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Figure 3
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$ Retention Aged @ 150°C on GBMS
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Heatl ageing performance of CA formulations @ 120°C on GBMS
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100°C aging of CA formvulations on GBMS
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120°C aging of CA formvulations on GBMS
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150°C aging of CA formulations on GBMS
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30

180°C aging of CA formvulations on GBMS
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200°C aging of CA formulations on GBMS
30

25

N
-
=

Tensile Strength (MPa)
T

“r N
e\
L O \\
. . "
-! ‘.;‘\‘§ -~ s.q‘o‘- RN
»" ?\ O
K5 \
N W
\‘:\\ .
‘ 2 N
%‘\'ﬁ -
10 S :
NN ‘ﬁh\
N
\\\.. - . |
\ . .. < . [
[N,
v .. \\
) . ™
i‘ P . “
\ » .. 'y N \
\\\ .. . \\\ -
" . I R T TRN -
5 “\ - . " s i, 5, 5 S I ANy . S
\\.~ e » . (\\.\\\ &
N ®e NN SN
. T LR EIEYY) N
S Perecscanscocnannts Creevevine, Y WMaae
‘\ *vecnnng,, TR Noawe
.
N ‘hvesvenae,, T waaae
*hagey YN
\\ Sfreey Sk SR <
N tsen, &n * ooy
X N TP
N Sepe,
Cepgy,
N 2hng, 20 g
0 I ‘,',_‘ I — _m\\\\‘\\?A\\\\“\\-\\\\\\\\\\\‘-\\‘-\\\\\\\\\'1\\\“\h\\\\\'\\\\\\-\\‘-\\\\\“\\\\\?\\\“\\\\\\\\\\“\“\\\\“\\\\\\\-

0 2 4 6 8 10 12

ssansas 29 ST 30 A Y AN Comp Ex1 OO AN AN S Comp Ex?2 caenens 31 ANV S 32

Figure 12



13/ 13

40°C/98% RH Aging of GBMS
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RUBBER TOUGHENED CYANOACRYLATE COMPOSITIONS AND USES THEREOF

BACKGROUND
Field

[0001] Cvanoacrylate compositions that 1nclude an allyl-2-

cvanoacrylate, a rubber toughening component and a component

functionalized with at least two Dblocked hvydroxyl groups are

provided.

Brief DescriEtion of Related Technologz

[0002] Cvanoacrylate adhesive compositions are well known,

and widely used as quilick setting, 1nstant adhesives with a wide

varlety of uses. See H.V. Coover, D.W. Dreifus and J.T.
O'Connor, "Cvanoacrylate Adhesives" 1n Handbook of Adhesives,
27, 463-77, I. Skeist, ed., Van Nostrand Reinhold, New York, 3rd
ed. (1990). See also G.H. Millet, "Cvanoacrvylate Adhesives”" 1n

Structural Adhesives: Chemistry and Technology, S.R. Hartshorn,

ed., Plenun Press, New York, p. 249-307 (198606).
[0003] U.S. Patent No. 4,440,910 (O’Connor) pilioneered rubber

—

toughened cvanoacryvlate compositions through the use of certailn

organlic polymers as toughening additives that are elastomeric,
l1.e., rubbervy, 1n nature. The '910 patent 1s thus directed to
and claims a curable adhesive comprising a substantially

—

solvent-free mixture of: (a) a cyanoacrvylate ester, and (b) 0.5%

—

to 20% by weight of an elastomeric polvymer. The elastomeric

r—

polymer 1s selected from elastomeric copolymers of a lower

alkene monomer and (1) acrvyvlic acid esters, (11) methacrvylic

aclid esters or (111) vinyl acetate. More specifically, the "'910

patent notes that as toughening additives for c¢yanoacrvylates,

acrylic rubbers; polyester urethanes; ethvlene-vinyl acetates;
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fluorinated rubbers; 1soprene-acrylonitrile polymers;

chlorosulfinated polyethylenes; and homopolymers of polyvinyl

acetate were found to be particularly useful.

