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Cross-reference to Rel ated Application The present
wappisioceikon is related to and cl ai ns the pri oPCTUS2004/031133

benefit of United States provisional application

60/ 506, 441, filed Septenber 26, 2003, the entirety 5
-of which is incorporated herein by reference. Field of

the I nvention The present inventi on rel ates to curable
adhesi ve conposi t ADHESIVE GOMPASIFIONS |y, the

i nvention reI | e posi tions
that are %%é fefef caebvgeggﬂ;géé@ﬂ, 2% nchori ng

rratrﬁelpabsemtramcbﬁoﬁ MGt tO ran@B@@nMg/theTﬁHtﬁlty ®RhEAH & United
aspects of the invention relate to egoox -based systens

Statgg @prensiepakapplinatianGs06 4 fitad Septambearr26, 2008nthecentirety

I rs.relate to curable epoxy
of Wﬁmngﬁﬁgg%&%gé h?f%ﬂzby r\ﬁfﬁa PBC®ti11 others relate to
t he bonded structures produced using such
conposi tions and/or nethods. 15 Background of the
I nventi on Many appl ifcield ofithe biyentiont hat one articl e,
F‘cture or. item be bonded or , adhered to anot her
art gIRfesentiNYenian (Hlates dpncurhie @QBﬁﬁ'N@ ComRasionsoMaye
speé\ﬁ@alpﬁ‘ﬂfﬁ’é MRfbA ré‘l%"téso erﬁfedédﬁgfb S&hBHs #l are
construction as st reng enli ng or reln of CI

partiveidréy well adaptakd foo ermhomgs materialene betcfc@mormomm)asonry
structural bodies. The bolts, which are typically

ThugegaIfain @spae@ affBeinantiontslaie (e 8pogaBased Skpems a methods
for irﬂ:ﬁp@ﬂ& %Flgﬁt lh%?sto é:%ﬁcféqg oF Erﬁaeso‘ﬁ'? g %W{J]%gflé %gfﬁagtrogt#urable

Anchored Y
epoﬂ;ﬂadhéiioe commeﬁidrisowml@lsn&@tmrt halatd &y thebisemded structures
attached to concrete or masonry u3|ng anchor bolts
produseduesing Bueh ap@prsitions andéer methods. el ect ri cal
conduits, panels, piping and wall sections. Adhesive
anchors are preferred over nechani cal anchors for
anchoring in sof tBaekgfaril 6f thevenhYiondecause, anong
ot her reasons, adhesive anchors place Tess stress on
t hdlanyosplisations reqisenthat one ankee, steuatiung or iemther ponded or
nr shal ude, but is n limte
adnefhg Engipiaricls, Aeili o2 loph heh exemRlS. driiop fotts are
empféyEd iﬁt\%rmuquel@é‘gf &9¢ihdertfg ﬁﬁa%ﬁkﬁué’ﬂlcﬂ?bs sﬂéﬁbﬂ*@n‘nr}’g or
t He anchor conposition cures or dens (pol yneri zes)
reinfarcihgrmermbets iormgck mmhaimseencmmmeteackmbeonm stoustural bodies.

Thetb%?ts Y Fcrheetlr% t%lcgﬁ? (r)nnertgllic, are inserted into holes, gaps or openings in

the rock formations, or concrete or masonry structural bodies, and are fixed or
anchored therein by means of an anchor composition. Objects that have been
attached to concrete or masonry using anchor bolts include, but are not limited to,
electrical conduits, panels, piping and wall sections. Adhesive anchors are
preferred over mechanical anchors for anchaering in soft concrete or masonry
because, among other reasons, adhesive arichors place less stress on the
concrete or masonry. As used herein, the term "masonry" shall include, but is not
limited to, stone, brick, ceramic tile, cement tile, hollow concrete block and solid
concrete block. Typically, the anchor composition cures or hardens (polymerizes)

to form a strong bond between the rock formation, or the concrete or masonry
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| WD 2005/ 030894 PCT/ US2004/ 031133 structural body,
and the bolt. It has been known to use curable
weynisiaegoe resins as the primary adhesive forpChass@ies1133
fasteni ng of anchoring rods, bolts and sim |l ar devices
in solid rock, masonry, concrete and the |ike.
Typically, but not exclusively, certain of the 5

tarting conponents of the adhesive conposition are
Struak‘ tb&gga?'é 68&1 one another and then conbined at

or It%fbééﬂﬂmrﬁo Qe basihd bﬁ\%ne{l rédiRd a§ hé ?hh’?é?gta\ﬂﬂesive

part systens, e conponents are kept Separate

for te siafe festel tingrof ahchmmgarcujs boltbanddirailarn devises i solidl rock,

then introduc g ancqor bol t, P . b?r e or . hol %
masggh SRS AELar DO HAPEAIY, bhmassehLseDs Sofiain of the
sor i BB bBFo 6 i S48 BN KR o Pl 5%%@55%*53@" ore
anothke ahdriieen bembirest ather near the ao@tt df iasteringl Nalsuch so called two

position. A useful anchor c osition sho provide a
part Syp 6. Hon goRRORents Which h'asg kepbeepaset %@w% Ui Of Hee are

comgﬁ'fe%f étath?tsﬂg%oatﬂgh%?g?%&cf f?)eth%%ﬂféh%ﬁ Soﬁ’rth E.rc% ‘hole

I spense a ocati on of uske,

prep@ré&ﬂ @cb eédeyveﬂtﬁe oik igrusotior Thas otheeforhattort of tHeecuredradHeislve
so preferred in certain errbodl nment s that

bOdhmeéémmfs thesfagtﬁmb te the bashpEVFHES B IBlBRAAL aatput the time the
fasté]ﬁ%r,%%lfbchl ﬁﬂélﬁerggh%hstrengt hin arelatively

peri o is |last feature can be

cr At tigesfll ahdh@b@bﬁfm&ltm dHouild provde azﬁtronglmmsbemfeetnrthe
adhesive since it can allow a construction project to

congsels eemagpnanane fia waterial ip femnshpreticthggancrete or masonry,

ve L5 BRSNS 15 B Al B Aoy or

offefsivakd thedlisacht %valaa p@@@dredhamén@gw embpairésts traethel ddhesive
it is used or appl duri n? i ncl enment weat her, duri gag |
I0 ively

is capabde wéachievings sumtentlaltm& B Ohits Littnate strangth i ade

s B i, B P B B
sucé‘éérsrcﬁ"iﬁélédHé@%'é'hé@ﬁ chAdHIBW & congtPudidf prﬁjd@,ﬂd pﬁdde@ﬁ at an
anchoring in or to concrete, rock

effloient@ndmreﬁtwls pacar ddreoweer, appb@ﬁrﬁanhlads noted trmen many
ur e ondensati on d or . .
app i e RS RD o one BOPSREE TS Bei el hErehierig good
bon&'an&BEéFtresFH\Fe?\q{' X ie U§e§'&?‘ aBEh&?dGﬁH@% @%ehf‘@baﬂ%‘f €during
one functional gro typically | east one

coIdfweaﬂweqrmlurgieo wither comglitidres, pdiligherodoae Isblbatantlau ptoistere and/or

dr ox rou and_at
low tg mpera ureg at the bond site.

Many of the curable adhesive compositions currently used in the industry,

and in particular the field of anchoring in or to concrete, rock, and like materials,
are based on compounds that are polymerized or cured by condensation and/or
ring-chain conversion polymerization of monomers, oligomers, prepolymers and
like compounds that have at least one functional group, typically at least one
functional group along the polymer backbone, such as hydroxyl groups, and at
least one terminal functional group, such as oxide groups. For example, epoxy-

based adhesive compositions are typically cured by one or more of these
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30 | east one term nal functional group, such as oxide
groups. For exanpl e, epoxy- based adhesive
woaopasi®ions are typically cured by one or nopPeTmi2004/031133
t hese 2 WD 2005/ 030894 PCT/ US2004/ 031133 mechani sns.
The epoxy resin and a curing or hardeni ng agent are
typlcally m xed |nned|ately prior to use, and cure
certain_anount, o

mecliabiBh: oS CRBl TSI BBG AN B eI et iabS ymigelly mixed
.mmea.a&élg iok té 85e 2L NAiNTATPOS kA UMfohitldl tifge el | ent
physi and processing characteristics. In view of
applicants' appreciation of this need and the
recogni tion by appligants of rt.|n deficiencies in
the prlor art, appli Sare=< & SRferdd that the
DCRbEERIS HEhS cofftl by ssé's?% R Fe ETRPEH: RS

compodvtlchs Ko trrgexdeaent sloysical Enaprookysing ichatdoteristimsc nasew of
for exanp epoxy .resins, can be dramatically
appli‘?ﬁﬂ*%\?&ﬂ)rﬁ‘}‘at'% 6f ﬁ'tﬁ aeed @nidrﬂ"g V?P@QVHMQV\?@P“C&‘”"S of certain

deflélgﬁggg%lﬂ’?&f)ﬁ& ?\ﬁm%pﬂfc% Vol Isb?vé?%dal allﬁ@ eer?’Fnance of

reactive mnu I ona

man§thess Geatisesivé tombasitiohe nialit mbferbbhyradr@s&/esadwemye
preferably Cl1 - C4 al kylacryl ate. Appljcants have

con¢@mlonrmdl@rh@ngﬁbawmﬁn oplymenizaiion; gdch as, for example

orof ] A OB B PR RO e

formRid{SI- N Gictsierdten dbmgr@ihbeeﬂgééstﬁnet freachdd agilti-functional
particularly at relatively gmterrperatures such as

acryiateapodin gettain emiedimgnts n@#b giienakalkylreryiates and more

oerbfgi7 220 LAHEEIER, FIAEaR AP b poraton o

readti®BRANBLIUNESon Hehy1a® iAo é@l@é’éwé@bmp%@lt@ﬂd d&@ércﬁng to the
relatively fast cure tine. In certain enbodi nents, the

preasmbnwemﬁlonhe capallernf antwapoisiatthebandiriestaength of dhe ebesive,

oy SRR SR oS3t S A B A 5B
emb%@ﬂ'ﬂghgemé ern"?/@ng@ﬁﬁat t%eéﬁ%&% tRat i%%létﬁlely

oup, Tt erre conmposi tion further
odoﬂ@ﬁ@ ris $@@d|m mJee@ile abheslafivelyiloe tempersjure@gestich ba at about 5°C,
certain hly preferred enmbodinents, the conpositions
andmparejetlwﬁ%yﬁ@iﬁ&ua% tifloxy and at |east one ami ne

U B  aBESot he Bbm grerey
com@ﬁ's@@ anCsith@ dbintginigGt leadiforeyeydlie grogppsuch as a novalac epoxy.

Furthermore, and particularly in embodiments in which the epoxy comprises a

cyclic group, it is preferred that the composition further comprises at least one
amine curing agent. In certain highly preferred embodiments, the compositions
comprise an novalac epoxy and at least one amine curing agent, with the amine
preferably also containing a cyclic group, even more preferably an amine

containing a C4 — C8 cyclic group.

Detailed Description Of Preferred Embodiments

While it is contemplated that the reactive multi-functional acrylate
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30 Detailed Description O Preferred Enbodi nents
Wile it is contenplated that the reactive
woubdasiosbésemct i onal acrylate 3 WD 2005/ 030894 PCT/US2004/031133
PCT/ US2004/ 031133 accel erator of the present invention
may be used to best advantage in adhesives based on
condensati on and/ or ring-chain conversion
ol ymerj zation $€ of
acod S hasr erent e TisRareg bR estonast arlenigas n aghesives
base%’@ﬁ b@ﬂg%ﬁéatﬁﬁ'ﬂéﬁd/br Frﬁg%ﬂ@ﬁ‘%d’rﬂ%r&%ﬂ%ﬂﬁréﬂzéﬂ&{ lr’t% Blieved
t hose adhesives whi ch Undergo free radi cal vinyl
that adeiof ithuan reaﬂtymulnéundmnaéecrylaiatmay 20 provide sustantiat

vendif i FehesRiesdnerall. Dl Ri TR SUSTYES Whlcaesgo free
) RS S PRrPhup BBl BN Bymerizaton
basqacal‘aiym vieyleadditicrs polyaehizatior, arahparsbinatinas of wo emsnore of

net hods thaf utjlize at | east one 10 reactive
any ﬁ{ﬂ serforBe ChRAIVMREIZAIA0e accel erator. As used herein

they 6&%(]}1 dr %?F q"@mﬁ%rh?érﬂé‘%dv%@r t‘l’r%ﬁ)ﬂe@éﬁt inUE8hEEIT pfides
conpounds at ave at least two acry

epo>iy=lba$ed3adhesrk/essoh’rmisrtmne sﬂemswd methﬂdstthat utrllze at least one
condltl ons used to cure tr hesive,  wth at

reachve naltiTHBCUQIIRl GERURIEI 45¢8 %r@t?rr St Lrlﬁ@dcfeﬁrﬁrrgtheefgémr {ﬁﬁct've
AVl g4 8358404 S RISy
funcfldﬁéllitiémtaiat are teadﬂr&er mﬁérhhe @endn@hssiseddb wuee the adhesrve

| ustrated bel ow R-C=C-CO R where a/
withigs least afreoefgh moerpcw% lrﬂrcqlv%trsmqrmg rﬁar:H@ePr éqrme by the

i P S B G BT AR ARl s o

funcBbREEGIRD Iﬁ@@@tﬁ@@éﬁera%ﬂ&tummpwdt@mbelowr or a \
substituted or unsubstituted alkyl, aryl, oxyal kyl,

aryl al kyl , or oxyal k)ﬁ ar yﬁ In hi ghI y preferred

enbodi nrents each RR-—rG;:EI -CFhe-preferred epoxy-based
adhesi ve conpositions oh the present invention have a
cure tinme of about three (3) hours or |ess and achieve
a 24 hour no-torque 25 pull-out strength of at | east

wher may e é\lny? érou%o\%rcﬁ%oeg nd%%uﬂgt%ﬂtigﬁ); ﬁit&rrér%ewﬁﬁ 'E)Fbrevent

reaction of the multifunctional acrylate compound with the polymerizable resin. In
preferred embodiments, R is independently H or a substituted or unsubstituted
alkyl, aryl, oxyalkyl, arylalkyl, or oxyalkylaryl. In highly preferred embodiments
each Ris H.

