl [ 0056]
I n Exanpl es, 4-11, nmoisture-curabl e adhesive COH%OSi tions, listed in Table 2

bel ow, vReigUgRIG¥slAT IS HrapdaPe apmyvasbiangd: ey e BuMyEPear
adhest ve JafindBARPIhidTallch Bras RAARKC DHCEGRANLS BucMeatiws IRA B Al RS DOXy ST Y]

functional group so er the tradenane ol ymer S303H by Kaneka of
Csaka, Japammbrakehow speed Signa Bl ade Lab M xer from Tel edyne Readco of
York, PA keeping the m xer covered to mnimze noisture pickup. The Sigma

Bl ade L X tarted o l,ow,.s d the | | i na.,were added:
f uned ai@?%o&n&gﬁﬁ? @aéaf ﬁt‘e}qdcé)r"?%atf’ Aesy ﬂ?%%’?)g(c"gtﬂg} %é{mé’; 8%’68%73811%% sol d under
the tradrRgdmtifeigat $olundd thytriRELAE 8ilGRsPAL Bt smneb% RVageOSESstcRtids, NJ;
a substituted benzotriazole anti-oxidant sold under the tradenane of

Ti nuvi n 3 Papu; 63 Bsedied tofthe memrcamdgnised Fevapeshior Ryningteni ndered ani ne
O ot SR, SO ER0% 200 ) ARSEAIRS B DBMNAR O
tradename Silquest A-1120 by Witco OSI Specialties of Danbury, CT was added to the
mixture and mixed at low speed for 5 minutes. Afterward, dibutyl tin oxide in diisooctyl
phthalate catalyst sold under the tradename FomRez SUL-11A by Witco OSI Specialties of
Danbury, CT was added to the mixture, a vacuum was drawn and the mixture was mixed at

low speed for 5 minutes. The mixture was then transferred to air-tight containers for further

testing.
Table 2
Raw Material Ex. 4 (wt%]) Ex. 5 {(wt%) Ex. 6 (wt%) Ex. 7 (wt%) Ex. 8 (wt%) Ex. 9 (wt%) Ex.10 Ex.11
Kaneka $303 H Polymer 626 (67.2) 626 (67.2) 0 0 760 (84.9) 584 7257 725.7
Kaneka MAX 601 Polymer 0 [} 760 (76.3) 689 (70.3) 0 0 0 0
OX-50 Fumed Silica 243 (26.1) 203 (21.8) 150 (15.1) 204 (20.8) 0 0 30.0 10.0
Aerosil R 972 Fumed Silica 0 40 (4.29) 15 (1.51) 13.6 (1.39) 63.4 (7.08) 0 30.0 50.0
Aerosil 90 Fumed Silica [} 0 0 0 0 110 (14.7) 0 0
Tinuvin 327 Antioixdant 6.3 (.68) 6.3 (.68) 6 (.60) 5.4 (.55) 6.3 (.68) 1.7 0.9 0.9
Tinuvin P Light Stabilizer 6.3 (.68) 6.3 (.68) 0 0 0 0 0 0
Tinuvin 770 Light Stabilizer 6.3 (.68) 6.3 (.68) 6(.60) 54 6.3 1.7 0.9 0.9
Irganox 1010 Antioxidant 6.3 (.68) 6.3 (.68) 6 5.4 6.3 1.7 0.9 0.9
Silquest A-171 Silane 12.5(1.34) 12.5 (1.34) 15.2 13.8 (1.41) 15.2 14.4 14.7 14.7
Silquest A-1120 Silane 18.8 (2.02) 18.8 (2.02) 0 0 22.8 (2.55) 212 0 0
Silquest A-2120 Silane 0 0 22.8(2.29) 29 (2.96) 0 0 0 0
FomRez SUL-11A Catalyst 12.5 (1.34) 12.5 (1.34) 15.2 13.8 15.2 (1.70) 2.8 14.7 14.7
Neostann U-220 Catalyst 0 0 0 0 0 10 0 0

*All weights in grams
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19 WO 03/068886 PCT/ US03/ 04355 hindered phenolic anti-oxidant sold under
the tradenane Irganox 1010 by G ba Specialty Chem cals of Tarrytown, NY.
[ 0057] Thwormsmessssvas t hen seal ed and heated to between 71E@CT/UR#3/@353M\i | e

heating, a vacuumwas pulled on the m xer to continuously distill off any
wat er i 1 [ get
terper atrenpd SYEHf of Kol Bt i R ek 8 BB b o EREP Rl 0P

1000 ppmcwdingbba}iS‘IMDmdmdahéfegulesmieuaﬁuhlummere continued until this
target was achi eved. Once attained, the heat was shut off and the vacuum
broken. [0058] Once the batch had cooled to | ess than 50C, then a vinyl
trimethoxysil ane wGehydvati mgyagaet savd unggr the tradenane Sil quest A-171
Silane by Wtco %lhouﬁp%%l'ﬂltlﬁ§9 of Dappury, s CT was added to the mixture
and m xed at | ow spee nm nut es. Aftervvar ds,

N- (3-trimet hoxy- 1! "¥et Hitedi alithe) sil'atte ddifesion promoter sold under the
tradenane Silquest A-1120 by Wtco OSI Specialties of Danbury, CT was added

to the THeXhdERrEALabIE $@tsit cbRPoSRGLE ERdmple BicBitafSng 2. $Groyanlghttukiell y |
tin oxide in diisooctyl phthalate catalyst sold under the tradenarre FonRez