[0004] The elastomeric polymers are described 1n the '910

— —

patent as either homopolymers of alkyl esters of acrvlic acid;

P~

copolymers of another polymerilizable monomer, such as lower

—

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

— —
—

copolymers of alkyl or alkoxy esters of acrylic acid. Other

unsaturated monomers whilich may be copolymerized with the alkvyl

—

and alkoxy esters of acrvlic 1include dilenes, reactive halogen-

contalning unsaturated compounds and other acrylic monomers such

as acrylamides.

— —
—

[0005] One group of elastomeric polymers are copolymers of

methyl acrylate and ethylene, manufactured by DuPont, under the

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

N1Z23 and VAMAC® B-124 are reported by DuPont to be a master

batch of ethylene/acrvlic elastomer.

[0006] Henkel® Corporation (as the successor to Loctite®

— —
e

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

the '910 patent rubber toughened cvanocacrylate adhesive products

under the tradename BLACK MAX, which employ as the rubber

toughening component the DuPont® materials called VAMAC® B-124

and N123. n addition, Henkel® has sold 1in the past clear and

substantlially colorless rubber toughened cvanocacrvylate adhesive

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

the rubber toughening component the DuPont® material, VAMAC® G.

While VAMAC® G contalns no fillers to provide color or

stabilizers, 1t does contaln processing alds.

[0007] And 1n an effort to 1mprove molsture and thermal

—

reslistance of c¢yanoacrylates applied to substrates constructed

wlith nitrogen- or sulfur-containing compounds, such as synthetic

rubbers like chloroprene rubber and EPDM, and Bakelite, U.S.
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Patent NoO. 0,036, 799 discloses a cyanoacrylate adhesive

composltion which comprises (a) a cvanoacrylate and (b) at least

one dil- or higher functional ester, such as tri- or higher

acrylates or methacrylates, having an alcohol residue and having

—

an acld residue, where the alcohol residue 1s a residue of

dipentaervyvthritol and the acid residue 1s a residue of an
acrylic or methacrvlic acid. More specifically, the di- or
higher functional ester 1s reported as (1) an ester of a

dipentaervythritol with an acrylic acid or a methacrylic acid,

—

(11) an ester of a modified alcohol with an acrvlic acid or a

methacrylic acid, where the modified alcohol 1S a

—

dipentaerythritol modified by addition of a lactone, and (111) a

yr— —

comblnation of an ester of a dipentaerythritol with an acrylic

—

acld or a methacrvlic acid and an ester of the modified alcohol

wlith an acryllic acid or a methacrylic acid.

[0008] Notwithstanding the state-of-the-technology, 1t would

be desirable to provide a cvanoacrylate composition, reaction

—

products o©of which demonstrate 1mproved thermal degradation

reslistance compared to known cyvanoacrylate compositions.

SUMMARY
[0009] Provided herein are cyvanoacrvylate composlitlons that

include an allyl-2-cvanocacrylate, a rubber toughening component

and a component functionalized with at least two Dblocked
hyvdroxyl groups as set out 1n the claims. These cvyvanoacryvlate
composlitions demonstrate 1mproved thermal degradation resistance
compared to known cyanoacrylate compositions.

[0010]The rubber toughening component has (a) reaction products

o~ —

of the combination of ethylene, methyl acrvlate and monomers

r—

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

—

and methyl acrvlate, and comblnations of (a) and (b).
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[0011]The component functionalized wlith at least two
(meth)acrylate groups as set out 1n the c¢lalms comprlses at
least two (meth)acrvylate groups whilich are availlable for reaction

—
—

1n the cvanoacrylate composition. A more thorough discussion of

thlis component 1s provided below.

—

[0012]This 1nvention 1s also directed to a method of bonding

together two substrates, which method 1ncludes applyving to at

—

least one of the substrates a composlition as described above,

and thereafter mating together the substrates.

[0013]In addition, the present 1nvention 1s directed to reaction

—

products of the 1nventive compositions.

—

[0014]Also, the 1nvention 1s directed to a method of preparing

the 1nventive compositions.

[0015]The 1invention will be more fully understood by a readlng

o~

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

BRIEF DESCRIPTION OF THE FIGURES

—

[001l6]Figure 1 shows the tensile strength performance of

formulations of Table 1 on GBMS after heat ageing at the

provided temperatures for 1000 hours.

o~

[0017]F1igure 2 shows the percentage of 1nitial tensile strength

—

retention for the formulations of Table 2 on GBMS after heat

ageing at 100 °C for 3, 6 and 12 weeks.

