WO 2005/ 030894 PCT/ US2004/ 031133 ADHESI VE COVPOSI TI ONS Cross-reference to
Rel ated Application The present application is related to and clains the
priority benefit of United States provisional application 60/506, 441,
filed Septwgheysodfdes 2003, the entirety 5 of which is ipraaresmsass herein by
reference. Field of the Invention The present invention relates to curable
adhesi ve conpositions. Mire specifically, the invention relates to curable
adhesi ve conpositions that are 10 particularly well adapted for anchoring
materials in or to concrete or rrasonr Thus, certain aspects of the
invention relate to epoxy- hARKE éMPé?ﬁlm\@Nﬁods for anchoring materials
Iin or to concrete or m??%#,e%é'l'g Q{ﬁgﬁe#ﬁﬁ;i@ﬁa{‘; curabl e epoxy adhesive
conposi tions, while sti structures produced
using such COfTheiplrésemapﬂlMHt@h isedlbtedto ahl cRamsahe pridrityf berieit bﬂMﬁnﬂéd on Many
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adher ed At HFPsionalanpligation $W§Pﬁr4;41@f”th%$ﬁtemgﬁr 39&2@91’9 th%ﬁ@W@FY boI ts are

enpl oyed ?/hYc,Wlb%r%@&ﬁh&%uﬁ&ﬁ*ﬁ?&%ﬁb?g and construction as strengthening
or 20 reinforcin ers inroc ormations, or concrete or nmasonry
structural bodies. The bolts, which are typically netallic, are inserted

i nto holes, gaps or openings ip, .the rock formations, or concrete or nmasonry
struct ural bodi es and are fi xEieldof themvention; her ein by means of an anchor
conposi tion. I sonry using
anchor bolts i nc ?%sser& ﬂﬂ}teng%?%lg Iq?r%a{ébz‘g?aﬁe%\ge Eﬁrﬂg?r&}@ng l\(/%(E)Pr%dw ts,

panel s, |sppmﬁga|bynme/\mk/énmneilates to éutablel adhesiveloonspasiteonspthaf aner ed over

”ECh%' cal L agorl n i.n softéatsioncrete or sorrlra/}ﬁ because, anong
ot he rezﬁ’?ﬂﬁ‘é’ ar JRpty Bf'ﬁ%@qt S ] PrlOLOGr]IR L Bfet e or
masonry. g U&ﬁf&lﬁ%&ﬁécﬂs of {2 ih@érMon TRfRRe [/ ep&ﬁéséd’@st@ﬁs aRY nétiSodiot

limted to, stone, brick, ceramc tile, cenent til | ow concrete bl ock
and sol i dor3naboriog matetiale ik or toyeaneegte pr masenanh ainde oztlmerpcselate toncurables or

har dens Ol ggheswe ):omposmons while still others relate to the bonded structures

produced using such compositions and/or methods.
16
Background of the Invention

Many applications require that one article, structure or item be bonded or
adhered to another article, structure or item. For example, anchor bolts are
employed in various fields of engineering and construction as strengthening or

20 reinforcing members in rock formations, or concrete or masonry structural bodies.
The boits, which are typically metallic, 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,

25 electrical conduits, panels, piping and wall sections. Adhesive anchors are
preferred over mechanical anchors for anchering 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

30 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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to forma strong bond between the rock formation, or the concrete or masonry
1 WO 2005/030894 PCT/ US2004/ 031133 structural body, and the bolt. It has
been known to use curable synthetic resins as the prinmary adhesive for the

saf e fastegigoRfzeRchoring rods, bolts and simlar devicegshikesphid rock,
masonry, concrete and the like. Typically, but not exclusively, certain of

the 5 starting conponents of the adhesive conposition are kept separate from
one another and then conbined at or near the point of fastening. In such so
called two part systens, the conponents which are kept separate until the
time of ﬁgéctééf@ bcéjMn@ﬂCh@I? Ralt.t he site and then introduced to the anchor

formati on of THEs ARndnol o8RG ERESIREE: oS e SimBRlanei; o base
st ruct ur ¢ori theisafd fastepthgpof aiuhating heds, ibikts bhe sirhitertdavidesiif spli@essk, in its

final position. A useful ﬁié:hor co osition shoul d g(row de a strong bond
bet ween {MRSONRG,FERSTEEE 8Rd gt yT\ieRlyhBUtRat éXFiNpIVeY. pertaindidied to t he

concrgte diwe, and is

pr ef ergabl grtr'ﬁ@é E?‘%%?Q?I ﬁ‘?%gdd%é\%y v@' %o cﬁw usgIt Qéﬁéﬁa%slfrgﬁso preferred in

certai n ambthdrmeditisen bermbined a@heeawtﬁe paointcd fetéring f Irasbcheso cglled sedbst ant i al

portion of its ultinate stre nare atlve@y perlod of tinme. This
il b

| ast featp@FtesyéW%éh%F?mpe'&? Wh‘ﬁ;b?rlea{ﬁp FEPIA Mg of USEABss of t he

adhesi ve csiibffed At th8Rjt@bhahén FbRLESE L] P8 el?fcﬁbnesélt Qe PORE €08t an
efficient and profitable pace. Mreover, applicants have noted that in nmany

20 appl i paepared to redeivedtbeiboithbebotbr Tirue, thetformation of the cueeghadr@swe achi evi ng

good, .bondi,n raper s_.even i is,used or. d  dur i | enent
weat 8, PRAYi "g‘ﬁﬁ the&ggtpﬂgr to tbfa basasrugtiR P 'Ezﬁqut?e( t\mﬁg TRefYduce
substant if2dte RN i§ R daRA s Final b@ymérerrperatures at the bond site. Many of the
cur abl e adhesi ve conpositions currently used in the industry, 25 and in

particul ar t hé yselyl@nshonerimpesitien Fhowd pravideastrena bond bietweenithe ke
T oA P RS RG0S e RO RS oMl
ol i goner $e gHsypodjspense anthe location of use, and is preferably not noxious or
15 offensive to the user. It is also preferred in certain embodiments that the adhesive
is capable of achieving a substantial portion of its ultimate strength in a relatively
short period of time. This last feature can be critically important to the commercial
success of the adhesive since it can allow a construction project to proceed at an
efficient and profitable pace. Moreover, applicants have noted that in many
20 applications it is desirable for the adhesive to be capable of achieving good
bonding properties even if it is used or applied during inclement weather, during
cold weather, or under other conditions, which produce substantial moisture and/or
low temperatures at the bond site.
Many of the curable adhesive compositions currently used in the industry,
25 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
30 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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| i ke conpounds that have at |east one functional group, typically at |east
one functional group along the polyner backbone, such as hydroxyl groups,
and at 30 | east one termi nal functional group, such as oxide groups. For

exanpl e, eRE%¥ss8 d adhesive conpositions are typi cal one or
more of |t hagt B8 05/ 030894 PCT/ US2004/ 031133 rrechallrﬁ,rsn?fégp&?’ﬁgxsepoxy

resin and a curing or hardening agent are typically mxed inmmediately prior
to use, and cure within a certain amount of tinme. Sunmary of the Invention 5

Applicants have cone to appreciate a need in the art for adhesive

conposi t MEcHaRisMe. elkracepitrephandearuingiophargesisorgesharatypiallsmixed 1n vi ew
of applt ' recl atl heS: nition by applicants
of certai"ﬁﬁ’%ggaft?lgi e'ﬁgfdeggél’%rﬁp ﬁgé"%p%‘t§¥”n§r8€’,‘£§%8ﬁ@ér&’f@’gﬁa\/e di scovered that
the performance of nmany types of adhesive conpositions, but preferably
adhesi ves cured by 10 condensation and/or ring-chain conversion

pol yneri zation, such as, for e I ti can be dramatically

i mproyed by i : ' ' [ : ' accel erator
corrprigsi ng at ggﬁ{tghé\@gg@%?%%B%ﬁ%ﬁ@?un\r%tdi'F(‘)ﬁi?yhgécﬂréﬁheft%&e and in certain
enbodi nmecbmpositibhs wthebaelsit phlsighleartd/pratessimg dhavacieristicef by vibwyofCl - C4

al kyl acryl at e. l'i cants hfave f ound at the_lncorgoration of 15 reactive

mul ti-f uﬁEPﬁ'Qﬂ{ﬁ$A'p PFsAiaian otinis d fhe recRanitian BnePRIGaRIGIPTREMA t he
present 4ay&BhERE |r:| ﬁwfﬁrﬂﬁ't&rtﬁ gpgltli@dvhtgfg dGisES\Rrbe BeHt e E?zﬁgﬂ\gﬁﬁbeoéf the

adhesive, particularly at | gh tenperature as at about
80C. | n cwnydypes ehddidisivencanpasitionsy baigprefaralvly @dhesives oureddsy an adhesi ve

t ompdbac gPadsnasfiel andidirindin Seivergn oy MetEeloh i e i PERle e 1 e,
In certaigBo i4reahbe drimafeayirRloldi o TesRrati ARSIe Aihdanef er abl y

conprises an epoxy containing at |east one cyclic group, such as a noval ac
epoxy. Farmuigiiaroar acegleraterraompiising 3t least@mgaaaetive: Bultifunpiienalt he epoxy

COmD e BofaELiAd BB erkrla b PRGBS BB B AR Lot e o
enbodi mepreferddhe Caonpasiikylgorglate. Applicants have found that the incorporation of
15 reactive multi-functional acrylate into adhesive compositions according to the
present invention is capable of enhancing the bonding strength of the adhesive,
particularly at relatively high temperatures, such as at about 80°C. In certain
embodiments, the present invention provides an adhesive that is relatively
bdorless, is readily injectable at relatively low temperatures, such as at about 5°C,
20 and has arelatively fast cure time.
In certain embodiments, the epoxy of the present composition preferably
comprises an epoxy containing at least one cyclic group, such 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
25 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.

30 Detailed Description Of Preferred Embodiments

While it is contemplated that the reactive multi-functional acrylate
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conprise an noval ac epoxy and at | east one am ne curing agent, with the

am ne preferably also containing a cyclic group, even nore preferably an
amine containing a C4 - C8 cyclic group. 30 Detail ed Description O
Preferred &gl s Wile it is contenplated that t '
rrulti-functiongglld}gég?yl ate 3 WD 2005/ 030894 PCTI uszooﬁ%%’ﬁ%@“’“é?@& er at or
of the present invention nmay be used to best advantage in adhesives based
on condensati on and/or ring-chain conversion polynerization, it is believed
that use of the reactive nulti-functional acrylate may al so provide

subst ant i2&FeleripRef the oresa dventian gaydeauseg tojhast advarjage ssadhaiivesi ves whi ch
under go f rad | @rq’?H | ' o) (PIF-Yo o A d vinyl
addi tion b%%ﬁ’/égrl gggﬁ%ag?ﬂnn%r{%e ca#%@y%ggh%élrﬁébng}yﬁ %}?Zoa?llgbbllt f/s?{%@!e\z(é? i on, and
conbi nat ithatsusefof the rexctive neultbfunctioyaladcrylbtearay alsoprofidpeupsmntiziat i on. I n
certain preferred enpodi rrentajl,y however,, the present vention grovi des

] J

epoxy- badeReHdRaghesives generally ipsiudingdhese adl 'Y\%?‘NB‘&E UNREFIQH®¢i ze at | east
one 0 r [ j oinf ' d : I herein the
Cor m 7 e o Btont itk Pion 55 cBleR T clilon sERHEREORL CL 0 ot

| east twhase catalyzed Vinyl cdddionl palyrearizatian, andcorebiogations oltmeeor mbre afondi ti ons
used to cure h{]e(esegdhesi%/el w.th.at | east one of the conpounds involved in
the curi RgYPENES RTBY © 8??@8”5 'Yhe curing reaction. As used herein, the
term "acryl at ¢, gt ippERietemBcRfirfests! Rovdevk?, thereétdhvetitioHProadesy t he
general structure illustrated below RO I Il 'Rc=c-c-0- Rwhere R may be
any gr ougpaky-baserbagdhesive sompesitiensisystemstandireetods thatatilipe el laast oreact i on