The preferred epoxy-based adhesive compositions of the present invention
have a cure time of about three (3) hours or less and achieve a 24 hour no-torque
pull-out strength of at least about 85 KN at about 72 °F. As used herein the term
“cure time” refers to the time it takes from the initiation of curing reaction for the
curable adhesive composition to achieve about 80% of its ultimate load capacity or
strength under substantially dry conditions, with ambient temperature at about
72°F. As used herein, the term “no torque pull-out strength” refers to the pullout

strength of the adhesive measured at a time and under conditions in which there
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"cure tinme" refers to the tinme it takes fromthe
initiation of curing reaction for the curable

wadhsases4 conposi tion to achi eve about 80% of PCE/US2004/031133
ultimate | oad capacity or strength under '
substantially dry conditions, with anbient tenperature
at about 72F. As used herein, the term"no torque

v B g A ik s s S 3L e

prof P RS isfs 177 Xt ol ke AENEYE 2 24 hour torqued
pulldubistreagtipel atldastoalidie S0AKN ab @boyt T2 SF e dor The purposes of
conlifiid i B0 St oo kil ot
of 72 @Sksﬂﬁ%ﬂtheﬁghﬁ(%éierﬁfl?giﬂ%éta ec@émﬁ%tre‘d@n’pﬂé?&‘égsqhgﬁaullout

conveni ence, thé term erature” Is use

strerigth @f theé adhes$iee measureée epartiate) vehidh if suldsdduenito tieed
herein, the term"torqued pull-out strength" refers t

appligaéiop Af isyificiertttpedis 10 R0 REnnghlidhedtediiindbe dole The

. Al _ ) oAl

pref g potiBoSihs c14he BRERE iMBobiBh ol aPBUIBIE Lo relr qraye

resistscd6f &t leEBeabgutefRNeract abbpb3R2H. 0Thedkchhigups esedtfor
i nvention al so achieve a 1-hour torque  resistance of

meagyring petlodiferce and kpravaresipance are despebed imtieybxaerimental

f suring pullout force and torque
Pro,‘#‘g@ﬁsﬁcgégi}%gggﬁdescri bed in the Experinental Protocol

S eThé PRedtitedmpoBittord ARESIstENBRISI piaiombindresygtitamtially free
al so preferably are substantially free of offensive

of oftensive oderswesviould berriadyerr by thepresessesf substantial amounts

substanti a un of mercaptans in the formul ation.
of m??)cafﬁaﬁsrﬁ‘ %%?%F%%'Eﬂs, METHODS AND SYSTEMB It is

contenpl ated that the present conpositions can be
provi ded as one- part or nulti-part conpositions,
debendi MHELGOMPOSYTIONS,MMETHODS ANBISYSTEMS

expected use. In certain preferred. enbodi pents,. the
pr %ﬁ?”ﬁem}%!ﬁﬁdéhab{*@\ﬁ?rﬁé Nt-COPRILIPRIS FaN g%,Pr °V'deg as one-
o T Yoo 5 PRI A0H B ! Brur o e

expddtad usem icertainaprefarséd embpdiméntenthansteseatinoendtion provides a
conmposition that are brought together at or abqut the = |
comppgitions prigerabiy for slsgdn pystgm meipRAA 108 ANEheHRY Materials in

S B A T S
compusitibn ftihéacdredsralighctogetie at or about the time of use. Preferably in
such embodiments the first composition comprises a resin component, preferably
at least one epoxy resin, and at least one reactive multi-functional acrylate
accelerator, and the second composition includes a hardening or curing agent,
said hardening or curing agent preferably comprising at least one amine-curing
agent. In such embodiments, the first and second compositions are brought into
intimate contact to form a curable adhesive composition.

Applicants have found that exceptional results can be achieved in
accordance with the present invention by use of the present reactive

multifunctional acrylate with polymerizable resins comprising, and preferably
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25 accelerator, and the second conposition includes a
hardeni ng or curing agent, said hardening or curing
wagenstozgroef er abl y conprising at | east one am nee€TWISR00¢/031133
agent. In such enbodi nents, the first and second
conpositions are brought into intimate contact to
forma curabl e adhesi ve conposition. Applicants have
found that . exceptional results can be achieved in 30
congiHa0 gsrealigl o, PRYMsIiZebIR SPRYEATRALE, @pHoBAIY Pt
. Lt . e ¢ ) _
PrefSE P IS cOMBfIcioh wiltiaselett sl aitent e Hifnerizgle epoxy
conpPOOBL0 384 EITad 82N eARtL] 87 eartves dilogntessapised drve or more
of , pol yneri|zabl e epoxy conmpounds, optionally but
compeinBR 4H1IG hAVE shisasa oeoXina NG reastie wilfs te polgmerizable
n . . - .
opofy eHEMIGR ard SErPRKERIAL AR BBt n GRFRIN adPrte. in
certaimehighlynumeerres appectd ©f e preseat Bvehtibeatbie reaetiaxdifleent

r|,n% reactive with the polynerizable 5 efﬁ(}xy and whi ch
Comprigee nyatvicisial effiem [Perending upga theparticyiartarmligation and

cesE ook eS8 RSB0 B8, A30FL 1 B0 e

sent € reactive

presérgliverdioh maper mayepstrudingdtuioan dpoky RaMpdtitdih accordance
i gtgpl ication and desired end properties of the
withdhrasesentdauptian. ot istsemetisras ¢aremeni pragticeto kefer to such a

conB 38 of AR B RIS DS e o s

termiholiogy s IebhigtitnaxoparoBed hardih &6 réfer EeEGEh EOMBIHENoAS.
conbi nati on of (g%la%rrerl zabl e polyner and reactive

di ltuegontemplate the eglativi@mountsr ofi thelcogipamients in the

' . d h ' f h..
ore SRR HEER s R0 5Pl i bR Rl veurap e
conRimpiBied e, (MR SIPSHGA Iy idWithR thB' RBPBIhFEHP ORPPIicRREs have
can vary wi dely depending on the particulars of the 15

discouatashhioseer, 58t inemanyembodgirhensrirexpectediy shperiarhe
perb R 3 s R b SRS A SRS S BHY e prosent i
the Qéﬁéél{/@%ﬁgrgbdsﬁio%ﬁﬁ'é%&d@ enf Ehh' abadt Wwidh 98 3ot 28 MAYE more

.
conmpound( are present 1 n the adhesive conpositions
preferakdyrirom abofit 8 no¥h takaout 20Wrt%, tamdadeart mdbe wreferatdy rom

ergbly frqomabgut 8 wt% to about 2 % .and even

anofibfa St T Wik soodiemirernatergodimenSBull fictiona
s SIS P R R Ene ot gbuns o rom
aboubip o4 ¥t iocatsout il SBanBanAppti€arits dravedbond tHat attléadtin abriain

18 wt % A%pl [ ,a,n? s have found that at |least in certain
cases it may be beneficial to consider the amount of the multifunctional acrylate
used relative to the active components in the formulation. In certain preferred
adhesive compositions, for example, the muiti-functional acrylate compound(s) are
present in the adhesive composition in amounts of from about 5 pbwa to about 25
pbwa, more preferably about 10 pbwa to about 20 pbwa and even more preferably
from about 15 pbwa to about 20 pbwa. The term “pbwa” as used herein means
“part by weight based on active components.” As used herein, the term “active
components” refers to those components of the composition which participate in

the curing of the composition, either directly as a reactant or indirectly as a
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comgBi

cases it may be beneficial to consider the anmount of
the nmultifunctional acrylate wused relative to the
wacbtiswaogenponents in the fornmulation. In certacmwus2004/031133
preferred 25 adhesi ve conpositions, for exanple, the
mul ti-functional acrylate conpound(s) are present in
t he adhesi ve conposition in anmounts of from about 5
pbwa to about 25 pbwa, nore preferably about 10 pbwa
catalyﬁtawmg agenfbaacelrtater dnhibterang tﬁ%lr”%ﬂal purthersaprebooless

ot WPty Whichto Y e chifrahldih EIR nfieB8Es and powa

of tHPEBNPEAREAts In Afe PReSb GURBSIve IdaMPoitioNsaty speifiét herein refer
conponents" refers to those conponents_of the

to tf@)ﬂ@@ﬁpslil@ﬂ affier érmhasapesr fopeuiated for yre Urondings Thie, for two

pary Gt o P 56 5B bRt Bl aflespe anc pova

vam‘e%tr@kéf&b thé dohBSivadiposkiciEbasad o thé Bbmbirie@lonadfharizeA and
ke. Furthernore, unless otherw se specifically

B oﬁ mrbmmplosmoms; aInjess @fénewwsers@e@éncglﬁy nptace elm@gtasn areferred

emizgiBieafs tinSEREBEERRT eI EoReRERAls) 28 B ggent in the
adh%@f\'igcb?jrﬁrbd%ﬂtléﬁ Fneémbhnf@@f fRIRRLLAE T bahvattof Moul 28 pha.

i ng hus, for two 5 part conpositions of the type
dedde fesih mpome:ﬂtt angd penticybantyc thet ra@jweanabbkﬁapxy
val ue relfertot &eswec |t|o a
Rlish aBy PaRIE ISR 1S BreeTaly e Me g EGS'VG
rr'Fr)HHs ?o%socghﬁé:gb &ﬁﬁﬁﬁéﬁtl&ﬁh%m{@% froh é@élﬁta15‘wt% to about 50

erre odinents, the nulti-functional acrylate
wi%g mmprétesr}abhyrfeorprmmeslwt% tteatacamtedéi witocangeyeninarei n

orefabl d DM oh B (o ARPBADL R BT Wheh such fesin

mclga{ag gEr%bét"i’\@ il Yr %@W&@%ﬁldﬂl ﬁera” ES8Hh b¥ferred

uent, is prefera present’ 1 n the adhesive

emissdimesits, itoa segin cbhq)qmeaisemtd pmeularlwhe ponnmmtabI@époxy
from about 15 W% to about w%. nore prefera F}/
compyidiSRlEs 20Yeashive it 'é@rﬁ\f@)’dt iR e é@EﬁS'M%PQm ositions of
v o 0
o B AR iy 8 o as

di |IU|%r§ene|®élﬂf ngrfei@ﬁrad ghatithe yeesbrt cetrpesites inage raralepoxy reactive
preferred odinents, tie resin conponent,

dllusat weight aaulqu iﬁ@n\o@tvquieﬁﬂ }aBPaUtEB Iy MOER ﬁbﬁfefﬁaﬁng)‘mm gkout 5:1

to a@%%@ﬁgfe\bﬁs SV MBI prelssrablyPRSlatdlt 108 RFBESUNE: 1.

pr ese fnvention I n anounts

Fueré?mo?é) Qﬁépll%énw %ﬁ@fo@h@l%aﬁ@qe\o&p%ctddw sap@%reneamty are
preferred that the present conposites have a

geran@liwacrmawd wienZibe giolyreerizakde QﬁPXY gemgognds gaﬁntb@mmltl-
functlonatl acry otlétco:);rcl)pounc{m 0% p?regéﬁtr ﬁ ny eéé%&?l%‘t‘é m%lélht ratio of
from about 1.2:1 to about 5:1, more preferably from about 1.3:1 to about 4.3:1, and
even more preferably from about 2:1 to about 3:1.

