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Initials tensile strengths for Various CA Formulations
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CA formulation study: GBMS aged @ 100°C
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% of Initial Result
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Tensile Strength (MPa)

CA formulation study: GBMS aged @ 120°C
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% Retention After Aging @ 120°C
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Tensile Strength (MPa)

CA formulation Study: GBMS aged @ 40°C/98% RH
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ng @ 40°C/985% RH
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Tensile Strength (MPa)
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Initials on Various Steel Subsirates
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% Retention of Initial Strength
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CYANOACRYLATE COMPOSITIONS

BACKGROUND
Field

[0001] Thlis 1nventlion relates to cvanoacrylate-contalining
compositions, which when cured provide 1mproved humidity and

thermal resilistance.

Brief DescriEtion of Related Technologz

[0002] Cyvanocacrylate adhesive compositions are well known, and

widely used as quick setting, l1nstant adhesives with a wide variety

o~ —

of uses. See H.V. Coover, D.W. Dreifus and J.T. O'Connor,

"Cyvanoacrylate Adhesives" 1n Handbook of Adhesives, 27, 463-77,

Skeist, ed., Van Nostrand Reinhold, New York, 3rd ed. (1990). See

also G.H. Millet, "Cyanoacrylate Adhesives” 1n Structural

Adhesives: Chemistry and Technology, S.R. Hartshorn, ed., Plenum

Press, New York, p. 249-307 (19380).

[0003] In the past, efforts have been made to i1mprove the heat

—— —

reslistance of cured products of c¢vanoacrylate compositilion,

particularly upon exposure to elevated temperature conditions,

such as 120°C, 150°C and 180°C. As the cured products are

thermoplastlic 1n nature they tend to soften as the temperature

—

lncreases and when the Ty of the material 1s surpassed the cured

product begins to flow. As the temperature 1ncrease progresses,

a degradation begins and the physical properties deteriorate. AsS

—

a result, commercial applications for c¢yanoacrylates where

exposure to elevated temperature conditions 1s likely have proven

tricky and consequently have been limited.



[0004] Attempts to remedy this situation have been undertaken

1n the past.

[0005] Thermal resilistance conferring agents are known for use

1n cyanoacrylates.
[0006] For instance, U.S. Patent Nos. 5,328,944

(Attarwala) (1mproved cyanocacrylate monomer adhesive formulatilions

—

"ective amount for enhancing

where the formulation 1ncludes an e

— —

the thermal resilistance of the cured polymer of sulfur contalning

r—

compounds of a specified the formula, 1ncluding anhydrosulfites,

sulfoxides, sulfites, sul fonates, methanesulfonates, P-

toluenesulfonates, sulflinates, and cyclic sulfilnates); 5,288, 794

(Attarwala) (1mproved cyanoacrylate monomer adhesive formulations

—

"ective amount for enhancing

where the formulation 1ncludes an e

— —

the thermal resilistance of the cured polymer of a mono, poly or

hetero aromatic compound <characterized Dby at least three

— —

substitutions on an aromatic ring thereof, two or more of the

—

substitutions being electron withdrawiling groups, examples of which

aromatic compounds belng 2,4-dinitrofluorobenzene, 2, 4-
dinitrochlorobenzene, 2,4-di1fluoronitrobenzene, 3,0
dinlitrobenzonitrile, 2—-chloro-3,5-dinitrobenzonitrile, 4 47—
difluoro-3,3"'-dinlitrophenyl sulfone, pentafluoronitrobenzone;

pentafluorobenzonitrile, o,o,—2-tetrafluoro-p-tolunitrile and

tetrachloroterphthalonitrile) ; and 5,424,343 (Attarwala)

(cyanoacrylate monomer adhesive formulations, curable to a

—

polymer, comprlsling a cvanoacrylate monomer and an effective

pr——

amount, for enhanciling the thermal resistance of the cured polymer,

of a naphthosultone compound substituted with at least one strong

electron withdrawlng group at least as strongly electron

wlithdrawlng as nitro) are a few examples. See also U.S. Patent

No. 5,030,799 and Japanese Patent Document No. JP HO6-1450600.
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[0007] The use of carboxylic acids and their anhydrides 1n
cvanoacrylate composlitions to 1mprove thermal and molsture
resistance 1s known.

[0008] For i1nstance, U.S. Patent No. 3,832,334 1s directed to

the addition of maleic anhvydride, which 1s reported to produce

cyvanoacrylate adheslives having 1ncreased thermal resistance (when

cured) while preserving fast cure speed.
[0009] U.S. Patent No. 4,196,271 1s directed to tri-, tetra-

and higher carboxylilic acids or their anhvydrides, which are reported

o r—

to be useful for 1mproving heat resistance of cured cyanoacrylate

adhesives.

—
-

[0010] U.S. Patent No. 4,450,265 1s directed to the use of

—

phthalic anhydride to 1mprove heat resistance of c¢yanoacrylate

adhesives. More specifically, the ‘2650 patent 1s directed to and

claims an adhesive composlition comprising a polymerizable

—

constituent the major part of which comprises at least one ester

—

of Z2-cvanoacrvlic acilid, characterized 1n that the composition

o~

additlionally comprises a proportion of phthalic anhydride

o el

effective for favorably influencing the strength and/or durability

o~

of adhesive bonds formed from the composition, under exposure to

—

molsture or elevated temperature. The effective amount 1s reported

—

as 0.1% to 5.0%, such as 0.3% to 0.7%, by welght of the composition.

—

The ‘Y265 patent reports the superiority of phthalic anhydride over

composlitions where no additive was used, and where malelic anhydride

—

was used (though less pronounced 1n the case of stailnless steel

—

lap shears than 1n those of aluminium).

—
—

[0011] U.S. Patent No. 4,532,293 1s directed to the use of

benzophenonetetracarboxylic acid or 1ts anhydride to provide a

superlor heat reslstance for cvanoacrvyvlate adhesives.
[0012] Rubber toughened cyvanocacrylates are known.

[0013] For 1nstance, U.S. Patent No. 4,440,910 (O"Connor)

ploneered rubber toughened cvanocacrylate compositions through the
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o~

use of certain organic polymers as toughening additives that are

elastomeric, 1.e., rubbery, 1n nature. The "'910 patent 1s thus

directed to and c¢claims a curable adhesive comprilising a

—

substantially solvent-free mixture of: (a) a cvyvanoacrylate ester,

and (b) about 0.5% to about 20% by weight of an elastomeric

polymer. The elastomerilic polymer 18 selected from elastomeric

—

copolymers of a lower alkene monomer and (1) acrvlic acld esters,

(11) methacrylic acid esters or (111) vinyl acetate. More

speclifically, the '910 patent notes that as toughening additilives

P~

for cvanoacrylates, acrylic rubbers; polyester urethanes;

ethylene-vinyl acetates; fluorinated rubbers; lsoprene-—

acrylonitrile polymers; chlorosulfinated polyethylenes; and

—

homopolymers of polyvinyl acetate were found to be particularly

useful.

