2 6 JAN 2005 A VI SCOUS CHEM CAL ANCHORI NG ADHESI VE FI ELD OF THE | NVENTI ON
The present invention is directed to a highly viscous (desirably am ne-
cured) chem cal anchoring adhesive useful in industrial or conner%iﬁ{
construction applications such as bridges, airports, highways, 20 JAN 2005
skyscrapers, stadiuns and tunnels. The anchoring adhesive naintains pins,
hangars, bolts, rods, and ot her anchor devices firmly in place, in
structural openings forned in concrete, masonry, netals (e.g., steel),
ceram cs, glass and wood. The chem cal anchoring adhesive can be forned to
_a desired shape and/or cut to a desired |length, before being sent to the
job site or at the AOVISCOUS CHEMBEADANCHORIDNGVAPHESIVE, the anchoring
adhesive can be injected-into a borehole which is upside down and vex cal,

or horizontal, or oriented W %aﬂﬂgﬂﬂﬂfﬁé not spill or flow out of
t he borehol e. BACKGROUND MIQ@% i\lanchori ng adhesives are
known whi ch are conposed of two or nore conponents that react together and
cure when nixed. UI8e pReseahinvenign isdivected tosa bighly vBicops fdesitably amine-

di scloses a nortar m xture capsule unit for chem cal attachnent of anchors
i n bor ehalres) cHAB aRREH@RINOAERSIv sefullén ifidisah hldbr, catfithegciabbemdtariioal nder
systemcontained in snmaller capsules within the filler material. The
cartrid hS.. ks I | L I L] ' i nsert
an anchaBFaLBYFbaEsl Biled HAES RENAREs ST RbER, Halurh} st Tty O

both t hel‘]:rllg g:?clh%%ng adhesive maiptains pins, hangars, bolts, rods, and other auchor devices

firmly in place, in structural openings formed in concrete, masonry, metals {e.g.,
steel), ceramics, glass aﬁd wood. The chemical anchoring adhesive can be formed to
.a desired shape and/or cut to a desired length, before being sent to the job site or at -
the job site. Because of its high viscosity, the anchoring adhesive can be mjected into
2 borehole which is upside down and veriical, or horizontal, or oriented at any angie,
and will not spill or flow out of the borehole.
BACKGROUND OF THE INVENTION

Chemical anchoring adhesives are known which are composed of two
or more components that react together and cure when mixed. U.S. Patent 5,730,557,
issued to Skupian et al., discloses a mortar mixture capsule unit for chemical
attachment of anchors in boreholes. The capsule houses a filler mateﬁ,ai, and a
chemical binder system contained in smaller capsules within the filler material. The
cartridge is inserted into a borehole, and a driving tool is used to insert an anchor.
The driving tool il:nparts metion to the anchor, which ruptures both the housing

capsuie and the smalier capsules contained within it, causing the chemical binder



capsule and the smaller capsules contained within it, causing the chem cal
binder 1 2 6 JAN 2005 systemto interact and mx with the filler. The
interaction and nixing causes reaction and curing of the binder 268 JAN 7005
systenifiller m xture, thereby securing the anchor within the borehole. A
simlar adhesive is sold by HIti AG under the trade nane "HW'. U. S

Patent 5,731, 366, issued to Moench et al., discloses a chem cal plugging
conpound based on a free-radically polynerizable resin and a free-radical
initiator spatially separated fromthe resin. The spatial separation can be
effected by encapsulating the initiator in glass, gelatin or cellul ose
capsul es. The plugging conpound is described as being self-supporting and
storage systBietoinferagiandmbewitthefillgr.t Thhmittraefiompad Brking caNsesiegetonave
certain disadvantages. One disadvantage is that one or both conponents are

fluid, anddeusihgdfehybiideesysteniflbaihbitee, tereishacutiag e ahelsadvitiinahe
package prior to use. Thus, it 1is not easy to vary the anount of adhesive

used in §cbHADOlEsindial Dhesiveqs W1 F HiltOME REHGaRS Walle nidhd epsdfrt he | ob

site. Put another way, oversized and ‘undersized boreholes wll receive the
Standard size. Anotnet THERGIALAGE Farndy N g4 inderOet Sedistow or
spill from the boreholes during use,_ particular]y after the package is
r upt ur ed PH2&RE capywnd bsed o arfitssradigabepolyasrgablesresiyangd am?-fé%maé when
t he borehole is upside down and
initiator spatially separated from the resin. The spatial separation can be effected by
encapsulating the imitiator in glass, gelatin or cellulose capsules. The plugging
compound is described as being self-supporting and storage stable.
This and other prior art chemical anchoring adhesives have certain
disadvantages. One disadvantage is that one or both components are fluid, and must
be wrapped, encapsulated or otherwise enclosed in a package prior to use. Thus, it
1s not casy to vary the amount of adhesive used in a borehole, or the size of the
housing capsule, while at the job site. Put another way, oversized and undersized
boreholes will receive the same amount of predetermined, pre-packaged adhesive as
boreholes of standard size.
Another disadvantage is that the fluud adbesives may flow or spill from
the boreholes during use, particularly after the package is ruptured by the anchor
being driven. This problem is especially acute when the borehole is upside down and

vertical, but also exists when the borehole is horizontal, or at an angle between

horizontal and upside down verticel. Even when the adhesive is not completely fluid,



vertical, but also exists when the borehole is horizontal, or at an angle
bet ween horizontal and upside down vertical. Even when the adhesi vé bi SN
conpletely fluid, 2 2 6 JAN 2005 the prior art cartridges are typically
self retentive, i.e., the cartridges will fall from overhead boreholes.
Anot her di sadvantage is that the two conponents, binder and filler, nmnust
be conpletely segregated prior to use, to prevent premature interaction and
reaction. The encapsul ati on techni ques used to acconplish this require sone
preci sion and expense. Al so, there is no assurance that the smaller
capsul es used to contain the binder will remain evenly di spersed anong the
filler until the adhesive capsule is used. Uneven dispersion. e bi nder
and fi | | & peior arteaatridges m@ﬁlmlyq%aﬁéﬁﬁﬁ%%dw@éhsﬁawdsﬁ%wéﬁwm
Cartridge adhesives are another type of prior art adhesive. Cartridge
adhesi vegvdrhehditlerdhobessepar ate parts which are sinultaneously injected into
a borehole using a two-barrel caul king gun which brings the two parts

together at the P h& dishd@figis MAEHRIROS dohgbdents; tbindanaedfidterng t he
borehol e. Di sadvantages of cartridge adhesives include excessive packagi ng

't he CHUSKDRGBRPE SR pire e 0 e ent PHARGUR RAELEORAITY 01 1O

material to run out of veriical oyerhead baqrehol es to _sag i
hori zont ¥8acBgRehdiescncapsulation tec)émques uscg to accomp?igﬁj this reqlgi.re Vome

precision and expense. Also, there is no assurance that the smaller capsules used to
contain the binder will remain evenly dispersed among the filler until the adhesive
capsule is used. Uneven dispersion of the binder and filler can lead to uneven or
inadequate adhesion of the anchor.

Cartridge adhesives are another type of prior art adhesive. Cartndge
adhesives include two separate parts which are simultaneously injected into a
borehole using a two-barrel caulking gun which brings the two parts together at the
point of injection, whereupon they react upon entering the borehole. Disadvantages
of cartridge adhesives include excessive packaging waste, excessive adhesive waste
due to unmixed, unused material remaining in the caulking barrels, and msufficient
viscosity, which permits the material to run out of vertical overhead boreholes, and
to sag in horizontal boreholes.