SUL- 11A silicaiDie80)0%1s m@lmaﬂwy%ath@mmry Afer 1489 hagl dlegiadhesiveie ni xt ure,
a vacuum was th | ow speed for 5 m nutes.
The mi xtQre 081%8 owedtj?né gl%gg}tyélzor 1(1)1&%1'%? ﬁ% containers for further
testing Tabl e 2 Raw Material Ex. 4 (wt% Ex. 5 (Mm% Ex. 6 (W% Ex. 7 (wt
% Ex. (W% wt9% Ex.10 Ex-11 Knocks S303 H Polyner 626 (67 2)
626 (67. sze shedy svengtbs thy)compasition of Example 5 crpiinine MK driveghiefdimgdo 760

76. 3 4 150
(15.3) peBr oo BebpadplipeirRefiiet P bbiduidhd dftrdn 08 o) 200 1
(1.51) k8vaal(diffé@nt 6Bstatés? TIR)reulBOvede B0followser osi | 90 Funed s| | ica0000
0 110 (14.7) 0 O Tinuvin 327 Antioixdant 6.3 (.68) 6.3 (.68) 6(.60) 5.4

(.55) 6.3 (.68) 1.7 0.9 0.9 Tinuvin P Light Stabilizer 6.3 (.68) 6.3 (.68)
000O0O0O Tinuvidme 7AbsLi WaksnSinabi | imer 6vadd ( @@muﬁs ( 68) 6 (.60) 5.4
6.3 1.7 0.9 0.9 J{ganoxs1010,,Ant i oxi dag 643 (.68); 6.3 (.68) 6 5.4 6.3 1.7
0.9 0.9 1 week 92.8 127.2 143.4 274.0 138.6

The composition of Example 9 was also tested for Q-UV. The composition of Example 9
containing 14.7% fumed silica having a surface area of about 90 meters squared per grams

performed as follows:

100 hours: No yellowing
150 hours: Slight yellowing
938 hours: Moderate yellowing

The shear strength of the composition of Example 9 was also measured on wood samples and

the results are as follows:

24 hours: 255.0 psi, 50% wood failure
48 hours: 273.0 psi, 100% wood failure
1 week: 274.1 psi, 100% wood failure

UV Weathering:
An adhesive composition of Example 10 containing 3.7% by weight of fumed silica and one

from the composition of Example 11 containing 1.2% by weight of fumed silica were tested
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Silquest A-171 Silane 12.5 (1.34) 12.5 (1.34) 15.2 13.8 (1.41) 15.2 14.4
14.7 14.7 Silquest A-1120 Silane 18.8 (2.02) 18.8 (2.02) 0 0 22.8 (2.55)
21.2 0 O wWBiobmesssd A-2120 Silane 0 0 22.8 (2.29) 29 (2.96PCABIHIH55 FonRez
SUL-1 | A Catalyst 12.5 (1.34) 12.5 (1.34) 15.2 13.8 15.2 (1.70) 2.8 14.7
14. 7 L 0 WO
587 oesbal HEMets  theSEisthatlidds ke Q%S?%‘ﬁglt“ fhifm Sd wBR A0S o 04
adhesi veéonmgosirh ItG:mpG]J:[ltuEX dinelsemplesmrd theh phicedimabe QY Weath§dMelRr1002 and

the results are as follows: T| rene. PVC ABS ours. 284.7
115, 6 o ig8oolis qraty. Shsuss. oS goieqatie the gposison s Emmp E g ik

adhesi Vereﬁﬁ%l??fés'é 'fuﬂﬁed)&ll@( ﬁﬁ@&@rtéh ROR1BWNIIA thelcbnipdaibipn WEESRhpleUTBMeresi | i ca
(OX-50) was placed in a UV Weat heroneter: After 1,687 hrs, the adhesive

conposi twasrslightoyelewang a,ﬁes 10¢ heury ef Unexpgsurad Homge e, ﬂlg fespﬂié offhear str engt h
f th 1 5 t 21. 8% h f f d |
R R e N T T

week cungeafiitroméener al dlfferent substrates. The results were as foll ows:
Ti me ABS Pol ystyrene PVC Wood Al umi num 24 hours. 75.5 115.6 120.0 248.9
127.3 1 [ARN Sanplesiom Examples 4748 and Bweretpded oryusesitydallovingthapl e 9 was
al so test | % f umed
silica h \??%edgge egfﬁ{%%eg%gg%ag%?ﬁ% 16?4' %%?g?égg%(%dgr G%E%Jg?ﬁé'\%{séo‘én;éf
per f or madhaﬁmftofel initkally 20024 hours latddany ehd measugemehflarh distesd belshwi: ght  yel | owi ng
938 hours: Moderate yell owi ng The shear strength of the conposition of
Exanpl e 9 was al so neasured on wood sanples and the results are as
follows: 24 hours: 255.0 psi, 50% wood failure

Viscosity Viscosity

Initial 24 hours later
(centipoise) (centipoise)

4,000 48,000
72,000 464,000
16,000 200,000
48,000 - 784,000
128,000 200,000
80,000 250,000

[0060] The testing showed that the viscosity using a fumed amorphous silica was dependent
on the surface area of the silica particles used. The viscosity of samples from Examples 2
and 4 were in an unusable range when measured at 24 hours. The testing of the sample
from Example 6 also showed that high filler loading can be achieved without increasing the

viscosity beyond the usable range of the adhesive.