0% poB ooPAMERSHIBHIEE Kt ROMBHRE, s Ak BR TR ABbG e '
unsubst i mulgfdnatidndl acaate’ refEnsab lkpmpoanys sk fibve af leasyt@idadraiad . 1 n highly

preferred enbodi nents ) . i
functionalities that are reactive, under the conditions used to cure the adhesive,

with at least one of the compounds involved in the curing reaction or formed by the
i curing reaction. As used herein, the term “acrylate functionality” refers to a
15  functional group having the general structure illustrated below: !
| T
R—C=C-C~0—

[
R

where R may Be any group which does not substantially interfere with or prevent
reaction of the multifunctional acrylate compound with the polymerizable resin. In
20 preferred embodiments, R is independently H or a substituted or unsubstituted
alkyl, aryl, oxyalkyl, arylalkyl, or oxyalkylaryl. In highly preferred embodiments
each R is 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
25 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

30 strength of the adhesive measured at a time and under conditions in which there
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each Ris H The preferred epoxy-based adhesive conpositions of the present
I nvention 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 about 85 KN at about 72

OF. As usegohgiilsfsol N termcure time" refers to the tidpudbod@lgs fromthe
initiation of curing reaction for the curable adhesive conposition to

achi eve about 80%of its ultimate | oad capacity or strength under
substantially dry conditions, with anbient tenperature at about 72F. As

used herein, the term"no torque pull-out strength" refers to the pullout 30
st r engt h has bege nacvbsiantiahpresadiag terqua applied imithendiheiog teited.ombei n whi ch

Lot que aBUTPBa EBTPREBBE P! i g onudpueiion aI¥E ac g B2a HeTRAGRLRS £ o7 °The®

present ipoleuttstrengtd sfoatdedtemweuts@ KNatabolibY 28R d Foptid purbosés engt h of at
| east about 5Q KN at about 72 OF. For the gurposes of ~conveni ence, the term

"r oom t eFBBYERIERCS: thetande Ao tmperalirg dsdised hereindapefientq s dempempiure oF. As

used Rer gk fpofhat i Wer oo e = y f | out
ot ength ohi 2t o RsRelnd it oRt orlitd AU AR gt P TSt I B | P
appl i cat istrangth of diié adhesive treaguredtat adene,rwhidn is supsefjuehigtoltbét within the

B
techni qU??efHﬁSé cbRipodfioRB 35 tHd prasert!ihriHtioh$Cadiigvd aMINsLIrteRjust ance are

described In the Experinmental " Protocol section hereof. The present
conposi t iresistancel of gisieastsakuiud 4 SV-of atrakiouly 721e  Jhedechmigued ysddfoe  of

of fensi ve odor.s, a uld be, produced, by the presence .of substanfial anmounts
of mabcageamaring PEteleiRm A1 Shfie T8 sianos e AR o (Re EXREHIERE! AnD
SYSTEMS IFrotogolcqtittisiiplepdstd that the present conpositions can be provided as

one- part or nulti-part conpositions, depending upon many factors particul ar
to the expeclbe present campesitians apd sydeme@lenpEierabhtare substaptialiefiee

| nventi ¢ Bﬁgﬁ@i\%egd&s, as would be produced by the presence of substantial amounts
of mercaptans in the formulation.
15
1. THE COMPOSITIONS, METHODS AND SYSTEMS
_ It is contemplated that the present compositions can be provided as one-
part or multi-part compositions, depending upon many factors particular to the
expected use. In certain preferred embodiments, the present invention provides a
20 composition, preferably for use in systems and methods for anchoring materials in
or to concrete or masonry, that comprises a first composition and a second
composition that are brought together 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
25 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
30 accordance with the present invention by use of the present reactive
multifunctional acrylate with polymerizable resins comprising, and preferably
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20 conposition, preferably for use in systenms and nmethods for anchoring
materials in or to concrete or masonry, that conprises a first conposition
and a second conposition that are brought together at or about the tinme of

use. Pref e‘g,e%(*mg&msuch enbodi ments the first conposi tdQuGHIRE1ES @ resin
conponent, "preferably at |east one epoxy resin, and at least one reactive

mul ti-functional acrylate 25 accel erator, and the second conposition

i ncludes a hardening or curing agent, said hardening or curing agent
preferably conprising at |east one am ne-curing agent, |In such enbodinents,
t he firstCORAEtiBE €s9RNtiatiNedpalyroerizableepexyegnpaiunds, optionalitet cont act to form

bl ' LLion. i d that . ' I
Fesul ts CEeREFraDERERGh \BY o 888 sERALR 41K L U5F abler PR REBK by use
of the presegpuundealtpreferreiérhbbdifehts) i reaetivd aﬂlﬁbnMcbhyJ@i@byﬁﬁéiolﬁhir_@ resins
conprising, and preferably 5 WO 2005/_ 030894 PCT/ US2004/ 031133 consi sting

essent i aIQOWRﬂUPdﬁmmrr‘?‘é%%q leagiang oxidamiing FRestive pithdha polymgrizablg ef erabl y i n
S ! _ . . : ;

compocad S ehdhistt R borhBaRhe ¥intho Hestlive ffcRhlar BEMABIC PO |

nore comngeoiairdkighlyi prefdneedeaspiectseefthe preseokindentiom dhe esadtive eliluenth t he

pol yneri zabl e. 5 epoxy an ich are conpatible with the reactive
Ul 11T uncreises A gbsda! ofier BePpading APaRIP Brrorul sapIcOBEr « he
present idustal 'eﬂaéprab@mé%fEHevgdrsask\}éed&ncﬁ?%gg@,rthg%a@u\% (glr%ﬁt fthect her .

Dependi ng upon the particular applicati esire properties of the
adhesi ve presgrisnventiontnhay oremeay inobcalistituéeaanapoxyicompoasd in accordandeon nay or

may t capstitute gn epoxy conpound.in accordance. 10 with the present
verit ori e eSernaron. oS irteds ENRBh ergicets Tolet 16 30cbBro: nat i on
of pol ymeddrsiRatfor T poiphedsttblé palirey andiréat@iNt ditGieft as 83id3in,” adisadich
termnology will sometines be uséd herein to refer to such conbinations. It

i s cont ertpimainelpgy vell sometimes s uagddieseintte refer tchsuchuepsopieatiens.n the present

cont enpl at ed 08 SoBmRERtaFFETRRNPE aoubiEoMAE bhEoRE B T uitor

Appl i cantreb@meontbosiione cafl, vahpwried) degendiing on trenyartiohlard ofthes unexpect edly

super1|50r contemplated use, and all such variety is within the scope hereof. Applicants have

discovered, however, that in many embodiments unexpectedly superior

performance is possible when multi-functional acrylate compound(s) are present in

the adhesive compositions in amounts of from about 5 wt% to about 25 wt%, more

preferably from about 8 wt% to about 20 wi%, and even more preferably from

20 about 10 wt% to about 15 wt%. In certain preferred embodiments, multi-functional
acrylate cohpound(s) are present in the adhesive compositions in amounts of from
about 14 wt% to about 18 wt%. Applicants 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

25 adhesive compositions, for example, the mu‘lti-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

30 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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performance is possible when nulti-functional acrylate conpound(s) are
present in the adhesive conpositions in amounts of fromabout 5 wt%to
about 25 wt% nore preferably fromabout 8 wt%to about 20 wt% and even
nore prefe ({ m 20 about 10 Wt % to about 15 w % ([Q n referred
enbodi nment OP(/:’fm%functlonal acryl ate compound(s) ar ep fﬂgéz {0 ¢ he
adhesi ve conpositions in anobunts of from about 14 wt%to about 18 w %
Applicants have found that at least in certain cases it may be benefici al
to consider the anount of the nultifunctional acrylate used relative to the

active cogmalpstntsringiagdist, dcdaleratdri Phibitonase tHedlike. IF@tedrieie Aniegkhesi ve
conpositions, for exanple, the nul ti-functi onal acryl ate corrpound(s) are

present i%h F'Nés%lﬁmf"iﬁé‘)/dmfﬁ%t@ﬁttﬁ)@?ﬁ eonteanp the yeightessariadre amd pBE t o about
2 bwa,
A o e

preferably ro used
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catal yst, curing agent, accelera inhibitor and the |ike. Furthernore,
unl ess OB lméswrseommmcmscarhle,ssrqhhmwaﬁeeﬁpecmcamen@tedt rlarzertamrwefmreght
per cent ages n_the ese nt adhesive conpositions

d f
as speci f?’Bngin@reBF%ee%é'F}'Pu?‘G{: 3’5@%@%%&%’%” &re Pfesﬁ’QE 8n f or mul at ed

for use ig4HRAE dtnpobitich mfa?ﬁodr\r@oﬁfrmrébogpwgewtalt@%eogr25 bewhype descri bed
herei nafter, the percentages and pbwa values refer to the adhesive

conpdél ti on bakhedresin eanepanatisi and paticderly thet polymarizablgegpxg uch conposi ti ons,

mul 1< 1 ard SRR e FastiB B 1 SR Breberh F B b o > T

conposi t i @impadkitireWitise pfesehnomvahtion mlén@hme of frombebiiut 25 wibbv abidut Boe resin
conmponent, and particularly the onrrerl zabl e epoxy compound(s) plus any

react i ve Wi%.UBeHe, Prﬁ?rﬁb@ﬁ%@pwt&%‘gyﬂfo aboytAs widheand @vercmRfRsi ti ons -of t he
o o RS PR G ko SRAR AL AL OnBR b ki %0 e
15  includes a reactive diluent, preferably a diglycidyl ether. In certain preferred
embodiments, the resin component, and particularly the polymerizable epoxy
compound(s) plus any reactive diluent, is present in the adhesive compositions of
the present invention in amounts of from about 25 wt% to about 35 wt%.
It is generally preferred that the present composites have an epoxy:reactive
20 diluent weight ratio of from about 5:1 to about 30:.1, more preferably from about 5:1
to about 20:1, and even more preferably from about 10:1 to about 15:1.
Furthermore, applicants have found that unexpectedly superior results are
generally achieved when the polymerizable epoxy compounds and the muiti-
functional acrylate compounds are present in an epoxy:acrylate weight ratio of
25 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
30 using a glass or film capsule. The composition may ailso be dispensed in bulk from

bulk containers using meter-mix equipment, which is known to those skilled in the
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preferably fromabout 25 wt%to about 40 wt% particularly when such resin
15 includes a reactive diluent, preferably a diglycidyl ether. In certain
preferred enbodiments, .tie resin conponent, and particularly the

pol ymer i zallo6R348604 corrpound(s) pl us any reactive dil Uﬁé‘fmsio&/(ﬁ?ﬁ?e”t in
t he adhesive conpositions of the present invention in anounts o rom about

25 Wt%to about 35 wt% It is generally preferred that the present
conposites have an epoxy:reactive 20 diluent weight ratio of fromabout 5:1
to about 30:1, nore preferably fromabout 5:1 to about 20:1, and even nore
pr ef er ab®y: BeerfraByampleo UiS .t RBataboat 4,651,875, 4406806 randet, 72966 cthat s have

pol yrrer | SSBP BTER ST YR 3 REeb L ngb Rtk T Srer RS ih oy FE B pounds
are presgbunmts oﬁmeemm(.tsaﬁmﬁoﬁeﬁtwtﬁébompbs(ﬂo@f‘né&&/éry@@péﬁ@ihg ohtBel to
about 5:1, nore preferably fromabout 1.3:1 tq about 4.3:1, and even nore

pr ef er abl/pe OF BisPaBng SZStP”t wsash dupreferted Cﬂﬁée'&%m&m%h%@ﬁré@% Feiesie nay be
di sp Se&ﬁlﬁdé’tﬂ:n |§rfb\%§d ﬂ&l@]&v@ﬂrs{ gorhéc?sciﬁoﬁ Ehg %%c'oﬂdt he art. For
e using a_ dua

exanpl e 03|t|on ense cartridge device
simlar ¢mnpns®tmni Kypically, dhehﬁlmngmpwsnmnwniiataly Hefordithpensade 30 using a gl ass

or filmca sule The co t|o | so, be di spensed nbuI from bulk
cont ai ne it 30 DB-UTER. EQUPRERRIE, WogM e Gam cd'?ﬁ?&s@ 48N ed in the