SUMMARY OF THE INVENTION

The present invention is directed to an anchoring adbesive composition

including two parts, both of which have a viscous, solid, putty-like consistency. The

two parts can be joined side-by-side in a rope or other elongated configuration,



SUMMARY CF THE | NVENTI ON The present invention is directed to an anchoring
adhesi ve conposition including two parts, both of which have a visc

solid, putty-like consistency. The two parts can be joi ned side-by-gﬁdéN¥W5
a rope or other elongated con-figuration, 3 Z 6 JAN 2065 w t hout

encapsul ating one relative to the other, and w thout causing significant
premature reaction between the two parts. Because of their high -viscosity,
the two- part adhesive can be enployed in an upside down vertical borehole,
a horizontal borehole, or a borehole having an angl e between hori zontal

and upside down vertical, and will not spill or flow fromthe borehole or
sag W thin,the borehol e The fir a h d‘t}ﬁﬁ i iffeahesi N-
The fi rs?"1 Pfe' F58r 5&8 u%é’ggsrlc;l%e Wéﬁecnga etéht?lng Hﬁgrclﬁgggé tﬁac50
mllion centipoise, nmeasured at 25 C using a Bro el.d Visc Model
DV-3, naEEEOBPIEFHSKPRACEVESTY q PRtCoBCCaHEE St fher VPG € WPas

that the adhesive may be forned, shaped, and/or cut vmth a knlfe but vm |1
not fl OV\/pﬂﬁtmdhl&mverﬂmdbmmployé:rbni anmsph:r down verticaldhesshele.i : Bptigestal

epoxy resin (e.g., a liquid epoxy resin), and at |east one particul ar
filler, phrehORRaboPEE01E BEANESS: gleﬂfdnwemhbﬁﬁoﬂashmédpﬂﬂedomnv;ﬁrﬁcal,

Desi rably the first part of the adhesive conposition includes about 20-
45% by &gﬁ,y %hLR Y% gt of a first
particu%gmqﬁtasph%?g erab %%?i)érlelsl?lggﬂgglg%@%dﬂlabgﬁ?hm 65% by wei ght

of a second parti Cuﬂ'l?f:t ﬁrst part of the adhesive comprises a resin. The first part has a

viscosity between about 5 million and about 50 million centipoise, measured at 25°C
using a Brookfield Viscometer, Model DV-3, made by Brookficld Engineering Co.
This viscosity range assures that the adhesive may be formed, shaped, and/or cut with
a knife, but will not flow. In one embodiment, the first part of the adhesive includes
an epoxy resin (e.g., a liquid epoxy resin), and at least one particulate filler, in
proportions required to achieve the desired viscosity.

Desirably, the first part of the adhesive composition includes about 20-
45% by weight of a liquid epoxy resin, about 10-40% by weight of a first particulate
filter preferably comprising talc, and about 40-65% by weight of a second particulate
filler preferably ¢ omprising silica.

The second part of the adhesive comprises a curing agent. The second
part has a viscosity between about 5 million and about 50 million centipoise,
measured using the same test equipment. The viscosity of the second part is not more
than 30% higher or 30% lower than the viscosity of the first part. In the one

embodiment, the second part of the adhesive includes a curing compound, a curing




filler preferably c onprising silica The second part of the adhesiyve
conprises a curing agent. The second part has a viscosity bet weer? N, 7005
mllion and about 50 mllion centipoise, neasured using the sane test

equi pnment The viscosity of the second part is not nore than 30% hi gher or
30% | ower than the viscosity of the first part In the one enbodinent, the
second part of the adhesive includes a curing conpound, a curing 4 2 6 JAN
2905 accelerator, and at |east one particulate filler, in proportions
required to achieve the desired viscosity. Desirably, the second part of

t he adhesi ve conposition conprises about 5-20% by wei ght of an am ne or
chem cal derivative thereof, about, 0.1-15%0b wei ght of. terttarysam ne,
about 1-8elctatonminghat logst poeinasiogate fileh &BFQH‘F%‘?S Iiﬂ“é’?%rtgbﬁcbi%n%rgi si ng
talc, and about 52-87% by wei ght of a second particulate filler preferably

conpri siqw@ired Migoasitfhe first and second parts can be extruded, pressed, or
otherwi se joined together in the formof a rope having a cylindrical,

rectangul ar, squar e kb1gN@Ek8EondPart S thediisivadimpsiitipr cofipeiscopzoutay

3

have any suitable cross-5ectional dianeter, and any suitable |length. The

72 T B R e I ol oy

pl astic The first and second parts

are direct] Y g Dol dnie | AL PRI UPUIAGR SKLCANartidfdhe At of

t he ropewel

preferably comprising talc, and about 52-87% by weight of a second particulate filler
preferably comprising silica.

The first and second parts can be extruded, pressed, or otherwise joined
together in the form of a rope having a cylindrical, rectangular, square, triangular, or
other suitable shape. The rope may have any suitable cross-sectional diameter, and
any suitable length. The rope may be wrapped around its circumference with a
suitable wrapper of plastic film, metal foil, paper, or the like. The first and second
parts are directly joined along at least one interface extending the length of the rope.
By “directly joined™ it is meant that no film, capsule or other barrier is interposed
between the two parts.

The rope of anchoring adbesive may be cut or sheared to any size,
depending on the depth of the borchole. In one embodiment, the proper amount of
adhesive can be mecasured by the depth of the borehole, ie., by inserting a rope end
into the borehole as far as possible, and cutting the rope at the top of the borehole.
If the boreholes vary in depth, the adhesive may be cut or sheared to varying lengths

on the job site, to provide the optimum amount of adhesive for each borehole.



By "directly joined" it is nmeant that no film capsule or other barrier is
I nterposed between the two parts. The rope of anchoring adhesive nay be
cut or sheared to any size, depending on the depth of the borehol e.Zf dAMa,
enbodi ment, the proper anount of adhesive can be neasured by the depth of
the borehole, i.e., by inserting a rope end into the borehole as far as
possi bl e, and cutting the rope at the top of the borehole. If the
borehol es vary in depth,, the adhesive may be out or sheared to varying

|l engths on the job site, to provide the opti mum anmount of adhesive for
each borehole. 5 2 6 JAN 2005 Because the two parts are extruded

si de- by-si de, the anmobunt of each part relatiye to th%_ot er is, .

subst antBedduge tomtwe pans ase Gﬁ'@’u@‘?fgsﬂérh;’t'ﬁdéf%@ﬁéﬂ?%é’. e#rR PaH, Ty lafivede
contact between the two parts prior to use is along a sinﬁagtinterface-
Premat urge drRacis ibseaitiadiencimesientsalohe tixbjcngtiniofiitae dopé .t onlygdirestng
encapsul ation of one part relative to the other. Wth the foregoing in

mnd, itod.@ fR@dhqne M oPHApASL P bsd RealohB el itterfacey IRtematixeghl v

vi scous, two-part anchoring adhesive which can be used in a downward or

vi scous, " tWo-part ng-adhesi ve whi ch noar d
Al S0 5 PEFEPR SEME R g Sy R AR IR LAy AR EIRR offdae ©

anchoring adhesive conptgéi tion having a consistent conmposition along its
axial | BHGIHAKRA S EPEFi-des consistent high-quality anchoring force in

heavy construction . ) o
With the foregoing in mind, it is a feature and advantage of the

invention to provide a highly viscous, two-part anchoring adhesive which can be used
in a downward or horizontally-opening borehole without spilling from the borehole.

It is also a feature and advantage of the invention to provide a two-part
anchoring adhesive composition having a consistent composition along its axial
length, which provides consistent high-quality anchoring force in heavy construction
applications, and which can be cut to any desired length on the job site, or before
reaching the job site.

The foregoing and other features and advantages will become further
apparent from the following detailed description of the presently preferred
embodiments, read in conjunction with the accompanying drawings and examples.
The detailed description, drawings and examples are illustrative rather than limiting,
the scope of the invention being defined by the appended claims and equivalents

thereof.



applications, and which can be cut to any desired |l ength on the job site,
or before reaching the job site. The foregoing and other feature gﬂpﬂmﬁ
advantages wi || beconme further apparent fromthe follow ng detalle
description of the presently preferred enbodinents, read in conjunction
wi th the acconpanyi ng draw ngs and exanples. The det ai | ed descri ption,
drawi ngs and exanples are illustrative rather than limting, the scope of
t he invention being defined by the appended cl ai ns and equi val ents
thereof. 6 2 5 JAN 2005 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1

il lustrates a segnment or slug of the highly viscous, essentially solid

anchoring adhesive of the |nvent|on nto a borehol e.
Fig. 2 illustrates tHBBIBFJ R{aéﬁ‘rergh&ebmﬁﬁg prior to

cutting into slugs, wound uplntoac0|ledrtp Fi g. 3|IIustratesa
borehol'e, and an apigharilingtrpics ahselgthant oo stugeo ther % VisgophgeSRBUAIG h v
vi scous adhesive conposition. Figs. 4(a)-4(i) illustrate, in cross-section,
a wde £ alh 08 of G rveHEah) S thansdrbientint photehaé. t he

adhesi v\eégiczlg‘ra'rj&pl)oﬂsllet |g DETAI LED DESCRI PTI ON OF THE PRESENTLY PREFERRED
EMBODI MENT

Fig. 2 illustrates the highly viscous adhesive composition, prior to
cutting into slugs, wound up into a coiled rope.