Examples 12 and 13

[0061] In Examples 12-13, moisture-curable adhesive compositions, listed in Table 3
below, were generally prepared by the following procedure: a white adhesive was made by
mixing a polypropyleneoxide with a methyldimethoxysilyl functional group sold under the
tradename MS Polymer S303H by Kaneka of Osaka, Japan in a low speed Sigma Blade Lab
Mixer from Teledyne Readco of York, PA keeping the mixer covered to minimize moisture
pickup. The Sigma Blade Lab Mixer was started on a low speed and the following were
added: a butyl benzl phthalate sold under the tradename Santicizer 160 by Solutia, Inc. of
St. Louis, MO; a calcium carbonate sold under the tradename Wingdale White by Imerys of
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48 hours: 273.0 psi, 100% wood failure | week: 274.1 psi, 100% wood
failure UV Weathering: An adhesive conposition of Exanple 10 containing
3. 7% by vwoghiesse f umed silica and one fromthe conpositipem/usb3/esshpl e 11
containing 1.2% by weight of funmed silica were tested 21 WD 03/068886

PCT/ USO3 G430, Gho'a ERLMRIbAGS whIERE SSRGS hé RagentRieTiGAPRCPIY 8y Un num

and were allowe cure for ours at roomtenperature. The sanpl es
wer e t herMjlleatmd IrionganieeClignuvalyiat hEBaltmtoze, MDA figned @forpbousssiloda fUlér
exposure, it was noted t ,the ¢ osition of Exapple hayi n

rel ativelYth %5@%"8%@ @%B?B’a},grﬂﬁ&g@&gﬁ?ret efrﬁ‘?‘?‘é‘med%oﬁlh%@aﬁ@fg&i tion of
Exanpl e Idorpbhigb£of RRBeR1H DRk, X&! 4 st BeRbothREbI O MI-Sxiahnt YIRS thEE -
However, the results of the conposition of Exanple 11 experienced slight

yel | owi ndragename af5DinhoinB327 by GibreSpastadiy{dreoealeof Trageen, IEnphiwdefedom

Exanpl es 4 .- n 3 were t.ested for, viscosity faollow.ng.t rocedure
oot abi | it el oxtie Bttt s taRiteh e ik RN E thikgon BREGERL o
the m xt WiRkniitdl§ bt aryytaRa, NY; U Sedi@llehimieebd fhenokadmtic exigdait Soldnadd the ed
bel ow. Vi scosity Viscosi tﬁ Initial 24 hours later (centipoise)

(cent i poiteadynameliganes 1000 by Crbabrcindly @uoicasoGhoryopn.d9s. 48, 000 784, 000
128, 000 200,000 80,000 250,000 [0060] The testing showed that the

of “the SOP4T; " BufidT S HER BIR in Ehed o MOR IRPTICETL G PR 2% "

4 were i Nvagurk Mas phllel srodhe enindran comtationsigt distillbEr fiuw ster Thitke ingghiendihef t he
sanple from Exanple 6 also showed that high filler | oadjng can be achieved
Wi t hout iTH&FES ¥iah ipsted@fterieaghiag thy tyeGidRmPEiRRIe gntaming whetBer the rgdhesi ve.

moisture level of less than 1000 ppm was obtained. The heating and vacuum were
continued until this target was achieved. Once attained, the heat was shut off and the

vacuum broken.

[0063] Once the batch had cooled to less than 50°C, then a vinyl trimethoxysilane
dehydrating agent sold under the tradename Silquest A-171 Silane by Witco OSI Specialties
of Danbury, CT was added to the mixture and mixed at low speed for 5 minutes.
Afterwards, a N-(3-trimethoxy-1,2-ethanediamine) silane adhesion promoter sold under the
tradename Silquest A-1120 by Witco OSI Specialties of Danbury, CT was added to the
mixture and mixed at low speed for 5 minutes. Afterwards, a dibutyl tin oxide in diisooctyl
phthalate catalyst sold under the tradename FomRez SUL-11A by Witco OSI Specialties of
Danbury, CT was added to the mixture, a vacuum was drawn and the mixture was mixed at

low speed for S minutes. The mixture was then transferred to an air-tight container for

further testing.
Table 3

Raw Material Ex. 11 Ex. 10
Kaneka S303 H Polymer 134 400
Kaneka MAX 601 Polymer 0

Norsolene S105 122 0
Calcium Carbonate 625 0
Santicizer 100 Plasticizer 0 220
Wingdale White Cal.Carbonate 0 550
Tiona RCL-9 Titanium Dioxide 0 50
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Exanmpl es 12 and 13 [0061] In Exanples 12-13, noisture-curable adhesive
conpositions, listed in Table 3 below, were generally prepared by the

fol | ow ngwproeoessss e: a white adhesive was made by m xi ngPaT/US03/04355

pol ypr opyl eneoxi de with a net hyI di met hoxysilyl functional group sold under
the tradenane M5 &M{l ;A,§ by Kaneka of Osaka,qglapan i a | ow speed
Si gma Bl ade Lab k,~ PA keepi ng the m xer

nu n. ct)'ln’éta zeryne Readco of Yor
covered to mnim cku Lab xer was started
t

up. The Signma Bl

on a | ow speed and "l“ﬁ'@ﬁ FP'E')t\ﬁt d'z%re added: a bu benzl gpht hal ate sol d
under the tradenart@eRIOI¢AHOKAAB0 by Sol utia, Inc.8df sSt.YLouis, MO a
cal ci um car bonat e ASts R8fder the tradename W ngdal e @hite b)? | merys of 22
WO 03/ 068886 PCT/ \$803/s043B6SilaRe Gigdydratingsaent) t i t ani W di oxi d&@ whi t ener sol d
under the tradenarBiqiésofialRSilade (Ahesdidn Rremotemn | nor gahi ¢ Cheflical s I nc. of
Baltinore, MD;, a fsigmdtaowmoslansAshédiacPrombteer withoa surféce area of 200
m2/ gram sol d underrohirez sUpdenaaRIyder osi| 200 by Degussa CoOporation of