The curable composition may be dispensed using various methods known
to those skilled in the art. For example, the composition may be dispensed using a
dual cartridge device similar to a caulk gun, or the composition may be dispensed
using a glass or film capsule. The composition may also be dispensed in bulk from

bulk containers using meter-mix equipment, which is known to those skilled in the
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to about 20:1, and even nore preferably from about

10:1 to about 15:1. Furthernore, applicants have
woawsdsedeat unexpectedly superior results are PCT/US2004/031133

general ly achi eved when the pol yneri zabl e epoxy

conmpounds and the nmulti- functional acrylate conpounds

are present in an epoxy:acrylate wei ght ratlo of 25

art. Samdpr oxamare 5 Sobat Ness 465 b, b leRERbAncH 2P96H, jhe
dlsclcfsrtﬁ%apgﬁfchzar% r:ijé} P%oré&ﬂaﬁea— BG r 81‘(—5?%%{ IPI%'F@@?%F\I?%& that the

I spense ng vari ous nown

amowits bf ¢ varidusecampondris of ¥apdrapositien cwaypesrytdepenaing on the
be di spensed using a dual cartridge device simlar to

type &f GiaRPRSIGAFYSiHM URed JorAsBieECAISRRRSIBE MRtopdn<Ba cysable
comp‘éﬁltf&% i€ f 'rﬁé& bg rtf&é ﬁbé%{ﬁ%& c&ﬂﬁ?ﬁﬁ blté S&cdhY

SO be |spen from con ai ners using

compdeftion: l’r‘yploeqw theemixing\bcatins irmmisaalytoefoteoihe cltableed
in the 7 WD 2005/.030894 PCT/ US2004/ 031133 art. See,
compogitioshig ip g, Usgds Fopgxamgiss wheneibe aprapositignis @igeensryl using

a i3 808 L it PonEb QAR Phe YRHERg RS i or
contaii@d M %ﬁérat&@aﬂr@dg@@f the Iﬂilsptﬂ*fsi@ gfint rhay Geixedtdstihey are
may vary dependi ng on the pe of dlspen5|ng system
ejected from the cparg' W@as@@%ﬁq{ée@me}g to bﬁéocmesl% pechpas to
eine fRERIe P BrorRashy B e serhE i eripihiRiage of gpchor

compdsitiots, Siftiasly! WRBAItRE ebxmpbsitioneas Ut@e‘h@éé@smg a glass capsule,
conposition iS to be used. For exa en the

the capseds tymalIyscamsrmds@fdwscmagnb%rsgﬁ@ﬁo@fﬁakmgthgdmst t he

compllEn SATREAA T A8ablar AR ARDIRIA B ol Ehpsuie s
crusrgos RS BL G SnaBerdBie BRisRbY @ﬁdaﬁe fcbﬁterﬁé ard 81IeWe8 @ thix,

dmthe cartridges and applied to the surfaces to be
formlbgrhldeancburctoraposlbonev\thﬁa@rthemchohctb@peskblpnnaﬁltﬂmeysed in

@Ofdgrthe nchor devcelnh ca 64 H te bulk
bulk, OHFbSPIPERLONG RAEROFHEN S5O BE SLI'E |p§eparae u
conta‘i’hér@%}fqegoﬁ’\ﬁldé@ tﬁrcﬂﬁg’?fﬁurag%%lﬁa mlilhg |ﬁﬂﬂ§§b§rdp‘hate ratlo to

typically conprised™ Chanbers That contain
makef fhesturablengmspaosibon.and t he second conposition

[ ﬁiggﬁts'raviﬁ%\y%wy S Sl PR reSaitidnya igracomprise
epox?ﬁllna Teooége?& curl @Wé?rdbﬂ ggé;t?és?g fol >§/ Ag- 3-yslhS eIfﬂarem,

anc or conp OSI on 1s

the teranfmsingi rﬂ‘nnéfarsstemuiorcmup@somponennswheh gire lcepable of
separ at e buI k contai ners and conbi n d throu%
cataly;mg amoiarEcelerekag %pg*yme&g@tlggﬁng qrcprosslln mdj reactno

the resin component, which in preferred embodiments comprises one or more

epoxy compounds.

It is contemplated that the relative proportion of epoxy to amine in the
curable compaosition may vary widely within the scope hereof in order to
accommodate the needs and requirements of any particular application. In general,
however, it is preferred that the reactive compositions of the present invention
have a epoxy:amine weight ratio of from about 0.3:1 to about 4:1, more preferably

from about 0.5:'l to about 2:1 and even more preferably from about 1:1 to about
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make the curable conposition. 20 In general, the
epoxy- based adhesives of the present invention

woao@rses4 epoxy and am ne-based curing or har #emiusgoo4/031133
agent for the epoxy. As used herein, the term"curing
agent" refers to one or nore conponents which are
capabl e of catalyzing and/or accelerating the

pol ynerj zat nd/ or,, crasslinking reaction of he
2:1. fr e B IiRd Sukodime S henerFo SpBaRReNs of Ine present

mveﬁﬂgf’?ﬁb%?%tngé(]ﬁ?ﬁlr e%&gpﬂ%%yof%m%%ﬂﬂ A dout 1. 5.1

contenpla ative proportion of epoxy 't

amne in the curable conposition may vary wi dely

mﬁthin t he scope hereof in order to accommopdate the
qui renents of any particul ar application.

" t
é%ﬁ%ﬁ%ﬁ%ﬁ*%&hg o LG etel Ble bBfroyndre
Comﬁlrﬁﬂ@ﬁ}bﬁ%@ M&iedddmpadnds @kt Eémmrﬁ§®eléctﬂ/e3e;i0)¢yogroup or
about 4:1, nore preferably fromabout 0.5: 1 to about

oxirane ringd Seiwbrmaigrials hspadiyisalled epaxigdesuinCiLide menamenc epoxy

WO 2005/ 030894, PCT/,LUS2004/ 031
compPpuAgs 2 e&%bdcﬂsrﬁaﬁg e dBd i el B NS o
cychQI‘PprEHtl%SQFBmaﬂI@M?HétéPBCMMeTIQ@s@ﬁ@W@I ReTevetigave, on the
ratio of fromabout 1:1 to about 1.5:1 THE EPOXY 5 As

avenageq ahleast 1,5 polymesizableegrmy gronps pAEMaleswe sandeyen more

prefBEAA O & st areey abusis Bronfestile. dhier pil B EPod
lncllﬂ@é fhd & p°'o rﬁépsaﬁév n%%ﬂnﬁﬁa?@&%y@%ups & lgu cke IR eltifer of a

epoxy co ounds and epoxi des of the polymeric type

polymylalkyienb@lyd:olprmﬂymers }wcmg)akelptadtpb(tfanamﬁat(exg or
het er.oc

c. These |a s refera have,
polyPetadens |yegpxud@§s@n Shvptars Bl Podtiiety apy<y ol ® 0., 2
r
9'@%@%?‘8’3@9 R ol The CReeS MRaf beTRre
conipwhdd dout ar@genpmllyrrmo(mrbaaon@lmeg mneatwcemmyor@ epMY groups
a d|

per g1cjSails, i GHPEEhaUTWET OLepOUATOHPS HEAGIIRFUS is detprmined
by 08\9 hmgggg %ugfﬂoeﬁgng %25'0518 brougﬁq Eﬂﬂ% %?Bgi—cBﬁYélﬂi%grrwtaetngl by

the RsthlymEhber otemsyymeleculsBerespoix des may be pure
co ounds but are generally mxtures cont ai ni

heggpawyreordaieing gatrIiAls msyyvany froey low mﬂh%CJ]%K/WP&%"
mor%ﬁqgr% 2ter RS NP R R WRLREH GrePs SRUFHAY V&Y greatly in

the nature of their backbone and substituent groups. For example, the backbone
may be of any type and substituent groups thereon can be‘ any group free of an,
active hydrogen atom, which is reactive with an oxirane ring at room temperature.
llustrative of permissible substituent groups include halogens, ester groups,
ethers, sulfonate groups, siloxane groups, nitro groups, phosphate groups, efc.
The molecular weight of the epoxy-containing materials may vary widely, including
in preferred embodiments from about 50 to 100,000 or more. Mixtures of various
epoxy-containing materials can also be used in the compositions of this invention.
The epoxy compounds of the present invention may be cycloaliphatic

epoxides. Examples of cycloaiiphatic epoxides include diepoxides of cycloaliphatic
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by dividing the total nunber of epoxy groups in the

epoxy-containing material by the total nunber of
wepwsy3mkecul es present. 20 The epoxy- cont ai nPAEG/US2004/031133

materials may vary from | ow nol ecul ar wei ght

nmononeric materials to high nol ecul ar wei ght polyners

and may vary greatly in the nature of their backbone

and substituent groups. For exanple, the backbone nay

estepe ObflicamPMip citfsusinas bis(BAterpyayriohewimethytenalete,

: ' t whi ch i
bisef S BBy b G L B8R Erper at ur e, 25
methylbysibhatyimetrol)apyate Soistd, £-cpoRydyd o}y sy DBk dIatd! ¢Rd the
hal ogens, ester groups, ethers, sulfonate groups,

like.<Qihex snidallesliproXides pheyplerljphatistestensaf dicarbaxy|c agids are

deS%Fﬂ?eF‘gg‘lr 3&%%@?@@ 0% o NQ?ZW‘% MR ReettraahSrein by
refefdri®, @ReH cyrod|iphbBie pRides iRBIlEe d}&)ébbkﬁw&hé;?gi;mLsA-

epoxy-containing materials can al so be used in

epoxyswisliexana sagioxytates istok asiSofrepssy isohExyimetbyhBdiinds
cpo R eR-RE TR S el P TR BAE g rgmony -

tify1epIshaaieotarbb sy af; ieamatdyt-3%-¥ob2RYe(dheFRdethyl-6- -3,4-
me l%LC'?:?(E'JSZOOM 03a1133§l esters of di c%oxyl I C agi ds gucﬁn%tgyl ’

epojéydyck:(rrﬁxane;@ar@mwllﬂtebh,éxWoxgezl-W?etbydayQIoIamel,lmethyl-3,4—epoxy—
. 3 4. ; ’

2-mglr ey SIohesRss CabaaIHg | SO HolSIBe XtV 4-epoxy-
3-m'§1|(h§g:’§/t:8?%¥ﬁ¥ ‘ébrk%(lyﬁiiéf 3,m@d636§/|-9-n¥éthyl Ibﬁé%/rl]m%ﬂﬂll-@?@-epoxy-

r suitable di epoxi dés of cycloaliphatic
5-methytayslabiexdine aataaylate anditte liaecOthatesitableed,4-n, f or

epofﬁ%g@hwgﬁtgﬁp%cﬁlég&%}%@rgh@i(ﬁg}éssare described in, for
[ tN @SR i i
e S o vy i Wesrparated efein by reference
caifhery b & hostiohcammerdakbpaxgiabtd epexycortdining Inaterials,

epoxycycl ohexane car poxyl at e; .
comg?qrﬁyé BORYD SRR r@mso%@a AR g psed asdhe epoxy compound in

. A y . . . . .
tis ISR Y FLEGRERRT, BORCRO ol ape rggappighle inoluce
epoxpasyalgcs, aiglyidye etriarb of pisphenol F, octadecylene oxide,
3, 4- epoxy- 2- 88net hyl cycl ohexyl nmet hyl - 3, 4- epoxy- .
glycgiy,lmpﬁlacagjg’qeoﬁ@{ﬂ@ylﬁhg@g@,@g@l@gnol A (e.g., those available under

the @@ﬁ%?&%%ﬁ?ﬁ%&%@@?ﬁ E%IT'J g?é?yéna%ﬁOﬁP%‘YO from Shell

ChemidaleaDe X DER-B81 hDER-8B2 hend/ DER-BS4 - fBorA -8 Chemical Co.),
_ 5-net hyl cycl ohexane car box%l ate and the like. O her
vinylyctolekeng dipxide (e.g., ERL-4206 from Union Carbide Corp.), 3,4-

cpofSEARURUAIH PN BB bR g, R 221 fom
Unidr?g?gpcgﬁ% e(?orﬁ%,03,mépowﬂéi?ﬁeths?lcyﬂ@ﬁéﬂﬂﬁ@llﬁﬂ—ﬁ)ﬂe@o&y@
methylcyclohexene carboxylate (e.g., ERL-4201 from Unio2n Carbide Corp.),
bis(3,4-epoxy-6-methylcyclohexylmethyl) adipate (e.g. ERL-4289 from Union
Carbide Corp.), bis(2,3-epoxycyclopentyl) ether (e.g., ERL-0400 from Union
Carbide Corp.), aliphatic epoxy modified with polypropylene glycol (e.g., ERL-4050
and ERL-4052 from Union Carbide Corp.), dipentene dioxide (e.g., ERL-4269 from

Union Carbide Corp.), epoxidized polybutadiene (e.g., OXIRON 2001 from FMC
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There are a host of commercially avail able
epoxy-containing materials, commonly known as epoxy
woeeisnsosowhi ch can be used as the epoxy conpouRdT/iUS2004/031133

this invention. In particular, epoxy conpounds which

are readily avail able include epoxy noval acs,

di gl yidyl ethers of bisphenol F, oFtadEcerPebpxiﬂe,l

2 .yci dyl met hacryl ate, diglycidyl ether of bispheno
Cor%s)’(%l.'%‘?ﬂe %/%BEBO%ﬁ'P%EP@Xhﬂg‘&){'O”ﬁ%& flamgdetpsdagirepaymesins

i YR

Chegic3l,Co.y; hbylfm,yameﬂieb(@iggdijwﬂm df @henolfbithaldéRfdd hevdlak
<e-g§%§§a§3{ﬁ£§ﬁ§ﬁ%€ﬁ%ﬁor@ Deve G bgiisa Csnk andeesardiosiydialyeidy|
e 5%, KEBORE NI S sl ddsgatons anc

mixtoedshofl arycofthesabovec al dreein Ipréferiee smbodiflerd? Oflizd 8Fdxy, which
Uni o2n Car bi de Corp.). . Lo
comprigesaLogRingtian ﬁfe@@iw@v @tlagrs,of Ibisrheno) Fanddiolyidy ajhers of

bispb o OR 1S g ks BldkbieThReE fiecods Ugsionatien RR 52 from Dow
Chetwi¢airCo.f.ar bi de Corp.), aliphatic epoxy nodified wth
pol yprop%l ene glycol (e.g., ERL-4050 30 and ERL-4052
i

f r 6MaDei the apaxiingvalasmesing, Hiipeantemplaicdxthata wade variety of

B i b g o e
how@0&5/t08 @8 A4raRG hrfe?RRMHB IHe38p &6/ Rovalad FddisS BRtHESieRent