Fig. 3 illustrates a borehole, and an anchoring pin held into the
borehole, using the highly viscous adhesive composition.

Figs. 4(a)-4(3) illustrate, in cross-section, a wide variety of extruded
configurations for the two parts of the adhesive composition.

DETAYLED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

Referring to Fig. 1, a highly viscous, essentially solid phase anchoring
adhesive is shown in the form of a slug 10 which is adapted for insertion into a
borehole formed in concrete, steel, masonry, ceramic, glass, woad, plastic or another
construction material. The slug 10 is shown as a cylinder, but may have any suitable
shape and size, depending on the shape and size of the borehole. The adhesive shug
10 includes a first part 12 and a second part 14 continuously joined in face-to-face
contact along interface 17, which extends the length of the slug 10. The adhesive slug
10 should contain about 20-80% by weight of each of the first and second parts 12
and 14, based on the combined weight of the first part 12 and second part 14.
Preferably, the slug 10 contains about 35-75% by weight of the first part 12 and about

25-65% by weight of the second part 14, more preferably about 5 2-65% by weight



Referring to Fig. 1, a highly viscous, essentially solid phase anchoring
adhesive is shown in the formof a slug 10 which is adapted for %@Sﬁﬂﬁ%@ﬁ
into a borehole forned in concrete, steel, nmasonry, ceramc, glass, WS d,
pl astic or another construction material. The slug 10 is shown as a
cylinder, but may have any suitable shape and size, depending on the shape
and size of the borehole. The adhesive slug 10 includes a first part 12
and a second part 14 continuously joined in face-to-face contact al ong
interface 17, which extends the length of the slug 10. The adhesive sl ug

10 shoul d contain about 20-80% by wei ght of each of the first and second

parts 12 and 14, based on the copnpi ned weight of the first part. 12,and
second mﬁﬁhcﬁlﬁtpﬂﬂrl&@dﬁ%‘!ﬂ?ﬁ@g% ﬁ@’ei@té)gﬂfeaﬁcﬁgn B‘S{Ftl‘g?%%?)fﬁré\%?ght of
the first part 12 and about 25-65% by wei ght of the second part 14, nore

pr ef er abibsuabPu bipRredfittafyhendisg ipart7l2aGl dant 28%% by weight of e spaead partand
about 35-48% by wei ght of the second part 14, nost preferably about 57% by

vei ght of t kSt Raktrodddaden 3Rl ¥R Yoviavippei Dhtvinth bivy, batoned pat,t 14
The sl ugl410fif%£1?grro§ndec? on. iltls Si deg%y a \Rﬁﬁiﬂpper 16 which may, but need

not, cover the twg 9 sl 10. The first part 12 of the
adhesi v %"?18%8%9%.‘%3 1%_”%4‘3%5’ ?p, S!ug ! p

Si Ve cosity df about 5 nillion to about 50 nillion
coat1 o1 5¢ o 22 1B1 oL By A28 AL 80 19 BHP ifBeFy 4f Bt
([:)\e/? gl Po! SS r%illi-(r)rrlleto\gbig? g (I) tm%lhiosﬁ crgi?i%ggs%dat %%‘i’(rl‘],gprgfc%rigl?rka ic)%,lt ﬂo\rfi'rﬁﬁgﬂ?é Elgdutlvbde'

45 million centipoise, more preferably about 30 million to about 40 million
centipoise. The viscosity is measured using a Brookficld Viscometer, Model DV-3,
made by Brookfield Engineering Co., using the procedure set forth in the
manufacturer’s instructions. The second part 14 of the adbesive slug 10 has a
viscosity of about 5 million to about 50 million centipoise at 25°C, preferably about
20 million to about 45 million centipoise, more preferably about 30 million to about
40 million centipoise. The foregoing viscositics ensure that the first and second parts
12 and 14 essentially have a solid phase, putty-like consistency, allowing the adhesive
composition to be cut, compressed, or otherwise deformed at will, but preventing
flowing, spilling and other random deformation of the adhesive composition. For
example, in a horizontal borehole, the adhesive will not sag to the lower portion of
the borehole or flow out. Also, the adhesive will not flow out of an overhead
borehole.

To facilitate manufacturing of the two-part adhesive composition, and

later mixing of the two parts in a borehole, the viscosities of the two parts 12 and 14



made by Brookfield Engineering Co., using the procedure set forth in the

manuf acturer's instructions- . The second part 14 of the adhesive slug 10

has a viscosity of about 5 mlIlion to about 50 mllion centipoise at 2§@JAN2M5
preferably about 20 mllion to about 45 million centipoise, nore

preferably about 30 million to about 40 mllion centipoise. The foregoing
viscosities ensure that the first and second parts 12 and 14

essential l yhave a solid phase, putty-like consistency, allow ng the

adhesive conposition to be cut, conpressed, or otherw se deforned at wll,

but preventing flowi ng, spilling and other random deformation of the

adhesi ve conposition- For exanple, in a _horizontal  borehal.e, hesi ve
Wi |l notp5iag beQlbdtetd eatrother, tandrare preferbly §p pnially mﬁ? dgu‘?.wﬁiag > the
adhesive wll not flow out of an overhead borehole. To faciljt

e
manuf acturi,0g, ol dfifesulsRepdst WRGMbeumsE oo 4T AOTIRYEY of
| a

the twoJ5aft? orehol e, the viscosities of the two parts 12 and 14 8

shoul d F@;&E&%ﬁ%&ﬁgh@@ﬁ#@ Bf e B ahakiscosinp of dit saxioingd pagt bhed.

Gener al e second pdart 14 should be no nore than 30%

hi gher or 30% | ower than the _v|s¢osit i aFicst Py cfmrabl v,
t he vi sdmfpn;y;)rgfhaﬂ-;g)%ég%%#%/fio critgaﬂfthéﬁ?cgﬁ f tR8 Frstlphrt

no nore than 20% hi gher or 20%

| ower than the viscosity of the first part.12. Mr hRs ¥ or L10®%
Vi sCosi toyefefablye timevsnadsipant ﬂlmschnﬁ(p%{%lst ﬂ%ﬁﬂ%ﬁ%ﬁ‘?éﬁef‘? 10% | ower

than the viscosity of the first part 12. Mst preferably, the t
Vi SCOSi 8% Al the Wasdoattyiofithy firstpastld Most preferably, e*ivo viscosifies are

substantially the same.

In onc embodiment, the first part 12 of the adhesive composition
includes about 20-45% by weight of an epoxy resin, about 10-40% by weight of a
first particulate filler, and about 40-65% by weight of a second particulate filler.
Preferably, the first part 12 of the adhesive composition includes about 25-35% by
weight of the epoxy resin, about 12-25% by weight of the first particulate filler, and
about 45-60% by weight of the second particulate filler. More preferably, the first
part 12 of the adhesive composition includes about 26-30% by weight of the epoxy
resin, about 16-20% by weight of the first particulate filler, and about 52-58% by
weight of the second particulate filler.