Ri dgefield Park, NJ; a substituted benzotriazol e anti-oxi dant sold under
the tradenanme of Tinuvin 327 by Ci ba Specialty Chem cals of Tarrytown, NY;
a hi ndergg v@mlgeof*thgmheﬁw@@bﬂghaﬁﬁo@afExa@eﬁnel@ma§ ﬁieﬂs&wﬁlﬁtlélmnaraﬁ@mwe of
Tinuvin P by C ba Specialty em cal s of Tarrytown, NY; d'a sterically
hi nderedIOptseﬂEhIellmtlah‘(lsGoebt}' C&nokﬁdda@mﬂémmh@luat 3BSA=0p8. IZf’rgaWOWSCD@II}D by

and- heatatict o0k i ehear st e fbpie g byS of X Rhal T2l P8R on e

m xer t @oR®Rd:i nuously distill off any water in the mxture The m xture
was tested after reaching the target tenperature to determ ne whether the
target noisture |level of |less than 1000 ppm was obtai ned. The heating and
vacuum were continued itk ligithis target was achieved. Once attained, the
heat was shut off and tph rs\{gxlczuum br oken. [0063] Once the batch had cool ed
to less than 50C, then a vin t'ri met hoxysi | ane dehydrating agent sold
under the tradenane Silquest A-171 Silane by Wtco OSI Specialties of
Danbury, t u and m xed at | ow speed for 5 m nutes.
Af t ervvaTJ’S Shgarrﬁzrf%‘gqﬁﬁsﬁgﬁfgfymﬁr%e éaelﬁ anedi ani ne) silane adhesi on pronoter
sol d under the tradenane Silquest A-1120 by Wtco OSI Specialties of
Danbury, CT was added to the mxture and m xed at | ow speed for 5 mnutes.
Af t er warlds samplgiip gtﬂf}pult forpresesgiaug 9 the hlgbo(échlty of the formulation, but did provide

moisture curable adhesive product with properties to make it a functional adhesive.
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pht hal at e catal yst sold under the tradename FonmRez SUL-11A by Wtco OSI
Specialties of Danbury, CT was added to the m xture, a vacuum was drawn
and t he mwetoanesss@s m xed at | ow speed for 5 mnutes. Thecwmiusbzesswas t hen
transferred to an air-tight container for further testing. Table 3 Raw

Mat eri al . , . Kaneka S303 H Pol ymer 134 400 Kaneka MAX 601
Pol yrer %ﬁﬁoﬁ%ﬁé@& 122 0 Cal cium Carbonate 625 0 Santicizer 100

Pl asticizer 0220 W n | e, Wi t e Cal ate 0 550 Tiona RCL-9 Titanium
Di oxi de 10 50 %)% 65%%@3%“W§%f§% SEhuvin 327 Antioi xdant 1.8 3
Tinuvin P Light Stabi I | froi alsbud 15% to bt 9070 ivglipht Solgtet withra réaddivé | r ganox
1010 Anti oi xdant 6.2 Aerosil R972 0 6 _ Silquest A-171 Sil ane

( Dlehydr at i ng sBifene ynchg@ug,d)asegi onyiie detalwaigbioofdhe erapqsitipiesi on Pronoter) 0 0
Si t A-2120 Sil B 0 4.5
Il ques : | Fane %@ﬂ%‘t B 19 QIbLA! Qﬁ%g%eéégm’@ﬁ@s%?%seh% ety st

O The viscosity of the esive corrp05|t on was neasured
initially andveglitef ti¥dmoistary curablleeoinpoditiad; aud scosity (Brookfield T/D at 5

rpm) equal 332,000 cps.. 24 hour Vi s 0Si t qual.s 370, 000 c The. shear
strength of the adhesi EreahaybsP4 to OB?Z%QﬁWUé @Ee“/@}g‘eé%talo‘i"?)‘ ﬁe 24

hours 181.2 HﬁélsturAeBcu'i’Qdfééorﬂﬁﬁn?onps' The shear strength resulted in
substrate fail

2. The moisture curable adhesive composition of claim 1 wherein the polymer is
selected from the group consisting of: polyalkyl oxide, polyalkane, polyalkene, polyalkyne,

substituted alkyl monomers, and mixtures thereof.

3. The moisture curable adhesive composition of claim 1 wherein the reactive
silicone group is selected from the group consisting of: triethoxysilane, methyldiethoxysilane,

trisilanol, alkoxysilane, substituted silane, multi-silanol, and combinations thereof.

4. The moisture curable composition of claim 1 further comprising:
from about 0.01% to about 5% by weight adhesion promoter, based on

the total weight of the moisture curable composition.

5. The moisture curable composition of claim 4 further comprising:
from about 0.01% to about 10% by weight dehydrating agent, based on

the total weight of the moisture curable composition.

6. The moisture curable adhesive composition of claim 1 wherein:
the polymer is selected from the group consisting of: polyalkyl
oxide, polyalkane, polyalkene, polyalkyne, substituted alkyl
monomers; and mixtures thereof; and
the reactive silicone group is selected from the group consisting of:
triethoxysilane, methyldiethoxysilane, trisilanol, alkoxysilane,

substituted silane, multi-silanol, and combinations thereof.
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The sanple is difficult to process due to the high viscosity of the

formul ation, but did provide noisture curable adhesive product with
properti esots/oesmke it a functional adhesive. 24 WO 03/ 068886/URGIH43803/ 04355
VWHAT WE CLAIMIS: 1. A noisture curabl e adhesive conposition conprising:

from about 150t o ghqitis gﬁgﬁﬁﬂgggggﬁﬁgg&%ggﬁO&QFamﬁl5@gﬁﬁﬁﬁe silicone end

group, based on the tota e conposition; fromabout 0.01 %to
about 4% by wei ghtthe dileeny stselebted dobnothetgreupt anasistingwved: ght of the noi sture

curabl e conposition; and fromabout 3% to about 25%.di|uent, based on the
total weight of the |ﬂﬂ99$&%giéwpﬁﬁf@”‘@ﬁﬂggkf?%ﬁﬁ‘%ﬂ& K&%pi sture curabl e

adhesi ve conposi t i dHinctibRAlPolye{Ee pElythel PhiiRddty PREtidisSer, Al RxhEEs heRpy ! he
group consisting of. polyal kyl ‘oxide, “polyal kane, pol yal kene, pol yal kyne,