[0014] The elastomeric polymers are described 1n the '910

— —

patent as elther homopolymers of alkyl esters of acrvlic acid;

—

copolymers of another polymerizable monomer, such as lower

r—

alkenes, with an alkyl or alkoxy ester of acrylic acid; and

— —
=

copolymers of alkyl or alkoxy esters of acrylic acid. Other

unsaturated monomers which may be copolymerized with the alkyl and

—

alkoxy esters of acrvylic 1nclude dilenes, reactive halogen-

contalning unsaturated compounds and other acrylic monomers such

—

as acrylamides. One group of elastomeric polymers are copolymers

—

of methyl acrylate and ethvlene, manufactured by DuPont, under the

name of VAMAC®, such as VAMAC® N123 and VAMAC® B-124. VAMAC® N123

and VAMAC® B-124 are reported by DubPont to be a master batch of
ethyvlene/acryvlic elastomer.
[0015] Henkel Corporation (as the successor to Loctite

— —
e

Corporation) has sold for a number of vyvears since the filing of

the '910 patent, rubber toughened cvanoacrylate adhesive products

under the trade mname BLACK MAX®, whilich employ as the rubber

toughening component, the DuPont materials called VAMAC® B-124 and
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N123. In addition, Henkel has sold 1n the past c¢lear and

substantially colorless rubber toughened cyanocacrylate adhesive

products, namely, LOCTITE® 4203, 4204 and 4205, which employ as

the rubber toughening component, the DuPont material, VAMAC® G.
[0016] U.S. Patent Application Publication No. 2008-0314519

—

(Attarwala) 1s directed to an i1mprovement of this rubber toughened

cvanoacrvyvlate adhesive technology, more specifically, where the

—
—

rubber toughenling agent consists essentially of (a) reaction

—

products of the comblnation of ethvylene, methyl acrylate and

—
=

monomers having carboxylic acid cure sites, (b) dipolymers of

ethvlene and methyl acrvlate, and comblnations of (a) and (b), and

—

being substantially free of release agents, anti-oxidants, stearilc

acid and/or polvethylene glycol ether wax.
[001 7] U.S. Patent No. 5,536,799 (Takahashil) speaks to the use

o~

of dipentaervythritol esters 1n cvanoacrvlates to 1mprove heat

aglng. Preferred esters are noted to be

dipentaervyvthritoltriacrylate (available from Nippon Kavaku Co.,

Ltd. as KAYARAD® D-330), dipentaervyvthritoltetraacrylate (availlable

from Nippon Kayaku Co., Ltd. as KAYARAD® D-320),

dipentaervthritolpentaacrylate (avallable from Nippon Kavaku Co.,

Ltd. as KAYARAD® D-310) and dipentaerythritolhexaacrylate

(available from Nippon Kayvaku Co., Ltd. as KAYARAD® DPHA). The

—

object of this technology seems to be to bond flexible substrates,

which without a more flexible cvyvanocacrylate adhesive to bond the
substrates, would otherwlse cause the cvanoacrylate adhesive to

crack. The noted substrates to be bonded are chloroprene rubber,

=]

PDM and other synthetic rubbers and Bakelite.

[0018] Recently, the Henkel Adhesive Technologles busilness
invented two technologles to address these desires. One 1s
directed to cyvanoacrylate adhesive compositions, comprlising: (a)
a mono-functional c¢vanoacrylate component (such as allyl-2-

cvanoacrvlate), and (b) a multi-functional cyanoacrvylate component



(such as bis-cvanocacrylate). The other 1s directed to
cvanoacrvlate-contalning compositions that include, 1n addition to
the cyvanoacrylate component, a hvdrogenated phthalic anhydride and
optionally a Dbenzonitrile. See U.S. patent Application
Publication No. 20140124137.

[0019] Desplite these efforts, there has been a long standing

desire to achileve more robust thermal and humidity performance

from cyvanoacryvlate compositions. It would accordingly be guite

advantageous to provide another solution to that desire.

SUMMARY

[0020] The present 1nvention 1s such a solution by providing a

cvanoacrylate composition, which when cured provides 1mproved

thermal and humidity performance, through broadly speaking the

comblnation of (a) a cyanoacrylate component, (b) a rubber

toughening agent comprised of (1) reaction products of the

—

comblination of ethylene, methyl acrylate and monomers having

—

carboxylic acld cure sites, (11) dipolymers of ethvylene and methyl

acrvlate, and combinations of (1) and (11), (c) a component

contailning at least two (meth)acrvlate functional groups, and (d)

an anhydride component.

—

[0021] Thlis 1nvention 1s also dilirected to a method of bonding

together two substrates, which method 1ncludes applying to at least

one of the substrates a composition as described above, and

thereafter mating together the substrates.

[0022] In addition, the present 1nvention 1s dilirected to

—

reaction products of the 1nventive compositions.

[0023] Also, the i1invention 1s directed to a method of preparing

the 1nventlive compositions.

[0024] The i1nvention wilill be more fully understood by a reading

—

of the section entitled "Detailed Description', which follows.




BRIEF DESCRIPTION OF THE FIGURES
1 shows lnitial tensile strengths for

[0021] Figure
1 to 7 for grit blasted mild steel

formulations

and polycarbonate substrates.
strength performance ot

cyanoacrylate

(GBMS), aluminium,

the tensile

[0022] Figure 2 shows

cyanoacrvylate formulations 1 to 7 on GBMS after heat agelng at 100

°C over time.

[0023] Figure 3 shows the percentage retention of 1nitial
BMS after

- cyanoacrylate formulations 1 to 7 on G

6 and 12 weeks.
strength performance

tenslle strength o:

for 3,
of

heat ageing at 100 °C
the tensile

[0024] Figure 4 shows

formulations 1 to 7 on GBMS after heat ageing at 120 °C over time.

[0025] Figure 5 shows the percentage retention of 1nitial
BMS after

- cyanoacrylate formulations 1 to 7 on G

tenslle strength of
6 and 12 weeks.

strength performance

"ter heat agelng at 40

—
-

for 3,
of

heat ageilng at 120 ©°C
tensile

BMS  a:

[0026] Figure 6 shows the

formulations 1 to 7 on G

cyanoacrylate

°C 1n 98% relative humidity over time.

[0027] Figure </ shows the percentage retention of 1nitial
formulations 1 to 7 on GBMS

for cvyvanoacrylate
relative humidity

for 3, 6 and

tensile strength

"ter heat agelng at 40 °C 1n 98%

a
12 weeks.
[0028] Figure 8 shows the 1nitial tensile strengths for
cvanoacrvylate formulations 8 to 14 on GBMS and stalnless steel
substrates.
[0029] Figure 9 shows the percentage retention of 1nitial
tensile strengths of cvanocacrvylate formulations 8 to 14 on GBMS
and stalnless steel after heat ageing at 40 °C 1n 98% relative
humidity.
[0030] Figure 10 shows the percentage retention of 1nitial
- cvanoacrvylate formulations 8 to 14 on GBMS

tensile strengths of



after heat ageing at 65 °C 1n 95% relative humidity for 2 weeks
and © weeks.

DETAILED DESCRIPTION
[0031] As noted above, this 1nvention 1S directed to

cyanoacrylate compositions, which when cured provide 1mproved

thermal and humidity performance.

[0032] More specifically, the cvanocacrylate composition as set

out 1n the claims 1ncludes:

(a) a cyanoacrylate component,

(b) a rubber toughening agent comprised of (1) reaction products

o~ o~

of the combination of ethylene, methyl acrvlate and monomers having

—

carboxylic acid cure sites, (11) dipolymers of ethylene and methyl

—

acryvlate, and combinations of (1) and (11), (c)a component

contalning at least two (meth)acrvlate functional groups, and
(d) an anhvydride component.
[0033] The cvanoacrylate component 1ncludes at least one

—
e

cvanoacrylate monomer which may be c¢chosen with a raft of

substltuents, such as those represented by H>C=C(CN)-COOR, where R

1s selected from Ci-15 alkyl, Cz-15 alkoxyalkyl, Csz-15 cycloalkyl, Co-
15 alkenvyl, Ce-15 aralkyl, Cs-15 arvl, Cz-15 allyl and haloalkyl groups.

Desirably, the cvanoacrvlate monomer 1s selected from at least one

—

of methyl cyanoacrvylate, ethyl-2-cvanocacrylate, propvyl

cyanoacrvlates, butvyl cyanoacrvlates (such as n-pbutyl-2-

cyanoacrvylate), octyl c¢vanocacrylates, allyl c¢yvanoacrvlate, R-

methoxvyvethyl cyanoacrvlate and comblnations thereotf. A

particularly desirable c¢yvanoacrylate monomer 1ncludes ethyl-2-

cvanoacrvlate.
[0034] The cyanocacrylate component should be 1ncluded 1n the
compositions 1n an amount within the range of from about 50% to

about 99.98% by weight, with the range of about 70% to about 85%

—

by welght, of the total composition belng desirable.