The epoxy resin is preferably a liquid epoxy derivative. Novolac epoxy
resins are particularly suitable, and bisphenol epoxy resins are preferred. One
particularly suitable bisphenol epoxy resinis available from Sheli Chemical Co. under

the trade name EPON®828. EPON®8281s2 difunctional bisphenol A/epichlorohydrin



In one enbodi nent, the first part 12 of the adhesive conposition includes
about 20-45% by wei ght of an epoxy resin, about 10-40% by wei ght of az

first particulate filler, and about 40-65% by wei ght of a second 6 JAN 2005
particulate filler. Preferably, the first part 12 of the adhesive
conposition includes about 25-35% by weight of the epoxy resin, about
12-25% by weight of the first particulate filler, and about 45-60% by

wei ght of the second particulate filler. More preferably, the first part

12 of the adhesive conposition includes about 26-30% by wei ght of the epoxy
resin, about 16-20% by weight of the first particulate filler, and about

52-58% by weight of the second particylate filler. The € L)
pr ef er abidgriyed %@m digarid eporey jQHET Feitabip ¢BPXY TBHBR 9“‘-’5}1@5 Wﬁ%ms
particularly suitable, and bi sphenol epoxy resins are preferred, One

parti cul avhiatleiftahlGibbiGpenand BER§3 t.eavailable fom Dasf €hemdealdae |
Chem cal Co. under the trade nane EPON828. EPON 828

i sadi fun-tiorial bi sp gRebARAIADFNEREITA Rade 2n 6il ABBOPAGS vabic viat Iéasdm
l'iquid epoxy. Qther suitable epoxy resins include ARALD TEe610, avail able
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. ave an oil "absorptio ’yal ue of at |east about 3
O e % T B i 56 SRS st asor B it
one sul aﬁblls.lt3 filler is talc, having a particle size of about 1 micron to about 50 microns. One
suitable talc filler is Talc 399 sold by the Whitaker, Clark & Daniels Corporation.
Other suitable talcs are Mistron ZSC from Cyprus Minerals, and MP12-50 from
Pfizer Chemical Co. Other suitable first particulate fillers, having similar particle size
ranges, include calcium carbonate, glass beads, silica, fly ash, clay, and the like.
These other fillers are less desirable than talc.

The second particulate filler is different from the fixst, and can be
defined in terras of U.S. Sieve size. At lcast about 70% by weight of the filler
particles should have a U.S. Sieve size between 16 and 45, inclusive. Preferably, at
least about 80% by weight of the filler particles, and more preferably at least about
90% by weight of the filler particles, have a U.S. Sieve size between 16 and 45.
Particulate filler within this size range facilitates optimum extrusion during
manufacturing, excellent mixing of the adhesive during use due to action of a drniving
tool, shredding of the wrapper 16 during mixing, and excellent bond strength of the

cured adbesive. Filler having significant amounts of larger (lower U.S. Sieve size)

particles provides good in-hole mixing and wrapper shredding, but causes extrusion

10




first filler -is talc, having a particle size of about 1 mcron to about 50
mcrons. One suitable talc filler is Talc 399 sold by the Witaker, Cﬂjzﬂug
& Daniels Corporation. Other suitable talcs are Mstron ZSC fromidy M

M nerals, and NU12-50 from Pfizer Cherrideal Co. O her suitable first
particulate fillers, having simlar particle size ranges, include calcium
carbonate, glass beads, silica, fly ash, clay, and the like. These other
fillers are |l ess desirable than talc The second particulate filler is
different fromthe first and can be defined in terms of U-S. Sieve size.
At | east about 70% by weight of the Mer particles should have a U. S. Sieve

si ze bet gﬁ@aélf@r@&g c‘f]?ﬁcﬁl'ﬁ%%ﬂ gnﬁﬁi&%@ﬁ@bym@g@és@@é&oﬁ BitioRO%il¥r

wei ght o particles, nore preferably at [east about 900/a

by wei ght of the artlcles ave SiZe bet n 1 nd

Par &‘P@&ﬁaﬁl EF’I%"PI'E of sadles |P?§tl?1aﬁ?é’g§§{:\(1?§t |Si Vcof)lfmﬁﬁﬁ? g??um on
dur| ng manufacturi ng excel l ent m xing of the adhesive during us-- due to
action ofxeellpnitextysionas/orforaue dvangmmaneaciisppbme pdhgsive iy ArSIFSES and
excel l ent bond strength of the cured adhesive. Filler having significant
amount s @bot &i-bele wplxtngr wichpper Shendeling 2ed bopdstrengthsofithesidiiesivgood i n- hol e
m xi ng and w apper shredding, but causes extrusion 0 10 2 6 JAN 2605

and/or form ng diffgustabld &xoddfilRGs 0BMEbath 16 iholdRrivipasPeetscoapaB ti on.
Filler having significant anounts of smaller particles (higher U S Sieve

size) proyLifl§Ssilica sand, glass beads, and quartz. One particularly suitable filler is a sand,

for example, a silica sand sold as AGSCO® Sand No. 1, by the Agsco Company. For
this sand, about 89.4% by weight of the particles have a U.S. Sieve size between 16
and 45.
In the one embodiment, the second part 14 of the adhesive composition
includes about 5-20% by weight of an amine compound, meaning an amine Or
~ chemical derivative thereof but not a tertiary amine, about 0.1-15% by weight of a
tertiary amine compound, meaning a tertiary amine or chemical derivative thereof,
about 1-23% by weight of a first particulate filler and about 52-87% by weight of a
second particulate filler. Preferably, the second part 14 includes about 10-18% by
weight of the amine compound, about 1-10% by weight of the tertiary amine
compound, about 5-18% by weight of the first particulate filler and about 58-72% by
weight of the second particulate filler. More preferably, the second part 14 includes
about 12-16% by weight of the amine compound, about 1-5% by weight of the
tertiary amine compound, about 7-12% by weight of the first particulate filler, and

about 62-68% by weight of the second particulate filler.
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excel l ent extrusion and/or form ng during nmanufacture of the adhesive, but
facilitates poor in-hole m xing, wapper shredding and bond strength of

t he adhesive. Suitable second fillers contributing to in-hole mxing oflAN 2005
Parts A and B include silica sand, -lass beads, and quartz. One
particularly suitable filler is a sand, for exanple, a silica sand sold as
AGSCO(r) Sand No. 1, by the Agsco Conpany. For this sand, about 89.4% by
wei ght of the particles have a U S. Sieve size between 16 and 45. In the
one enbodi nent, the second part 14 of the adhesive conposition includes
about 5-20/a by weight of an am ne conpound neaning an am ne or chem cal

derivative thereof t _not tert| e 15% ht of a
tertiary am ne conpiﬁ‘?]gﬂ ri’é‘grﬁeﬁ%“‘% Ystlf" Sﬁ‘fﬂ *B’?I% E]zb#tﬁg

t hereof, about 1-23% by weight of a first partlcul ate filler and about

52- 87% bysawi grotpobf fillesoschel fipanidcecendsfillesime the frsipartald of thetadhssivond
part 14 includes about 10-18% by weight of the am ne conpound, about 1-10%

by wei ghtcopipdsitgor, &intinddyobiihit@ot OitRatiodl to @xofist 2nd 886dnd Mleglinh thé fitdre
first partlcul ate filler and about 5 8-72% by weight of the second

articul I t
D 606 by Sl e porf %ﬁ%%%ﬁ%%ﬁ%%@%%?“%ﬂ%&“%ﬁfwf% HEB scvony

Lo 1 SRR bt o el e DS e
o JAN 200a5ccclcrator for the cunng reaction.

Suitable amine compounds include amines, aliphatic amines,
aminoethylpiperazine, amido amines, cycloaliphatic amines, and the like. Preferred
aliphatic amines include Mannich bases. One suitable Mannich base is sold by Air
Products Co. under the name ANCAMINE®1856. Other suitable aliphatic amines
include ANCAMINE®1767 and ANCAMINE®1768.

Suitable tertiary amine compounds include ANCAMINE®110,
ANCAMINE®K61B, and ANCAMINE®K 54, all sold by Air Products Co., and
EPICURE?®3253 sold by Shelt Chemical Co. A preferred tertiary amine is sold by Air
Products Co. under the trade name ANCAMINE®KS54, and is a trs-
(dimethylaminomethyl)phenol.