. containing epoxy functionality, flame retardant epoxy
inveptien Rgve @, ayeragEfurstionatitynf dranm abedt it pheubd, arypeven more

oor G of G 255 e s R SRS b g
(WP@‘G;Q' Akasred By A@EMl 631_165?%*_ fFé%lﬁ\"aﬂ)%ﬁt ﬁé@i?z Qeguﬂw fiéle

.), and resorcinol diglycidyl 5 ether (e. _
prefetabtxefrom rahoukd 6p de esbcuhh@Byand ever maone prefendiinaf frons about

160 Bl S5 o 98 e SerdBif e Bt BEES! 6 o
abo BV AR 58D gHigh hahd pr“éﬁ‘é}-ﬂapﬁ/ Sfrdih %‘B‘&%ﬂ 850 %o @B8ut 500, and
di gl yidyl ethers of bisphenol "A (e.g., those

everanare atdferaldyl of fromeatout @2 SdlesalbgnadBén ADE:%fér?éd epogynovalac
. Dow e cal Co.). 10 Anong the epoxy noval ac resins,
resin is ?%gg’bfiﬁee?%‘l'tﬁrbée REpane Ueks veder the trada-fesigaatipn
EPOMNRYeHE used in the adhesives of the present invention.
I n general,
The use of epoxy resin, which comprises epoxy novalac, is generally

preferred when it is desirable for the adhesive composition to perform well,
especially in terms of pull out force, at relatively high temperatures. In certain of
such high tempzrature embodiments, it is preferred that the composition produce a
pullout force of at least SOKN at about 80°C. In such embodiments, it is preferred
that the epoxy resin comprise from about 20 % by weight to about 60% by weight
of epoxy novalac, more preferably from about 30 % to about 50% by weight of
epoxy novalac, and even more preferably from about 35 % to about 45 % epoxy
novalac. It is further contemplated that epoxy resins having a wide range of

molecular weights and other characteristics are adaptable for use in accordance
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however, it is generally preferred that the epoxy
noval ac resins of the present invention have an

waversagesoi uncti onal ity of from about 2 to abourCBusand031133
even nore preferably of about 2.5. Such resins also
preferably have a wei ght per epoxide 15 (WPE) as
nmeasured by ASTM D 1652 of from about 160 to about

thi [e. ‘F e algly of from about 165 to about 185,

wi *ﬂ%bé GRENT fRYRRTioPe fibis@aneraly preferrasdiawevassthas thaepexy resins

of 5oy gelss f BLSH o EHE L TERTY L o bou

180 m ebeuh‘[ﬂ)& Eﬂrthermmrabduss gaderdlly pﬂbmmtecﬂﬂ@t tlwldpo?/ﬁsms have
a vi e ﬁ éqé about 345 to about 485

SRRt Bl Ao ool ieabae T4 odd 2k 2 5Paub25Hosol ut i on
Petfg Te@‘esag?espﬁgguﬁéae%rﬂsée m@he r‘%ggntdiﬁ%m h@g&pﬁ

160. epoxy resin, rrses e

compnsexbae orinsorgaaten@dunds, sueth aer@@xwmépcblymerﬁs deRing@Riofe than
for the adhesive conposition to perform wel

one gRRUERArPYP PR ml%%ileravar!abledgr reastien with theecrtatng/em@nt of the
pres@hgf?w(eﬁﬂ&?r% Eﬁoxr})eﬁr@%fﬁﬁér% rﬂélpég g?#‘ éEe Ehglﬁrn jted to

nperat ur'e s p

polyglgamiy‘s etheos of)polqualena phepblsofdr e‘xgl‘rfpﬁ?e piroziatdchias tre8Btdhhol,
t about 80C. In such enbodi nents IS preferred

hydrPRUINONRe 4 Gy PRSPy FHsBane: dh dibyr Xy by

ama e SR o Rl

4.4 c&rmmmxympamﬁ methgll metans yes' mwcﬁbﬁmwhém r@gam&aﬁé- 4,4'-
% to about 45 % epoxy 30 noval ac.
dlhyér(%'e?rﬁr@ﬂ@ihylﬁmhe@rr%&r;@paeer ra -Hsrwrir@w@hmheml salfiofee; afr tris-(4-

R A S o b A5 e rocucss o

mon&@’dﬁ&@pﬁé{&ﬂﬁdﬂi@ﬁhé\hdlb Wrﬂﬁalﬂéﬁ?@é’&t fd)rﬁWeﬁGéh)?Hé i partiSular, in

general |y preferred, however t he epoxy resins
the psesernee pf acid vatalysish rolyglydidyeatbersrofatiphgnals obtaihed by

e A o LT BUPY 00 RO AR e 1
of a HibslakaRy er di%a}t!g%ho&eﬁéjll thefrré’r‘fﬁ glgl?@ch gfpgﬂrérg o?ggl’i}ghenols

14,000 cps at about The epoxy 'resins sui
obtained kyseonaertsing pln@ﬁatanrdﬁoeg{qham nalpgeh parafiinsgontdning at
nor e, conpounds, such as epoxy prepol yners,

Ieastﬁt%r wo%@@tqrﬂ%n one epoxi de group per nol ecul e
aviyrk et & e \ﬁrcdn%ﬁﬁ*lgor‘ﬁﬁ’t’ér% WA &}tré\ﬂgﬂg Lﬁg%i&jel tﬂﬁltﬂe

present ntion epoxy prepol'yners’i
practiceeohtiis Inventien] paticularly as reactive diluent for the epoxy portion of
the resin, include glycidyl ether monomere as disclosed in U.S. Patent No.
5,385,990, which is incorporated herein by reference.

It is contemplated that one or more epoxy compounds as described above
are readily adaptable for use within the scope of the present invention. In certain
highly preferred embodiments the epoxy compound comprises in major proportion,
and even more preferably is comprised of at least about 80% by weight of
difunctional bisphenol A/epichlorohydrin derived liquid epoxy resin having a
epoxide equivalent weight of from about 180 to about 200, and even more

preferably from about 185 to about 195. In other highly preferred embodiments the
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pol ygl yci dyl ethers of polyval ent phenols, for exanple
pyrocat echol, resorcinol, 10 hydroqui none;
W@ 2dos/dodeydr oxydi phenyl et hane; 4, 4' - di hydr oxpeBA32004/031133
di met hyl di phenyl net hane; 4, 4'-di hydr oxydi phenyl
di met hyl net hane; 4, 4' di hydroxydi phenyl net hyl
nmet hane; 4, 4' -di hydroxydi phenyl cycl ohexane; 4, 4" -
i hydroxy-3, 3'.-dinethyldi phenyl propane; )
P0G P S b YL frPER b, Bg Byao fuare preferably s
ompHigs | 35BS RD S b i
compHSSPLY BIBRKL AR SR By RADHA afE e FhEBBiHaRy congists
essqmlawpﬂ:ailmwmwepM)sfonme' H ttheh‘yz?leﬁion gmdiltnt Idﬂa%ﬁ@;?}ldrﬁhydrin with
. particular, in e presence of acid catal ysts);
bisPBETGI AR o B NG AR SaaERbW eIt of from about 160
t F i . ti
0 A 20 hae BT efsraR IR Bl 0T eBBURI RSN G used
heretf, leploxpEne liiadlient weidht meaafscthparaigisyafieppky ebhyosinefor resin
$ol henol s obt ai ned g%xfonden3|ng phenol s and _
contBil Shie OFAR ACRIEHET! SRS, @8 el TIRGY By the Ghelkdpalytical
; ! _ y I C
e R T S e F R TR e T B g0
preférablravena visaosity at 259 offfomestsutVi@0dblalbeiit 178'pdid and even
epoxy portion of the resin, _include glycidyl ether

moreBredaRatly frempkut dd8doiabayt $50 maismtasNpeasweddry, Shell

1L GR 1 LS NGO rRBMakLed 3] ference. 25 1t is .
ALl 1018k IS Rk LBET B8 S e
thesedesquirdraentalis weailatle fropadinel Rekupd abdiér thertratkedesibhation

t he s_cog%e{3 of the present invention. In certain high

. . y
EPORY Resinr&48. &itrin piharorefasrashengxies ppsfarably: baye asdscasily at

25 RSO ARt A At vy o
aboldi5400abizpdat 5506 PirRNe! adhRiistidPhP AGIN D-485] ‘S‘E@hta preferred

liquid epoxy resin having a 30 epoxide equivalen
epoxygegim which satiafigsdbesa sauiremegrdais avd|abie frosvBownBlastics

unaef i s8R desidr AR 1 a7 dniRetersdginbblEi s active
dilueRtsTardSARBAI R SELIRI PRSP SRS, HT?@PéILa? eontrB! R Ww

proportion, and even nore 'preferably i conpri sed of
charagteristics ofdhewrdresitehgoraposition. Suithbie ezaciivedilpeatsepaiénably

el 15k e AR e o bR e S o hane
S o e il
Prefegrag eaastivg témunabétber pbitbrisdinelodetglyiddyl eliseraredlvinyl ether.
Exangcgé%p%]’ét;ﬁ%gékgaeg?v uclg_,i ae',p?g Enc uclieghlt,4-rg>ﬁ?annsedtic?led%rl)?crir§yl%fther; 1,4-
cyclohexane-dimethanol; the diglycidyl! ether of resorcinol; diglycidyl ether of
cyclohexane dimethanol; diglycidyl ether of neopentyl glycol; triglycidyl ether of
trimethylolpropane dipentene; and the divinyl ether of cyclohexanedimethanol.
Commercially available reactive diluents include "WC-68" from Rhone Poulenc,
Epodil 741, 749 and 757 from Air Products and Chemicals Incorporated
(Allentown, PA), Rapicure, a divinyl ether of cyclohexanedimethanol available from
Allied-Signal Corp. of Morristown, N.J, and glycidyl neodeconate sold under the

tradename CADURA E-10 by Shell Oil. Highly preferred for use in the epoxy resin
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cont ai ni ng one gram equi val ent of epoxide, as

determ ned by the Shell Analytical Method HC 427D 89
woperspldsoni ¢ acid nethod). Certain preferred epoxiuss004/031133

also preferably have a viscosity at 25C of from about

100 to about 175 poise, and even 10 nore preferably

fron1about 110 to about 150 poise, as neasured by

h f d
as aZfgsve dlfnt s it 4 debitptediol diolvadd raerab d e Pradices
und@%ﬂé'tﬁéﬂeﬁdéé:@ﬁé@}ﬁt ofif35ps under the trade

desi gnation esin 828. Certain other preferred
eph)'o@resﬁerpe@bmbaldiryemtav:é the presems invention, PEGpHxyfcamprises,

and Bve&s@i"ﬁé’nén‘%@%s%%%@&’% SRois) (o956 o390t Hiteey, lasuch
emb%ﬁfﬁiﬂﬁt@ dit ﬁy cﬁtl’f‘aﬂffhe EH6Ry Pedif ?éﬁétfv%%lﬁgff\%iqrﬁg?nﬁo is

satls ies these req |rerrents IS aval
frommbnu?nas‘t tacabouwtntief, arckeveradord gseignatly abolt E2R BS#ghly
ed e dlnents reactive _diluents

profefied PRSRABANoN S PROVKIHSI CTBBNFE o Fha 99% b By weight to
aboxﬁ%% Yy \ké‘ighf bPYhOS EH ORI AiSdut %% 2 \&{]Sf& gy 075 by

nposrtio Sui‘t abl e reactive
waghasfereabtnlredstnherdn én cegain meféreedmnmlodenelntppm epbxy resin
i.ncl udi ng_an epoxy group and even nore preferably

Coma'rlgfeﬂ AROW W%V aiobliobeP G prefesaldly ER(@NiG28) andiahrait 3% by
WelgﬁFSFFédé(ﬁq cﬁ@%ht ek?éml/f@ tfs%") portions include

er a Vi n Exanpl es of suitable
reactive diluents |nclude 1, 4 but anedi ol di gl yci dyl

et her; 1,4- cycl ohexane-di nmet haenol ] thef dizgl yci dyl
Mmﬁ—ﬂﬂ@m et her of 25
'5% g‘;]ee”)if%ﬂ%& %an% ?f@pﬁ g}é %Jﬁgor qﬁ{r?é:? M€ %8 Pgsﬁﬁsogﬂ%l present

mveﬁﬂl@rﬂ‘d PR eavfive thﬁlfthidhdl aehfigte. Af is contemplated that numerous
cycl ohexanedi net hanol Commercially avail abl e

compeurnds are adaptahtesfor Hee @ééhem@we mulifrrtiional aonylate©f the

141, 749 757 fr
presabRvegfian: it Sich Sampal RS At HSeRAM thRLERhrpad sgope of the
pres@ht’ in%htlSﬁ h‘Frﬁ c@rftalcgﬁb@?@éﬁé‘rﬁﬂbaﬂé?ﬂé‘ OtheEPH@I'hfLii‘g:ItISnEF &ylate