7 WD 200 / &ﬁ&a%? Pat. Nos.

4, 651, 87%6%%%@9?% and 4,729, 6 ,n ﬂ%theﬁ;ﬁ{cgpgggrrr@ of %a{(rae her eby

i ncor pormmaian i eé;mratecreartrlcmess:f tlm:dlgmrzaﬁ'ag ghmatmanbe mneﬂilas$heyf arehe vari ous
conpapent.s t he, co tion . ma d|n n.th of di spensi ng
syst u@@ged fff?"bﬁ?r%@@ g 'ﬁ@ ce§ ?%886’%5% %{‘ch fBsition is
foi nmed biner e Bondra@ &fmasémp%hdfa@mérhéﬁoﬁngwm@ RGO Bse spmt i on.
Typically, the mxing occurs imedi ately before the curable conposition is

to be useampdsitionsx aﬁ1p1|lerly wiieen theecampesdiontis dispessedl ypisgsedlaas capsule,

L e e (AR o

are 10 ep@fpcuitidn ad tHesauahtdofipRsitidndesiudtively. VWhentbe Ylddsapsuledisbe bonded,

SUCh1 5as ct:r(L)Jshed, the two chambers are crushed and the contents are allowed to mix,
forming the anchor composition. When the anchor composition is dispersed in
bulk, a first composition and a second composition may be stored in separate bulk
containers and combined through pumping with mixing in the appropriate ratio to
make the curable composition. ‘

20 In general, the epoxy-based adhesives of the present invention comprise
epoxy and amine-based curing or hardening agent for the epoxy. As used herein,
the term “curing agent" refers to one or more components which are capable of
catalyzing and/or accelerating the polymerization and/or crosslinking reaction of
the resin component, which in preferred embodiments comprises one or more

25  epoxy compounds.

It is contemplated that the relative proportion of epoxy to amine in the
curable composition 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
30 have a epoxy:amine weight ratio of from about 0.3:1 to about 4:1, more preferably

from about 0.5:] to about 2:1 and even more preferably from about 1:1 to about
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either the concrete or masonry and/or the anchoring device in the case of
anchor conpositions. Simlarly, when the conposition is dispensed using a
gl ass capsule, the capsule is typically conprised of two chanbers that

contai n thgyd d0bS306qMPOSI tion and the second conpositio Lvely. Wien
t he gl ass cé{)suﬁeo% 15 crushed, the two chanbers are g?%[ggiéﬁﬁ%ﬁ]&?t he

contents are allowed to mx, formng the anchor conposition. Wen the
anchor conposition is dispersed in bulk, a first conposition and a second
conposition nmay be stored in separate bul k containers and conbi ned through
punpi ng vd:1h Inicertain prefarres eppodiprantg, ¢he egactive compeasitions of therprbsent

conposi ti.on. .20 I n general , the e - bas adhesj yes, of t )f esent
i nvent i orlN¥H{pRNave WM”&PM%@@%BF@%%U ?{qﬁgr%ﬁg&) gent for the
epoxy. As used herein, the term"curing agent” refers to one or nore

conponents which are capable of catalyzing and/or accelerating the
pol yneri zat i oTHEEPQX¥r osslinking reaction of the resin component, which

in preferred enbodi nents ¢onpri ses one or noL poxy. co unds. It is

cont eﬁpl ated td sed TPEY gﬁ émpfaB%’S'r?q"?ﬁP“@P g‘ff%%/t%t?)c ’HPHQP&HH he curable

conposi t i mbiRatioreditwel dtehdredompbounts ehf @aﬁ@imarreé&tivbrepzfxgi;grrowor accommodat e
n

the needs and requirenents of any particul ar application. gener al ,

however , @xirans ripgefichanateniats, prradiyeallen\epoxsieposriudgisorgmenieeppasent

' ' ' i ght. ' : . 3: b
a1 ror CONRLENE BRI B MBVERHG WEE dhdoar BORVERAIE, %0 L 2o
pr ef er abloycfoatiphatioy atordatic bohetemeycit, THed At aaNS prefBEbly FaR) 6hQRE 133  2: 1.

In certain preferred e;g)rgqclilnents, the reactive gl%'rlg)o itions of the present
i nverlQi orAVPERGEE, 2 leasbty> RAIYETZRY 18 BPOXAEToHPE PEF ({RNAIBVENOehout 1. 5: 1

THE EPOX
i

(S5 S LT ool Sich Rl ARRAUE TR metEbBERHS . cpoxy or oup

conbi'n
or oxi r dnelude tigearSeadymerst feaniiad ssrmirab adoxy gralipe de.gp @xdidlyeidyl ettlendanononeri ¢

epoxy COp fo&r}}gﬁ(ylaerrllcei g?}Pc%l i, %8R/mogrs E’ug\%n %l(glg?arl io&irér\/g Gnfe’ ?e.gfl n be aliphatic,
polybutadiene polyepoxide), and polymers having pendent epoxy groups (e.g., a

15  glycidyl methacrylate polymer or copolymer). The epoxides may be pure
compounds but are generally mixtures containing one, two, or more epoxy groups
per molecule. The "average" number of epoxy groups per molecule is determined
by dividing the total number of epoxy groups in the epoxy-containing material by
the total number of epoxy molecules present.

20 The epoxy-containing materials may vary from low molecular weight
monomeric materials to high molecular weight polymers and may vary 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 rin'g at room temperature.

25 [lllustrative of permissible substituent groups include halogens, ester groups,
ethers, sulfonate groups, siloxane groups, nitro groups, phosphate groups, etc.
The molecular weight of the epoxy-containing materials may vary widely, including
in preferred embaodiments from about 50 to 100,000 or more. Mixtures of various
epoxy-containing materials can also be used in the compositions of this invention.

30 The epoxy compounds of the present invention may be cycloaliphatic

epoxides. Examples of cycloaliphatic epoxides include diepoxides of cycloaliphatic
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cycloaliphatic, aromatic or heterocyclic. These materials preferably have,
on the 10 average, at least 1.5 polynerizable epoxy groups per nol ecule, and
even nore preferably two or nore epoxy groups per nol ecule. The polyneric

epoxi des WBQ{)}(HB?%%J near pol yners havi ng term nal epox»(ﬁﬁ&mmgﬁig. , a
et

di gl yci dyl er of a polyoxyal kyl ene glycol), polyners having skel etal
oxirane units (e.g., polybutadiene pol yepoxide), and pol ynmers having
pendent epoxy groups (e.g., a 15 glycidyl nethacrylate polynmer or
copolynmer). The epoxi des nmay be pure conpounds but are generally m xtures
cont ai ni egtess of dicarboxylic atide segivay bip(ddEpoxpmclansixgiondtby))Matatéaver age”

nb . e 1s det ' by di vi di t he total
nanber oPERe R TR ERGate he G SRR or ol by the fotal punber
of epoxy mEhyaeie ﬁdts)rr@aﬁwt)adiaateTB@(@;@%}éxmero@}esgaﬂﬁ@tﬁmyp%b@té dRtnyary from

| ow nol ecul ar wei g| nmononeric materials to nol’ecul ar wei ght pol ynmers
and may Vke.\Otheeauitable giepokisiesaf gyedoaliphatie iestars ok disatbaxytic scibs are uent

Phor oon GRRCTRLR, for, el EESCPE N2 138 5. RS DR tbamiea bl pL. O 1P
react i ve rafefdhoen OtbericyBalibiiticoé pdxiitsd ih€iine Bat-opexycySlohbkysbiai-B\e of
perm ssi bl e substituent groups include hal ogens, ester groups, ethers,

sul f onat €PgrsYsPhexanecaiRexyriassich@st3 4egparysionshdBsHitl= 4y oups, etc. The

I e A R Ll e T
M xt ur es nedthylaycichiexane paryoxylzié 8-ttty 113p4-epoxicgclobexydinethyb&-metbg-8 4- t he
conpositions of this invention. 30 The egoxy cm nds, of tlggﬂpresent

i nvenPi oFPARYLYSIOheY e aaropKY Rl 3 4paRtYderssmeshy egyimatylohtepasyi ¢

epoxi des o ' ' Loakipbat y )
oo, Se5 3 MhGgngEeN SasoRoet s ekt S AU BRATI o
bi s( 3, 4- Gauetnyioytiohexararearbpkylatea Bat-epoxy-5-methylcyclohexyimethyi-3,4-epoxy-

g;fE§?&3§ﬁggé&§§§%ﬁ2§$¥%g§%§¥g%%%%Eﬁggxkgbé&é%ééﬁ%ﬁé%@%ﬂethyI)pinelate, and
i oar boxT 0 A R PO B B LB RES er 6 dBsatie® RTor 5. 750, 305,
whi chSi s examplep bk 8t Bat. Ner 88900184, which is incorporated herein by reference.
There are a host of commerciaily available epoxy-containing materials,
commonly known as epoxy resins, which can be used as the epoxy compound in
this invention. In particular, epoxy compounds which are readily available include
epoxy novalacs, diglyidyl ethers of bisphenol F, octadecylene oxide,
20 glycidylmethacrylate, diglycidy! ether of bisphenol A (e.g., those available under
the trade designations EPON 828, EPON 1004 and EPON 1010 from Shell
Chemical Co., DER-331, DER-332, and DER-334, from Dow Chemical Co.),
vinylcyclohexerie dioxide (e.g., ERL-4206 from Union Carbide Corp.), 3,4-
epoxycyclohexylmethyl-3,4-epoxycyciohexane carboxylate (e.g., ERL-4221 from
25 Union Carbide Corp.), 3,4-epoxy-6-methylcyclohexylmethyl-3,4-epoxy-6-
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
30 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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reference. Ot her cycl oaliphatic epoxides include
3, 4- epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexane carboxyl ates such as
3, 4- epoxycycl ohexyl net hyl - 3, 4- epoxycycl ohexane car boxyl at e;

3, 4- epoxyV{, @g/%%ﬁyd ohexyl nmet hyl - 3, 4- epoxy- 1- net hyl w@,lugm;mﬁm
carboxylate 3, 4- epoxycycl ohexyl net hyl - 6- et hyl -3, 4

epoxycycl ohexane carboxylate

3, 4- epoxy- 2- 88net hyl cycl ohexyl net hyl - 3, 4- epoxy- 2-net hyl cycl ohexane
car boxyl ate; 3, 4-epoxy- 3- net hyl cycl ohexyl net hyl - 3, 4- epoxy-

3- net hyl Sy'fp bhsdbcane resin B@Rtﬂlmn@ epoxy functionality, flame retardant epoxy resins

car bowyl te - DRTCPRD S bR EelTE Bl fpg gty reu Vel ol 553"

epoxycyctabmiod Tethy 4 Buténémxwg ogh@maﬂ@f Sterivweymaldepydé Aowsiar! i bed in,
194, which is incorporated herein by

f 15 | U'S Pat
rg1[ erencg‘axg1 %{Eé‘i‘e é%aedQaﬁiw@%rror&M@m&awgoaam%mwr@p@@glu@dvla| ni ng

t | th
2 g EEROR R K9S0 ESly, PELChF i, e 50

readily m»auﬂeabifenymthmlabomoo@grtmn\paéfaned embpldyndytb utmh@epoxy whictphenol F,
oct adecyl ene oxi de, I net hacryl at e, et her of hisphenol A

e ey S Rarisan PamPRaRA &f e Hisars obePhRdiF Aad HeEW RSN 1004 and
EPON 101bh0rRI R4, tOAEERkbEUNePIE o ad¥ifglith DERGAEEoiP80n( rom Dov

Cheni cal exene di o ERL- 4206 frém Union Car bi de
Corp.), Ghéemiep@oycycl ohexyl met hyl -3, 4- epoxycycl ohexane carboxylate (e.g.
ERL- 4221 f 25 U Car bi Cor p. . . .