substituted al kyl nmononmers, and m xtures thereof. 3. The noisture curable

adhesi ve co siti.,qn of. claim erein.the reacti.v {licone group.is
sel ected fromthe GEJUPSEE rl%?%@ugwpofpag?ﬁo §?P§H@$hwn€map&%éﬁd%L
met hyl di et hoxysilane, trisilanol, alkoxysilane, substituted silane,

mul ti-silanol, and conbinations thereof. 4. The npisture curable

conposition & cl| aihmmoistyre qvsable eerppositioief daipn whergin the UiBoeLly ramgest 5% by
wei ght adheSié)&?%cﬂﬂqgﬁ)b:FR??osaq)%uF?OO6&?crpts0t al weight of the noisture
: e

curabl e conposition. nol sturé curabl e conmposition of claim4 further
conprising: fromabout 0.01%to about 10% by wei ght dehydrati ng agent,
based on the total weight of the_ nojsture Qurab}e,conp sitign. 6. The

moi sture cur dfh e adieReIErCOREIS AdhestyCsPmEPHIPR 9 GAREY bivRerah ecatalyskls i s
sel ect e%efeeemf{o'aﬁh%%g%@ &8 ?ti‘?% 6f99eéf?§5mjjﬁé’@dth¥§ts, 1P daffystd) Mad hiARR,

pol yal kene, pol ya ute noNONEr s; anétnlxtures t her eof ;
and t he bisathicewlysisland anetugesdhgreos sel ected fromthe group consisting of:
triethoxysil ane, nethyl di et hoxysilane, trisilanol, alkoxysilane,
substituted silane, nulti-silanol, and conbi nations thereof.

11.  The moisture curable adhesive composition of claim 6 wherein the catalyst is a
tin catalyst selected from the group consisting of: stannous octoate, dibutyltin diacetate,
dibutyltin dilaurate, dibutyltin mercaptide, dibutyltin thiocaboxylate, dibutyltin dimaleate,
dioctyltin mercaptide, dioctyltin thiocarboxylate, dibutyl tin oxide in diisooctyl phthalate,

aliphatic organotin, and mixtures thereof.

12.  The moisture curable adhesive composition of claim 1 wherein the catalyst is

selected from the group consisting of tin catalyst, bismuth catalyst and mixtures thereof.

13.  The moisture curable composition of claim 1 wherein the glass transition

temperature of the moisture curable composition is less than about -20°C.

14.  The moisture curable composition of claim 1 wherein the service temperature

of the adhesive ranges from about -60°C to about 160°C.
15.  The moisture curable composition of claim 1 wherein the moisture curable

composition achieves tack in less than about 20 minutes after exposing the moisture curable

composition to moisture in air of greater than about 20% relative humdity.
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25 WD 03/ 068886 PCT/US03/ 04355 7. The noisture curabl e adhesive
conposition of claim®6 wherein the diluent is selected fromthe group
consi sti ryomB/oesspol ygl ycol, mneral oil, vegetable oil; tach/usosofsity
acid, nonofunctional polyether polyner; phthalate plasticiser, and

m xtures thergpf. Fhe MbBuDLTABIE BorfipésitibEoRIIBS] Wheren b AoRulreieihgi N the
diluent is a polyglycol. 9. The noisture curable conposition of claim1l
wher ei n dohpovitisn eshieyesr tagkyindessfthanaboyd ane mirdOOuppsexposiag BigtmEGsro0gales .

10. The noi sture curabl e.adhesive ¢ Qsi ti of .claiml wherein the

cat al ystooPpos SRR G aRF St RESEReE AR Rl 2 ey BbBidinhry o ne
catalysts, tin catalysts, |lead catalysts, bisnuth catalysts and m xtures
t hereof. 11. The noisture curabl e adhesi ve conposition of claim6 wherein
the catal yst 1% a Thejmoistareguyahle sampesitien ¢frcdaim Wewhgrsinghe messture cagblss |

. . . ore ; . . ; tin
rer capt e rogpRas b fek bef BSARLE20 bk it Rl b Hofuyichtibag | "
mer capt i @enposiitiof ty hbisturt bf geatebthay labdwe, 2580 keldtive humidigxi de in di i sooctyl

pht hal ate, aliphatic organotin, and m xtures thereof. 12. The nvisture
curabl e adhesi ve conposition of claim1l wherein the catalyst is selected

fromthe gro congiRfiding cﬁifabiébcfbnﬁ%ﬁfo}ﬂ%m[phirs]iﬁg?t h catal yst and m xtures

thereof. 13. The noisture curable conpositro claim1l1 wherein the gl ass
transition tenperat urerohabde 16% totabpet W96 b height pplysiet mith airsadtess t han

about -20C. 14. The.nvisture c b it | ai m 1 in.th
ser\lji ce tenperat urséhCOB‘lF R %Toaaﬂég?‘{/‘gn ﬁ‘ggg[gg‘l’v?‘:gg&f%%ﬁp%&‘%ﬁmi\g’g%;f’@b?ﬁwelgoc

15. The noisture cnplRki@ogonposition of claim1 wherein the noisture
curable conposition achieves tack in |ess than about 20 m nutes after

exposi ng the noisture dmabbaut 0ddiptesabonbietty wieigltoatadyst.ibagddrorgthe gtelat er
t han about 20% rel ati veWr}ulrgiO(}i teym %ﬁlr\/\%r\%ﬁl/ %Q}?ess‘?v% CI(:;%TIOH 10§/ 04355 16. The
noi sture curabl e conposﬂ?g n 6]? ePEMT ¥ rein the i'sture curable

conposi tion achi eves t afdn bbodtes910@MmbaRs% BNReighmidhesioR prontit@gsi ng the

noi sture curable conposition to noisture in air of %reat er than about 25%
relative humdity. from about 0.01% to about 10% by weight dehydrating agent;

from about 3% to about 25% by weight diluent;
wherein the polymer is selected from the group consisting of: polyalkyl
oxide, polyalkane, polyalkene, polyalkyne, substituted alkyl monomers, and mixtures thereof;
wherein the moisture curable adhesive composition of claim 1 wherein the reactive
silicone group is selected from the group consisting of:
triethoxysilane, methyldiethoxysilane, trisilanol, alkoxysilane, substituted silane,

multi-silanol, and combinations thereof.