To manufacture the adhesive compositon, the ingredients of the first
part 12 can be mixed in a first mixer, and the ingredients of the second part 14 can be
mixed in a second mixer. The scparate mixers can be drum tumblers, sigma blade

mixers, planetary mixers, extrusion mixers, press mixers, and the like. Vigorous

mixing, requiring shear without added heat, may be employed to ensure a

12



The first and second fillers in the second part 14 are selected fromthe
same groups of fillers as the first and second fillers in the finpgt Nl 12
of the adhesive conposition, and nay or nay not be identical to the first
and second fillers in the first part 12. The am ne conpound acts as a
curing agent once the first part 12 and second part 14 have been m xed
together. The tertiary am ne conpound acts as an accelerator for the
curing reaction Suitable am ne conmpounds include am nes, aliphatic am nes,
am noet hyl pi perazi ne, am do am nes, cycloaliphatic am nes, and the |ike.
Preferred aliphatic am nes include Mannich bases. One suitabl e Mannich

base 1s %Fﬁé%}ioﬁé Bistfb QUMIES SinGReditid o ed MO MREBrANAANY dddhe)s3858d phcher
suitabl e aliphatic arises 1ncllude ANCAM NE(r)1. 767 and ANCAMLNE 1768.

Sui tabl e tertiar m ne.go unds J ncl ANCAM NE' 1 N 61B,
and. ANCAMNETREs R 15 AR SR B fE ¥ i seud ONEODRR R 1
Shell Chem cal Co. Apreferred tertiary amne is sold by Air Products Co.
under t hediacametnaash AlRcAVERES sRparate fytrpdery and/r pregssitiing cofvaEse In 2

met hyl ) phenol . To manufacture the adhesive conposition, the ingredients of
t he firstingbadie, ifaranthediconstithdnt adhdsitys compasition ghewnhe Figidgh, Bavingtthe of
the second part 14 can be mxed is a second m xer. The separate m xers can

be drum tuabtaes 97 sdt@eBn lbir 12 %adsecohdptany nixers, extrusion mixers,
press mxers, and the like. Vigorous mxing, requiring shear wthout added

heat, may be enpl oypgl Ktasti£aRd second part 14 of the adhesive may be extruded
and/or pressed together in a wide vanety of configurations. In the preferred
configuration, excmplificd in Fig. 4(a), the adhesive has a cylindrical or elliptical
configuration, with each part 12 and 14 occupying halves of the cylinder. Other
possible configurations are a sheath-core configuration (Fig. 4(b)), a quadro-
cylindrical configuration (Fig. 4(c)), a clover leaf configuration (Fig. 4(d)), various
square and rectangular configurations (Figs. 4(e), 4(f), and 4(g)), a tmangular
configuration (Fig. 4(h)), and a curled configuration (Fig. 4(1)).

Once the adhesive composition has been extruded, it may be covered
with a wrapper 16 made of plastic, aluminum foil, paper, or the like. Preferably, the
wrapper 16 is made of a polyolefin material, most preferably high density
polyethylene or polypropylene. The adhesive composition may then be cut into
individual slugs 10 as shown in Fig. 1, or may be stored as a coiled rope 20 as shown
in Fig. 2. When stored as a rope 20, the adhesive composition may be cut into
individual slugs 10, having any desired sizes, at the construction site or before

cntering the construction site,

13




12 2 6 JAN 2005 honpgenous distribution of ingredients in each of the first
part 12 and the second part 14. The first part 12 and second part ?ﬁjﬁﬁWWS
then be extruded and/or pressed adjacent to each other, using separat’e
extruders and/or presses that converge in a single die, to formthe
bi consti tuent adhesive conposition shown in Fig. 1, having the interface
17 between first part 12 and second part 14. The first part 12 and second
part 14 of the adhesive may be extruded and/or pressed together in a w de
variety of configurations- In the preferred configuration, exenplified in
Fig. 4(a), the adhesive has a cylindrical or elliptical configuration,

hal

with each part 12ad14occup|n f the cylinder. Oher ossi bl e
configurations are %?1\ IS Eng’é?rfq %Aﬁl‘%‘ﬁ‘s?‘ﬁ?’ mtgf(’%o)wh%;eg\mgﬁ‘ d

cylindrical configurati on (Fig. 4(c)), a clover leaf configuration (Fig.
4(d)), vanioysictarad? as shawndottiggs 2 driwingj tgak natshewnligysedi taeiiniva @h) |
and 4(g)), a triangular configuration (Fig. 4(h)), and a curled

conf i gur adrichor pii 84 idd the. bdokslctdde Adhpehl endheigis 34 may beshbested; xinduded,
it may be covered with a wapper 16 nade of plastic, alum numfoil, paper,

or the Ii f erahl I al,
nost pref%?%b}ﬁygh?g%gdgrngb%w\gg??glﬁgﬁr?gso;m%i%lr gﬁ%ngb@#ﬁgeﬂg%@gl ve

o Ty S BE s Mol Ao i Bherth® shh A AR sty o
rope 20, é Qc?mgg:g%%lnvgf ﬁa%nngx%%htgl(g%mu%%) an&/olr ?ctjt%nonal motion.

If the adhesive rope is manufactured with the proper diameter with
respect to the diameter of the borehole, and the diameter of the pin, the correct
amount of adhesive can be measured by inserting an adhesive rope as far as possible
into the borehole, and cutting the rope at the top of the borehole. In effect, the
adhesive slug can be formed in situ at the job site.

The movement of the driving tool, and consequent motion of the anchor
pin 34, causes disintegration of the wrapper 16 and mixing of the first part 12 and
second part 14 of adhesive slug 10, within the borehole. The threads on the anchor
pin 34 aid in the mixing. As the anchor pin 34 is driven into the borehole 32, the
entire adhesive slug 10 is blended into a substantially homogeneous mixture 18 which
fills most of the spaces between anchor pin 34 and the inner walls of borehole 32.
The mixing action also canses substantial curing of the mixture 18 to firmly secure

the anchor pin 34 within borehole 32.

Examples

14



I ndi vi dual slugs 10, having any desired sizes, at the construction site
before entering the construction site. 13 2 5 JAN 2005 At the coﬁﬁt“ﬁk@&%n
site, a slug 10 is inserted into a borehole 32 formed in a structure 30 as
shown in Fig. 3. Adriving tool (not shown) is used to drive an anchor pin
34 into the borehole 32. A typical anchor pin 34 may be threaded, and may
have a flat or pointed forward end 35. A typical driving tool uses rapid
rotational notion to spin the anchor pin into the borehole. Sone driving
tools enploy a conbination of hamrering (axial notion) and/or rotational
notion. If the adhesive rope is manufactured wth the proper dianeter with
respect to the di angt f | a he di,anmeter of the pin, the
correct anount ofn?hﬁ%%@%gﬁggﬁg%éﬁﬁggggfgggQ AR AP ReR Mg¥ing pe
as far as,_possible _int%.the.b .ehol e, and cutting the rope at the top of

t he bor eh©i%®® AHER shops I Jdg% st wadsHay am Preparest. naing rthe | follcawinghe
job site The novenment of the driving tool, and consequent notion of the
anchor pfepasitions festhe fishpang rati the sedondnmaryrandneweight aatio wif 4i: D oofhet he
first part 12 and second part 14 of adhesive slug 10, within the borehole.
The t hr eafisst and tsheo@dhphas. Thicire@¢bnafodl hatinighBiofd $f 8- firl6 phl $hAD BiOie Oy 34
Is driven into the borehole 32, the entire adhesive slug 10 is bl ended

1 P OB S RS 3 e e
second part to resin in the first part. Unreacted hardener may facilitate creep of the
anchoring adhesive, and the amount of unreacted hardener is minimized by this
techmque. The first part bad a viscosity of 40 million centipoise. The second part
had a viscosity of 40 million centipoise. The composition was extruded into a rope

having a 0.5-inch diameter. The extruded rope was wrapped in high density

polyethylene film having a thickness of 0.5 mil, and was cut into slugs having a length

of 4.5 inches.
First Part (Resin)

Material % By Weight
EPON®™828 (Bisphenol A Epoxy Resin) 28.00
Talc 399 (Whitaker, Clark & Daniels) 17.30
AGSCO® Sand #1 (silica sand) 54.70
Total: 100.00