I'1 ed- Si gnal of Morristown, N.
comgnlges ayid preﬁetebkymnrmsts;ledsemﬂmlw af hisultifurset Emah o efiA@tidiate
10,by Shell GI. Hghly preferred for use in the
Come‘ﬁlcmﬁ resin 13 WD 2005/ 030894 PCT/ US2004/ 031133 as a

r el%%b?;ifg/ @Jet)éf?éﬁ efndodiniéhts; %e@ﬁgﬁmﬁg@t}f%@ml Relylate

et her y Alr Products’
compiesggatlieashoig odinpodb thatris @t éfast trefurentioodl, madtia caftain

o Er S o BBk b o3 o Bl Fobts el over more
preféraBRE 4 ¥BnfHinatiM of dtleS4The of each. Of course, the reactive
multifunctional acrylate of the present invention may comprise a combination of
two or more multi-functional acrylate compounds, with each independently having
the same or different levels of functionality. In certain embodiments, the multi-
functional acrylate consists essentially of compounds that are tri- and tetra-
functional. A preferred tri-functional acrylate is trimethylolpropane triacrylate,
which is sold under the trade designation SR-351 by Sartomer Company of Exton

PA, USA. A preferred penta-functional acrylate is dipentaerythritol pentaacrylate,
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5 enbodinents, it is preferred that the epoxy

resin:reactive diluent weight ratio is fromabout 11:1
woOaoEmee4 13: 1, and even nore preferably about p@2uUs200#031133

highly preferred enbodi nents, the epoxy resin

conprises from about 90% by weight to about 98% by

wei ght of epoxy and from about 2% by wei ght to about

whichiigystldl oliSehiiod 7 BeSionAEo SEgO8 @y.'snarice?rrwébegmp@eu of Exton,
PA, ! %%Wth\éﬁéggéfeg%derﬂ%yfuﬁ@ﬁ@{ﬁ RS Sis ufigBhy ﬁB.‘%‘or

about reactirve era

partigptarly méfo) hydireuRears, ive ddnlcehframien bPrRak the ybalie1@s ppm
ntioned abovei“ one of the inportant active
based ApdRBeta! yeigie! Hesemlats 290 IRuBRPr.on | s t he

I M LA e

of operatibny ¢ isThelievaditiat theateaativy hatlgfupttidhs ad?*l@ﬁa%rﬁf the present
i nvention, and all such conpounds are usef

invep@n gch iyPerviReNemeraus anst eestive W@éﬁ’dlnbhﬂg gitgsder trm adhesive

comBESH B80S TR g 15 A A0 BB AR oot o

the dfmbdlafdmweprsabh %tmﬂilCdtmsﬂ’éﬂgﬂ’Qaﬁ@ﬁF@Pé&’ﬁanbé‘ hi ghl y
preferred embodi ments, the reactive nultifunctional

actpedelativeameursef the difiesent types aoehfenctibnatities & reactive

R T A M INE RO A X

dep@&iding \6?T nuERUsTREIoRS aRIch 2% P EREMpld EH?; @sifdd &GdShte and
one of each. Of course, the reactive

strem@trt as lwailtaeoﬂrm type apidnaursf oft the qahersmpommiatque may

comfRFRPn? M Bl tatis Praterred ARSTHIBENS Afiihe ppgsent adhesive
comFBﬁhﬁBﬁQ %Fﬁdrbéeh(ﬁy bARE pehﬁa?«fl.ﬁﬂ:ﬁﬁnéra k/fafté;é ﬁ‘f‘é tri: Féﬁieﬁw@lght ratio

unctionality. In certain enbodi nen
of frémr Obdintal akxautyll: htreoroprefereblyeiemrahalt 001 to @ppotiads1, and

that are tri etra- . nctlo .. A preferred
even mor?lﬂﬁ%ﬁr%WXIfr%@bPH{@“é @@%{Eﬁﬁﬂ. ol pr opane
triacrylate, 30 which is sold under the trade
designation SR-351 by Sartoner Conpany of Exton, PA,
US]&HEBC@NGAGE[@'Ent a-functional acrylate is
entaerythritol pentaacrylate, 14 WO 2005/ 030894

[
cﬁitmﬁ@omw@mmma@ﬁha& I3 geReTA b RrReemtipention can

. 1P y

nc BB 8 A A OB AR ¥ bl e

the aning agest domprogese ankiniine Wuringryent C Thardrfinegidtig agent of
hydroqui none, in a concentration of |ess than about

the gr@gegblmventlon may be any substance known as an amine-type curing agent

for epoxy resins; it is generally preferred, however, that the curing agent comprise,

and preferably consist essentially of, a mixture of aliphatic amines.

In certain preferred embodiments, the amine(s) include, on average, greater
than two hydrogen atoms active towards the epoxide resin. The amines can
contain one or more primary, secondary or tertiary nitrogen atoms.

Examples of suitable amines are aliphatic, cycloaliphatic, aromatic and
heterocyclic amines, such as bis-(4-aminophenyl)-methane, aniline/formaldehyde

resins, benzylamine, octylamine, propane-1,3-diamine, 2,2-dimethyl-1,3-
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based on the total weight of the acrylate and

inhibitor. 5 Although applicants do not intend to be
woawsdsisp4or to any particular theory of operatTms2004031133

is believed that the reactive nultifunctiona

acrylates of the present invention act to provide

numer ous and effective cross-linking sites for the

' h
P GRS e i,

bls(@-@ﬁﬁﬁbm%pyﬁuérﬁlr%sl\ml s %m%@oﬂrﬁ{li"g%%ﬁ%ﬁferem

resi stance. The re | ve a
trneth;ﬂp@eteém@mme ctleutraaﬁiwlénmmntdamm&bem@etrﬁménﬁerﬁe}(éﬁmﬁéai 2,4-

S T A I R A %E’Sgﬁéha‘igéﬁﬁé@yvc?éﬁexane
bis- @ ATIoRy Hohe AP metfiafe s e BB Rl BRI et Blane. 22-
bis- (émchb&xylbﬂwabh@n@l@anﬁM@@f 8r5,8d enbodi nment s

: t he present adhesive 15 conp03|t| ons conprise tri-
trlméhnICﬁ%lﬁggxylanumep(&% hogenediaming); polyaminaipdazelines ghd

o (7R o BB
dimepizetiesrathmerfzedrfattp auids0.Gnd p‘aﬂlo@té?ehyt dpr%féhéd ty'BéEof%rﬁh@Cfs the

AGENT 20 Although it is contenpl at that, i'n general,
Clasg Héam%%ﬁpdﬂflﬁﬂgw Fenrdensation rﬁ@a@wsahyowmanﬂaRn@Wbases

t r.al | referr .
O 38 B PR BB s e BB R 58 by
ProcegentinddinedradeedssighaitorpAaBamiie 1858 AR8&RMtype of preferred
invention may be any substance known as an anine-type

aml@rarﬁg}hag@muc]% Brodéigshalinhedicamings, wish dbras alud;fyamlnes being

avaiB R RORERL ARG s s el BRbIRROAE AncaiRe 1 65 o

Anc@hiri@hfﬁ?»siaﬁﬁlm%mlhé‘mggma'SUIﬁJb‘?é ahiSes §P§BQH6IUEBttl§e
the am ne(s) include, on average, greater than

polyexpaiiyiencammes, Kpown @stleffamises, hna@bxll-ﬂmstreaanheTmeal for

cxerfbIF8 PSRRI 45 S TR Pt S0 St o

bis a@ﬁlﬁo@_\l'dzlﬁﬁékyl)?me%’éﬂé@lrﬁcﬂ'ﬁ@ﬂ'ieccyc‘?dé?%bhe aﬂﬂﬂeg’%ethylene—

het erocycl i’c am nes, such

dl(WI@I@G()(&L)MIW@dh@M@OWfB&& Eﬁé}th-lamnBbrfnethydt-liigﬁﬁydmmethyl—

evci S BRSSP o B ik el i)
(alsoﬂ(em?ﬁ'yl nﬂg?gﬂﬁﬁgﬁ%?gmﬁggﬁmfmred Other curing agents
include, for example, polyamines and polyamide curing agents.

For preferred embodiments in which the curing agent comprises at lease
one Mannich amine and at least one adduct modified amine. it is preferred that the
Mannich:adduct modified amine are present in a weight ratio of from about 0.5:1 to
about 3:1, more preferably from about 0.5:1 to about 2:1, and even more preferably
from about 1:1 to about 2:1. In such embodiments, it is also generally preferred
that the aliphatic amine compound(s) have a glass transition temperature, when
cured with an epoxy, of from about 125°F to about 140°F, and even more
preferably from about 125°F to about 135°F, and an amine value of at least about

350 mg KOH/g, more preferably of from about 350 mg KOH/g to about 1500 mg
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bi s(3-am nopropyl ) - am ne,
N, N- bi s(3-am nopr opyl ) - net hyl am ne,
wono@tagdoenet et raam ne, tetraet hyl enepent aam neCT/US2004/031133
pent aet hyl enehexaam ne, 2, 2, 4-
trimet hyl hexane- 1, 6-di am ne, m xyl yl enedi am ne,
1, 2-and 1, 4-di am nocycl ohexane, 5

KOHIBS T FoRAT kSR RyobiTSHERY 1S Prateanio use s combination of at
leasPivo éﬂﬂr?é‘b@ﬂ?bﬁh&@%’e}elﬁraofﬂ%{@f 841 compounds has an amine value

3-am nonet h
of frcpm|ab@tuh§306yoIablwkyﬁamngs((mﬁglamdcmtddaam segond amine

com Ui TS BB G el B PGt RO 4By BB KO Higg and

j ' t I
v ity kRGeS SNOPRA o SISO KOLA Ko usos
hereimdhé i‘glasb yramsitibeneatpeoaturedaefarens thé pmr@saé\lhl@asqmd by

ASTREBEAABI2 Wahni ch bace rymﬁée@iriff Product s under the
or B C P RS ARaCRE TG, i e L e KPRectt n & wice

varietyriofiesncemttdtidrimaeges lmihnammbmald%dm@e @\he |p@é)skehtfrﬁ\fbmnon
Air Products under the trade designations
Prefarabdy, hpsv%%awier@eimompsm%ﬁmm@%ﬁw S0t wi% to

aboﬂ'ﬁé\‘ﬁ ?&%ﬁgg@ %Iuﬁgé atéi/éﬁ}—lurﬁs eyng)é}’%ﬁgﬁ f?&ﬁaéq‘og‘f% 0 Wit fn@ngout

- 40 M%d@é@m& prefardii§ from 2B6ut 10 4%, tocibolit $Q3rvt%<y| ene

di ami ne and bi s(am nocycl ohexyl) nethane. Anong the
Furthsrenasgl appligants Aaveéaun hynemctedly@@eﬁnés@a ts@ﬂfﬁne

gendsBlig Sl BRER iter e dind AR IR e thanp i g e

combdishﬂ@rﬁ@lﬁ aRBoh&epdesa bl e b to 48U FOWE @fd even more
[ so& hor onedi ami ne or | PDA) are preferred. O her curing

prefergb fsom ahaul @d, plaver taexlaes|49) pPway ani nes and pol yani de

curih g3 Ahing Rt adigh CinEEse ShE dhfarerh e Rbal
amlr@ts ik @@ﬁgréﬂ %br@%’rﬁéd wheHiif ik %sﬁfﬁb@for ltl"ie ha8h&sifé BbhPBsition to

t hat Manni ch™ : adduct nodified am ne are
perfcpmeweﬂx especialiyeingaims af pull ofit forcen attyelativelyshigh temperaitres.

in ceitel b Sl Bicl it SMEcaHPaBotis praefgddbatiney: 1
comﬂ)é‘slﬁé‘r‘? r&dRRA Eﬁﬂto%t fdrEe bf afle3@t Q?Rﬁ %léﬂbd?@@f’@ rgduch

hat the aliphatic am ne conpound ave a
embodlmezntss iibis prefreedithat ¢he otwemg agentecbmptise Emrreainm;t 250% by

mabo F to, about 1, and .even nore 30
We'QEJ Uf(gpﬁ%y %'sbﬁ?fo Qysige tpgaaﬁamm&%ﬁoream@f%r@ba/nﬂrﬂ@

otk 3y S SR S

preferably about 35 % cycloaliphatic amines.