514 By 6o nhiRpS e PRTRiVRASETE) It s Gontsmalate ) royideRERin L

car boxyl gfén ﬁé%irgs maﬁBblﬁgelan@éﬂﬂé%ﬁ\}é%rbf% Bﬂééénﬁ%@nﬂon In general,
bi s( 3, 4- epoxy- yl cycl ohexyl net hyl') adi pate (e.g. -4289 from Uni on

Car bi de bnwpve)r uttns gQrz&rausepmfgrcwtr@mﬂ gpoxyenavalac(resigs, of Empmot f rom Uni on

ErL 4000 TyERtsr gt B Skt AaBRiN TR o kb e At AR RS e e S O
ERL- 4269p féf@ﬂ@ol%&ﬂéﬂbu@ﬁ@lslﬁbrﬁ@’sms)alswﬂ ved welghegeesgoxXige 9., OXI RON
2001 from FMC "10 WD 20051030894 PCT/ US20041031133 Corp.), silicone resin

cont 89 ni (P& @syneameed by AST D 1652wf frass abauttcGtesbput é@ ngorg e. g.
DER- 580, p?efgrra%W K aBLSPIE R ado(R G 88 PRY. e\Fe%SHnBreaﬁr%lfér%Blyeoffffo%%L\ﬂ

168 to about 178. Such resins also preferably have a viscosity at:25° C of from
about 300 to about 550 poise, more preferably of from about 320 to about 500, and
even more preferably of from about 345 to about 485. A preferred epoxy novalac

20 resin is sold by Resolution Performance Products under the trade designation
EPON 160.

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

25 = such high tempzrature embodiments, it is preferred that the composition produce a
pullout force of at least 50KN 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

30 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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Chem cal Co.), 1,4-butanediol diglycidyl ether of phenol formnmal dehyde novol ak
(e.g., DEN-431 and DEN-438 from Dow Chem cal Co.), and resorcinol diglycidyl
5 ether (e.g., KOPOXITE from Koppers Conpany, Inc.), and conbinati ons and

m xtures of any of the above. Certain preferred enbodi nent tilize epoxy,
whi ch  coMY? 2M&83084conbi nati on of diglyidyl ethers of BFE@%@M?“E:‘and

di glyidyl ethers of bisphenol A (e.g., those avail abl e under the trade

desi gnati on DER- 352, from Dow Chenmical Co.). 10 Anong the epoxy noval ac
resins, it is contenplated that a wide variety of such resins may be used

in the agitlete/s@sent ihtentiine IERIgdrRY Ay drefrredNheRBesrathat thO¥BY8/ resirds 1S
gener al | referred that the epoxy noval ac resins of the present invention

y . . ! .
have an @f\ﬁge@g%sarmﬂwnbmpps§easfarr@mmwl@twlmdﬁ’&m offrem @peut nor e

epoxi de. 120 B {2 sxonpHfoh] ik ORndaloBidre) PRhe PRl st fisbar 100
nore  praisecesityofdforh aboutd) 000 td Ebolitol 400tpslétaboandsty.en nore preferably of

from about 168 to about 178. Such resins also preferably have a viscosity
at 2%'C of frUf cRBYUEsBsSuUitablgderyssindhe prasent myeation 87aytlsy of from about

220 L 0 Sl supas, Wl s ik Bl S gt b 405

A prefe epoxy nova or mance

Pr oduct sonsdpaxitid grdaupauke mieiscyje @viaikble Ft@bladitih with ¢heusuringf aggndof thieesi n,

whi ch conpri ses epoxy_noval ac, is generally referr nit is desirable
For *t o BIERES! DL R Such oAt Brepelinmaade BBt BVSHn ¢ er ms of pull
out forc Hel @k | t ' f h hi gh

t enper at ﬁ?l}e@gﬁggld?h%ﬁ\dg ?bom\glrbsr& Erﬁgfﬁg‘?’r 1'él)(Fj gtﬁﬂgé)@tﬁkﬁéiﬁén%h ocg”l rtelggrnc?ﬁ@#l oduce a

pul I'dut Hhydrogquinbneit4, #'edibydrerydipbeny bwiiharg) 8,4 dihysiooty-88bodi nents, it is

D e e ToghOS g A Bl A TR Rty o St ¢ g o
50% by weisfithydpbxy | e AathaHe 4o ihydRe§ dipheher sfelohdxansr #hout 35 % to
about 45 % epoxy 30 novalac.” It i's further contenplated that epoxy resins
havi ng aditydroxy-snddliethyldiphanyl propaspghdsdisidrosydipheny sufeperardtis€4- ar e
adapt abl ﬁyérgﬁyplﬁse%yli)ﬁeﬁ'n%%&r g&%ﬁlcid%ethers of novalacs (i.e., reaction products of
15 monohydric or polyhydric phenols with aldehydes, formaldehyde in particular, in
the presence of acid catalysts); polyglycidy! ethers of diphenols obtained by
esterifying 2 mols of the sodium salt of an aromatic hydrocarboxylic acid with 1 mol
of a dihaloalkane or dihalogen dialkyl ether; and polyglycidyl ethers of polyphenois
obtained by condensing phenols and long-chain halogen paraffins containing at
20 least two halogen atoms.
Further epoxy-containing materials which are particularly useful in the
practice of this invention, particularly as reactive diluent for the epoxy portion of
the resin, include glycidyl ether monomeré as disclosed in U.S. Patent No.
5,385,990, which is incorporated herein by reference.
25 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 Alepichlorohydrin derived liquid epoxy resin having a
30 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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WD 2005/ 030894 PCT/ US2004/ 031133 with the present invention. It is
generally preferred, however, that the epoxy resins of the present
i nventi on possess an epoxy equival ent weight (EEW of fromabout 180 to
about 192, Furthernore, it is generally preferred that esi ns have
a viscosi W%’?S/?3P%?F‘r1 about 6,000 to about 14,000 cps atPgﬁgﬁitw%éﬁS' The
epoxy resins suitable for use in the present invention nmay thus conprise
one or nore conpounds, such as epoxy prepolyners, having nore than one
epoxi de group per nol ecule available for reaction with the curing agent of
the pr&pery compeund compfsehinapajoy propeptiry end vencharderéferazly és not | i m ted
to polyglycjdyl et@gr of | yval ent phepol s, for exanp|e pyrocatechol,
r esor ci RIMPriEgd iof @t (sGst ARt SO BY WeiahANSLOvATRERE PrefRIp Rk RaSISts
4, 4" - di yedemalydr3 liquid hed sy yh rodbict of 8bi hRAgNY!
di met hyl _rrefhﬁxgb;f% ke 8} dﬁrooxydi ghe%ﬁaé"ﬂ@??;‘f rre?ﬂg‘?\'g?mmh
4, 4' - di pjsphexpbAEmehisphenol-Grwevinga epoxide eduivatinbweight ®f fromatidut1160pheny|
propane;, 4. 4" -di hydroxydi phenyl . sul fone: or .tris-(4- oxyphenyl ) net hane;
pol y Iyé?&99“@@#@Fgmé?%ﬂdﬁgpé%§ﬂ¥$w¥%P”T@%3#ﬂzh%ﬁéﬁaﬂgfggofxggsﬁ%nohydric or
pol yhydHegeinhgp®lige éqmiba@hﬂﬁEMemeaﬁetrg@?m&eapdyl@arntpoanhfyr redif  the

y

presence of acid catalysts); polyglyci et hers of di phenol s obtai ned by

est er i f yoRtpiNingwINe gramiamuivaientnhepakideods deteanipedtydhayaheddsnaddioal i ¢ aci d

others QrepsfiaReES G dFiatg anGEn ot Rt e Brp R Pl bgen
par af f i refepatiphaiea wdcoshP at 2578 oft frém RBLAUEID B 406Ut 17B8/HoeY, and even
epoxy-contai ning materials which are i)art icularly useful in the practice of

t hi 90i nveenei saferakly fiosuabeytyl 194o@baut 19 paisesepsyrediy 3Rlky portion of
th i o ' h : i scls in LS . Patent No.
5. 55, odgeREl el MELSYa 8T QoA IERI S R el PigchiBalistes T8 ST TP

t hat onehese reguirementyisavapabladonaSheieResinbethdebihecrade desigaatidry adapt abl e
for use within the scgge of the present inventjo .y}]n certain. hi

preferr @d’@N‘tﬁﬁﬁW@%@s_ rﬁ%inéﬂas@pretﬁﬁrﬁemxwam AVEE %?C%ftbgk)?[]! )c/)n, and
R Gl R e T S
15 about 5400 to about 5900 mPa.s, as measured by ASTM D-445. Such a preferred
epoxy resin, which satisfies these requirements is available from Dow Plastics
under the trade designation D.E.R. 352. In preferred embodiments, reactive
diluents are incorporated into the epoxy resin to, inter alia, control the flow
characteristics of the adhesive composition. Suitable reactive diluents preferably
20 have at least one reactive terminal end portion (including an epoxy group), and
even more preferably also have a saturated or unsaturated cyclic backbone.
Preferred reactive terminal ether portions include glycidy! ether and vinyl ether.
Examples of suitable reactive diluents include: 1,4-butanediol diglycidyl ether; 1,4-
cyclohexane-dimethanol; the diglycidyl ether of resorcinol; diglycidyl ether of
25 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
30 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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30 epoxi de equival ent wei ght of from about 180 to about 200, and even nore
preferably fromabout 185 to about 195. In other highly preferred

enbodi ments the 12 WD 2005/ 030894 PCT/ US2004/ 031133 epoxy conpound

conpri ses | proportion, and even nore preferabl g4 j,sed of at
| east aboﬂ&édg%%&'v\ei ght, and even nore preferably co%g?@tszsogﬂggsi?gntial ly of
a liquid epoxy fornmed by the reaction product of epichlorohydrin with

bi sphenol - A and bi sphenol - F havi ng a epoxi de equi val ent wei ght of from about
160 5 to about 200, and even nore preferably fromabout 170 to about 185. As
used he3%d reactivexildentdsthe dldebutanedighdigiyeidisethaesejd DysAioPregusts) conpound or

el yt i e e BESBHAMEBBMEI A o1 < her et hod) | Gertain preforred.
epoxi es al so |npréefefreddmbduivients of tisep@isbit ialerkin, tHe époxy cdmyprise00 t o about

175 poise, and even 10 nore preferably fromabout 110 to about 150 poise, as
measur ecELPrefRIRPlY cansislg pesantinily plo arPxy resinensreactivg diusnte AR skell epoxy

resi | ; Stk ' &[ye'% o Iis £ | Resins
unde&t%?&é@%ﬁi ééti'g}?ﬁf%ﬁﬁaﬁgwééy n 5@‘{‘%‘&@?‘%&'?%?’%@3% gslrred epoxi es
pr ef er abfrgm lzboat &1:v1ite @bsut 3.4t and&verofmofe preferiablytai@®02t1o laboghly 6000 nPa. s,

by asTmsPIered aibaddest. (e Py B3BaprIGes o PeRLITh Dy vsdaftiate T
requi r engey § 98, aygvekgrﬁ%ﬁe%ﬁf%‘mrﬁlamt %, byJ\nQ@ht {d'8oduitads, ggsi gnati on
referted di N

DER 352. Inp e ments, reactive uents are I ncorporated
i nt o t heweighyf reaxdive diluent. iheertain prefertmdt erabbodimentd, the epdwyrrasireri stics of
t he hesi ve. composi t.i.on. Suitable reactive, di ref er.abl v have at
| eas on‘ép’?@és&dr%‘{téb% %We@i@ot%pqﬁygﬁr?f?rﬁgfyu@gﬁg é%ésmoévéfé Y and
even morgeighebeieablive dueht (Fefrabl§ Epskatred).or unsaturated cyclic backbone.
Preferred reactive termnal ether portions include glycidyl ether and vinyl
ether. Exanples of suitable reactive diluents include: 1, 4-butanedi ol
di gl yci dyl et er' 1. .4- cycl.ohey R pt hanol ; the diglycidyl ether of
resor ci nol ; I ATARE)) Tet—0 cyetotrexane di net hanol ; di gl ycidyl ether
of neopentyl A4 yeptionéd bISbuLS ofil lof Biditipdpfant AétiveeddmpdHeptLorhe piessHit ene; and
the divinyl ether of cycl ohexanedi net hanol .