Second Part (Hardener)

Material % By Weight
ANCAMINE®1856 (modified aliphatic amine) 14.67
ANCAMINE®K 54 (tertiary amine) 1.73

15



The m xi ng action al so causes substantial curing of the m xture 18 t%
firmy secure the anchor pin 34 within borehole 32, Exanples 14 2 d J)$NZ%5
2005 A highly viscous, essentially solid phase adhesi ve conposition having
the configuration shown in Figs. | and 4(a) was prepared, using the

following conpositions for the first part and the -second part; and a
weight ratio of 4.3 for the first and second parts. The reason for having
nore of the first part than the second part is to maintain about 5% ess

than a stoichionetric bal ance of hardener in the second part to resin in
the first part. Unreacted hardener may facilitate creep of the anchoring
adhesi ve, ang the amoumt—of unreacted trardener—T g M nrzed by —tht—s
techni que. Th&aki 3% part had a viscosity of 40 fillion cer?.Bpoi se.

second part ¥iscqgsity of 40 mllion centipgoise. The ositijon was
extruded i nt %‘gﬁasgqquglnq a_0.5-inch dianeter. The ext r@%ggprooe was
wrapped in hjgh density polyethylene film having I ck of 0.% 'rail,
and was cut “rte—slugs—haw t?,d.? Ei .{]L@f'agart Resin
Mat eri al % By Wei ght EPON'828 (Bi sphenol A Epoxy Resin)28.00 Talc 399
(Wit aker, O ark & Odwiieventave, highly viscous, essentially solid-phase adhesive, called

The

ntAa ol iiac _hava |l onat b of A4 5 1 n~haoc
T oTT LB A\~ e NS L} LILA>Z

EXP 220, was evaluated against two prior art epoxy-based liquid adhesives sold by
ITW Ramset/Redhead under the names Granite 5 and Ceramic 6. The adhesives were
evaluated using 0.5 in. diameter steel anchor rods, and 0.563 in. X 4.5 tn. borcholes
formed in 4000 psi compressive strength concrete. The anchor rods had 1.5-degree
tapered threads. The hand-operated driving tool was run at 1600 rpm.

Pullout strengths from dry comcrete at ambient temperature were
measured at various time intervals after insertion of the anchors, up to 24 hours.
Pullout strengths were also measured for concrete which had been under water for 24
hours before and after insertion of the anchors. Pullout strengths were also measured
for dry concrete which was maintained at 110°F for 24 hours before and after
insertion of the anchors. The pullout strengths, which are reported in pounds of force,
were measurcd using an Instron load tester. Table 1 shows the pullout strengths
resulting from these tests.

Table 1: Pullout Strengths (Pounds)

. Wet Dry Concrete,
Example Dry Concrete, | Dry Concrete, | Concrete, 110°F,
No. Adhesive 4 Hours 24 hours 24 Hours 24 Hours
EXP 220
1 (Inventive} 15,500 16,000 12,500 14,450
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AGSCO Sand #l (silica sand)54.70 Total: 100.00 Second Part ( Hard

Mat eri al % By Wei ght ANCAMINEal856 (nodified aliphatic anine)14. G?EJANZWS
ANCAM NE' K54 (tertiary amne)l.73 15 Z 6 JAN 2005 Tal ¢ 3999. 33 AGSCO' Sand
#165. 34 Total : 100.00 The inventive, highly viscous, essentially

sol i d- phase adhesive, called EXP 220, was eval uated against two prior art
epoxy-based |iquid adhesives sold by |TW Rarnset/Redhead under the nanes
Granite 5 and Ceranic 6. The adhesives were evaluated using 0.5 in_

di anmeter steel anchor rods, and 0.563 in. x 4.5 in. boreholes forned in
4000 psi conpre55|ve strength concrete. The anchor rods had 1.5-degree

t aper ed t preags—Hhe—tand=operated—driyrmg—t o0t
Pul | out strength$ fGmitedfy toncrete at |ambi ent tenperature re neasufed
at various tizme i|(Cenpeattevediter SiPA8ertijon b%,78he anchas8? up t 08290 houf s.

Pul | out sfrength$ ﬁre _alfo measured fgr concrete mwnich haj been under
i

wat er for| 24 holir s-5¥5°%_hnd after insertj of fth hor s- .Pul.l.out
st rengt hs| wefe all CCpmparatived 1%’30% HB&) ?3,%88 15305

As shown above, the highly viscous adhesive composition of the
invention produced an anchoring force higher than one of the prior art liquid epoxy
adhesives, and equivalentto another. Also, the adhkesive composition of the invention
remained essentially odor-free during use.

In a second set of experiments performed under similar conditions ata
different time and location, using similar 4000 psi concrete, the same inventive
adhesive composition was tested using the same procedure, versus a) white epoxy
putty sticks manufactured by Devecon Co. and sold by Ace Hardware Corp. and
others, and b) HVU adhesive made and sold by Hilt AG of Waldstetlen, Germany.
The white epoxy putty sticks are typically used for repairs, and are not considered to
be an anchoring adhesive. On information and belief, the HVU adhesive is similar
to that described in U.S. Patent 5,731,366, issued to Moench ot al. The HVU
adhesive contains a loose filler phase and a liquid chemical phase contained in
capsules dispersed in the filler phase. Both phases are contained in a cylindrical
plastic wrapper.

Table 2 shows the average holding strength for each of three adhesives,
measured after 24 hours in dry, ambient temperature concrete.

Table 2: Pullout Strengths (Pounds)

17



for dry concrete which was maintained at 110F for 24 hours before and after
insertion of the anchors- The pullout strengths, which are reported inZ§ JaAN 2005
pounds of force, were neasured using an Instron |load tester. Table 1 shows
the pullout strengths resulting fromthese tests. ounds WetDry Concrete,
Exanpl eDry Concrete, Dry Concrete, Concrete, 110F, No. Adhesive4 fl ours24

hour s24 Hours24 Hours EXP 220 I. (I nventive)15, 90016, 00012, 50014, 450 Tabl e

1: Pullout Strengths 16 Z 6 JAN 2005 Granite 5

2( Conpar ative) 5, 90015, 70012, 5008, 500 Ceramic 6

3(Conpar ative) 17, 30017, 90013, 50016, 300 As shown above, the highly viscous
adhesi ve conposition of the invention produced-an—anrchering—foerce—higher

t han one ﬁmg Egewtj‘or art |iquiguigrey adhesi ves, Dandoagrsits,ad4cHbutso
anot her. , fTesTve conposi t1 ol 01 tne fnvention__renal ned
essentially oder-frep duri ngXRLA0 (Iaventive) 12,291

5 Devcon:putty sticks (Comparative) 5,382
6 Hilti HVU (Comparative) 12,538

As shown above, the inventive highly viscous adhesive compaosition
gave better holding force than the prior art putty sticks and similar holding force to
the prior art fluid /capsule adhesive system.

While the embodiments of the invention described herein are presently
preférred, various modifications and improvements can be made without departing
from the spirit and scope of the invention. The scope of the invention is indicated by
the appended claims, and all changes that fall within the meaning and range of

equivalents are intended to be embraced thersin,
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In a second set of experinments perfofrned under simlar conditions at a
different time and location, using simlar 4000 psi concrete, the segmgAN 2005
i nventive adhesive conposition was tested using the sane procedure, versus
a) white epoxy putty sticks manufactured by Devcon Co. and sold by Are

Har dware Corp- and others, and b) HVU adhesi ve nade and sold by Hlti AG
of WAl dstetlen, Germany. The white epoxy putty sticks are typically used
for repaWwkl,CBAdMre not considered to be an anchoring adhesive. On

i nformati on and belief, the HVW adhesive is simlar to that described in

U.S. Patent 5,731, 366, igsuUgchdrth NeCtomiprisiipe HVU adhesive contains a
| oose filler phase and a |liquid chem cal phase contained in capsul es

di spersed in the filler phase. Both phases are contained in a cylindrical

pl astic wapper. Table 2 shows the average holding strength for each of

t hree adhesives, neasured after 24 hours in dry, anbient tenperature
concrete. Table 2: Pullout Strengths (Pounds) 17 z 6 JAN_ 2005 SEsz]g)It% No.
Adhesi ve D Concr et ea fRé jaauosphisiBgR 290, gndrheing a apcopsty s§gbept 5 mulhion

about 50 million centipoise, and a component or constitnent of which 1s an epoxy resin; and
a second part comprising a curing agent, and having aviscosity of about

5 million to about 50 million centipoise;

the first and second parts being direcily joined along an interface.