INHIBITOR

Inhibitors, and particularly free-radical inhibitors, are known to those skilled
in the art. A preferred free-radical inhibitor is hydroquinone. Other suitable free-
radical inhibitors include, but are not limited to, trimethylhydroquinone,

hydroguinone monomethyl ether, t-butyl catechol and naphthaquinone. It is also
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WD 2005/ 030894 PCT/ US2004/ 031133 KOH/ g. In certain

preferred enbodi nents, it is preferred to use a
woaodsioaevion of at | east two am ne conmpounds ROEMUSRV4/831133

first of said conmpounds has an am ne value of from

about 800 to about 1500 ng KOH g and at |east a second

am ne conpound has an an1ne val ue of from about 350 to

out 800 even nore preferably from
contﬁmﬁteéébaﬂ%wm@ orR Hsem@dlsebmn&lﬁ@m@ %@mpé@@d in the

ancdlﬁgc%mopsg% gé@ﬁ% a)’ u&'%t@h%t&@?ﬁf%éﬁ@b&céﬁ%ﬂ%és 'fore

prefe@ibl\eophptises trhﬁrtajdrrmoﬁmma anid iengn agsretprafirably consists
present 1n a wde variety of concentration ranges

essartiehly 9% hNErastRRNG ¢ B oo tbepINBIRIArS Meyehe Hard alons or in

complrEBRIA MR iftftne. S PO S8 e PP BalasPRaiRERe. °°
metmglﬁydroglmfoﬁep eafezhaband tHeliRexlhith e odn%ehﬂoﬁé}%mp@ed as
% and even nore preferably fromabout 10 wt%to

polymmatlgo infiitorsrur t her nore, “appl i cants have found that

RS BT RSB PRI A e B mey

varyl\ﬁldéﬁi"ﬂ%’ééﬁdlﬁ@%n' runaefRuB Factefs hAdIBLRP @' badh apbYiBatich and
about pbwa, and even nore preferablé)from about 25

contpmmated usteo ittis generally. prefesragsihad the: inhibitpr ag eresentiin amounts

ot errant 0,0 0F S o 015 1A, BRABLE e Eferbly from about

0_01?:\9{0)@%‘,5@099@0@'[%! on to performwell, especi ally in
terms of pull out force, at 'rel atively hi gh

tenperatures. 20 In certain of such high tenperature
is preferred that the conposition
pmﬂi&:\a&%ull out force of at |east 50KN at about
sofeth odlﬁ{gt’%j'tﬁg &sin c'o[)néio%ltﬁfrﬁéfec fseﬂvéﬁf?%n E:Qﬁ be more

CUI‘I ng agent conpri 'se rom a

eaS|Qbalu'ed5@P/a@d|ng/ea giningtatalyst, el infireon, or ehmrtm eRepm;Eremtatlve
erably from abaout 30 % to, about 40% b t of .
mltl%tyaq Bialudsnaldeby daianeae canderRsAtion RIPEuSt; Oy '%ISH&PS}VI chlorides

and ?Qf‘ﬂ%b{ ?E r(éé:x/ﬁ @rh%’& |ﬁe$%ﬂfg§%eﬁé\'§|lggféﬁrred In certain

ors, I'nhibitors,

preféfréd W‘dltr@nw ake mﬁaﬂok edmlpnsw enarhinoAsubstfuted @denol more
free-radical i nh| bitor is hydroquinone. QG her suitable
preferakly adertiasyapuno isHRstiHiest RNeRel 2Rk even maseraterably a phenol

e g B L PO S8 DR B8 O preferec
tertibity 4rRind i8®,4,6-tris(dimethylaminomethyl) phenol available from Air
Products under the trade designation ANCAMINE K54. Of course, two or more
different activating agents can be used in combination in accordance with the
present invention. Other suitable activators are tertiary amines such as N,N-
dimethyl aniline, N,N-dimethyl toluidine, N,N-diethylaniline, N,N-diethyl toluidine,
N,N-di -(2-hydroxy-ethy)- p-toluidine, N,N-bis(2-hydroxyethyl)-p-toluidine, N,N-
bis(hydroxypropyl)-p-toluidine and the like. . The curing catalysts may in certain
embodiments also include organic peroxides such as methylethylketone peroxides,

t-butyl peroxybenzoates, benzoyl peroxides, dicumyl peroxides and the like.
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nore than one free radical inhibitor my be enpl oyed
wonodsiaogsanchor conposition. The pol yneri zat i ORCT/US2004/031133

i nhibitor preferably conprises, nore preferably

conprises in major proportion, and even nore

preferably consists essentially of hydroquinone. O

course other inhibitors may be used alone or in 5

coﬁM'KQT%QPWQlAQ?!Na%w none, such as for exanpl e,

PRTHBEERSE BR oMY S B0 BBIroBhgent The
pref@frlewmi’xbir@bl rithit hé Bl‘é‘:enWH\ﬂeﬁtlbﬁ caBisE9 HEERhBbSHon to
that the anount of inhibitor in the conposition may

becqmeynwej%lulyl teplessivisgous, wheragitatetiastimed opmlxeat or atherwise
t | t d 10 [

sublgBief yPPDss o dis; Ras SowbP AR iR thiSonic aget in the

ancl%%tﬂﬁﬁosmf)n ftd ﬂﬁBLﬁ‘@‘{’rﬁ’ét tRe Q@ﬁp‘ﬁ%%’ibh%a"’sbfh@ztdé%lr%d"\‘hgéosg‘t?%uring

even nore preferably from about 01 % to abou
appligation and eAigORe d@npositomis apglisdi. ot exanple, tmmtmplc agent

mavéeﬁ”gaa'?agé’ Z]r“ﬁ'fa'}tpﬂ'g?%vgeﬁ'w ﬁ(}gﬁé’ggggé‘ﬂf’ﬁ]gg%gpgg L&l
oppSRB9BY T4t BB anAEINPrRd SYRAor 1o 7 g ol

condensa product,” organic sul fonyl
the caiting.aily additioes a thixoiropieragemt ynanbmaddbdrtmgngamhoal ly
ef erred [ enbodi nent s

I n t
comPRetiPR Bibrey these tino 2F e&@@%ﬂ@@fﬂﬁ%@ﬂ&@ﬂ@ﬁ campasition
d
and 49 iffr858s & Vi @oé@{ b tﬁéﬁo"f\?ﬁc{é‘i’t (ﬁgw o thif gﬁ%@@@ﬁt al§t5‘

even nore pre era ttwo
facnnam‘sedlapé:ysmgraéehe eompasmoarbeneusel bﬁktelntajehear fofaeeis applled
amne is_ 2,4, 6-tris(dinet

preferr tertiar
e.g. %H%ﬁ‘?%?f] the C%@ﬁ%t'%if&m %lgl'%)eﬂs!ﬂﬁ @, tb?é@'é@%gp\?rﬁﬂﬁm
makTeQQhé ggk?l Hg%'oﬁﬂﬁ:% 1o 1E5EOMLDEs Kadh thgr%ﬁ)?é”rﬁgre L4& & expel

ac I'vati ng agents can

frorrcmd:namidg:es ofitheclispatasireegum.t ﬂrhehhlxo%pi@raﬁmmay be found i m
invention. Qther suitable activators are terti

the anghriscompesitien M AN @M thenancef fwnmaapnb@ W% to about

10 vhg/‘NLﬂd% rrﬁ?)&e Qr%t pétﬁy E’%ﬁhﬁ%ﬂaéuﬂe\g wtg %IOEI{ BXW Oll')%l%ﬂ? the use

oxXy*

of tHikd¥rdpi6 @&thWMmdamH)wmbrt BlelartiHoe con&SItlon is dispensed using
bi s (hydrox propyl )-p-toluidine and the like.. The

a gl@ferr Fasuatr A wxanpiaof ﬁuﬂéblﬁd?rﬁfer%wm% agerigs fumed

siich RS A8 B L B i S Bk i

knoWR i &l ifdlEdiny lpyRAY QX oflSifican tetrdhibride and precipitation. Other
suitable thixotropic agents include the various organoclays and various fibers. In
some anchor compositions, the thixotropic agent may also be considered a filler. A
suitable silica thixotropic agent is Aerosil. RTM R202, which may be obtained from
the Degussa Corporation of Ridgefield Park, N.J. It is also contemplated that more

than one thixotropic agent may be used in the anchor composition
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18 WD 2005/ 030894 PCT/ US2004/ 031133 THI XOTROPTI C
ACENTS The present anchor conposition nmay al so
woaorises4a t hi xotropi c agent. The preferred PCT/US2004/031133

t hi xotropi c agent of the present invention causes the
conposition to beconme nore fluid, i.e. less viscous,
when agitated, stirred or m xed or otherwise 5
sub'ected to such shear forces. It is useful to

RS thlxotroplc agent in the anchor conposition

Jb%sﬁ%ot Pl g s prsehs APk eR 415 preferably comrises

one@am@@@ filiep8. Fmeﬁsoéﬂel tgﬁlcaﬁﬂédéé@lf@b@mlpbbm&ﬁ& e Sricgeaksons,
may be added to inhibit or prevent slunp or sag of the

mclta;dmgé@uredme dnrgrkagecof tag sompasition thay meyqacue durlng

polB Bat B SRR Bi, o5 b8 Bl HE R freibod
portRFESH theBoREeqERI d CorAPordts OF the BRBIRST ddnfbbditfon. The filler
prevent the settling of other solid conmponents of the

maycaiﬁpcpgowderfor imrroved baod sireagtmef thiesnsior yomposm@n when
facilitate

p°'y<5n aikand Pt Eresleibe RS BElbr Bl ek SiatR BpBRials in the

fo%ﬁi%n' SerphllEdhe fiferds PXiPBHS IfdigMhict &R %Eﬁ@létb%mpound
rom a di spensi'ng gun, the thixotfopic agent 15 makes

By inéwt itr |ssmeamtrtgatﬂnepfdbr tdoea nioé detrimerntaliyg ;ntarad:t witerasfyootaer

comzBaBahel the GURPOTHRN (TIPS 6T SLLGRIR TRy mbidko Bk TGOt
limlt;eH%aEﬁJ%%d?P%éOﬁléés% taUaﬁEDéméa iiind Sné,aél&%uﬁg, various

ronm abou Yot o abou W % and nore
claysr diatombtgotis eanthlodtotieningiaralaboch as nmices flimy powdet, kryolite,

alUBRGHE Py S8 SO0 /P BT RS bIFNsSi, S50 iRty mers such as
pol)}t%hﬁi%aé!hé héNbW %@Q'a‘ﬁdoéu %Pbé?@%,;%gﬁ’é iBE" RSvaculit , Galcium

otropr ¢ agent : so' cont enpl’a
sulfatecaridmixtaresothereof] | Peefemmrad €illbys arleequartz @L&srmmsmsa Fillers
known in the art, including pyrolysis of

mayt ke treekrbWith ConRling AEBNYSitPATPERVe RPRding g Eh@ RelVEer matrix
Exal)S9 bf CRUSiREEGRs DGEH HFay BE L4BHIOURPIAARRGL S shlfes

rrous sone a or conpositions,

titaridiéx ehdepiconatgent nmay al so be consi dered a f| [ er A
25 suitable silica thixotropic agent is Aerosil.

Re Frefaablyhtheagresenieampesitons semtaimliens ansarount of from about

I
1001 R 48 LRS! b Sl ol aB g ety 20
wtvP® alsad 710wiReard eben nrapesicralsy fidn E@o@@%h@%&&%out 50
PCT/ US2004/ 031133
wit%.

The exact particle size of the filler will depend on the desired consistency of
the compasition and the method for dispensing the anchor composition. For
example, fillers having a large average patrticle size (300 microns and larger) may
clog static mixers that are used in dispensing systems such as dispensing guns.
On the other hand, fillers having a large particle size can be used in glass
capsules. Preferred particle sizes are about 50 microns or larger. However, in
cases where a filler is used to prevent the settling out of other particulate matter in

a composition, a particle size smaller than 50 microns may be desired. It is also
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FILLERS The anchor conposition of the present
i nvention also preferably conprises one or nore
woibdsases94Fi | | ers are typically added to conpoBCTiUSH®4/031133

for various reasons, including to reduce shrinkage of

the conposition that may occur during 5 pol ynerization

and to reduce the cost of the conp03|t|on as fillers

r epl orti.on of e nore ex ive components of
recwacﬁ@\fﬁﬂ“go%\eegﬁ i3 sz faskahe ??Qynvgr%s PRy \Redased in
combfiati

LRI S 16 SRR pi 8 3L rEapaR Hicrons

out of other particul ate materials in the

co Ltion. Cenerally, the filler is an inert,
%’iﬁﬁcp@%ﬂvgs particul ate conpound. 10 By inert it
' S THEHHchbf! @hmya@mob rhgy a5 igh Qﬁ%&%@%g\%%%rep% is used

i nterac conponent

in afcsachbrsg cbn'tmstt@hl te nﬁaéH afiys otidchiueie, camjositich et is thought
limted to, crushed glass, glass beads, quartz,

undesirakla orlunpiaassnt A arefairad fragsaneiis Atlanig & ragrance 16332.