19. The moisture curable composition of claim 18 wherein the diluent is
polypropylene glycol.
20.  The moisture curable adhesive composition of claim 19 wherein:

the polymer with a reactive silicone end group is polypropyleneoxide
and the reactive silicone end group is methyldimethoxysilyl functional group; and
the catalyst is selected from the group consisting of tin catalyst,

bismuth catalyst and mixtures thereof.
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17. The noi sture curabl e conposition of claim211l wherein the noisture
curabl e conposition achieves tack in |ess than about 20 m nutes after
exposi ng wbe3neisss ure curable conposition to noi sture of pgrasvee43shan
about 25%relative humdity. 18. A noisture curable conposition conprising:

from about 15%to 90%: ' | ' . &l )4 cone end
group, bas ed%())l/ n té%%ﬁogloqk?éﬁﬁwdﬁgg%gﬁ ﬁ\ré\ée&gﬂra%%ﬁqgﬁa%\@)sr}syg the
conposi tion; stegpewf:about 0.01% to about 4% by wei ght catal yst, based on the

total weight of the npisture curable adhesive conposition; from about

0.01% to about S5%dpylyiRi DibisAte esrable aBhERY ®iprisingPaRaet hdlifgldsch@ivebout
10% by wei ght dehydrating agent; from about 3% to about 25% by wei ght

di | uent; whersdioeniehé gpaopy#egtalyst and|dilaentd tq atdpast pree yhstgdeonsi sting of :
pol yal kyl  oxi de, polyal kane, pol yal kene, polyal kyne, substituted alkyl
monomers, and mi xtoaieginingpethe dirst adh¢rendeand thh eeqonil sdharendiinmabtcontadtieith ve

conposition of claiml whereip t reactive sili.cone.group is sel.ected from
the group cor?QFlé?t?‘ﬁ’g}o&le.ss ﬁPPé‘P%‘B@éFP&W&}m%‘?‘WHWKF lli’gﬁvg ?‘? SR A, i si | anol
al koxysi |l ane, substituted silane, mnulti-silanol, and combi naji ons thereof.
19. The noisture dUicHH %seeeﬁ@})a@xe_fqnéﬁns?nteﬂ,?tawﬁat S%mgrréi%?%lreaffiﬁlﬁ%m i's

pol Ypr opy! eneglidieRite Al adifRferltb Foit £ b6 Bt EorPHRERb YanrGRROSI Li N of
claim19 vvherg n: the polyner with a reactive silicone end group is

pol ypr opyl eneoxi de and the reactive silicone end group is
met hyl di met hoxysilyl functional group; and the catalyst is selected from

the group cong|j stin f tin,catalyst,. bisnuth catal yst and m xtures

t hereof . 27 '0??‘8%@?@%%’?]‘%%3‘%@%@%5 21. A nmethod of joining a first
adherend and a second adher end nprising, the. steps of. appl.ying a

ol ot ur & BT QS| BB RS G Janeites <A acuio ARV BE S con
end gr oYRinuRs 62pREME thebort ddherthd it Sorthct MadSthe ARE aditth@idend;

23. A moisture curable adhesive composition comprising:

from about 5% to about 90% by weight polymer with a reactive
silicone end group, based on the total weight of the composition;

from about 0.01% to about 4% by weight catalyst, based on the total
weight of the moisture curable composition; and

from about 5% to about 95% filler, based on the total weight of the

moisture curable composition.

24.  The moisture curable adhesive composition of claim 23 wherein:
the moisture curable adhesive composition comprises from about 40% to
about 85% by weight filler, based on the total weight of the moisture curable adhesive
composition; and
wherein the moisture curable adhesive composition has a viscosity that ranges

from about 1,000 cps to about 500,000 cps.
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mai ntai ning the first adherend and the second adherend in non-contact with
each other for less than about 20 m nutes until the adhesive begins to
cure; andwopBaciseq a second adherend in contact with the mordtsos/esssur abl e
adhesive applied to the first adherend to forma bond between the two
adherends. 2 T 3l F A .one of the first
adherenggandg?ﬁéggggg%gggﬁﬁépgﬁgbggﬁﬁgﬁﬁéégggyyﬁ%%%géﬁﬁ%hin about 5

m nut es of placinq tFﬁ seggndvggher nd in contact with the first adherend.
23. A moisture curBbiEerddFresArYEiogorP SAAYYMEL si ng: from about 5%t o
about 90% by weight polyner with a reactive_ silicone end group, based on
the total weiZjtnoxide, rejplosangpersben black. meareiafscing garben black, sgpdeinipugipg

wei ght catal yst, based on the total weight of the noisture curable
conposi tcarbon biaul, Whivercaboy expdided gaipbine p@Bdérf pdwdery glapbide) coystallnee dilotaal

wei ght of the noisture curable conmposition. 24. The noisture curable
adhesi VenSIemnasdal $iRcated cdlidicAlcAin viBbRite) linidioneDiak}] thic, clubiihd, alashes ve

conposition conprises from'about 40%to about 85% by weight filler, based

on the th?Hﬁinalg?'kﬂwm@Bftiténﬁ\ﬁ? gwgﬁ]eycv_%u&a&ﬁ@, Fel@s?ﬁx?%fu\ﬂﬁnurﬁ%ﬂﬁ%é%}éoﬁ& an@nd