2. The anchoxing adhesive of Claim 1, wherein the first part has a
viscosity of about 20 million to about 45 million centipoise, and the sccond part has

8 viscosity of gbout 20 million to about 45 milliox centipoise.

3. The anchoring adhesive of Claim 1, wherein the first part has a
viscosity of about 30 million to abount 40 million centipoise, and the second part has

a viscosity of about 30 million to about 40 million centipoise.

4. The anchoring adhesive of Claim 1, wherein the resin cormyprises

an epoxy resin.

5. The anchoring adhesive of Claim 1, vherein the first part further

comprises a particulate filler.
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6 Devcon!putty sticks (Conparative) Hlti HVCT (Conparative) 5,382 12,538
As shown above, the inventive highly viscous adhesive conposition gav 6 JAN 2005
better holding force than the prior art putty sticks and simlar hol ding
force to the prior art fluid /capsul e adhesive system Wile the

enbodi nents of the invention described herein are presently preferred,
various nodifications and i nprovenents can be nmade w thout departing from
the spirit and scope of the invention. The scope of, the invention is

i ndi cated by the appended clains, and all changes that fall within the
meani ng and range of equivalents are intended to be enbraced therein, 18 2
6 JAN 2005 WE CLAIM 1. An anghari ng. adhesi . I SLNO: hh® hooay t
conprising a resiné- and ThgANGHoEng; 8@??ffxﬁaggggﬁakﬁkggFF%ﬁL?§§ &bout 50
mllion centipoise, and a conponent or constitnent of which is an epoxy
resin; apsmprisecandmpar compoped.sing a curing agent, and having a viscosity
of about 5 mllion to about 50 mllion centipoise;

7. The anchoring adhesive of Claim 6, wherein the second part

further comprises a tertiary anuine compound.

8. The anchoring adhesive of Claim 1, wherein the second part

farther comprises a particulate filler.

9. The anchoring adhesive of Claim 4, wherein the curing agent

comprises an amine compound.
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the first and second parts being directly joined along an interface. 2. The
anchoring adhesive of Claim1l, wherein the first part has a viscosity g 2005
about 20 mllion to about 45 mllion centipoise, and the second part has a
viscosity of about 20 million to about 45 mllion centipoise_ 3. The
anchoring adhesive of Caim1l, wherein the first part has a viscosity of
about 30 mllion to about 40 mllion cen-d. poise, and the second part has

a viscosity of about 30 mllion to about 40 mllion centipoise_4. The
anchoring adhesive of Claim1, wherein the resin conprises an epoxy resin.
5. The anchori ng adhesi of Claiml 'wherein the first part further
conprises a particaPat evlﬁgqqngppm}g adhesiypnf (dasn &, wheeeianchor i ng adhesi ve
of Claim1, wherein the curing agent conprises an am ne conpound. 7. The
anchoring adhesi ve of Chaai m @he Whetrmrh colmprises @hdup20445% st heigltafpin ses a
tertiary am ne conpound. 8. The anchoring adhesive of Claim1, wherein the

second pgidxyf tesiMEAbAATIOIDSS By RAsiERC BE & Birdtl pAdiculle NG ﬁﬂﬁﬂgr Gl

adhesive of Claim4, wherein the cufing agent conprises an am né conpound.

absorption value of at least about 30, and about 40-65% by weight of a second
particulate filler, at least about 70% by weight of the second particulate filler having
a U.S. Sieve size between 16 and 45, inclusive; and

b) the second part comprises about 5-20% by weight of an
amine compound, about 0.1-15% by weight of a tertiary amine compound, about
1-23% by weight of a first particulate filler having an oil absotption value of at least
about 30, and about 52-87% by weight of a second particulate filler, at least about

70% by weight of the second particulate filler having a U.S. Sieve size between about

16 and 45.
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20 2 5 JAN 2005 10- The anchoring adhesive of Claim1, wherein: a) the
first part conprises about 20-45% by wei ght of an epoxy resin, abodth JAN 2005
10-40% by weight of a first particulate filler having an oil absorption

val ue of at |east about 30, and about 40-65% by wei ght of a second
particular filler, at |east about 70% by wei ght of the second particul ate
filler having a U S. Sieve size between 16 and 45, inclusive; and b) the
second part conprises about 5-20% by wei ght of an am ne conpound, about O.
1- 15% by weight of a tertiary am ne conpound, about 1-23% by wei ght of a
first particulate filler having an il _absorption value of at |east about
30, and about 52-0%dby v apghosingadhesbsdcpapEbiagt ate filler, at |east

about 70% by wei ght of the second particulate filler having a U S. Sieve

si ze between about 16 ahd 4%. firs? part)édinpAfing eaxy 2014 5% byt nef an
adhesive, conprising: a) a first part conprising about 20-45% by wei ght of

O s R A s e Sl e Tk A LN
second absorption value of at least about 30, and about 40-65% by weight of a second
particulate filler, at least about 70% by weight of the second particulate filler having
a U.S. Sieve size between 16 and 45, inclusive; and
b) a second part compnsing about 5-20% by weight of an,
amine compound, about 0.1-15% by weight of a tertiary amine compound, about
1-23% by weight of a fixst particulate filler having 2n oil absorption value of at least
about 30, and about 52-87% by weight of a second particulate filler, at Icast about

70% by weight of the second particulate filler having a U.S. Sieve size between about

16 and 45.

12, The anchoring adhesive of Claim 11, wherein the first part
comprises about 25-35% by weight of the epoxy resin, about 12-25% by weight of

the first particulate filler, and about 45-60% by weight of the second particulate filler.

13.  The anchonng adhesive of Claim 11, wherein the first part
compiises about 26-30% by weight of the epoxy resin, about 16-20% by weight of

the first particulate filler, and about 52-58% by weight of the second particulate filler.




particulate filler, at |east about 70% by wei ght of the second particul ate
filler having a U S. Sieve size between 16 and 45, inclusive; and b)gajaN 2003
second part conprising about 5-20% by wei ght of an am ne conpound, about
0.1-15% by weight of a tertiary am ne conpound, about 1-23% by wei ght of a
first particulate filler having an oil absorption value of at |east about
30, and about 52-87% by wei ght of a second particulate filler, at |east

about 70% by wei ght of the second particulate filler having a U S. Sieve
Si ze between about 16 and 45 12. The anchoring adhesive of Caim11,

wherein the first part _conprises oyt 25-35% | ght of
resin, about 12-23% by%ﬁﬁﬂloﬁpg“?]géﬂwr"gt Bﬁ?ﬂﬁewﬂﬁﬁlg‘%%el%&sngﬁg about
45-60% by wei ght of the second particulate filler. 13. The anchori.n

byveighs by

adhesi veoprickeilout 1.0- vl weight of thesmimeroompeads Rbewt ktlQie byevy
wei ght of the epoxy resin, about 16-20% by weight of the first particulate

filler, - 589 el ShdutGh § 8VEms eeinid of dhd ficsti precilake Bler 1 22
R

2 fi JA e anchoring adhesive of Claim1l1l, wherein the second

part conprises_aboyt . 10- 1. ' frdeatafure. conpound, about 1-10%
by wei ght a@q%@@?ﬁ@yﬁvyé@?ﬁ%&ﬂ?&%ﬁ d, about 5-18% by weight of the

first particulate filler and about 58-72% by wei ght of the second
particulate filler.

15.  The anchoring adhesive of Claim 11, wherein the second part
comprises about 12-16% by weight of the amine compound, about 1-3% by weight
of the tertiary amine compound, about 7-12% by weight of the first particulate filler,

and about 62-68% by weight of the secend particulate filler.