Smﬁ%%@&%ﬁﬁ rﬁ%{ t%leﬂ'[biofédqﬁ nﬂﬁ}a %L%]g?lggl:o%f 4“ étlor\ Suitable

pugrﬁ@ﬂd,ar@kh@whytblth@@ skilléd friexart. granul ated pol yners
such as 15 pol yethyl ene, hollow glass and pol ymer

beads, zinc oxide, novaculite, calcium sulfate and

m r f] e quartz, glass

anﬁﬁéﬁ?@ Eﬂ*ﬁ%ﬁgéﬁmﬁ@ A'élél%zv%gt h coupling

agfbfe b dBMBKEoLBBHrBSehtant&tidi 0 kEBACHE! édrﬁposmon is

Exanpl es of coupling agents, which nay be used t
formeadday mixing fa finskeampeositien laades secand emapesmamn dr he flrst

zir &onate gPreferabI \é t he gres t co f?l S
compgattion£antzing tae §RORLERMPOYRd ARG RrSIssaRlY aab8ut
sub@t%r{?IQV%tWBbHWanB ré at9l9 B§férft|%ﬂ gﬂ%%é’Féﬁcﬂ/éQ‘lMeﬁfﬁm

out W% a even nore

presenéf dhelfirgt cﬁcumpmsameIstpmfe%abb' caim)ams?me nmlﬂmna:'inmal acrylate,

.exact _particle size of th depend on th
whidhu sl SRRBC A NS INDIPIHaR40 Giblb GHENG AT HigedhsIve Lntil
cosfB4/180 S0l EHERRIEN KeRrPEN S GRIR B AIEGeL en e
first cof{powitioroasd &mlsécur@e&dmmmsmom brgcombined, pokemeriZdtiah

are used in dispensing systens such as dispensing
OCCYEns. On the other hand, fillers having a | arge

pa[,# éﬁ g?ﬁezoeerﬁsﬁdlpreenll’stﬁg flrBt &%{ﬁé@s%ﬁﬁ%ﬁpﬁégs gpoxy resin,

par € Slzes are a

multifangtisnal lHeywde®y acdeleratbrearefiliemEne fisstfdom@isitich me9dis®
prevent the settling out of other particulate matter

comprise @ ipomiesic agent, a chairt iransfes pgent gdTeesradieglingipitor, a
fragfgn%Ir 95?1‘ JE?TY/aHJ?, é’%?ér{n%r alntdldr a ng?ﬁ)ent. The second compaosition

may also include a filler, a thixotropic agent, a fragrance, and/or a pigment. It is

|

also contemplated that both the first composition and the second composition may
contain some of the same components.

The weight ratio of the first composition to the second composition may be
in the range of 0.5 to 1 to about 2 to 1. Preferably, the weight ratio of the first

composition (Part A) to the second composition (Part B) is about 1.5 to 1.
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20 WO 2005/ 030894 PCT/ US2004/ 031133 recogni zed t hat

filler having a particle size |less than 50 m crons may
woeoasgaoien conbination with other fillers, sSBaE/US2004/031133

having particle sizes greater than 50 m crons. OTHER

ADDI TI VES 5 The anchor conposition may al so contain a

fragrance. A fragrance is used in an anchoring

[tion to nask any odor of the conposition that
Exé@%ght undesi rabl e or unpl easant. A preferred

S IR S R B ARGt (B bofiments of
the nveosibhiapl arBuidt dhiteade it iimittthe acepé e INvehtios ©r the
.sSkilled in the art. 10 PREFERRED TWO COVPONENT
claimgpi-aNY/mannerone enbodi ment of the present invention,
the anchor conposition is forned by mxing a first
conmposition and a second conposition. The first
COEMPERIMENTANRROTOO®LSpoxy conpound and preferably
al so at |least a 15 substantial anount, and preferably
substantially all of the reactive diluent if present.

Thg . 19 4
pration of Two Rart L pref er abl y
contains an inhibitor to inhibit curing of the
adhesive until desired, the second conposition
pr €he epbropriada raountanf poliymerizabld gaxy resenaneherepiiredit To

conmposition and the secon 0 iti.on are conbi ned, .
the (B3 uadch B SHpTopiateraunt o TL B RictipPet A ExGEs Trarive diluent
anct b ST PSR4 S RP Mk g p cipepeer.
Nextf thies thixatnquis iagenhisreaideal with sheampmixirg follohieddiy agdition of the

i, farer G i lekdf i kG 1Y e BIhoR CarpRsten, it s
prefét%%@é)gp éd@;rsgfﬁfa fildh et PAPRG. FUPSHEd B trePsdPRdPRIRE and so
ude a fi a't g a

I nc er, | xot'ropi ¢ agent, ragrance,

on uatidtherdesifgidgmeniber dftfiliess havs beenzidelay ltaties compositiohhuntil Part
the first conposition and the second conposition rm%
A of thm EaMROSEIRR 19 CoMpieteatdIec3AMe SEREER! PTRREAMER @Stdgsaiiped

s ] DRSS GBS SHBR, SPIBASHE ol

e ran

activet@f fidlerppigment andeitight ingeddientsf the first 30
conposition (Part A) to the second conposition (Part

B) is about 1.5 to 1.
The above preparation procedure is used for the examples, except for the

comparative example, in which case the adhesive was prepared in accordance

with the instructions provided.

Pull Out Performance and Torque Resistance

A medium weight concrete block approximately 4"X.8"X16" substantially
free of surface moisture is used. Typically, five replicate pull out and torque
resistance tests are run for each adhesive composition tested. First, three equally
spaced 110 mm deep holes approximately 14 mm wide are drilled in the 8"x16"

side of the concrete block. Then, the holes are cleaned with a brush, with
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21 WD 2005/ 030894 PCT/ US2004/ 031133 EXAVMPLES The
foll ow ng exanples are provided to illustrate

woaodsiosedar enbodi nents of the invention and aPeTmsSR004/031133
intended to limt the scope of the invention or the
claims in any manner. 5 EXPERI MENTAL PROTOCOLS
Preparation of Two Part Anchor Conpositions 10 The

appropri.ate anmounts of pol ynerizabl e epoxy resin are )
compBleSSEP e 2 UM A AdReivRICoMEOSE BN S Misated dmouhe drilled
f Lt 4 /Aup gt d , i jo L, L .
noeS] el 1201 A RO A S B0 %04
insepedfistodhe yadhesivg-contaisrenkele. withNetwisting endthork MHeofhne before
S a it hear m xi ng fol |l owed by addition

agent i dc[ied. with (

pull gt aingt torpfie 1S3ting i I Jhe rangemobakout 0.5 BPUFSSY abasd 72 hours, as
o ! O PEF

epe e r TGRS SEUPA) 4kl gy anc e

amoadtiefttorque reguirddoddgin retatian &f §% radisustbidedhen torqued pull-
desired nunber of fillers have been added to the

out tesisptfig slednesmetee! g afterdhgrtorque resimtarga isoneasured is then
. . i bed .
conrGESB o e HEaRATRIS i EFBE NP 0 S8 i unversa

testergRividel THOK ristapi Coagration, @attoraleisf or iteequilb@HEMENnd the
and ot her ingredients. 20 The above preparation
rodsrﬁrg(;é}(ylgfj@tiosé1 Usiswite gntit indues: it mexinue égad aod failwe type was

[ ] ' e, 1 he hesi ve S
tnerBERRREL IR ST b R AR BERG R B ame
manheR\sxaept theToRylihg Eperdtinfisomifteg. and Tor que

Resi stance A medi um wei ght concrete block _
apPnexneasuse pf zeat veordigerfarmascaraf isachgr adihesives is the torqued
icall ive replicat

i N, . f. .
pull if foPEEof BeAdfisinlel TS dnedafedd indertdin Wayis Boréariatiye of
actuadbsiditier £an® eshithetichesiteesinc&ithviduld ot Sg %&éﬂbgtéédgfrgre anchor

spaced 110 nm deep hol es approxinmately 1 (
boltsgfon example, tonlee Brigtes! or atheavisé tolneieddnyca eppstlictiin worker,

sithe} JSanghESbn SN faesieba s e AdRedlve 3 applied biif btore the
adhesive has had a chance to fully cure. ‘

The preferred anchor compositions of the present invention provide a torque
resistance at about 1 hour after application at about room temperature of at least
about 15 N-m, and at torqued pullout performance about 24 hours at about room
temperature of at least about 65 KN.

Most preferably, the material that has been anchored to the concrete or
masonry, or the concrete or masonry itself fails before the adhesive composition.-
As can be seen frqm the following examples, the compositions of the present
invention a‘re capable of achieving a torque resistance at one hour at room
temperature of at least about 15 N-m, and a pull out performance (without
torquing) at about 24 hours at about room temperature of at least about 90 KN and

at about 24 hours at about 80°C of at least about 45 KN.
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10

15

conpressed air and a vacuum An adhesive conposition

isinjected into the drilled holes, and a 1/4"-20
woOhowsadesoper i nch. X 12mm st ai nl ess steel rod type/u38s4/031133

is inserted into the adhesive-containing hole with a

twi sting notion. The tinme before pull out and torque

testing is in the range of about 0.5 hours to about 72

hog&iugziggg@igéghaﬂﬂégor the torque resistance test,

th i is torqued, and the anount of

torque required to begin rotation of the rod is

recorded. In torqued pull- out tests, the stainless

st éeleading edrimerdibiey heditiige, Xy liiied arﬁ:h?é?éaHéﬁ%'s‘bld under
connected at the indicated tine to a universal

the trég? glesiggdian 24=-2R0IYskHib Aktiengesedlschaft o5 Behaandldethtenstsin
s ugetin AR SERL A At GRS PAIARS BEmeBSyte Taripusy, o

performahcd patamieterstas ouﬂmeﬂiumth@ééowﬁrét@bd)lﬁr quVﬂbﬁoWﬁfg results
then recorded. Pullout tests which are not torqued are

are gRSRYPEd in the sane manner, except the torquing
operation is omtted. One nmeasure of real word
performance of anchor adhesives is the torqued pull
oupdhesige of the adhesive. This pgaggne is in certain
ﬁ' representative of 15 actual conditiors at a
§t’quﬁ:RB§lﬁt€§’lqee1§ﬂrn(6N -M} woul d ot be unexpected for

PR b EBAEIRNR oo st o other e

| npe,n@utoaqq,l xn@[mﬁnb)’](m} ional | ygqgafter the adhesive
i's aﬁp i ed before the adhesive has had a chance

t oPu DlIJtyZédﬂre(nO'ltbe‘:leﬁ)e(KN)r ed ancBOr conpositions of
the present invention provide a torque 20 resistance
at about 1 hour after application at about room
tenperature of at |least about 15 Nm and at torqued
pul | out performance about 24 hours at about room
t eRpepabilite—of at | east about 65 KN. Ydbsd preferably,
the material that has been anchored to the concrete or
masonry, or the concrete or masonry itself fails
befrﬁé RE %@O%?Bﬁéét"r?aocﬁﬁ H‘Eé?dstu'ré’ﬂe(tor (85 s‘féﬁbeb%? &FE& hours
fromthe fol'l om ng exanpl es & CONPOSTtioNns
afterpapsimation i eodmdempeeatappabl e of achi eving a torque
resi stance at one hour at room tenperature of at
| east about 15 Nm and a pull out performance
( or qui ng) at about 24 hours at about room
WES(IAWLEH of at |east about 90 KN and at about 24
hours at about 80C of at |east about 45 KN. 30 23

A two part adhesive composition having a Part A:Part B weight ratio of 1.5:1
and the following formulations for Part A and Part B is prepared and used

according to the above protocols:

PART A

COMPONENT Wt.% in Part A Wit% in A+B pbwa
Epoxy resin (Epon 828) 59.21 27.33 48.96
Accelerator (SR399)* 19.51 9.00 16.13
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WO 2005/ 030894 COVPARATI VE EXAMPLE PCT/ US2004/ 031133 A

| eadi ng commercially avail abl e, epoxy-based anchor
wadhsasem4sol d under the trade designati on REPED@SEON4/031133

Hilti Aktiengesellschaft of Schaan, Liechtenstein 5

is used in accordance with the instructions provided

to neasure various performance paraneters as outlined

in the above protocqls. The following results are
ACC%@%@F‘%@%@@%Q veRES500 Tor que Red stance, 1 HA.04
: r no torque N) 47 Pul | out,,
Reﬁ%ﬁ%’%&‘gﬁ%{%‘ﬂ" (&M)%ﬁéPul | out, 2 r.(no tor quél)OZES
Thixokisp8OAGem@H02)t y2.4400d 10 The RE4300 product Ifpad no

surabl e torque resistance up to six hours after

. e
F"l%égﬁﬂ@ati on at roo¥Plenperature. EXAMPLE | 15 Al wo
; adhesi ve co ktion having art A Part B
P'gﬁgﬁight rati o of Tp(géi and the fo@Pgwi ng formul :Qti ons
frludRey 27 @\ppnmadQ B is prepared and used according
to the above protocols: PART A COWPONENTW . % in Part
RNRTyes AR nellheymedd@n ( Egon 828) 59. 2127. 3348. 96
Accel erat or (SR399)*19.519.0016. 13 24 WO
2005/ 030894PCT/ US2004/ 031133 Accer| erat or
PARTSB351) ** 4. 882. 254. 04 Reactive Diluent (Epodil 750)
4.882.254. 04 Thi xotropi c Agent (R202)2.441.130 Filer
(Sand) 9. 074. 190 Pi gnent 0. 010. 020

COMPONENT Wt.% in Part B Wit% in A+B pbwa
Curing Agent (AN1856)  24.61 7.57 13.57
Curing Agent (AN1768)  18.11 5.57 9.98
Activator (ANCK54) 4.67 1.44 2.57
Accelerator (DETA) 1.29 0.40 0.71
Thixotropic Agent(Aerosil R202) 3 0.92 0
Filler (Sand) 48.32 14.87 0

The various perfermance parameters as outlined in the above protocols are
measured for the adhesive composiﬁon and the following results are observed:
5 Torque Resistance, 1Hr. (N-m) - 21
Pullout, 3 Hr. (no torque) (KN) - 76
Fullout, 24 Hr. (no torque) (KN) — 91.4*
Pullout, 24 Hr (with torque) (KN)-67.3

10 Pumpability — good

*- rod/concrete failure

As can be seen from a comparison of the above example with the
comparative example, the present composition is capable of producing its
15 maximum strength of about 100 KN approximately four hours after application,

while a full five hours after application the prior art product is well below its
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*includes 270 ppmnme HQ ** includes 125 HQ and 175 ne