wherein e nolsture cura esive conposition has a viscosity that
ranges .fr.om about 1 00Q c Q._abhput 500. 000 cps.,.28 03/ 068886

per usodP U sErRE micns e el Py Tl Peeriame of BRsUG TN aRR AL ai m 24
wherein: the filler is selected fromthe grpup consi sting. of : zinc oxide,
r ei nf or ikEPLEIsHBROD f1geic dolBHiey RAEARIE PEFTG S PHEIRICH GERIL. JuRed ARORGHE | ng
carbon bl ack, white carbon, expanded graphite powder, powdery graphite,
cryst al Isilive isdlidiog hydreplitie andhydrephobid typesa gless midiebdads, adass ifibpiscdedionat e,

| i mestone, talc, mca, alumna, alum num hydroxide, zirconia, titanium
di oxi de,polyahdraieas)tleer pdiahelapirobeads) vieatpolgink: ot dess, asd tordbmationstidreafiv
ceram ¢ m crospheres holl ow spheres of ceramc or plastic, netal powders

and ni ogobeatge moRade @bl adA@ R dohposiiod df ik R MBREn: nor gani ¢ pi gnent s,
fumed anorphous silica including hydrophilic and hydrophobic types, gl ass

m crobeads, glass i B&Sfﬁler §s6@kted from the group consisting of:

polyalkyl oxide, polyalkane, polyalkene, polyalkyne, substituted alkyl
monomers, and mixtures thereof;,
the reactive silicone group is selected from the group consisting of: polyalkyl
oxide, polyalkane, polyalkene, polyalkyne, substituted alkyl monomers, and mixtures
thereof;
wherein the moisture curable adhesive composition further comprises:
from about 0.01% to about 5% by weight adhesion promoter, based on
the total weight of the moisture curable composition; and
from about 0.01% to about 10% by weight dehydrating agent, based on

the total weight of the moisture curable composition.
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pol ymer fibers, clear polynmer mcrobeads, clear polyner powders, and
conbi nations thereof. 26. The npi sture curabl e adhesive conposition of
cl ai m 25 wbeB®63886 t he pol ymer is selected fromthe group ®omaisss/i43ss of .
pol yal kyl oxi de, polyal kane, pol yal kene, polyal kyne, substituted al kyl

TONONEY S7 ANGyI AL RSAHY EffcsivE REmh6ARGH YciSil 1P ARG eRE OUP 15 sel ect ed
g of. polyal'ky e,

fromthe group consistin oxl pol yal kane, polyal kene,

pol yal kyne, substijfuted, al kyl. monpners, and. m xtures thereof; rein the
moi sture curabl e dUHEEISHEE 8%%185%?56‘? FIHOREON CMBFFS 3095%%48%%{ 0.0 1%
to about 5% by _wejéﬁht adhesi on pronoter, based on t@e total weight of the
moi st ure cur atightdBiepbasad avthe el weighh of s moigtuna oyrelyle dbsstverompeyitiar: ght
dehydrating agent, based on the total weight of the npisture curable
conposi tion. a8 WO 03/ 068886 PCT/ US03/ 04355 27. The noisture curable
adhesi ve conposition of claim 23 wherein: the noisture curabl e adhesive
conposi ti on conpr ithedolsfuré Gurablewdhésé doynpositiof hid clkarl s eicasirad b ASTM e t ot al
wei ght of the noisture curabl e adhesive conposition; and the noisture

cur abl e adhesjpgg conposition is clear as neasured by ASTM D 2090. 28. The
noi sture curabl e adhesi ve conposition of claim?27 wherein: the filler has

a surf acg ar eﬁlepf oiLt%?escqu'%‘"ilQ a(ﬁggigg \?ﬁlgxpgéﬁé]&‘l ?%c%;gm Jﬁ&h%jns'[ ure curable

adhesi vé tonposition o alm e partic Size of the filler
ranges from about 40_panoneters to abgqut 60 _nan ters. 30. The noisture
curabl e adhesi ve égﬁfﬁ@%rﬁlaf'aﬁ“%‘l‘cecﬁr ‘?ﬁq?ﬁ tb\ﬂ’earbg%&feﬁ‘eﬁgfi ller is fumed
silica. 31. The noi sture curabl e adhesive conposition of claim 24 wherein:

t he moi Our e Themgistaresaprabds ydhesiyrpsompesiten efcdamdt whsasinbi t vi si bl e
yellowi ng and cracking after about 1000 hours in the Q UV Wat heroneter.
32. The nvi st ure cthe abitielessitteasi the fil emmpogsis tfroomatwfut 40 aammderfs o atbpait 60
conpri si ng:

nanometers.

30. The moisture curable adhesive composition of claim 24 wherein the filler is fumed silica.

31.  The moisture curable adhesive composition of claim 24 wherein:
the moisture curable adhesive composition does not exhibit visible yellowing

and cracking after about 1000 hours in the Q-UV Weatherometer.