—

[0018]Fi1igure 3 shows the percentage of 1nitial tensile strength

—

retention for the formulations of Table 2 on GBMS after heat

ageing at 120 °C for 3, 6 and 12 weeks.

—

[0019]Figure 4 shows the percentage of 1nitial tensile strength

retention for the formulations of Table 2 on GBMS after heat

ageing at 150 °C for 3, 6 and 12 weeks.

—

[0020]Figure 5 shows the percentage of 1nitial tensile strength

—

retention for the formulations of Table 2 on GBMS after heat

agelng at 180 °C for 3, 6 and 12 weeks.
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o~

[0021]Fi1gure 6 shows the percentage of 1nitial tensile strength

retention for the formulations of Table 2 on GBMS after heat

ageing at 200 °C for 3, 6 and 12 weeks.

[0022]Figure 7 shows the tensile strength performance for

formulation 20 and formulation 22 of Table 3 on GBMS after heat

agelng at 120 °C over a 160 hour period.

[0023]Figure 8 shows the tensile strength performance for

—

formulations of Table 4 on GBMS after heat ageing at 100 °C over

a 12 week period.

[0024]Figure 9 shows the tensile strength performance for

formulations of Table 4 on GBMS after heat ageing at 120 °C over

a 12 week period.

[0025]Figure 10 shows the tensile strength performance for

—

formulations of Table 4 on GBMS after heat ageing at 150 °C over

a 12 week period.

[0026]Figure 11 shows the tensile strength performance for

—

formulations of Table 4 on GBMS after heat ageilng at 180 °C over

a 12 week period.

[0027]Figure 12 shows the tensile strength performance for

—

formulations of Table 4 on GBMS after heat ageing at 200 °C over

a 12 week period.

—

[0028]Figure 13 shows the tensile strength performance for

formulations of Table 4 on GBMS after heat ageing at 40 °C 1n 98%

relative humidity over a 12 week period.

DETAILED DESCRIPTION

[0029]As noted above, provided hereln are cvanoacrvylate

composlitions that 1nclude an allvyvl-Z-cyanoacryvlate, a rubber

toughening component and a component functionalized with at
least two blocked hydroxyl groups as set out i1n the claims.
[0030]The rubber toughening component comprises (a) reaction

—

products of the combination of ethvlene, methyl acrylate and
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I

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

—

ethylene and methyl acrylate, and combinations of (a) and (b).

—

[0031]Examples of the rubber toughening component 1nclude those

materials sold under the VAMAC® trade name, 1ncluding G, B-124,
VMX (such as VMX 1012), VCS (such as VCS 5500 or 5520), and

B3

N123, all of which being available from DuPont®, Wilmington, DE.

[0032]VAMAC® N123 and VAMAC® B-124 are reported by DuPont® to be

a master batch of ethvyvlene/acrvyvlic elastomer. The DuPont®

material VAMAC® G 1is a similar copolymer, but contains no

fillers to provide colour or stabilizers. VAMAC® VCS rubber

appears to be the base rubber, from which the remalnling members

of the VAMAC® product 1line are compounded. VAMAC® VCS (also

— —
-

known as VAMAC® MR) 1s a reaction product of the combination of

ethvlene, methyl acryvlate and monomers having carboxylic acid

—
-

cure sltes, which once formed 1s then substantially free of

processling alds such as the release agents octadecyl amine,

complex organic phosphate esters and/or stearic acid, and anti-

oxldants, such as substituted diphenvyl amine.

[0033]Recently, DuPont® has provided to the market under the

trade designation VAMAC® VMX 1012 and VCD 6200, which are

rubbers made from ethylene and methyl acryvlate. It 1s believed
that the VAMAC® VMX 1012 rubber ©possesses 1little to no
carboxvyllic acid 1n the polymer backbone. Like the VAMAC® VCS

rubber, the VAMAC®  VMX 1012 and  VCD 6200 rubbers are

—

substantlally free of processing alds such as the release agents

octadecyl amine, complex organic phosphate esters and/or stearic

acld, and anti-oxidants, such as substituted diphenyl amiline,

noted above. All of these VAMACR elastomeric polymers are useful

herein.
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[0034] The rubber toughening component should be present 1n a

concentration of 1.5% to 20% by weight, such as 5% to 15% by

welght, with 8% to 10% belng particularly desirable.