HQ PART B COMPONENT W. % in Part BW % i n A+Bpbwa
wauoisngosdgent (AN1856) 24.617.5713.57 Curing AgemtUs2004/031133

(AN1768) 18.115.579.98 Activator (ANCK54) 4.671.442.57

Accel erator (DETA) 1.290.400.71 Thixotropic

Agent (Aerosil R202) 3 0.920 Filler (Sand) 48.32 14.870

T L T G N T
oRETRE SRS ol S it SR

resigtance onlyuthotKafter aptflicatioh)| while trixdptibr. art peodunt gueduces no
ng’\aﬂJ- 91.4* Pullout, 24 H_ (with torque) (KN)-67.3
subsignt) ipEave fesistancrgyen atter ¥ NeFerete failure As can
be seen froma conparison of the above exanple with
the conparative exanple, the present conposition is
caBXWMPLE 2or oduci ng its 15 naxi num strength of about
100 KN approxi mately four hours after application,
while a full five hours after application the prior

pch B3 peAda 8 chmbBs i LT A A b BN e or 1.5

and Eed NoWirey friRigtidhstfor Paft A BA8HErt BASPRSHaredrand used
Mor eover, the present conposition is capabl e of

accojdingrigithagbsivgiretosal® torque resistance only 1 hour
after application, while the prior art product
produces no substantial torque resistance even after
PAR3I X hours. EXAMPLE 2

COMPONENT Wit.% in Part A Wit% in A+B pbwa
Epoxy resin (Epon 828) 38.53 17.38 13.80
Epoxy resin (Epon 160) 25.68 12.02 9.55
Accelerator (SR399)* 17.12 )7.84 6.22
Accerlerator (SR351)**  5.00 2.29 1.82
Reactive Diluent (Epodil 750) 0 0 0.0
Thixotropic Agent (R202) 3.5 1.6

Filler (Sand) 11.00 504

Pigment 0.0 0.0 0

*includes 270 ppm me HQ
**includes 125 HQ and 175 me HQ

PART B

COMPONENT Wt.% in Part B Wit% in A+B pbwa
Curing Agent (AN1856)  23.61 7.21 5.72
Curing Agent (PACM) 9.6 2.93 2.33
Activator (ANCK54) 2.43 0.74 0.59

26



A two part adhesive conposition having a Part A: Part
B weight ratio of 1.5:1 and the followr.g
woaoomewvions for Part A and Part B is prepar edCams2004/031133

used 10 according to the above protocols: PART A

COVPONENT W . % in Part A W% in A+B pbwa Epoxy resin

(Epon 828) 38.53 17.38 13.80 Epoxy resin (Epon 160)

25. 68 .02 9.55 Accelerator (SR399)* 17.12 7.84 6.22
ACC%!@&%PF@%Q@ (SR353:98* 5 00 2.29 1. React i ve 0.96

e < 7585105@ 0.0 Thi xgtyopi c Agent (R202
ThoghE B Aaf AL dsi A2 28 01200 5 878" i gent 8.0 0.0
Fillep (Sandc! udes 270 ppsgse HQ ** inchudgs 125 HQ apd 175

me HQ PART B COMPONENT W. % in Part B W% in A+B pbwa
Curing Agent (AN1856) 23.61 7.21 5.72 Curing Agent

The =B eashss sabns e PEL sk shate Y altgPfy are

measURiaNor 3h& StihegeWomiduski and the@birerdsits drd@Bserved:
2.50.760 Filler (San 58.5517. 880 The vari ous

pef PEumResistricandHsr N-gY -o\ft Ihi neghi n the above
5 DLBURRE pate B RlRE AP L Cpaerve: Torque. | "

RepuﬁbamQa,Hrl.(hb-torgue 801(551}(@2@4 out, 24 H. (no
torque) (KN) - 97 Pullout, 2 r. (no torque) @80 C
(KN) - 54 Punpability - good

Pumpability — good

10 As can be seen from a comparison of the above example with the
comparative example, the present composition is capable of producing a pull out
force of 54 KN at about 80°C.
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10 As can be seen froma conparison of the above

exanple with the conparative exanple, the present
woaopasi®ion i s capabl e of producing a pull ouPCTfUSR2E/031133

of 54 KN at about 80C. 27 WD 2005/ 030894

PCT/ US2004/ 031133 CLAIMS 1. A curabl e adhesive

conposition for anchoring materials in or to concrete

(gr sonry conprising: a. at |east one polynerizable
lp%u@gcon‘pound; b. an ethylenically unsaturated

nononer reactive with said polynerizabl e epoxy
conpound; c. fromgreater than about 0 wt% to about 30

. W % afrabkaadhesive pompb§ition foroardharitigyrinatezials in or to concrete or
accerlerator, said accelerator conprising at |east
on@ 35N, REFPHSHIS: acryl ate and at | east one tetra
functional acrylate; and d. curing agent. The
adhesi ve conposition of claim1 wherein said

polky ner iat Edst oapPolymenzghde epokp compsent; i n t he
conposition in anpunts of from about 15  w %to about
50bwt 9% @M ethKlepisaly sinsakiated meneMgr FRastye VilH$RSi t i on

of cl ai lm ' ' i zabl e epoxy conpound
IS pres?r?fyln %é@géen%gwkﬁgﬁ(ﬁ’n amounts of from about
25 ¢. Wt %ofiiopn ghesater tHanvdiieud 0 wide te abpois30 iwthh. offeadiine

adhesi ve conposition of claim1 wherein said reactive

- mul ti fufedliisingtion@laardate eenmslaraies, saifwcspleprtop6PIPHAING at
of acrVhald dlidkinirittioRb d¢igile bhl o Yk oPRAktra Jundiithal

adhesi v onmposi tion o wherein said reac

mul tifurgtyjlaralandcryl ate consists essentially of
acrylate that is at least tri- functional. 6. The
adiesi vEUEBERESNti on of claim5 wherein said reactive
28 WO 2005/ 030894 PCT/ US2004/ 031133

2. The adhesive composition of claim 1 wherein said polymerizable epoxy
compound is present in the composition in amounts of from about 15

wt% to about 50 wt% of the composition.

3. The adhesive composition of claim 1 wherein said polymerizable epoxy
compound is present in the composition in amounts of from about 25

wit% to about 40 wt% of the composition.

4. The adhesive composition of claim 1 wherein said reactive
multifunctional acrylate comprises a major proportion of acrylate that is

at least tri-functional.

5. The adhesive composition of claim 4 wherein said reactive
multifunctional acrylate consists essentially of acrylate that is at least tri-
functional.

6. The adhesive composition of claim 5 wherein said reactive
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mul ti functional acrylate conprises acrylate that is at
| east tetra- functional. 7. The adhesive conposition
wohoasiaosm 6 wherein said reactive multifuncti @aaius2004/031133
acrylate conprises acrylate that is penta-functional.
8. The adhesi ve conposition of claim1l wherein said
ethylenically wunsaturated nononer conprises
diglyciﬂﬁlether 9. The adhesi ve conposition of claim
1 whehbltiundiongkagiate comprises asaxste Bakisoatlaastdstar d
react'ﬁgﬁgﬁéwent is fromabout 0.5 to about 30. 10.
The adhesive conposition of claim10 wherein said
ethylenically wunsaturated nononer conprises

di gl yci dal ether. 11. The adhesi yve conposition of claim
4 havlheyadhasive SPRIRESEIAN ofliaim pavheseinesrid react® hour s
at a el t .
2. * TG ABrF BESIAL EhfheblseS aciaR 0P ftberid-tyfttional.
torqued pull out performance at about 24 hours at

about_roomtenperature of at |east apout 50 KN. 13.
&he alihegdbesivesppyIcsition offclaimil wherginesaid ethyderically

pol y ' QXY : i d

et hy F@#T%QH’[% Errg)s at u(err;(:t):gﬁé | %%oé@&cﬁ%%tﬁ %t:; et her
conprise fromabout 40 wt % to about 45 wt % of the
conposition. 14. The adhesive conposition of claim1l

Dher ef e eghasivacopposijian of daifi ivdereiningeveight rajio of epoxy

whor romBaad b SRR OB LM BofisEs Bhaey so
PCT/ US2004/ 031133 i ncludes at | east one a cyclic
group. 16. The adhesive conposition of claim15

her eThe sdhesiygicespasitiangofaglaim 10iwharainespidetndericane
C4 - C8 l,] . 17. Th ' iti f
ol a nitsetated iR oA L BHEYEREE, S ompound

to said amine curing agent is fromabout 0.5:1 to
about 3:1. 18. The adhesive conposition of claim 14
Wher eThe teldbesivegiompasitian of claipot yhavigd awdiergue peil gut

am nepg#&lrr?%caeggtr% hgurfsraqrgb%% lr%on% :telmtpgra"%alpeuct)f aeizléést about 85

KN.

12.  The adnesive composition of claim 1 having a torqued pull out
performance at about 24 hours at about room temperature of at least
about 50 KN.

13.  The adhesive composition of ciaim 1 wherein said polymerizable epoxy
compound (a) and said ethylenically unsaturated monomer (b) together

comprise from about 40 wt% to about 45 wt% of the composition.

14.  The adhesive composition of claim 1 wherein said curing agent

comprises amine-curing agent.

15.  The adhesive composition of claim 14 wherein said amine curing agent
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19. The adhesive conposition of claim1 wherein said

reactive nmultifunctional acrylate is present in an
weanossod from about 5 W% to about 25 wt % oPCThS2004/031133

conposition. 20. The adhesive conposition of claim®6

wherein said reactive multifunctional acrylate

consists essentially of tetra- and penta-functi onal

acrylate. 21. The adhesive conposition of claim1

wher einglugdgsatdpastpnepyelifdaroeBnpri ses at conbi nati on

of epoxy conpounds conprising at | east one noval ac

epoxy. 22. The adhesive conposition of claim1l wherein

$&i d Thexidhesive wonthositsi Gigsn a6 viiErsin £ aating RArial agent

| east one cyclic group. 23. A curable adhesive

conpokiclydss atdﬁsa%tmﬁgﬂngcmélm @rosPin or to concrete

or masonry conprising: a curable resin; from about 5

pbwa to about 30 pbwa of reactive nmultifunctional 30

WO 200hé 230881 cRCMIdSRRIMONAAHS 34 aetiarbint tBepsighsidtivdof epoxy

essentially of at least tri-functional acrylate, the

wei gh€ompained tesaigaraine guiingeagast isfrom akgut 0.5:1 to about 3:1.

mul ti functional acrylate being fromabout 1.2 to

about 5; and curing agent; said conposition exhibiting

P8l | PHE depebRemRRgROsRidresr Ghrt 42therbPiihe viéighPeitio of epoxy

roomtenperature of at |east about 85 KN. 24. The

adhesteBpoung i saidamioe alrimgragedtvh o apadidd! daekbuk3:1.

resin is an epoxy resin 25. The adhesive conposition

of claim 24 wherein said curable resin conprises

ol Y MeRé ZaBkSiveRDMbdsSticHBUA BN H VitidtBIrPSad redétive % t O

about 50 wt % of the conposition. 26. The adhesive

conposiultifonctiginat Barytatess whesarit in eaiadnowyd of fipen about 5 wi% to

ltif t | at [ ' ti
of acrhPdkes PRt ey BrbosRaR 1t a” functi onal

20. The adhesive composition of claim 6 wherein said reactive
multifunctional acrylate consists essentially of tetra- and penta-functional

acrylate.

21.  The adhesive composition of claim 1 wherein said epoxy compound
comprises at combination of epoxy compounds comprising at least one

novalac epoxy.

22. The adhesive composition of claim 1 wherein said epoxy compound

comprises an epoxy containing at least one cyclic group.

23. A curable adhesive composition for anchoring materials in or to concrete

or masonry comprising:

a curable resin;

from about 5 pbwa to about 30 pbwa of reactive multifunctional
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27. The adhesi ve conposition of claim?25 wherein said

reactive nultifunctional acrylate conprises
wortdsacesph at e. 28. The adhesi ve conposition of PCraiSm02631133

wherein said reactive multifunctional acrylate

conprises a major proportion of nethacrylate. 29. The

adhesi ve conposition of claim25 wherein said reactive

mul ti functional acrylate consists essentially of
nesadaip gansisting essentially of at least tri-functional acrylate, the weight

ratio of said curable resin to said multifunctional acrylate being from about
1.2 to about 5; and

curing agent;

said composition exhibiting pull out performance after about 24

hours at about room temperature of at least about 85 KN.

24.  The adhesive composition of claim 23 wherein said curable resin is an

epoxy resin

25. The adhesive composition of claim 24 wherein said curable resin
comprises polymerizable epoxy in amount of from about 10 wt% to about

50 wt% of the composition.
26. The adhesive composition of claim 25 wherein said reactive
multifunctional acrylate comprises a major proportion of acrylate that is

at least tetra- functional.

27. The adhesive composition of claim 25 wherein said reactive

multifunctional acrylate comprises methacrylate.

28. The adhesive composition of claim 25 wherein said reactive

multifunctional acrylate comprises a major proportion of methacrylate.

29. The adhesive composition of claim 25 wherein said reactive

multifunctional acrylate consists essentially of methacrylate.
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