32.  The moisture curable adhesive composition of claim 30 further comprising:
from about 0.01% to about 7% by weight of a second filler having a surface

area that is at least about 90 m?/g.
33.  The moisture curable adhesive composition of claim 24 wherein:

the polymer is selected from the group consisting of: polyalkyl oxide, polyalkane,

polyalkene, polyalkyne, substituted alkyl monomers, and mixtures thereof; and
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from about 0.01%to about 7% by weight of a second filler having a surface
area that is at |east about 90 nR/g. 33. The noi sture curabl e adhesive
conposi t iwo vhessB@i m 24 wherein: the polyner is sel ected fPcorusohes3sss oup
consi sting of. polyal kyl oxide, polyal kane, polyal kene, polyal kyne,

substituted al kyl JORONRIS ;BRE JSEEGS L o5 he odF cafidfR:03 BEEEREGI
I'cone group ected Tromth roup

PCT/ US03/ 04355 thé reactive Si roup I's se

consi sting of. . polyal kyl oxide, polyal kane | val kene, pol yal kyne

Sobst st ut ad_aidp PSR Bolvafind Dol aiae ol s GophBer i Pures
selected fromthe group consisting of. stannous octoate, dibutyltin

di acetate, ditheregf enh di | aurate, dibutyltin nmercaptide, dubutyltin

t hi ocaboxyl ate, dibutyltin dimaleate, dioctyltin nmercaptide, dioctyltin
t hi ocar boxyl at e, thé batalyst is sateated filemitie ghoiys consisying jplfit stahrxtus octahiephat i ¢
organotin, and m xtures thereof. 34. The noi sture curable conposition of

cl ai m 33 wherg@inftyltin lidcetates BibastiRdBalirdtaCdibutgltidanérogitidepddrsylfii om about 35
n2/g to about 65 nR/g. 35. The nvoisture curable conmposition of claim 34

wherein the ftiﬁloka{oxjy%éef, HiFG 1tir® flind e %ﬁoctfmﬁrﬁie%éagﬁ&e,%&ﬁhﬁ uﬁ%&g.f%@ew .

conposition conpris m about 50% t 0 about 90% by wei ght

reactive siligo end..gro S t he, t.ot al J ght t he..conposition;
f rom about O.Cﬁb‘ﬁ/flttgl %%%tn dj‘%?%ﬁ?ﬁ\@%g%ge’cazlp g?tilcs(fr,garbvc\glg é%ldolﬁfxtt%rgs Ehgfeé) " wei ght
of the noisture curable conpqsition; fro hout, 0.01% t o_abqut 35% by
wei ght filler?*havily oIS DI FURPYSias oL TR peRTeaGh Blleh SEGUEIEY per
gram based on the total weight of noisture cuyable conposition; from
about 0.01 %ares thatoanges Jropyaboat ghm GdhabpedSgndgot er, based on the total
wei ght of the noisture curable conposition; and from about 0.01%to about
10% by wei ght35dehykheahsistgreageaitle cdagasiticorofichem ovbdremmehgfitleras furhed noi st ure
curabl e conposition. 37. The noi sture curabl e adhesive conposition of 36
wher ei n: silica.

36. A moisture curable adhesive composition comprising:

from about 50% to about 90% by weight polymer with reactive silicone end
group, based on the total weight of the composition;

from about 0.1% to about 4% by weight catalyst, based on the total weight of
the moisture curable composition;

from about 0.01% to about 35% by weight filler having a surface area less
than about 90 meters squared per gram, based on the total weight of moisture curable
composition;

from about 0.01% to about 5% by weight adhesion promoter, based on the
total weight of the moisture curable composition; and

from about 0.01% to about 10% by weight dehydrating agent, based on the
total weight of the moisture curable composition.

37. The moisture curable adhesive composition of 36 wherein:
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31 WD 03/068886 PCT/ US03/04355 the polymer is selected fromthe group
consi sting of: polyal kyl oxide, polyal kane, polyal kene, polyal kyne,

substi t utwao oaké&sgBe nononmers, and m xtures thereof; and theCramsos/i43ses
silicone group is selected fromthe group consisting of. polyal kyl oxide,

pol yal kane, pol yalthepaynﬁplsyséieaeaeﬁon%Hiasgréwo%glsﬁﬁgw IOMIRR oRideaNd

m xtures thereof; and’the catal I's selected fromthe group conS|st| ng

i but ty??.”ﬁ”?rev %‘?’?anéepolﬁfh%é*% yﬁlﬁlﬁk% AP ebe Mol Shu B ot e,

dioctyltin ne 8% dloctyltln t hi ocar boxyl at e, dlbutyl tin oxide in

di i sooct vyl aI i phatic organotin, and m xtures thereof. 38. The
noi sture curabl e adhesi ve conposi tion of claim37 wherein the filler is
fumed silica havithgreactivefibeonegreu is belectpd fipwgbe sroan capvstingad: polyglkybg. A
met hod of joining a first adherend and a second adherend conprising the
steps of: applidd, palyalkams, polyakkene poblatkyadsmbititeted aikyt monoges, aal miveurebhavi ng
a reactive silicon end group, a catalyst and a diluent, to at |east one
adherend; nuiRtRbNiAG the first adherend and the second adherend in
non-contact with each other for |ess than about 20 m nutes until the

adhesi ve begi st QpeUilysA0icdbPbAING pDE A0 AARREC Uni s GRRLACT Wi th the

noi sture curabl e adhesi appli i rst adher orm a bond

of the tirst SRHETETRERE cidvaleHavag %Pgwaﬁ%ﬁ%r@sé?q%@@gﬁlf’%nié | Sff hin
five mnutes of placing the second adherend on contact wth the fi
adher end. 3Ahiocaboxylate; dibutyltin dimaleate, dioctyltin mercaptide, dioctyltin thlocarboxylate
dibutyl tin oxide in diisooctyl phthalate, aliphatic organotin, and mixtures thereof.
38.  The moisture curable adhesive composition of claim 37 wherein the filler is fumed
silica having a surface area that is less than about 90 m2/g.
39. A method of joining a first adherend and a second adherend comprising the steps of:
applying a moisture curable adhesive comprising a polymer having a reactive
silicon end group, a catalyst and a diluent, to at least one adherend;
maintaining the first adherend and the second adherend in non-contact with
each other for less than about 20 minutes until the adhesive begins to cure; and
placing a second adherend in contact with the moisture curable adhesive
applied to the first adherend to form a bond between the two adherends.
40. The method of claim 39 wherein:

at least one of the first adherend and the second adherend can be repositioned

within five minutes of placing the second adherend on contact with the first adherend.
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