15 invention is the reactive multifunctional acrylate. It is contemplated that numerous

compounds are adaptable for use as the reactive multifunctional acrylate of the
present invention, and all such compounds are useful within the broad scope of the
present invention. In certain preferred embodiments, the multifunctional acrylate
comprises, and preferably consists essentially of, multifunctional methacrylate

20 compounds.

In highly preferred embodiments, the reactive multifunctional acrylate
comprises at least one compound that is at least tri-functional, and in certain
embodiments at least one compound that is at least tetra-functional, and ever more
preferable a combination of at least one of each. Of course, the reactive

25 mulitifunctional 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,

30 which is sold under the trade designation SR-351 by Sartomer Company of Exton

PA, USA. A preferred penta-functional acrylate is dipentaerythritol pentaacrylate,

14



Commercially avail able reactive diluents include "W 68" from Rhone Poul enc,
Epodi|l 741, 749 and 757 from Air Products and Chem cal s | ncorporated
(Al'l entown, PA), Rapicure, a divinyl ether of cycl ohexanedi net hanol

avai |l abl e Al l'ied-Signal Corp. of Morristown, PeprusAbfosgiayci dyl
neodeconatvje(;fsbo /(gﬁ%ﬁder the tradenane CADURA E-10 by Shell GI. H ghly

preferred for use in the epoxy resin 13 WD 2005/ 030894 PCT/ US2004/ 031133 as
a reactive diluent is the 1, 4-butanediol diglycidyl ether sold by Air
Products wunder the trade designation Epodil 750. In preferred enbodi nents
of the pwhishig soldwnder the tradeedesignationoSR399day, SarterdepCempanybf Extonsi st s

essenti Y, , X Si d reactive diluent. In such .5.enbodinents, it
is pref Z]%'Jr\’eldgéhaﬁg&h@ @%&&%gﬁﬂ ."?Lgtéftlﬂc\'}'gnﬂli ﬁ%ﬁ'&e%?'aﬁ?s Fg}'t?'g’?i s from
about 1lpdrtit@ad erdthyllFiydrocivtbriy fNa B8R Eerdiatibp Ioh sy tAaBbodi21d0 p}brﬁ hi ghl'y
preferred enbodi nents, 'the ePoxy resin conprises from about 90% by weight to

about 99?@39? eihgrotal weight of thenacrylatsmen istibiter, by wei ght to about 10% by
FosP® 10 conpoinalrindlibatys ol HbA P fo Baaid BY cFROARY BBRLRiReE ™

about 3%fumyperation hif is Gleliewsdthay thediebotiwe m(itfeTctiondl acridatedi df tiePjesehbe

Reactive Multifunctional Acrylate As nmentioned above, one of the inportant
active cHMPMIREhAY tepProvide pragegys andseffactive crass-linking itesdge theadhesive

mul tifungti : I i atnf?jat% Eﬁ;g}ﬁ s are
adapt abl(gér#'%éwws@g%}sf C{%h% }é%clﬁ&gﬂ%ﬁ?éﬁ%?i onathac'r 5Isa epB t %élggresent

i nvent i othe cuned athesive rsuchasquiidsut strengthednd fireirésistantbe br oad scope of the
present invention. ln certai referr enbodj jrent s, .t he | ti.functional
eryitht e " conpe BaIVeATOWREH Shes prart htes 0 cLuBEbRIaUls obieackY (| f unct i onal
met hacry, p@?}g i Iid | Wi reactive

mul ti fun'l(‘:]ta F@?‘]@oggr y !tégémglgjggrai"gyg%‘?%@%@rﬂ%ﬂ%ﬁ%ﬂ%i@t%g?@i s at | east

tri - f uncdepemaling andumercues fastans, sech@diforexanple thedssiresheurecatsoamdl t hat is at
| east tetra-functio d ever nore I;;)re{erable a_conhi,nati on of at | east
Py e othér components of the

|,
one of e%ﬁ?ﬂgt@ascWﬁEgé,the? peAndnatyrg of t

composition. Nevertheless, the preferred embodiments of the present adhesive
15  compositions comprise tri- and penta-functional acrylates in a tri:penta weight ratio
of from 0.05:1 to about 1:1, more preferably from about 0.08:1 to about 0.5:1, and

even more preferably from about 0.1:1 to about 0.4:1.

THE CURING AGENT
20 Although it is contemplated that, in general, the present invention can
include any one of known and available curing agents, it is generally preferred that
the curing agent compromise an amine-curing agent. The amine curing agent of
the present invention may be any substance known as an amine-type curing agent
for epoxy resins; it is generally preferred, however, that the curing agent comprise,
25 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

30 heterocyclic amines, such as bis-(4-aminophenyl)-methane, aniline/formaldehyde

resins, benzylamine, octylamine, propane-1,3-diamine, 2,2-dimethyl-1,3-

15



25 nmul tifunctional acrylate of the present invention nmay conprise a
conbination of two or nore nmulti-functional acrylate conpounds, with each

i ndependently having the same or different levels of functionality. In
certain enbodi nents, the nulti- functional acrylate COﬂ?f/ﬁ 2@ ?ﬁglt ially of
conpounds MO HPB4t ri - and tetra- functional. A preferre tncti onal
acrylate is trinethylol propane triacrylate, 30 which is sold under the trade
designati on SR-351 by Sartoner Conmpany of Exton, PA, USA. A preferred
penta-functional acrylate is dipentaerythritol pentaacrylate, 14 WO

2005/ 03(f3epgarrdiiarnipe0@opértaRddiaming) hhéxansathylenediamirid) alidthyldretriemiggmat i on

SR- 399 ar t oner Each. of these preferred
mul ti-f ﬁﬁﬁé %‘QP%&P?@%'@? ﬁrmgxlﬁgém'fﬂﬂﬂfaﬁ?ﬁbmefhﬁ aninecul arI y met hyl
hydr oqwtﬂ% ;enbfet?aamﬁé%iraaﬂqz%eeémbsmé %@Hta@h%né;%@a basgd on the

total welgh he acrylate and Inhibitor. 5 A'tho pplcants do not
i nt end ttimethythrxanel,6sliamineamyxyhdenediamine, ﬂ}ﬂeamqw %dlaowm@clodmxame is

bel i eved.that the r ctl tifunctional,acr t he res

Mhver s disdEemieaEEhEl Rdlbri SRR R B RSIRERERE 788 for the
adhesi V%lsmdyﬁcﬂﬁex%pﬂobaﬁé'bﬁéﬁ ariimdmieti@vs Bg the density and ot her
physi cal properties of cured adhesive,” such as pul | out strength and

fire restrlmemvi@'clomxmmlm%(us&:uohoeor‘@ﬁmﬂebpotyamlmm@a@hnea anpéds and

br ocent R ERRIds AT AR Mok AR R ABNEHE REEPIIAF5 o < “such as
for exandimerizée ol @mhéréabacratte atidke Cﬁ'l@barﬁél!léﬂsgbfbfe@éd typlel ofanihB és thepe and
nature of the other conponents of the co ggosmlon Nevert hel ess, the

pr efér r cla@AMiReR Modified h!écmf&'ﬁﬁ'ﬂo% PR%B knPB’”cﬁﬁMéQﬂ'Fh&%e%orrpr i se tr i -

d 0.0
o oG58 YRR 8% B G o o hBSMEaPY BRHch 3 e b A 0,051
mor e pr efredaétsyurides theafpadd déslgnétudmt\mdmuhe 08861 Anbtter Qe diprafariéd 20

Al'though it is contenplated that, in general, the present invention can
i ncl ude #RipesRee Bie ﬁ%&%%l%lﬂhaw Emings, MihathERe sUCh eminesRaied al | y

EL?T ﬁrgr g-%ea‘ﬂ?&%ffr&rﬁ%irclb':rddﬁatsatﬂﬁfé? PRI R SIEnRBRARSHANE H g agent . The am ne

15 Ancamine 1638 and Ancamine 2089M. Suitable amines also include the
polyoxyalkyleneamines, known as Jeffamines, made by Hunstman Chemical, for
example the Jeffamines EDR 148, D 230, D 400, on; T 403, xylene diamine and
bis(aminocyclohexyl) methane. Among the cycloaliphatic amines, methylene-
di(cyclohexyl) amine (also known as PACM), 3-aminomethyl-3,5,5 — trimethyl-

20 cyclohexylamine (alternatively 5-amino-1,3,3 — trimethyl-cyclohexanemethyiamine)
(also known as isophoronediamine or IPDA) are preferred. 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

25  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

30 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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t he present invention may be any substance known as an am ne-type curing
agent for epoxy resins; it is generally preferred, however, that the curing
agent conprise, 25 and preferably consist essentially of, a m xture of

al i phatic anj In certain preferred enbodi ments, th ' ,ncl ude, ‘on
ﬂ%@%ﬁ:{os ! ggﬁtﬁhﬂﬁ/@ﬂ 133

aver age, ¥han two hydr ogen atons active towa e epoxi de resin.
The am nes can contain one or nore primry, secondary or tertiary nitrogen
atons. Exanples of suitable am nes are aliphatic, cycloaliphatic, aromatic

and 30 heterocyclic am nes, such as bis-(4-am nophenyl)-net hane,

ani | i ne/ KQHfgl lnedeyidin prefeired embedimdrisyiitie preferrgddaiuse a gonalpinatieniof3atdi ani ne,

2,2-dinmethyl-1,3.15 WO 2005/ 030894 PCT/ US2004/ 03113 r opanedi ani ne
(neopentBREATAES cOMBSURS: RPRLHA 81 Esh R ao e r TR BRI AhamEe valLe

bi s( 3- angfrirm apyl) 80T ookl BO® i RKORME a8daPRYED a BBESN airee, _
triethyl enetetraam ne, tetraethyl enepentaam ne, pentaethyl enehexaam ne,

2,2, 4- tSamMRauM has@mamine walde ghirem abeuk§59 teakelt£80mag KOMgagad

o o TR Ry e B e RS0 385 o HIRORG. 4 a8 ) r opane
and 3- anigreife tHeygidssTranditidmieniperaturd” olfers/icaie pedperopas meaedisabyne) ,

pol yam noi mi dazol i nes and pol yam noam des, for exanple those obtained from
al i phat iASPYIN3MHEB8S and dinerized or trinerized fatty acids. One.