[0035] The rubber toughening component may be chosen from one

—

of several possibillities. One such possibility 1s a reaction

—

product of the comblnation of ethylene, methyl acrvlate and

monomers having carboxylic acid cure sites. For example, the

rubber toughening component may be an ethylene acrvlic acid

elastomer such as those availlable from Dupont™ under the trade

name Vamac®, such as VAMAC® NiZ3 and VAMAC® B-124., VAMACR N1Z23

and VAMAC® B-1Z4 are reported by DuPont to be a master patch of
cthviene/acrvlic elastomer. The DuPont material VAMAC® & is a
S

simllar copolymer, but contalins ne fiilers to provice colour orx

stabililizers. VAMAC® VIS rubber appears o be the base rubber, from

which tThe remalning members of the VAMAC product Line are
compounded. VAMAC® VCS (also known as VAMAC® MR) 15 a2 reaction

r‘

“le™ J - -4 - = - - - - '-1“ T 7 | - "~ » - Tl - "o 7-' -y - Nt » 3
product of the comblnation of ethviene, methyl acrviate and

MOnoiter S hav:i.ng CaYDOXVLI1C 3aClc Ccure si1tes, wnich once Iormed 1S

then substantially free of processing aics such as the releasse
agents ocltadecvl amine, complex organic phosphalte esters and/orx

[0036] Recently, DuPont has provided to the market undcer the

. 3 I R e A el NTDVRA N O TRNAY T YT DY ey Ny SO vk 7 =t Y . ~
trade designation VAMAC® VMX 1012 and VCD ©200, which are rubbers
vy 'ﬂ: . y . T R , -, ot T J 1 K R e Y i i - - ﬂl ) - ) A
made from ethyviene and methyl acrviate. It 18 bkelieved tThat
N <~ TT SNy \ = IR T - s T s - o~
Che VAMAC® VMX 101Z rubber possesses little to no carboxvliic acid

in Lhe POLYImer Lackbone. Like Lhe VAMAC® VCS rukber,
the VAMAC® VMX 101Z and VCD 0200 rubbers are substantial free oOf

- — .,-!. L . AU . I T ot . N . R S .,_ — R I
processing alds such as the release agents octadecyl amine, complex

Pty N A - - - ~y o P | ’ T . o~ -1 R - J o Bt o T o i +-

organlic phosphate esters and/or earic aclid, and anti-oxidants,
! 01 ST | {1 K . '1 'T-‘ }-': 1"\ 7‘-1 ¥ X + # - 1 . Fal -1 . ":

such as substituted diphenvi amlne, noted above. All of

these VAMAC® elastomeric polvmers are useful herein.

[0037] In one wvariation, the so-formed reaction product 1s

—

rendered substantially free of processing alds and anti-oxidants.
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The processing alids are release agents such as octadecyl amine

(reported by DuPont® to be available commercially from Akzo Nobel

under the trade name ARMEEN® 18D), complex organic phosphate esters

(reported by DuPont to be available commercially from R.T.

Vanderbilt Co., Inc. under the trade name VANFRE® VAM), stearic

acid and/or polvethylene glycol ether wax. The anti-oxidant is a

substituted diphenyl amine (reported by DuPont to be avallable

commercially from Uniroval Chemical under the trade name NAUGARD®
445) .
[0038] Alternatively, the rubber toughening component 18 a

— —
-

dipolymer of ethvlene and methyl acrylate. n one varlation of

this alternative, the so-formed dipolymer 1S rendered

— —
—

substantially free of processing alids and anti-oxidants. Of

—

course, the rubber toughenling agent may be a combination of the

— —
e

reaction product of the precediling paragraph and the dipolymer of

thls paragraph, either of which or both may be rendered

—

substantially free of processing alds and anti-oxidants.

[0039] The rubber toughenling component should be present 1in a

concentration of about 1.5% to about 20% by weight, such as about

5% to about 15% by weight, with about 8% to about 10% being

particularly desilirable.

[0040] The component containing at least two (meth)acrylate

functional groups 1s an aliphatic compound having at least two

(meth)acrylate functional groups, preferably at the terminal ends

o~

of the aliphatic chain, though pendant along the aliphatic chailn

1s approprliate as well, particularly where more than two

(meth)acryvlate functional groups are present. Alkane di- and tri-

ol di- and tri-(meth)acrvylates, respectively, are a few examples

of such compounds. More specifically, hexanediol dimethacrylate
and hexanedliol diacrylate are desirable. In addition, di-
trimethylolpropane tetraacrylate and trimethvyvlolpropane

trimethacrvyvlate are also desirable.
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[0041] The component containing at least two (meth)acrylate

functional groups has the following formula:

Wherein A 1s a Cs to C3p aliphatic chain, and wherein said chain 1s

optionally substituted with one or more acrylate and/or

methacrylate functional groups, and/or one or more Ci-Cio alkyl

—

erent and are

groups; and wherein R! and R4 may be the same or di

—

cach optionally selected from the group consisting of H and Ci to

Ce alkyl.

[0042] Sultably the component having at least two

(meth)acrylate functional groups has the formula:

A

O O

—

Wherein R! and R4 are the same or different and are selected from

the group consisting of H or Me; and wherelin X 1s a C4 to C30 alkyl

chaln and wherein saild chain 1s optionally substituted with one or

more acrylate and/or methacrvlate functional groups, and/or one oOr

more Ci1—-Cio0 alkyl groups.

[004 3] X may be a Cs to Cszp alkyl chain, for example X may be a
Cs alkyl chain, or a Cs alkyl chain, or a Ce¢ alkyl chain, or a Cy
alkyl chain, or a Cs alkyl chain, or a Co¢ alkyl chain, or a Cio
alkyl chain, or a Ci1 alkyl chain, or a Ciz2 alkyl chain.

[0044] Components having at least two (meth) acrylate

functional groups disclosed herein i1nclude the following:
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[0045] The component containing at least two (meth)acrylate

—

functional groups should be present 1n a concentration of about

0.5% to about 20% by weight, such as about 1% to about 15% by
welght, with about 5% to about 10% belng particularly desirable.

[0046] The anhvdride component should be an aromatic one 1like

phthalic anhvydride or full or partially hvyvdrogenated versions

—

thereof, though other anhydrides may be used with or without

phthallc anhydride (or 1ts full or partially hydrogenated versions

thereof) .

[0047] The anhydride component should be present 1n a

concentration of about 0.05% to about 5% by welght, such as about

0.1% to about 1% by welght, with about 0.5% belng particularly
desirable.

[0048] Thermal resistance conferring agents may also be added.

Included among such agents are certain sulfur-contailning

compounds, such as sulfonates, sulfinates, sulfates and sulfiltes

as set forth 1n U.S. Patent No. 5,328,944 (Attarwala), the

—

disclosure of which 1s hereby expressly 1ncorporated hereln by

reference.
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[0049] For example, compositions of the invention may

—

optionally comprise additives which confer thermal resilistance

properties such as Z2-sulfobenzoilic acid anhydride, triethvlene

glycol di (p—toulene sulfonate), trifluoroethyl p-toluene

sulfonate, dimethyl dioxolen-4-ylmethyl p-toluene sulfonate, p-

toulene sulfonic anhydride, methanesulfonic anhydride, 1,3

propvlene sulfite, dioxathiolene dioxide, 1,8-naphthosultone,

sultone 1,3-propane, sultone 1,4-butene, allyl phenyl sulfone, 4-

fluorophenvl sulfone, dibenzothiophene sulfone, bis (4-

fluorophenvyl) sulfone, ethyl p-toluenesulfonate,

trifluoromethanesulfonic anhydride.

[0050] Accelerators may be included 1n the inventive

cvanoacrvylate compositions, such as any one or more selected from

callixarenes and oxacalixarenes, slilacrowns, Crown ethers,

cyclodextrins, poly(ethyvleneglycol) di (meth)acrylates,

—
e

ethoxvylated hydric compounds and comblnations thereof.

[0051] Of the calixarenes and oxacallxarenes, many are Kknown,
and are reported 1n the patent literature. See e.g. U.S. Patent

Nos. 4,556,700, 4,022,414, 4,056,039, 4,095,015, 4,718,906, and

— —

4,855,461, the disclosures of each of which are hereby expressly

incorporated herein by reference.