16.  Theanchoring-adhesive of Claim 11, comprising about 20-80%

by weight of the first part and about 20-80% by weight of the second part.

17. The anchoring adhesive of Claim 11, comprising about 35-75%

by weight of the first part and about 25-65% by weight of the sccond part.

18.  The anchoring adhesive of Claim 11, comprising about 52-65%

by weight of the first part and about 35-48% by weight of the second part.

19.  The anchboring adhesive of Claim 11, wherein the epoxy resin

comprises a novolac epoxy resin.
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15. The anchoring adhesive of Caim1l, wherein the second part conprises
about 12-16% by wei ght of fhe ami ne conpound, about 1-5% by weight of7ghaN 2005
tertiary am ne conpound, about 7-112% by weight of the first particul ate
filler, and about 62-68% by weight of the second particulate filler. 15.

The anchoring: adhesi ve of C aim 11, conprising about 20-80% by wei ght of

the first part and about 20-80% by wei ght of the second part 17. The
anchoring adhesive of Caim1l1l, conprising about 35-75% by weight of the
first part and about 25-65% by wei ght of the second part. 18. The anchoring
adhesive of Claim 11, conprising about 52-65% by weight of the first part

and about 35-48% ky weirghtyehofife adRenns o @inim 19, WiteseERGNORY Eéfesi ve
of Claim1ll, wher€i'n the epoxy resin conprises a novolac epoxy resin. 23 2

b JAN 2005 20, The anchorin Iagllt‘]_lesive of Claire 11, wherein the epoxy resin
conpr i seEnprisssHRSREFD ‘?BR}& €8in 21. The anchoring adhesive of O aim 11,

wherein the epoxy resin conprises a Bifunctional bisphenol
Al epi chl orohydrin. 22. The anchoring adhesive of Caim1ll, wherein the

first particulate filler in the first part and the first ‘ :
filler in the second pdrte ﬂmh@mg@dh@@veg,{él%lelﬂvgﬁrcm AR S L AR

comprises a difunctional bisphenol Afepichlorolrydrin.

59 The anchoring adhesive of Claim 11, wherein the first particulate

filler in the first part and the first particulate filler in the second part comprise the

same matenal.

23 The anchoring adhesive of Claim 11, wherein the second
particulate filler in the first part and the second particulate filler in the second part

comprise the same material.

24, Theanchoring adhesive of Claim 11, wherein the first particulate
fillers each comprise a material selected from talc, calcium carbonate, glass beads,

silica, fly ash, clay, and combinations thereof.

25 The anchoring adhesive of Claim 11, wherein at leasi one of the

first particulate fillers comprises talc.
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23. The anchoring adhesive of Claim1l, wherein the second particulate

filler inthe first part and the second particulate filler in the s fﬁggﬂﬂ%
part conprise the same material. 24. The anchoring adhesive of O ai

wherein the first particulate fillers each conprise a nmaterial selected
fromtalc, calciumcarbonate, glass beads, silica, fly ash, clay, and

conbi nations thereof 25. The anchoring adhesive of Caim1ll, wherein at

| east one of the first particulate fillers conprises talc. 24 2 5 JAN 2005
26. The anchoring adhesive of Claim1l, wherein each of the second

particulate fillers conprise e Ao E Q1 BEEH dhe SbddaR,

gl ass beads, and 28onbi %m[‘%%'ﬁlé V%ﬂ %‘ﬁ‘gﬁghchorl ng adhesi ve of Claim
11, wherein at |east one of the second tlcu e fi

silica pmdulaZBEJIEmemphéﬁ:S ﬁglaéﬁh@ssF{}@ %ﬁ ﬂl\/\#é%géss t e am ne
conmpound conprises a conpound fromthe group con5| Stl ng of am nes,

al i phat | gmhaiBd@s thergbfioet hyl pi per azi ne, am do am nes, cycloali phat I C
am nes, and conbinations thereof. 29. The anchoring adhesive of O aim 11,
wherein the am ne conpound conprises an aliphatic am ne conpound.

27 The anchoring adhesive of Claim 11, wherein at least one of the

second particulate fillers comprises silica sand.

98. The anchoring adhesive of Claim 11, wherein the amune
compound comprises a compound from the group consisting of amines, aliphatic
arnines, aminoethylpiperazine, amido amines, cycloaliphatic amines, and

combinations thereof.

29 The anchoring adhesive of Claim 11, wherein the amine

compound comprises an aliphatic amine compound.

30. The anchoring adbesive of Claim 11, wherein the amine

compound comprises 2 Mannich base.

31. The anchoring adhesive of Claim 11, wherein the tertiary amine

compound comprises tris-(dimethylaminomethyl)phenol.




30. The anchoring adhesive of Caim1ll, wherein the amne conpou

conprises a Mannich base. 31- The anchoring adhesive of O aim 11, mh%déNﬁ%ﬁ
the tertiary am ne conpound conprises Iris-(dimnmethylam nomet hyl)phenol _ 25
2 6 JAN 20D5 32. Au anchoring adhesive, conprising: about 20-80% by wei ght
of a first part conprising an epoxy resin, and having a viscosity of about
20 mllion to about 45 mllion centipoise; and about 20-80% by wei ght of a
second part conprising a curing agent, and having a viscosity between
about 30% | ower and about 30% hi gher than the viscosity of the first part.
33. The anchoring adhesive of Caim32, wherein the second part has a

vi scosity between ghoutan @eheriey aélmtmdq@ummml gher than the viscosity
of the first part. 34. The anchoring adhesive of C aim 32, wherein the

second parthas ya\g ﬁ??ﬁ gtm/f,:@, ao@-l%ﬁtapﬁ)ﬁ&sﬂ;am@npnsmgchﬂmﬂyrb@%méher

than the viscosit art 35. The anchoring adhesive of C aim

b wet oavEre  HBo08Es Ah Apank 20 Bttty atf¥ut U3 GuiilibR ccRBpbisNBagbout 35- 48%

about 20-80% by weight of 2 second part comprising a curing agent,

and having a viscosity between about 30% lower and about 30% higher than the

viscosity of the first part.

33.  The anchoring adhesive of Claim 32, wherein the second part has

a viscosity between about 20% lower and about 20% higher than the viscosity of the

first part.

34. The anchoring adhesive of Claim 32, wherein the second parthas

a viscosity between about 10% lower and about 10% higher than the viscosity of the

first part.

35. The anchori.ug.adhesivc of Claim 32, comprising about 52-65%

by weight of the first part and about 35-48% by weight of the second part.
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36. The anchoring adhesive of Caim32, wherein: a) the first part
conpri ses about 20-45% by wei ght of the epoxy resin, about 10-40% Db 700
weight of a .first particulate filler having an oil absorption valbé35§ %t
| east about 30, and about 40-65% by weight of a second particulate filler,
at | east about 70% by wei ght of the second particulate filler having a

U S. Sieve size between 16 and 45, inclusive; and b) the second part
conpri ses about 5-20% by wei ght of an aliphatic am ne conpound, about
0.1-15% by weight of a tertiary am ne conpound, about 1-23% by wei ght of
first particulate filler having an oil absorption value of at |east about
30, and about 52-%%96b Weinghbrifg adheseoofiChaint BZUWAEEIR | | er, at | east
about 70% by wei ght” of the second particulate filler having a U S Sieve

Size between about 16 a?nd %ée d part comprises about 20-45% by weight of the

[ Xl

a

epoxy resin, about 10-40% by weight of a first particulate filler having an oil
absorption value of at least about 30, and about 40-65% by'wcight of a second
particulate filler, at least about 70% by weight of the second particulate filler having
a U.S. Sieve size between 16 and 45, inclusive; and

b) the second part comprises about 5-20% by weight of an
alipbatic amine compound, about 0.1-15% by weight of a tertiary amine compound,
about 1-23% by weight of a first particulate filler having an oil absorption value of
at least about 30, and about 52-87% by weight of a second particulate filler, at least
about 70% by weight of the second particulate filler having a U.S. Sieve size between

about 16 and 45.
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