articul arl J . | ] dified b
(F:)ondensat [ o% Ifl{ggd:?ﬁ F%rﬁ@?{%g‘\?ﬁ{hgs I\ﬁ%ncihgﬂb %Qgé{s)mgyg‘%}’%%?’??&ﬁﬁﬁﬁﬁ prefer r)éd
I\/angi cg ity ofscdriventrbfir edriges Mithin thie breae snmte?bty\e/k:cresemrimmmbiba. under tEe
trade desi gnatj on Ancanjne 1856. Anot her type o referre ,nes are the
oAt aietarably R e M ribensiconmasiiong copreae omrRee i var | bl o
fromAr f ARl | ' ' 1408 ncamnm ne
1638 anda%]l'@g%ﬁ?\tzo gf(;%gk/]le %ﬁ‘l”%’a%@@t'g'ﬁﬁgjs?@%rﬁyf nc ?}(Szlaelﬂtq r?e to asouf

pol yoxy adkwt% repdrevegsmorienpreferalsly Jrohtf aboutd®, wita tiealbgutddnwt¥an Cheni cal , for
exanpl e 't__h Jef f am nes | ene di am ne and
0

bi s(ani n rBYRES\ARP 'ﬁ%ﬁlﬁ%ﬁ%ﬂﬁéggﬂ%e%g%gyogﬁ%@gésé‘ﬁ%r?ég net hyl ene-
di (cycl ofsnerhily acHiBfed RheR thHe amheairiRiGibnt B-presétNB kY Adiesivé - trinet hyl
15 ‘ compositions in amounts of from about 20 pbwa to about 70 pbwa, and even more
preferably from about 25 pbwa to about 40 pbwa.
The use of curing agent, which comprises one or more cycloaliphatic
amines 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.
20 In certain of such high temperature embodiments, it is preferred that the
composition produce a pull out force of at least 50KN at about 80°C. In such
embodiments, it is preferred that the curing agent comprise from about 25 % by
weight to about 50% by weight of cycloaliphatic amines, more preferably from
about 30 % to about 40% by weight of cycloaliphatic amines, and even more
25 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-
30 radical inhibitors include, but are not limited to, trimethylhydroquinone,

hydroquinone monomethyl ether, t-butyl catechol and naphthaquinone. It is also
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20 cycl ohexylam ne (alternatively 5-amno-1, 3,3 -
trimet hyl -cycl ohexanenet hyl am ne) (al so known as i sophoronedi am ne or | PDA)
are preferred. ther curing agents include, for exanple, polyam nes and

pol yam de [ ents. For preferred enbodinents in ' th ring agent
conpri ses vg(#z«}og@%og& one Manni ch am ne and at | east one%&ﬁ%& 04/%3 fied
amne, it is preferred that the 25 Mannich~: adduct nodified am ne are
present in a weight ratio of fromabout 0.5:1 to about 3:1, nore preferably
fromabout 0.5:1 to about 2:1, and even nore preferably fromabout 1:1 to

about 2: gontémplatedttetirasie teat one freeiradiedidohipiorenay by enisibpsd pthet hat t he
al i phatic am ne conpound(s) have a glass transition tenperature, when cured
with an 8pRRE) copwopition olyrperizatign Apfjbitorpreterably gompsisesgnareso pref er abl y

from abo t; : ' bout 350 ny
Ko g niesraDf coriest it praBon B G Ser Rl pitiedbly S 16 wo
2005/ 030&8ssenkaly of2aidd0inta83 Of KQu'sg.other ioleibitaisrmay bé esiseddlamebardinnent s, it
is preferred tpo us conbi.nation of at least two am ne. conpounds wherein a
£ 1 5t5 of CXBPBAlQN BN WEIHIINGDe, SHeas fon X mPlR. RAFRhATZBSHINEB0 (o about 1500
My KOH g Iidréfafioné s aRdtHEliKeQNMEN Bfs BasverfioAaIEmpRlyEE 8f from

about 350 to about 800 ny KOH/ g; and 5 even nore preferdbly from about 380
my KOH gpeolymehzatioromhibitgrsKOH/ g. As used herein, the "glass transition

tenperature" refers to th operty . as neasured.by. TM D3418-82. It is
cont enpl at ed Y\ﬁ‘é{ﬁ |t[51ﬁé;ogLﬁrﬁ@gﬁe&ﬁﬁﬂbﬂqg&mﬂunﬁgﬁmﬁﬂm@&@}%tc%ngpo ]'l{ﬂndﬁayvari ety
of concegim/ajiiey depeBamgMr RiMetdls fadteRbFEANEr feddheapplieatdti ahdivention. 10
Preferably, however, the present conpositions conprise fromabout 10 wt%to
abouf 0 s55comtempiatesghiupe, it isrgenprallycpreferiesk thapthefighiniipr/is mresand ibamouotsw % t o
about 4 % r o 30 wt %
Furt her ngfr@“{ﬁ%% g\zgr:?? sﬂﬁégoegéogﬁpmé’t é’fﬁg‘]@g@p Ié%%%fgs%gyrf?%rﬁgﬁgghl ts are
gener al | p.cdosteeabovte! %, am ne curing agent is present in the adhesive 15
conpositions in amounts of from about 20 pbwa to about 70 pbwa, and even
nore preferably from about 25 pbwa to about 40 pbwa.

INITIATOR

15 In some embodiments, the resin composition of this invention can be more
easily cured by adding a curing catalyst, an initiator, or both. Representative
initiators include aldehyde-amine condensation product, organic sulfonyl chlorides
and tertiary amines, with tertiary amines being generally preferred. In certain
preferred embodiments, the initiator comprises an amino substituted phenol, more

20 preferably a tertiary amino substituted phenol, and even more preferably a phenol
having at least two and preferably three tertiary amine substituents. One preferred
tertiary amine is 2,4,6-tris(dimethylaminomethy!) 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

25 present invention. Other suitable activators are tertiary amines such as N,N-
dimethy! aniline, N,N-dimethyl toluidine, N,N-diethylaniline, N,N-diethy! 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 methylethyiketone peroxides

1

30 t-butyl peroxybenzoates, benzoy! peroxides, dicumyl peroxides and the like.
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The use of curing agent, which conprises one or nore cycloaliphatic am nes
Is generally preferred when it is desirable for the adhesive conposition to
performwell, especially in terns of pull out force, at relatively high

t enper atur‘gﬁz 05/%20854{1 certain of such high tenperature %ﬁg&ﬁ%gﬁss it, is
A% 3

preferred t e conposition produce a pull out force © I'east 50KN at
about 80C. In such enbodinents, it is preferred that the curing agent
conprise fromabout 25 % by weight to about 50% by wei ght of cycloaliphatic
am nes, nore preferably from about 30 %to about 40% by wei ght of

cycl oal i phat i THIXOTROPEHCIAGENTS™Ore 25 preferably about 35 %
cycloaliphatic am nes. I'NH BITOR Inhibitors, and particularly free-radical

i nhi bitors, afBePRI/AN EHChAIEAMRASItANGRaY Alsoraeepise. a thixatwopia agents The - r adi cal
i nhi bitor,.d ; ' ' : r.adi LphiQitors

I ncl ude, pﬁf?rr%%ﬁn%ﬁ%@?%@te gél%i{}gé pf%ﬁ?hg?%@?%%%ﬂﬁ%ggmpﬁ%‘?bgﬁ. none
nononet hyecembanoretflubdjtiyd. lesstvisdook, wiheh agipdted astintgtiosramixet or stidraise 17 WO
2005/ g30894. PC%/ U82084/ 031133 itont eértm)at,ed that nore than one free radical
i nhi bPt oSUREGEGHO SHEN GPIERM arcqshé Is 4RefHLIC IBeHAB & thiXgHOPEIRZERbINIREr i zat i on

i nhi bi t0ranemf&fn%s\m&pfmhsér%ghaf;@{egeog)gbgiiieh%EXh&emé@f@c%Qtym

proportion, and even nore prefer nsists essenti al frP]rgqui none.
O cour s@ppli¢ationiartd afterdhe corpobition sssappliednd anrexampt®, thixdiroric agantv t h

hyr doqui non such, as. for. exanpl e, parabenzogui none, .nethyl hydroqui none,

ot ecnol TRPe AeY REimafia REerE shbah B RGeS Hss LA e ) e 1 2t | on

I nhi bi t orgppliddlioheméay réquitaRfeeiify HeesbniptriticnAtceaBBAzoral hdl8ioPiatHyle im t he
conposition may vary w dely depending on nunerous factors particular to
each 18ppltheegiliog kmaddition,chthirgyiopiceapant mayihe addesiosam@nshasr ef erred that the

&l pe A pobfi e el o BT BiefndS st onpitln P2 00
15 | n sompdesimgeasnite, visdusity @8 the commpusition. Theahixbinosiciageanslsen can be nore
facilitates dispensing of the composition because when a shear force is applied,
e.g. expulsion of the composition from a dispensing gun, the thixotropic agent
15 makes the resulting composition less viscous, and therefore, more easy to expel
from the cartridges of the dispensing gun. The thixotropic agent may be found in
the anchor composition in an amount in the range of from about 0.5 wt% to aboutl
10 wt%, and more preferably from about 1 wt% to about 5 wt%. Typically, the use
of thixotropic agent is not needed when the anchor composition is dispensed using
20 aglass capsule. An example of a suitable preferred thixotropic agent is fumed
silica. Also  contemplated are the various silicas made by the various methods
known in the art, including pyrolysis of silicon tetrachloride 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
25 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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easily cured by adding a curing catalyst, an initiator, or both.
Representative initiators include al dehyde-am ne condensati on product,
organic sulfonyl chlorides and tertiary amnes, with tertiary amnes being

general ly ‘9{{%"%’5&9“ In certain preferred errbodl ment S’Pctrhd§ 09 %11?:} or

conprises a no substituted phenol, nore 20 preferably rary am no
substituted phenol, and even nore preferably a phenol having at | east two
and preferably t hr ee tertiary ami ne substituents. One preferred tertiary
amne is 2,4,6-tris(dinmethylam nonmethyl) phenol available fromAr Products
under the traBiLBRSgnati on ANCAM NE K54. O course, two or nore different
activating agents can be used in conbination in accordance with the 25
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agent In anchor COfT'pOSI ionto |nsure
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conposi t iligiitetinb Ocrashed hreB! Glhsdbéais) quarth alilka, nméﬁtdnbeal@muha NGriols addi tion,
a thixotropic agqent may be added to an anchor conposition to prevent the

sett i ng c#ysodin mg@qug easinAssether matarials sughrsMiGeoAint RAYAeL yRlit®ase t he
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di spensi ng o € conposi'tion en a sh orc S app
15  polyethylene, hollow glass and polymer beads, zinc oxnde, novaculite, calcium
sulfate and mixtures thereof. Preferred fillers are quartz, glass and silica. Fillers
may be treated with coupling agents to improve bonding to the polymer matrix.
Examples of coupling agents, which may be used to treat the fillers are silanes,
titanates and zirconates.
20 Preferably, the present compositions contain fillers an amount of from about
10% to about 80% by weight of the composition, more preferably from about 20
wt% to about 70 wt%, and even more preferably from about 20 wt% to about 50
wit%.
The exact particle size of the filler will depend on the desired consistency of
25 the composition and the method for dispensing the anchor composition. For
example, fillers having a large average particle 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
30 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

20



e.g. expulsion of the conposition froma di spensing gun, the thixotropic
agent 15 nmakes the resulting conposition |ess viscous, and therefore, nore
easy to expel fromthe cartridges of the dispensing gun. The thixotropic

agent may dp@ (&9/\%}'\#9}' n the anchor conposition in an ag?§?@ﬁéd%4’gﬁ%3r ange of

f rom about %o about 10 wt % and nore prefera out 1 wt%to
about 5 wt% Typically, the use of thixotropic agent is not needed when the
anchor conposition is dispensed using 20 a gl ass capsul e. An exanple of a

suitable preferred thixotropic agent is fumed silica. Also contenplated are
t he vari meegsizeddaat filled babipgteearticieisizeslese tHapds0 micronsmmiay dehased in, i ncl udi ng

pyr ol ysi con r hIorlde and pi.tation her. suitable

t hi xot roB?r@LQGLJﬂ? &'W@ﬁ 0@ $hSONG hayig 8‘?@'&‘? Siia i e&?ﬁf%%’? PRFRICESers. I n
sonme anchor conpositions, the thixotropic agent nmay al so be considered a
filler. A 25 suitable silica thixotropic agent is Aerosil.RTM R202, which
may be obt ai nOTHER ADDIRW/ES gussa Corporation of Ridgefield Park, N.J. It is

al so contenplated that nore..than one t hi xotropic a be used in the

Anchas  compos 1% BRCAS SAEBSNGaBe SR se IR ad A 6 B e RER RS anchor

conposi t jrpgn Qﬁcﬁd?ﬁlglfd?ﬁ&ﬁitldmetﬁéél@éhﬁé&ﬁ drtied éérﬁbbéﬁh@@fﬁﬁt'@ﬂﬁ)u g€ or nore
fillers. Fillers are typically added to conpositions for various reasons,

i ncl udi ngneesirelirieeurpicasiygl poiferrad flegranseiis Mﬁntaﬂlagfﬁﬂﬂeo‘tﬁﬁﬁﬂ during 5

o vorti Shist, AdBol B R o RaRl shion 08 sFeFRER forfBes B sutteBiS | “ne "
filler ﬁ@he’:ﬁ@ér@kr%ﬁrﬂﬁa thoke iskile@ethelnd strength of the anchor
conmposi tion when polynerized and help to prevent the settling out of other

parti@ul ate materials in the conposition. Generally, the filler is an

i nert, 'norgaﬁk‘\Equl‘\q%EIﬂ TWér(?bW(ﬂﬁfN?mﬁgﬂl g0 By inert it is meant that

t he f| | 1 er does o ri men I Nt er act any ot her corrponent of the

conposi tion. ﬁ(@ﬁ@émboafmaﬂlofﬂr@preéemtllﬁvemilonpihecmwchbut:ompesmom islimted to,
crushed gl ass, gl ass beads, quartz, silica, |inestone,_alumna, various
clays, diIMeREYEBING:a fifst CARPOSHIAR ANGR RGORNSORRORItLE. FNeArstt | i nt powder

kryolite 8m§5€ﬁbﬂ%oﬁ(a'nrt¥ﬂ53etp%xy tBhnpour@ard pRfeRY Aisbif 1edtt gnc T xe,

granul at e yNers suc
15  substantial amount, and preferably substantially all of the reactive diluent if

present. The first composition also preferably contains the multifunctional acrylate,
which itself preferably contains an inhibitor to inhibit curing of the adhesive until
desired, the second composition preferably contains an amine catalyst. When the
first composition and the second composition are combined, polymerization

20 occurs.