[0052] For 1nstance, as regards calixarenes, those wilithilin the

followlng structure are useful herein:
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where R! 1s alkyl, alkoxy, substituted alkyl or substituted alkoxy:;
R is H or alkyl; and n is 4, 6 or 8.

[0053] One particularly desirable calixarene 1s tetrabuty.

tetral[Z2-ethoxy-2-oxoethoxy]calix-4-arene.

[0054] A host of crown ethers are known. For lnstance, examples

which may be used hereiln either i1ndividually or i1n comblnation, oOr

— 1

1n combination with other first accelerator

R gi— 0O
5

include 15-crown-5, 18-crown-6, dibenzo-18-crown-6, benzo-15-

crown-5-dibenzo-24-crown-ag, dibenzo-30-crown-10, tribenzo-18-
Crown-o, asym-dlbenzo-22-crown-=6, dibenzo-14-crown-4,
dicyclohexyl-18-crown-6, dicyclohexyl-24-crown-8, cyclohexyl-12-
crown-4, 1,2-decalyl-15-crown-5, 1,Z-naphtho-15-crown-5, 3,4,5-
naphtyl-1lo-crown-o, 1,Z2-methyl-benzo-13-crown-6, 1,Z2-methylbenzo-
5, o-methvlbenzo-18-crown-=6, 1l,2-t-butvyvl-18-crown-6, 1, 2-
vinylbenzo-15-crown->5, 1,2-vinvylbenzo-18-crown-o, 1,2-t-butvyl-
cyclohexyl-18-crown-6, asym-dibenzo-Z22-crown-6 and 1,Z-benzo-1,4-

benzo-o-oxygen-20-crown—-/. See U.S. Patent No. 4,837,260 (Sato),

o~

the disclosure of which 1s hereby expressly 1ncorporated here by

reference.
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[0055] Of the silacrowns, agaln many are known, and are reported

1n the 1literature. For 1nstance, a typilcal silacrown may be

represented within the followlng structure:

where R® and R*®* are organo groups which do not themselves cause

r—

polymerization of the cvanoacrylate monomer, R°> is H or CHz and n

—

is an integer of between 1 and 4. Examples of suitable R® and R*

groups are R groups, alkoxy groups, such as methoxy, and arvloxy

groups, such as phenoxy. The R?® and R* groups may contalin halogen

or other substituents, an example being trifluoropropyl. However,

groups not suitable as R?* and R° groups are basic groups, such as

amino, substituted amino and alkylamino.

p——

[0056] Speclflic examples of silacrown compounds useful 1n the

inventlve compositions 1nclude:
FhC /czHg
pY
v o
v

AN
O O

\_/

dimethylsila-ll-crown—-4;
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dimethvylsila-14-crown-5;

Hs

-

O

s
.

C CH;
N/
/N

and dimethvylsila-17-crown-6.

r—

the disclosure of which

See e.g. U.S. Patent No. 4,906,317 (Liu),

1s hereby expressly 1ncorporated herein by reference.
[0057]

Many cyclodextrins may be used 1n connection with the

present 1nvention. For 1instance,

_hose described and claimed 1n

—

the disclosure of which 1s hereby

expressly 1ncorporated herein by reference,

U.S. Patent No. 5,312,804 (Wenz),

as hydroxyl group
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r—

derivatives of an a, P or y-cyclodextrin which is at least partly

soluble 1n the cvanoacrvylate would be appropriate choices.

[0058] For 1nstance, poly(ethvlene glycol) di(meth)acrylates
sultable for use herein 1nclude those within the following
structure:

CH H C
H2C:C: : : >C=CH2
ﬁ{O-CH;_CHz}o—ﬁ

0O no 0

—

where n 1s Jgreater than 3, such as within the range of 3 to 12,

with n being 9 as particularly desirable. More specific examples

include PEG 200 DMA, (where n 1s about 4) PEG 400 DMA (where n 1s

about 9), PEG 600 DMA (where n 1s about 14), and PEG 800 DMA (where

n 1s about 19), where the number (e.g., 400) represents the average

— —

molecular weight of the glycol portion of the molecule, excluding

the two methacrvlate groups, expressed as grams/mole (i.e., 400

g/mol). A particularly desirable PEG DMA is PEG 400 DMA.

[0059] And of the ethoxvlated hydric compounds (or ethoxylated

fatty alcohols that may be emploved), appropriate ones may be

chosen from those withilin the following structure:

CTO~ .CH
i qH OH
n
R

where Cn can be a llnear or branched alkyl or alkenyl chaln, m 1s

an l1nteger between 1 to 30, such as from 5 to 20, n 1s an 1nteger

between 2 to 30, such as from 5 to 15, and R may be H or alkyl,
such as Ci-s alkyl.

—

[0060] Commercilially avallable examples of materials within the

—

"ered under the DEHYDOL® tradename

above structure 1nclude those o

from BASF SE, Lugwigshafen, Germany.
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[0061] When used, the accelerator embraced by the above

structures should be 1ncluded 1n the compositions 1n an amount

—
—

wlithin the range of from about 0.01% to about 10% by weight, with

—

the range of about 0.1 to about 0.5% by weilight being desilirable,

—

and about 0.4% by weilight of the total composition belng

particularly desirable.

[0062] A stabilizer package 1s also ordinarily found 1n

cvanoacrylate compositions. The stabillizer package may 1nclude

one or more free radical stabilizers and anlionic stabilizers, each

— —— —
=

of the 1dentity and amount of which are well known to those of

ordinary skill in the art. See e.g. U.S. Patent Nos. 5,530,037

— r—

and 6,607,632, the disclosures of each of which are hereby

incorporated herein by reference.

[0063] Commonly used free-radical stakbiilizers incliude
nydrogquincne, while commonly used anionic stabiiilzers inciude
ooron triflouride, koron trifiuoride-etherate, sulphur trioxids

oy A L T " o o o R - =an ] Far A s Al L T
(and hvdrolyis products therecf), sulfur dioxaide and methanes

sulfonic acid.

[0064] Other additives may be 1ncluded to confer additional

physical properties, such as 1Improved shock resistance (for

lnstance, c¢iltric acid), thickness (for 1nstance, polymethyl

methacrylate), thixotropy (for i1nstance fumed silica), and color.

[0065] These other additives may be used 1n the 1nventilve

compositions 1ndividually 1n an amount from about 0.05% to about

20%, such as about 1% to 15%, desirably 5% to 10% by weight,

depending of course on the i1identity of the additive. For i1nstance,

and more specifically, citric acid may be used 1n the 1nventive

r—

compositions 1n an amount of 5 to 500 ppm, desirably 10 to 100

PPIN.

[0066] In another aspect, there 1s provided a method of bonding

together two substrates, which method 1ncludes applying to at least

—

one of the substrates a composition as described above, and
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“1clent to

thereafter mating together the substrates for a time su

permlit the adhesive to fixture. For many applications, the

substrate should become fixed by the compositions 1n less than

about 150 seconds, and depending on the substrate as little as

about 30 seconds. In addition, the composition should develop

shear strength on the substrates between which they have been

applied, as well as side Impact strength and fracture toughness.

[0067] In vet another aspect, there 1s provided reaction

—

products of the compositions as set out 1n the claims.

—
=

[0068] In sti1ll another aspect, there 1s provided a method of

preparing the compositions as set out 1n the clailms. The method
includes providing a cyanoacrylate component, an anhrydride

component, a rubber toughenlng component, and a component

contailning at least two (meth)acrylate functional groups, and

mixing to form the cvanocacryvlate composition.
[0069] The present inventlion provides a cyanoacrvylate
composltion as set out 1n the claims, comprilising:

(a) a cvanoacrylate component,

(o) a rubber toughening agent comprilised of (1) reaction

— —

products of the comblnation of ethvylene, methyl acrvlate and

I

monomers having carboxylic acid cure sites, (11) dipolymers of

—

ethylene and methyl acrylate, and combinations of (1) and (11),

(C) a component contalning at least two (meth)acryvlate

functional groups, and

o~

(d) an anhvydride component. Compositions of the i1nvention

are particularly sulted to bonding steel substrates.