In a preferred embodiment, the first composition comprises epoxy resin,
multifunctional acrylate accelerator and filler. The first composition may also
comprise a thixotropic agent, a chain transfer agent, a free-radical inhibitor, a
fragrance, an activator, a promoter and/or a pigment. The second composition

25 may also include a filler, a thixotropic agent, a fragrqnce, and/or a pigment. ltis
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

30 composition (Part A) to the second composition (Part B) is about 1.5 to 1.
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15 pol yethyl ene, holl ow gl ass and pol yner beads, zinc oxide, novaculite,
calcium sulfate and m xtures thereof. Preferred fillers are quartz, gl ass
and silica. Fillers may be treated with coupling agents to inprove bonding
to the pol X. Exanples of coupling agents, used to
treat the %H?'? e@tsa“re silanes, titanates and zirconates. n]fg& ?::gr ably, the
present conpositions contain f| |l ers an amount of from about 10%to about
80% by wei ght of the conposition, nore preferably fromabout 20 w%to
about 70 wt % and even nore pref erably from about 20 wt% to about 50 w %
The exactEXAMPLESe size of the filler will depend on the desired consistency

of 25 the c tion and the method f nS|n the nchor .conposition.
For exanpl eoﬁﬁ)f ll@?"’én%?(\ﬁ%eﬁa[eaplaé“df\qg?élg‘g%gq‘ P?q:' glagf—:- Fgﬁ?ﬁtﬁl rons and
| arger) niye inveABors bAY afe AbtiRtendbl3é IlmitQhél?:@ébé o te IMRIMibADrINSt ems such as
di spensing guns. On the other hand |l ers having a |large particle size

can be uglaing in nawannefapsul es. Pr eferred particle sizes are about 50
mcrofps or larger. However, in 30 cases where a filler is used to prevent
the settling out of other partlcul ate matter in a conposition, a particle

size smal |l er EXRERWOENTALOPROTOCOESdesired. It is also 20 WO 2005/ 030894
PCT/ U52004/ 031133 recognized that filler having a particle size |less than

50 microns may be used in conbination with other fillers, some having

particle size . Lﬁﬂ i DDI TI VES 5 The anchor
conposi tion F4tish of Egrtrﬂrﬁ{l%}%om "é ance is used in an
anchoring conposition to mask any odor of the conposition that is thought

undesi rabl e or unpleasant. A preferred fragrance is Atlanta Fragrance 16332.
SinifGrly, a PhgABRIOPHAIE HEOWNMSICHpPelyMesizablEaPOXY EESIA @R PIARAreSrP8si ti on.

PN IAEHEER REhE BRI el o DGR or Bet o endle reth e BT o nor
conposi t aod otrer ingrediants. The composition is mixed, preferably using a dispenser.
Next, the thixotropic agent is added with shear mixing followed by addition of the
filler. If more than one filler is to be included in the anchor composition, it is
16  preferable to add the first filler, then mixed, then added to the second filler and so
on until the desired number of fillers have been added to the composition until Part
A of the composition is complete. The same general procedure as described
above is used to make Part B consisting of curing agent, thixotropic agent,

activator filler, pigment and other ingredients.

20
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.
25 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

30 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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formed by mxing a first conposition and a second conposition. The first
conposition contains the epoxy conpound and preferably also at |east a 15
substanti al anmount, and preferably substantially all of the reactive dil uent

if present. The fi rst conposition also preferably contaj
mul ti functW%ﬁ‘é’F’O%{’é?ﬁll ate, which itself preferably conﬁ’g&ﬁ%ﬁo‘”ﬁslﬁ fibitor to

i nhibit curing of the adhesive until desired, the second conposition
preferably contains an am ne catalyst. Wien the first conmposition and the
second conposition are conbined, polynerization 20 occurs. In a preferred

enbodi needbmpidseed arraandcamammm IAMagifasie GaapaiDtyisrigistted intbthkidrilegt i onal
acrylate accelerator and filler. The first conposition may al so conprise a

t hi xot r opPleSa@eh 114 -2hikreads RETIPER XagaHp | Stalimﬁﬁ%ételehﬁﬂ%téfpeﬁr%l'bl tor, a
fragr ancﬁws eftBd A%tb éP(@é&l?eﬁ Y”e—@éﬁl%ﬁ hBYiH a ﬁw%ﬁ‘% ion. e ﬁﬁ]%cg‘éqor%orrpoa tion
SO er a

25 may a I'nclude a xotropic a a fragrance, and/or
pi grment . deIll outsanditosquestestiegfs lattlael ramgﬁofmudmt Olﬁehdiursm abouuomhbmnsnaand t he

seco Slt n contajn sqnme of the sa onponents. , The wei ght

"ot of TAHRERR FOT EaNIA G TR BIANCE (eetecttaRIFos GBS0 400 olo aHer B84 1, ¢ he
range of aﬁloﬁnf@ftérd&* r%EQHéd?oBé’gnﬂr rot%h@rﬁ%m%'rbd i$ F&o‘f‘@écﬂhhtb dey @it he first
30 conposition (Part to the second conposition (Part B) |s about 1.5 to

1. 21 wubess| MGmlmeﬂSZO@aﬁ%MequemmeThmaasureﬂ/usribelexarrpl es are
ded to ill t rt nb of . the i t t

Pht endedchidcten 2t FRATBRRH'GE e SRGEATRR o Flon A5 S R riverig vanner - 5

EXPERI MEpdEfdy, ﬁB@‘éDﬁﬁ‘e&nefreﬁ@roa@m@ﬂoﬁchmenHﬂéss /&«Mtl@cerqu%msaﬁdmés 10 The

appropri ate anount s of yneri zabl € epoxy resin are prepared. To the resin

i s atld t Fedsegyprropied &t 0. 2alrmnute wittil failure. fiineonaximam I9edyansk failuredype was di | uent
and ot hefhennr%csgfe%ntﬁilloap%s&wgﬁ a?é R0t t'o?ngdxfrg mé’és?fr&g ﬂ'P!h)é é‘é?ﬁé]g a

di spense
manner, except the torquing operation is omitted.

One measure of real word performance of anchor adhesives is the torqued
pull out force of the adhesive. This measure is in certain ways representative of
15 actual conditiors at a construction site since it would not be unexpected for anchor
bolts, for example, to be twisted or otherwise torqued by a construction worker,
either intentionally or unintentionally, after the adhesive is applied but before the
adhesive has had a chance to fully cure.
The preferred anchor compositions of the present invention provide a torque
20 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..
25 Ascanbe seen from the following examples, the compositions of the present
invention arre 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.
30 ‘
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Next, the thixotropic agent is added with shear m xing foll owed by addition
of the filler. If nore than one filler is to be included in the anchor
conposition, it is 15 preferable to add the first filler, then m xed, then
added to filler and so on until the desire HIEDR fillers
have beenggﬁaaﬁﬁ ggthe conposition until Part A of thgcgonpog??ﬁgn IS
conplete. The sane general procedure as described above is used to make
Part B consisting of curing agent, thixotropic agent, activator filler,

pi gment and ot her ingredients. 20 The above preparation procedure is used
for the exanpCOMPARAIWVE EXAMBEE conparative exanple, in which case the
adhesi ve was prepared in accordance wth the instructions provided. 25 Pul
Qut Performance and Torque Resistance A nedi um wei ght concrete bl ock

appr oxi mat el y Adedifg %éﬁlmé‘ﬁmf' aphiladié yepo&y%s@cﬁ aRbfdrasdhd¥RieSddid Gnbisr used.
Typically, five rep i cate out and torque resistance tests are run for

each adhdhg vgd@dﬁwgeemmREtFeC& ey HilfFiAkEengasetechadipfaighaasplisghtepatein 0 nm deep

concr Bt o B Red M ol e Wil P8 IALR.CHBhE bfiiddh bifelbe Sarof {F 55 W
2005/ 0308 Fofhdnce)Satambtéls bEbhtlireliptes apéveprotedtls. aTHE EslloWind\resadibesi ve

conposition is injected into the drilled holes, and a 1/4"-20 threads per

i nch. X 12A9PBseVeliess steel rod type 304 is inserted into the

adhesi ve-containing hole with a twisting notion. The tinme before pull out
and torque testing is in the range of about 0.5 hours to about 72 hours, as
5 reported. Feghtsieet or que resi stance test RELS@0 st ai nl ess steel rod is
torqued, and the apount of forque reqwred to begin rotation of the rod is

recorded. | n tTora{sResistance olitirs the $ainless steel rod after the
torque remstqmﬁgulg g conggcted at the indicated tine to a
uni versal tester, ﬁ&iﬁ Ngn uni versal tester, Mdel TTC, Instron

Cor por at i on, Bwﬂowtnﬁ Hvaérmtooque)t(KNE)qw val ef#, and the 10 rods are pulled at
0.2" Im'nuteu 2"&5 tThe irrumloag and failure type was then
recor ded. PuII ?“tt 4 (RRtRYg bt torqd8d are measured in the sane

Pumpability — good

10 The RE-500 product had no measurable torque resistance up to six hours

after application at room temperature.
EXAMPLE 1
15 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