[0070] In one embodiment the cyvanocacrvlate component comprises

ethvl-2-cvanocacrylate, which 1s present 1n an amount of from about

— —
e

710% by welght of the total composilition to about 98% by weight of

the total composition, for example the ethvl-Z2-cvanoacrylate may

—

be present 1n an amount of about 85% by welght of the total

composition.
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[0071] The component containing at least two (meth)acrylate

functional groups may be 1,6-hexanediol diacrylate, and may be

— —

present 1n an amount of about 0.5% to about 10% by welght of the

—
—

total composition. For example, the cyanoacyrlate composition of

the 1nvention may comprise from about 5% to about 10% by weight
1, 6—-hexanediol diacrvylate.

[0072] The anhydride component may by tetrahydrophthalic

)

anhvyvdride and may be present 1n an amount of from about 0.1% to

—

about 1% by weight of the total composition.

[0073] The composition may further comprise a stabililiser such

as sulfur dioxide and methanesulfonic acid.

[0074] In one embodlment the cyanoacrvlate component 1s ethyl-
2—cyanoacryvalte, the anhydride component 1s tetrahydrophthalilc

anhvdride and the component contalning at least two (meth)acrylate

functional groups 1s 1, 6-hexanediol diacrylate.

[0075] In one embodiment the cvanoacrylate component 1s present

—

1n an amount of about 80% to about 90% by weilight, the rubber

—

toughening agent 1s present 1n an amount of about 5% by welght to

about 15% by weight, the component comprising at least two

—

(meth)acrylate functional groups 1s present 1n an amount of about

0.5% to about 103 by welight and the anhydride component 1s present

—

1n an amount of about 0.1% to about 1% by weight of the total

composition.

[0076] In a further embodiment the c¢vyanoacrvlate compositions

o~

of the i1nvention further comprise additives for conferring thermal

—

reslistance. For example, the c¢yanoacrvylate compositions of the

invention may further comprise sulfur containing compounds such as

ethyvlene sulphite or naphthosultone.

—

[0077] The additives for conferring thermal resistance may for

example be present 1n an amount of from about 0.05% to about 5% by

—

welght of the total composition, for example, sadl additives may
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be present 1n about 1% or about 2% by weight of the total

composilition.
[0078] The compositions of the ilnvention may comprilse
naphthosultone. The compositions of the 1nvention may comprilse

—

ethvlene sulphite. The compositions of the 1nvention may comprilse

one or more thermal resistance conferring additives. For example

the composilitions may comprilse ethvlene sulphite and
naphthosultone.

[0079] Deslirably, the compositions o©of the 1nvention show
enhanced thermal performance. The compositions of the invention

—
=

when cured at room temperature betweeen two substrates, each of

which being constructed from steel, retain greater than about 40%

—

of thelr 1nitial tensile strength after exposure to a temperature

— — —

of about 120 °C for a period of time of about 3 weeks.

—

[0080] The compositions of the 1nvention when cured at room

—

temperature between two substrates each of which being constructed

—

from steel, retaln greater than about 75%, of their 1nitial tensile

—

strength after exposure to a temperature of about 40 °C at a

— — —

relative humidity of about 98% for a period of time of about 3

o
—
—
Al
Al

weeks.
[0081] The present i1nvention provides

a cyvanoacrvylate composition as set out in the claims,

comprlsing:
(a) a cvanoacrylate component,
(o) a rubber toughening agent comprilised of (1) reaction

— —

products of the comblnation of ethvlene, methvyl acrvlate and

)

monomers having carboxylic acld cure sites, (11) dipolymers of

ethylene and methyl acrylate, and combinations of (1) and (11),

(C) a component contailning at least two (meth)acryvlate

functional groups, and

(d) an anhvydride component
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whereln when cured at room temperature between two substrates each

— —

of which being constructed from steel, Jgreater than about 75% of

1ts 1nitlal tensile strength 1s retained after exposure to a

— —

temperature of about 40°C at a relative humidity of about 98% and

—

greater than about 40% of 1ts 1nitial tensile strength 1s retailned

—
—_

after exposure to a temperature of about 120°C for a period of

—

time of about 3 weeks.

[0082] Providing c¢yanoacrylate compositions with enhanced

thermal and humid ageing performance 1s a longstanding problem 1n

—

the adhesives 1ndustry. The compositions of the 1nvention provide

a solution to this desire.

—

[0083] The present 1nvention provides a method of bondilng

together two substrates as set out 1n the claims, which method

—

1ncludes applying to at least one of the substrates a cyanoacrylate

composlition as set out 1n the clalms comprising:

(a) a cvanoacrylate component,

—

(b) a rubber toughening agent comprised of (1) reaction

— —

products of the comblnation of ethvyvlene, methyl acrvlate and

)

monomers having carboxvylic aclid cure sites, (11) dipolymers of

ethylene and methyl acrylate, and comblinations of (1) and (11),

(C) a component contailning at least two (meth)acryvlate

functional groups, and

(d) an anhvydride component.
[0084] Sultably, at least one of the substrates 1s constructed
from steel. Desilirably, the bonds formed between two substrates by

—

the composition of the i1nvention when cured, demonstrate excellent

thermal aglng performance for example after exposure to elevated
temperatures 1.e. temperatures above room temperature even 1n high

humidity conditions, such as 1n 98% relative humidity.

[0085] These aspects of the 1nvention will be further

11llustrated by the examples which follow.
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EXAMPLES

—

[0086] The effect of hexanediol diacrvylate (HDDA), and wvarious

)

additives on the heat and humid aging of a cyanocacrvylate adhesive

composlitlion was carrled out.

[0087] HDDA was added at levels of between 5-10%, wlth

—

tetrahydrophthalic anhydride (THPA) added to see 1f humid aging

could be 1mproved upon.

[0088] A fixture time study was carried out on the wvarious

—

formulations 1n Table 1. The addition of naphthosultone and

Ethylene sulphite cause a slight retardation 1n fixture time (Table

1, Formulation 2) while all other formulatlions show equivalent or

faster fixture times.

CA composition with HDDA (wt%)

Ethyl CA, stabllizer,
rubber toughening
agent 100 97,5 93 90.5 88
Ethylene Sulphite | - | 1.0 | 1.0 | 1.0 | 1.0 | 1.0 | 1.0
Naphthosultone | - | 1.0 | 1.0 | 1.0 | 1.0 ] 1.0 1.0

Tetrahydrophthalic
anhydride 0.5 0.9

moor | - ] - | - | s.0 | 7.5 [10.0f 7.5

Initials (Cure: 24 HR, RT, MPa)

omMs 00 | 209 | 27.4 | 202 | 27.5 | 24 [o2o5.4]24.6

Fixtures (seconds)

20-

100°C (MPa)

_
% Retention " 38 | e | 1 [ 75 | 74
100°C GBMS 6 Weeks 11.3
% Retention 27 "~ se | 51 [ ae | 78
100°C GBMS 12 Weeks 6.7 10.9 11.1

22 "o | a7 | as | es

12.1

% Retention

120°C (MPa)
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13.2 | 12.6 | 12.0

b Retention | 18 | 48 | 43 | 44 | 59 | 43 | 43

% Retention | 12 | 41 | 39 | 39 | 39 | 33 | 46
®Retention | 2 | 23 | 19 | 22 | 16 | 23 | 17

40°C/98% RH (MPa)

40°C/98%RH GBMS 3
Weeks 9.5 15.9 3.1 8.5 18.9

40°C/98%RH GBMS 6
Weeks 10.0 3.3 12.3 3.5 10.5 18.0

40°C/98%RH GBMS 12
Weeks 10.2 3.5 3.1 7.1 7.6 7.7 14.8

% Retention | 34 | 31 | 28 | 26 | 32 | 30 | 60

[0089]

N

Formulation 1 1s a standard flexible CA :

comprilses:

Fthyl-2-cyanocacrylate,

reaction products of the combin

and monomers havling carboxylic acid cure slites,

ethyvlene and methvyl acrvlate,

and a stabililizer.

used 1n formulation 1 above 18

acid and SO;.