24



manner, except the torquing operation is omtted. One neasure of real word
performance of anchor adhesives is the torqued pull out force of the
adhesive. This nmeasure is in certain ways representative of 15 actual
conditiors nstruction site since it would not b for
anchor bol"f'@,goog/gﬁ)gs'é‘xarrpl e, to be twi sted or otherw se ?8?@%@3%}?}3
construction worker, either intentionally or unintentionally, after the
adhesive is applied but before the adhesive has had a chance to fully cure.
The preferred anchor conpositions of the present invention provide a torque
20 resi sihaoenerator §8BRB61 )™ houd.88f t er appl i cakbon at about 4.04m t enperature of
at | east _ about 15 N- t rqued pul t performance_about 24 hours at
about ro&%%%i\l%ﬂ*&?@%ﬁé@4.é§5t about %ggKN. Mbst pré'f-%‘?ably, t he

mat eri al i m@@mho to the conarege or nmasonfy, or the concrete
or rrason;rbbﬁrgg'lé?ﬁfl s bef o?’gqt he adhesi vg'f:gcmposi tion. rU 25 As can be seen
from t he Filler (Bawd)g exanpl es, S10ffe conpositi @i of the predknt invention are
capabl e ?,f. aclli eving a torqu8 resi stance a e hour at rpom tenperature of
at | east Tt 15 Nm and a ]QJII out perfortfance (wtho torqui ng) at
about 24 hogHohuddls Z0osEm heP g enperature of at | east about 90 KN and at
about 24 hours at about 80C of at |east about 45 KN. 30 23 WD 2005/ 030894
PCT/ US2004/03clsies @vRRRxH VS meANBLE A | eadi ng conmerci al |y avail abl e,
epoxy-based anchor adhesive sold under the trade designation RE-500 by
Hlti Aktiengesellschaft of Schaan, Liechtenstein 5 is used in accordance
wi th t he paRst Bucti ons provided to neasure various perfornance paraneters as
outlined Tn the above protocols. The following results are observed:
Adhesi ve RE-500 Torque Resistance, 1 H. (Nnm O Pullout, 5 H. (no

torque) COMPONENT Wt% inPartB  Wi% 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 performance parameters as outlined in the above protocols are
measured for the adhesive composftion and the following results are observed:
5 Torque Resistance, 1Hr. (N-m) - 21
Puliout, 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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Pul lout, 6 H. (no torque) (KN) 84 Pullout, 24 H.(no torque) (KN) 90
Punpability - good 10 The RE-500 product had no neasurabl e torque resistance
up to six hours after application at roomtenperature. EXAMPLE 1 15 A two

part adhes]yve ition having a Part A Part B wei gh% 5 1 and
the foll OV\}VK)QZO?SZO%?& ions for Part A and Part B is pre %1:/12%0(91(103 3

according to the above protocols: PART A COWONENT W. % in Part A W%I n A+B
pbwa Epoxy resin (Egon 828) 59.21 27.33 48.96 Accelerator (SR399)* 19.51
9.00 16.13 24 WD 2005/030894 PCT/US2004/031133 Accerlerator (SR351)** 4.88
2. 25 4. OdnaxReantstrengih dne stibgtEpitallyl beTdMihelstidhgih 2bthé. frésedtdongdositione  Agent
(R202) 2.44 1.13 .0 Filer Sand%q@% 07 4. 0 Pignent 0.01 0.02 0O *includes
270 ppm n¥Orggver, ‘h?x@ﬁﬁ%‘égﬁ%" 'afﬁ)capé%%fme%mrslsn@ewm W.%in
Part B V\’r%lét'énééﬁngbi“ﬁourgﬁér ?vﬁ ?&6% B brott ?l%é}f Guring Agent
(AN 1768) 18.11 5.57 98 A I vat or ANthK54 n FL Xg 8 é(Z%\(r:]cel erat or

( DETA) 1.sebstantial tordue resistanserayenaftag ebxthodes.osi I R202) 30.920 Filler
(Sand)j 48.32 14.87 O

EXAMPLE 2

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

10  according to the above protocols:

PART A
COMPONENT Wt.% in Part A Wi% in A+B pbwa
Epoxy resin (Epon 828) 38.53 17.38 13.80
Epoxy resin (Epon 160) 25.68 12.02 9.565
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 5.04
Pigment 0.0 0.0

*includes 270 ppm me HQ

** includes 125 HQ and 175 me HQ

PART B

COMPONENT Wt.% in Part B Wi% in A+B pbwa
Curing Agent (AN1856)  23.61 7.21 5.72
Curing Agent (PACM) 9.6 293 2.33
Activator (ANCK54) 2.43 0.74 0.59

26



The various performance paraneters as outlined in the above protocols are
nmeasured for the adhesive conposition and the followng results are
observed: 5 Torque Resistance, 1 H. (Nm - 21 Pullout, 3 H. (no torque)
(KN) - 76 FuIIout 24 Hr. (no torque) (KN) - 91.4* r (with
t or que) (W 208%/9398 894 10 Punpability - good *- rod/concr e?klr@g%qoﬂ%gdgs can be
seen froma conparison of the above exanple with the conparative exanpl e,
the present conposition is capable of producing its 15 maxi mum strength of
about 100 KN approximately four hours after application, while a full five
hour s af Aecelermﬁ(d%lepn t he goBor art produkp2is well belo®gits 25 WO

2005/ 030 4 PCT/ S2004/ 031133  maxi num st rengt h and substantially below the
st rengt h 'P‘O frawRic r%‘n@%@?)t £6n. Mored¥é®, the presfnt conposition is
capabl e pfyep @g@{ ting signifiggay torque rﬁsggtance only 1 hour after

applicati on whil'e the prior art product pr oduces no substantial torque
resi stance even after six hours. 5 EXAMPLE 2 A two part adheS| ve conposition
havingagart A Part B wei ovvin

f or mul at il BRYEFQYS ey ?f")?%'?d’qﬁﬁamﬁéés B8 OHWé‘ﬁar"éH‘ea%bov@s%rﬂ sa%r@o?di ng to the

above pra{cR8Ged formdh‘ésﬂg\@ tioA artd he fEWving rdf¥iiies! areAbBeR/aWa  Epoxy
resin (Epon 828) 38.53 17.38 80 Epoxy resin (Epon 160) 25.68 12.02 9.55

Accel er at or (Mgg)Reﬂs’tamgeﬂl-M(N‘rnﬂz15Accer| erator (SR351)*" 5.00 2.29 1.82

Reactjve Dl ughf. (EpRg ! no‘E'(g qu%) By 207

Pullout, 24 Hr. (no torque) @ 80 C (KN) — 54

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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Thi xotropi c Agent (R202) 3.5 1.6 0 Filler (Sand) 11.00 5.04 0 Pigment 0.0
0.0 0 *includes 270 ppmnme HQ ** includes 125 HQ and 175 nme HQ PART B
COMPONENT W.% in Part B W% 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 WD 2005/ 030894 PCT/ U52004/ 031133 Accelerator (IPDA) 3.98 1.22 0.96

Thi xotropi ¢ Agent (Aerosil R202) 2.5 0.76 O Filler (Sand) 1 58.55 17.88 0 The
vari ous performance paraneters as outlined in the above protocols are
measured for the adhesive conposition and the following results are
observed:CLAOM§uUe Resistance, 1 H. (Nm - 15 5 Pullout, 24 H. (no torque)
(KN) - 97 Pullout, 24 H. (no torque) @80 C (KN) - 54 Punpability - good
10 As can be seen froma conparison of the above exanple with the
conparatiye exampliic hiiRsRECS sﬁ@ﬁrﬁgls'aﬁéﬂéﬂn% SnfeRAblie ?ftoRioAs¥Ri &9 a pul |
out force of 54 KN at about 80C. 27 A cur abl e adhesi ve

conposi t|ma50flb’r00mmhmgl ng materials in or to concrete or nmasonry

conprising: a. at st Qne | zabl e e conpound; b. a reactive
di l uent react |3\/e Wi F 8%&[“3? rlleze 5 xu@itorrpound

b. a reactlve diluent reactive w1th sald polymerlzable epoxy compound;

C. from greater than about 8 wt % to 20 wt % of reactive multifunctional

acrylate accelerator, said accelerator comprising at least one acrylate that is at least tri-
functional acrylate and at least one tetra functional; and

d. curing agent;

wherein the composition has a no-torque pull out performance at 24 hours at

about room temperature of at least about 50 KN.

2. The adhesive composition of claim | 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 wt % to about 40 wt

% of the composition.

4. The adhesive composition of claim 1 wherein said reactive multifunctional

acrylate comprises a major proportion of tri-functional acrylate.

5. The adhesive composition of claim 4 wherein said at least tetra-functional

acrylate comprises acrylate that is penta-functional.

6. The adhesive composition of claim | wherein said reactive diluent comprises a

diglycidy! ether other than the polymerizable epoxy compound.
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c. fromgreater than about 8 wt %to 20 vt % of reactive nultifunctiona
acryl ate accelerator, said accelerator conprising at |east one acrylate that
is at least tri- functional acrylate and at | east one tetra functional; and
d. curing agent; wherein the conmposition has a no-torque pull out
performance at 24 hours at about roomtenperature of at |east about 50 KN.
2. The adhesive conposition of claim| wherein said polynerizabl e epoxy
conpound is present in the conposition in anbunts of fromabout 15 wt %to
about 50 wt % of the conposition. 3. The adhesive conposition of claim1
wherein said pol yneri zabl e epoxy conpound is present in the conmposition in
amounts af freR aPREiveRopodtibP FPOHIM 40 Wereif® @b WBRhEQRROIt ERRy 4. The
adhesi ve conposition of claiml wherein said reactive nultifunctional

acryl at e cooppmidde said rezafiver dipwente fiioimoapountf 0.8:d ito Abpve¢ B9:dnal acryl ate. 5. The
adhesi ve conposition of claim4 wherein said at | east tetra-functional
acrylate conprises acrylate that is penta-functional. 6. The adhesive
conposi tigon ofTh€ laahddive doRPOSItiOn SRicthirh Tawhére@ id HRBivecditehi s&@sprives di gl yci dyl
et her other than the polynerizabl e epoxy conpound. 28 7. The adhesive
conposi t idighycisty! gthgs other thipethe polymeezakes ¢pieky fYPPANEf epoxy conpound to said
reactive diluent is fromabout 0.5:1 to about 30:1. 8. The adhesive
conposition of claim7 wherein said reactive diluent conprises a diglycidyl
et her ot Ber t Rae adliesivealoyrpesitiza ol elagp oxavicgrp demuoed pull Thepattinmenoeeat
conpositipn qf claim,1 having a torqued. pull o rformance at about 24
hour s ataﬁ%ﬁgﬁhPWEﬁ%@EWbEPH{ ngﬁ?“%?ﬁvgggﬁbgﬂg%¥£§0 KN. 10. The adhesive
conposition of claiml| wherein said polynerizabl e epoxy conpound (a) and
said reactive diluent (b) together conprise fromabout 40 wt % to about 45

wt % of tlRe cdhposdhesivn. compositine aliirdaimyd ehersdsi widrpobmesizablen epaxbier ei n
sald curichgpAfant) GRIMLLSERRT diGen GHS 1dhinR0EGhprise from about 40 wt % to

about 45 wt % of the composition.

11.  The adhesive composition of claim 1 wherein said curing agent comprises amine-

curing agent.

12. The adhesive composition of claim 11 wherein said amine curing agent includes

at least one a cyclic group.

13.  The adhesive composition of claim 12 wherein said amine curing agent includes

at least one C4-C8 cyclic group.

14.  The adhesive composition of claim 11 wherein the weight ratio of epoxy

compound to said amine curing agent is from about 0.5:1 to about 3:1.

15.  The adhesive composition of claim 11 wherein the weight ratio of epoxy

compound to said amine curing agent is from about 2:1 to about 3:1.

16.  The adhesive composition of claim 4 wherein said at least tetra-functional

acrylate  consists  essentially of tetra- and  penta-functional  acrylate.
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12. The adhesive conposition of claim1l wherein said am ne curing agent
includes at |east one a cyclic group. 13. The adhesive conposition of claim
12 wherein said am ne curing agent includes at |east one C4-C8 cyclic
group. 14. The adhesive conposition of claim1l1l wherein the weight ratio of
epoxy conmpound to said am ne curing agent is fromabout 0.5:1 to about 3:1.
15. The adhesive conposition of claimll wherein the weight ratio of epoxy
conpound to said amne curing agent is fromabout 2:1 to about 3:1. 16. The
adhesi ve conposition of claim4 wherein said at |east tetra-functional

acryl at e 16onsiTht adlesbernbipbitionbdf tieint &-wherdn padpoXyucsiponndkomprigekat e. 29
17. The adhesi ve f%g)BOSItI on qQf cl ai XF\/%erel n s id eg)‘oxy conpound

conpr i se$OROMALHHP ?‘bﬁo%ﬁou@aﬁ%ymlfﬁﬁ}g&ﬁ §t°é‘8HBY‘? &1 fP*dt | east one novol ac
epoxy. 18. The adhesive conposition of claim21 wherein said epoxy conpound
conprises an epoxy containing at |east one cyclic group. 19. The adhesive
conposi til8n oflhe hdhasive camppsition eiilam babereinesard #poky geropeundaiompzisssyanat e i s

pr esent |eno)9n a n‘{RtaﬁeasI&?e”é %19urtou10 w %to about 15 wt % of the
conposi t iBAY SFraning yclic group.

19.  The adhesive composition of claim 1 wherein said reactive multifunctional
acrylate is present in an amount of from about 10 wt % to about 15 wt % of the

composition.
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