[00SO0]

Formulations 2 to 7

The rubber agent used 1n

"ormulation which

o~

ation of ethvlene,

(11) dipolymers of

a rubber toughening agent comprised of (1)

methyl acrylate

—
e

and combinations of (1) and (11),

—

a combilnation of

comprise formul

formulation 1 above 18

chat provided under the trade name VAMAC® VCS 5500. The stabilizer

methane sulfonic

ation 1 1n the

provided weilight percent plus additional additives.

[0091]

[0092]
STM /700

formulations on G

Figure 1 shows 1nitia

tenslile strengths for various CA

BMS, Aluminium and polycarbonate.

Tensile strengths were determined according to Henkel

—

for the determination o:

lap shear specimens.

[0093]

those

for the control sample

—

- shear strength o:

Initial tensile strengths were gener

(formulation 1).

- adheslves usilng

ally similar to

The addition of

ethvlene sulphite and naphthosultone led to 1mproved polycarbonate
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-
-,

bonding while higher levels o1

tensile strengths on GBMS.
[0094] Figure 2 shows the tensile

DA led to a small drop 1n 1nitial

strengths for wvarious

cvanoacrvylate formulations on GBMS aged at 100 °C.

[0095] The benefits of adding ethylene sulphite

naphthosultone are clear. In the absence of

sample, formulation 1, malntalns about 22%

strength after 12 weeks, while formulatilions

r—

comblnation of ethvylene sulphite and naphthosultone

P~

—

O

—

comprilising

and
addlitives the control

f 1ts 1nitial tensile

a

(formulations

2 and 3) malintain about 40% of thelr 1nitial tensile strengths

after 12 weeks.

[0096] The addition of 5% HDDA (formulation 4)

retention of around 55% after 1000 hours,

however,

falls back to approximately 40% after 12 weeks;

shows excellent
thlis retention

thus achieving

—

similar tensile strength retention to that obtained for
formulations 2 and 3.

[0097] The tensile strength of formulation 7 whilich comprises
7.5% HDDA, THPA, ethyvlene sulphite and naphthosultone was

particularly high when determined on GBMS aged at 100 °C.

[0098] Figure 3 shows the percentage

—

tensile strength for formulations 1 to 7

—

retention of 1nitial

when assessed on GBMS

after heat ageing at 100 °C for periods of 3, © or 12 weeks.
[0099] After 1000 hours (6 weeks) "ormulation 7 malintalns
approxlimately 12% of 1ts original tensile strength and

impressively after 2000 hours (12 weeks) the

—

approximately 65% of 1ts original tensilile strength.

[00100] Figure 4 shows the tensile

formulation maintains

strengths for wvarilous

cvanoacrylate formulations on GBMS aged at 120°C.

[00101] Figure 5 shows the percentage

—

tensile strength for formulations 1 to 7

—

after heat ageing at 120 °C for periods o:

—

retention of 1nitial

when assessed on GBMS

3,

o or 12 weeks.
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[00102] Fach of formulatlions 2 to 7 retained approximately 40%

—

of 1nitial tensile strength after 1000 hours, and approximately

20% of 1nitial tensile strength after 2000 hours. In contrast

formulation 1, which does not comprise any addilitives, retained 12%

o~

of 1nitial tensile strength after 1000 hours and only 2% tensile

strength after 2000 hours.

[00103] Advantageously, the additilves present 1n formulations 2

—

to 7 significantly 1mprove the percentage retention of 1nitial

tenslle strength 1n comparison to the correspondlng cyanoacrylate

formulation absent sailid additives.

[00104] Formulations 1 to 7 were also assessed after humid

agelng. The tensile strength for each formulation was determined

on GBMS substrate after heat ageing at 40 ©°C at 98% relative

humidity. The results for tensile strength assessment after heat

agelng 1n humid conditions are shown 1n Figure 6.

[00105] Formulations 3 and 7, both of which contaln

tetrahydrophthalic anhydride (THPA) showed good strength retention

—

after 500 hours. Thereafter the tensile strength of formulation

p— g—

3 (the formulation contalning THPA alone) dropped O

I

significantly, 1n comparison to  the tensile strength of

formulation 7.

[00106] Formulation 5, whilich comprises 7.5% hexandiol diacrylate

—

retalned 34% of 1nitial tensile strength after 500 hours heat

ageing at 40 °C at 98% relative humiditiy on GBMS substrate. This

—

level of 1nitial tensile strength was substantially retalned after

2000 hours.

—

[00107] Figure 7 shows the percentage of 1nitial tensile strength

—

retained for each of

formulations 1 to 7 after heat ageing at 40

°C at 98% relative humiditliy on GBMS substrate.

—

[00108] Formulation 7 demonstrated approximately 75% of 1nitial

tensile strength retention at after 1000 hours, and approximately

00% of 1nitlal tensile strength retention after 2000 hours.



22 1119

27
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[00109] The combination of tetrahvdrophthalic anhydride (THPA)

and hexanediol diacrvlate (HDDA) appear to have a synerglstilc

—

effect when 1ncluded

as additives

1n the cyanoacrvylate

composition, as the tensilile strength retention 1s substantially

higher for formulation 7,

—

1s for formulations 3

additives.

[00110] Advantageously

o~

of 1ts 1nitial tensilile strength a:

1nitial tensile

which comprises both additives than 1t

or 5, which comprise one but not both

"ter 2000 hours. This level of

"ormulation 7/ retailned approximately 60%

strength retention 1s consiliderably higher than

—

that for the same duration for any of the

THPA and HDDA.

In fact,

—

formulations absent both

this level of retenion 1s approximately

—

double the value obtalined for formulations 1 to 6 when tested under

the same conditions.

[00111] A further study to i1investigate the humid agelng achieved

wlth c¢yanoacrvlate

subseqgunetly carrilied out

formulations

(see Table 2).

comprising HDDA and THPA was

[00112] A number of formulations were prepared varving the levels

of THPA, ethvlene

—

—

examlnling the e

"ect of

sulphite

—

varying levels o:

and naphthosultone 1n addition to

HDDA. .




Table 2 - CA Composition with HDDA (wt%)

Formulation

Ethyl CA, stabiliser and
rubber toughening agent
Ethylene Sulphize
Naphtosultone
Tetrahydrophthalic Anhvydride

1, 6—Hexanediol Diacrvylate

=
-
=
=
=
N
=
W
=
1N

100.0 B2 .

—
(-

-
O
—
-
O
—
-
O
N
i
Q0
~J
i

o] o) o

l_l
O . [
-

CWiilI
ol
oo

II

ol e

Initials
23,1 25.4 21.4 22 .1 22 .1 22 .8 21.5
5

3 Weeks 40°C/98% RH
TRetemion [ w9 [ 7 | %6 | 76 | o0 | i | e

6 Weeks 40°C/98% RH

GBMS 9.1 19.3 16.0 19.4 19.6 17.2 19.2

12 Weeks 40°C/98% RH

GBMS

Stalnless Steel

~J| O
o) O
~J ] O
o) O
mlo
Gal el el N
anl 2N ey e

Stainless steel | 26 | 5 | s | s8 | 65 | e [ 11
O) [[reeemion | i | ei | ioa | o | ss | 73 | oo
F 2 Weeks @ 65OC/9% RH
—
6 Weeks @ 65°C/95% RH
— [E@s T T 55 | 45 [ 1es [ 55 [ 45 [ e
A\l
[00113] Formulations 9 to 14 comprise formulation 8 1n the

provided welight percent plus additional additives.

o~

[00114] The 1nitial tensile strength of each formulation on GBM

op

and stainless steel (SS) were studied.

)

[00115] Slight wvariation between corresponding formulations of

table 1 and table 2 were observed however, the skilled person will]

appreclate that such wvariations are attributable to for example

o~

slight wvariation 1n lab conditions, age of adhesive and the

speclmens used.

[00116] In general, the 1nitial tensile strengths for each

formulation did not wvary significantly for the different steel

substrates, (see Figure 8).
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[00117] Figure 9 shows the percentage retention of 1nitial

—

tensile strength on GBMS and stalnless steel for formulations 8-

14 after heat ageing at 40 °C at 98% relative humidity.

[00118] Deslrably, excellent humid agelng was observed on GBMS

as well as on stalnless steel substrates. Formulations 9-14

—

malntalned about 80% of their 1nitial strength after 1000 hours at

40 °C 1n 98% relative humidity on GBMS compared to formulation 8,

—

which retained about 40% of 1nitial tensile strength.

[00119] For stainless steel substrates, the percentage retention

—

of 1nitlal tenslle strength was even better, whereilin the percentage

retention for formulations 9-14 ranged from 75-115% of theilr

initial value after 1000 hours at 40 °C 1n 98% relative humidity,

1n comparison to the control sample, formulatlion 8, which retained

about 17% of the 1nitial tensille strength wvalue after the same

heat and humidity exposure.

[00120] Formulations were tested for percentage retention of

—
-

initial tensile strengths after heat ageling at 65 °C 1n relative

humidity of 95% on GBMS (see

—

Figure 10). Control formulation 8

retained about 30% of 1ts 1nitial tensile strength after 1000

hours.

[00121] Formulations 9 and 11 demonstrated excellent durability.

Formulation 9, which comprises 7.5% HDDA and 0.5% THPA retained

—

approximately 60% of 1ts 1nitial tensilile strength after 1000 hours,

whereas formulation 11 which

retalined approximately 8050% of

after 1000 hours.
[00122] The retention of

further comprises 1% naphthosultone

1ts 1nitial tensile strength wvalue

—

initial tensile strengths for

formulations comprising ethylene sulphite was significantly lower

than for those formulations comprising HDDA and THPA but absent

—

ethvlene sulphite. Thus the addition of ethylene sulphite has a

—

detrimental e

"ect on the humid ageing result when tested on GBMS

substrates after heat ageing at 65 °C 1n 95% relative humidity.
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—

[00123] Advantageously, excellent humilid agelng was observed for

cvanoacrylate formulations comprising HDDA and THPA on GBMS. The

—
—

addition of naphthosultone further 1mproved the percentage

—

retention of 1nitial tensille strengths observed after humid heat

agelng. While the addition of ethylene sulphite proved detrimental

when heat ageing at ©5 °C 1n 95% relative humidity was performed,

this wasn’t the case when heat ageilnt at 40 °C 1n 98% relative

—

humidity was performed, wherein the percentage retention of intial

tensile strength observed on GBMS and stalinless steel substrates

ranged from about 80% to over about 100% after 1000 hours.

[00124] Formulation 9 comprises THPA and HDDA as additilives and

r—

the percentage of 1nitial tensile strength retention after humid

—

heat agelng as a consequence of salid additives 1s clear. In

comparison to control sample, formulation 9 retalnes approxlmately

twice the 1nitial tensile strength observed for GBMS substrate

after heat ageing at 40 °C 1n 98% relative humidity over 3 weeks.

This trend 1s also observed after heat ageing for 6 and 12 weeks.

[00125] The percentage of 1nitial tensile strength observed for

formulation 9 on stainless steel substrate 1s even more marked,

with the 1nitial strength being substantially maintained and an

lncrease 1n tenslle strength was even observed after heat ageing

at 40 °C 1n 98% relative humidity over 6 weeks for stalnless steel
substrate.

[00126] Thus, cyvanoacrvylate compositions as set out 1n the clalms
comprising: (a) a cvanoacrvylate component, (b) a rubber toughening

yr— ~—
—

component comprised of (1) reactlion products of the combination of

ethylene, methvyl acrvlate and monomers having carboxylic acid cure

—

sites, (11) dipolymers of ethylene and methyl acrvylate, and

comblnations of (1) and (11), (c) a component contalning at least

two (meth)acrvlate functional groups, such as HDDA, and (d) an

anhyvdride component, such as THPA, when cured at room temperature

—

between two substrates each of which being constructed from steel
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display excellent 1nitial tensile strength retention after heat

agelng at 40 °C 1n 98% relative humidity. Said compositions retaln

greater than about 75% 1nitial tensile strength retention after

t1ime

heat ageing at 40 °C 1n 98% relative humidity for a period of

of about 3 weeks. Additionally, said compositions retaln greater

than about 40% of
f about 120

initlal tensilile strength after exposure to a

time of about 3 weeks.

temperature o °C for a period of

[00127]

In table 3 the 1nitial tensile strength and the thermal

resistance

thermal

performance of composlitions comprilising

onferring additlives are shown.

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

e
Ethyl CA 77.9 76.9 76.9 76.9 76.9 76.9 76.9
Stock Solution of BF;, 4.0 1.0 1.0 4.0 4.0 4.0 4.0
Vamac VSC 5500 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Tetrahydro Phthalic Anhydride 0.1 0.1 0.1 0.1 0.1 0.1 0.1
HDDA MW 226 8.0 8.0 8.0 | 8.0 8.0 8.0 8.0
1,3-Propylene sulfite — 1.0 - — — — —
1,8-Naphthosultone — - 1.0 — — — —
Sultone 1, 3—Propane — - — 1.0 — — —
Tetrafluoroisophthalonitrile — - - — 1.0 — —
Penlalluorobenzonilrile — — — — — 1.0 —
Pentafluoronitrobenzene — — — — — — 1.0
ahan L Keak K1 Cure 13.4 16.9 20. 4 5.8 17.9 13.8 17.8
3 weeks 27.2 25.1 24.€ 27.5 27 .7 25.3 24.3
6 weeks 26.5 26.8 26.5 28,72 28.5 26.2 22.9
.
3 weeks 11 23,7 224 21 .7 26 .4 24.7 220
6 weeks 5.7 15.0 i5.4 10.9 21.9 17.9 11.0
[00128] The thermal performances measured for formulations 16

to 21 were particularly good a

on G

BMS substrate at 120

°C

for 3 weeks.

fter heat ageing of

Furthermore,

sald formulations

formulation
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19

which cComprlses 1.0 wts tetrafluorolisophthalonitrile

demonstrated excellent thermal performance, exhibiting a tensile

strength after heat ageing for 6 weeks at 120 °C of approximately
22 MPa.
[00129] Further cvyvanoacryvlate compositions are provided 1in Table
4 .
1;313’13 (():jpm) 1? 9 1j9 210. .90 410. .90 811..91
= S
[00130] Formulations 22 and 23 jpro;ed 'UD-IRNKE ;hEE gr;atest

1nitial tensile strength when measured on GBMS substrate after

curing for 1 week at room temperature.
[O0131] A comparison of the preformance of formulation 22 versus
formulation 23 demonstrates the Dbenefit of 1ncorporating the

thermal reslistance conferring agent tetrafluoroisophthalonitrile

the 1nvention.

1n compositions of



o
—
—
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[00132] Formulations 24 and 25 which comprise allyl CA also

—

proved effective with an 1ncrease 1n tensile strength being

observed after heat ageing at 100 °C for both 3 and 6 weeks.
[00133] Formulation 26 whilich comprilises allyl CA as the

cyvanoacrylate component had an 1nitial tensile strength on GBMS

—
—_

substrate after curing at room temperature for 1 week of

approximately 16 MPa. The tensile strength 1mproved after heat

ageing at 100 °C for both 3 and 6 weeks. In addition the tensile

strength for said formulation was approximately 23 MPa after heat

ageing at 120 °C for 3 weeks.

[00134] The words  “comprises/comprising” and the words

“having/including” when used herein with reference to the present

—

invention are used to speclfy the presence of stated features,

integers, steps or components but do not preclude the presence or

—

additlion of one or more other features, 1ntegers, steps, components

o~
_—

Or groups thereof.

[00135] It 1s appreciated that certaln features of the invention,

r—

which are, for clarity, described 1n the context o separate

embodlments, may also be provided 1n combination 1n a silngle

—

embodiment. Conversely, various features of the 1nvention which

—

are, for brevity, described 1n the context of a single embodiment,

may also be provided separately or 1n any sultable sub-comblination.
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CLAIMS

1. A cyanoacrylate composilition, comprilising:

(a) a cvyanoacrylate component,

(b) a rubber toughenling agent comprised of (1)
reaction products of the comblnation of ethylene, methyl

acrylate and monomers having carboxylic acilid cure sites, (11)

pr—

dipolymers of ethvlene and methyl acrvlate, and combinations

of (1) and (11),

(c) a component contalning at least two

(meth)acrylate functional groups represented by the formula:

wherein A 1s a C4 to Cszp aliphatic chain;

wherein sald chain 1s optionally substituted wlith one or more

acrylate or methacrylate functional groups, and/or one or more

C1—-C10 a. ]{y groups;, and

wherein R! and R?¢ may be the same or different and are each

optilonally selected from the group consisting of H and C; to Cg

alkyl,; and

(d) an anhvydride component wherein the anhydride

component 1s phthalic anhydride or a fully or partially

pre——

hvdrogenated version thereof

whereln when cured at room temperature between two substrates

pr—

cach of which being constructed from steel, greater than about

715% of 1ts 1nitial tensille strength 1s retalned after exposure

— —

to a temperature of about 40°C at a relative humidity of about

—

98% and Jgreater than about 40% of 1ts 1nitial tensile strength

pr——

is retained after exposure to a temperature of about 120°C for

pre——

a period of time of about 3 weeks.
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2. The composition according to Claim 1, further

comprilsing a filler.

3. The composition according to Clalm 2, whereiln

pre——

the filler 1s selected from the Jgroup consisting of carbon

pre——
p—

black, si1ilica and combinations thereof.

—

4, The composition of Claim 1, further comprilising

—

a stabillizing amount of an acidic stabililizer and a free

radical 1nhibitor.

pr——

0. The composition of Claim 1, whereln the rubber

toughenling agent 1s present 1n an amount from 1.5% to 203 by

welght.

0. The composition according to Claim 1, wherein

che cvyvanoacrvyvlate component 1s selected from materials within

the structure H,C=C(CN)-COOR, wherein R 1s selected from Cji.1s

alkyl, alkoxvalkyl, cycloalkyl, alkenvyl, aralkyl, arvyl, allyl
and haloalkyl groups.

7. The composition according to Clalm 6, whereiln

the cvanoacrylate component comprilses ethyl-Z2-cvanoacrvyvlate.

S . The composition according to Claim 1, further

comprlsling an accelerator component selected from the Jgroup

consisting of callxarene, oxXacallxarene, sllacrown,
cyclodextrin, Crown ether, poly(ethvleneglycol)
dil (meth)acrvlate, ethoxylated hydric compound, and

B

comblnations thereof.
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9. The composition according to Clalm 8, whereiln
the calixarene 1s tetrabutyl tetral[Z2-ethoxy-Z2-oxoethoxvy]calix-

d—arene.

10. The composition according to Claim 8, wherein the crown

—

ether 1s selected from members within the group consisting of

15=-crown-5, 18-crown-6¢, dibenzo-18-crown-o6, benzo-lb-crown—-5-
dibenzo-24-crown-8, dibenzo-30-crown-10, tribenzo-18-crown-—o,
asym—-dilbenzo-22-crown-6, dibenzo-l4-crown—-4, dicyclohexyl-18-
crown-o6, dicyclohexyl-24-crown-8, cyclohexyl-12-crown-4, 1,2-
decalyl-15-crown-o5, 1,2Z2-naphtho-l5-crown-o5, 3,4,5-naphtyl-1o-
cCrown-»o, 1,2-methyl-benzo-18-crown-o, 1,2-methvylbenzo-5, O—
methylbenzo-18-crown-o, 1,2-t-butvl-18-crown-o, 1, 2-
vinylbenzo-15-crown-5, 1,2-vinvlbenzo-18-crown-6, 1,2-t-butyl-
cyclohexyl-18-crown-6, asym-dibenzo-22-crown—-6, and 1,2-benzo-

pre——

1,4-benzo-5-oxygen-20-crown—-/ and combilnations thereof.

11. The composition according to Claim 8, whereiln

the poly(ethyleneglycol) dil (meth)acrylate 1s wilithin  the

following structure:

/CH3 H3C\
H2C=C\ /C=CH2
ﬁ1E}{Hi§}%]—OF—ﬁ
O - O
whereln n 1s greater than 3.
12. The composition according to Claim 1, further

pr——
—

comprising additives selected from the group consisting of

shock resistant additives, thixotropy conferring agents,

thickeners, dvyes, thermal degradation resistance enhancers,

—
e

and comblnations thereof.
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13. The composition accordiling to Clailm 12, whereiln

the shock resistant additive 1s citric acid.

14. The composition according to any precedlng

p—
-

claim, wherein the c¢yanoacrylate 1s present 1n an amount of

from 80% to 90% by welght, the rubber toughening agent 1is

—
o

present 1n an amount of 5% by weight to 15% by weight, the

component comprising at least two (meth)acrylate functional

groups 1S present 1n an amount of 0.5% to 10% by weight and

the anhydride component 1s present 1n an amount of 0.1% to 1%

—

based on the total weight of the composition.

15. The composilition according to any precedlng

claim, whereln the component contalning at least two

(meth)acrylate functional groups 1s hexane diol diacrvlate.

l16. The composition according to any preceding
claim, wherein the anhydride component 1s tetrahydrophthalic

anhydride.

17. The composition according to any preceding

claim, whereiln Che component contalining at least CWO

(meth)acrylate functional groups 1s hexane diol dilacryvlate and

the anhvyvdride component 1s tetrahydrophthalic anhydride.

18. The composition according to any precedlng

claim, further comprising at least one additive selected from

pre——
—

the group consilisting of:

2—sulfobenzolc acid anhvydride, criethylene glycol di(para-

toluene sulfonate), trifluoroethyl para-toluene sulfonate,
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sulfonate, ©para-
1,3

dioxolen-4-yvlmethyl para-toluene
methane sulfonic anhydride,

1, 8—naphthosultone,

dimethyl
toluene sulfonic anhydride, ,

dioxathiolene diloxide,
allyl phenyl sulfone,

propylene sulfite,

sultone 1,4-butene,

sultone 1, 3—-propane,
sulfone, dibenzothiophene sulfone, bils (4-

p-toluenesulfonate,

4—-fluorophenyl

sulfone, ethyl

"onlc anhvdride, ethvlene

fluorophenyl)

sulphite and

trifluoromethanesul:
"luorolsophthalonitrile and comblnations thereo:

pre——
p—

tetra:

o0 claim 18, whereiln

19. The composition according
from the group consisting of

B

the additive 1s selected
tone and ethvylene sulphite.

1, 8—naphthosu.

composlition according to claim 18 or 19

‘errlng agent 1s a mlxture

20. The

wherein the thermal resistance con:

of 1,8-naphthosultone and ethylene sulphite.

formed by curing the

21. A cured composition

cyanoacrvylate composition according to Claim 1.

A method of bondling together two substrates,

22 . i
comprising the steps of:
applying a cyvanoacrylate composilition according to Claim 1, to
at least one of the substrates and
for a time sufficient to permit

mating together the substrates
from the cvanoacrylate composilition

an adhesive bond to form

between the mated substrates.

cyanoacrylate

23. A method of preparing a

B

composlition according to Claim 1, comprising the steps of:
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providing allvl-2-cvanoacrylate component, a rubber toughening

pre—— pre—— pr——
p— —

agent comprised of (a) reaction products of the comblnation of

ethyvlene, methyl acrylate and monomers having carboxylic acid

p—

cure sites, (b) dipolymers of ethylene and methyl acrylate,

pr——

and combilnations of (a) and (b), a component containing at

least two (meth)acrylate functional Jgroups represented by the

Aol

O O

formula:

wherein A 1s a C4 to Cszp aliphatic chain;

whereln sald chaln 1s optlonally substituted with one or more

acrylate or methacrvlate functional groups, and/or one or more

C1—Ci1o alkvyl groups; and

"erent and are each

wherein R! and R? may be the same or dj

optionally selected from the group consisting of H and C; to Cg

alkyvl, and an anhydride component, wherein the anhydride

component 1s ©phthalic anhvydride or a fully or partially

pr—

hyvdrogenated version thereo and mixing to form the

cyanoacrylate composition.
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