[0035]The component functionalized with at least two blocked

—

hyvdroxyl groups may be selected from a variliety of materilals.

[0036]For 1nstance, since the T“blocked hydroxyl” group 1S

—
—

intended to liberate a hydroxyl group under conditions of

—
—

exposure (1.e., elevated temperature conditions), a varliety of

linkages may be formed that are susceptible to cleavage under

—

such conditions. sters are chief among the linkages formed.

Reaction with an appropriate carboxylic acid under appropriate

conditions wl1ll generate the ester 1linkage. Anhvydrides are

—

another example of linkages that may be formed to block the

r—
-

hvdroxyl group. Carbonates are still another example of a

linkage to block the hydroxyl functional group.

[0037]Desirably, the component functionalized with at least two

blocked hydroxyl groups should have (meth)acrylate groups at the

portions of the compound where the hvydroxyl groups will Dbe

liberated. For example, the component functionallzed with at

least two Dblocked hvydroxyl groups may be a diol or polyol

whereln at least two alcohol functional groups are blocked (or

protected) by (meth)acrylate groups.

[0038]It has Dbeen found that the presence of many of the

underlying components having at least two hydroxyl functional

— —

groups show an adverse 1mpact on the shelf life stability of the

cvanoacrylate composition to which they have Dbeen added.

—
—

Blocking the hvdroxvl groups has alleviated the observed shelf

life stability issues.

[0039]The component functionalized with at least two blocked

hyvdroxyl groups 1s a component with at least two (meth)acrylate

functional groups. The component wlth at least two

(meth)acrvylate functional groups should be an aliphatic compound
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having at least two (meth)acrvlate functional dJroups, preferably

—

at the terminal ends of an aliphatic chain, though pendant

(meth)acrylate functional groups along the aliphatic chain 1s

appropriate as well, particularly where more than twWo

(meth)acryvlate functional groups are present 1n the molecule.

Alkane di- and tri-ol di- and tri-(meth)acrylates, respectively,

are a few examples of such compounds. More specifically,
hexanediol dimethacrylate and hexanediol dliacrylate are
deslrable. In addition, di-trimethvlolpropane tetraacrylate and

trimethvyvlolpropane trimethacrvlate are also desirable.

[0040]Suitably the component having at least two (meth)acrvylate

functional groups has the formula:

L

O O

o~

"erent and are selected from

wherein R! and R? are the game or di

—

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

alkyl chain and wherein saild chain 1s optionally substituted

with one or more acryvlate and/or methacrvylate functional groups,

and/or one or more Ci—-Cip alkyl groups.

[0041]X may be a Cs to Czp alkyl chain, for example X may be a Cs
alkyl chain, or a Cs alkyl chain, or a Cs alkyl chailin, or a C-
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.

—

[0042]Examples of compounds functilionalized with at least two

blocked hydroxvyl groups are provided below:
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ﬁj\o/\/\/\/o\;/g JOWO/(O _O>roo ?goﬁ

O O

r—

[0043]The component should be present 1n a concentration of 1.5%

to 20% by welght, such as 5% to 15% by weight, with 8% to 10% by

welght being particularly desirable.

[0044]In addition to the allvyvl-Z2-cvanocacrvylate may be 1ncluded a

cvanoacrylate component selected from c¢yanocacrylate monomers

having a raft of substituents, such as those represented by

HoC=C (CN) -COOR, where R 1s selected from Ci-15 alkyl, alkoxvyalkyl,

cycloalkyl, alkenvl, aralkvl, arvl, and haloalkyl groups.

Desirably, the c¢yvanocacrylate monomer 1s selected from methyl
cyanoacrvyvlate, ethyl-2-cyanoacrvylate, propvl cyanoacrvlates,
butyl c¢vanocacrylates (such as n-butvl-Z-cyanocacrylate), octyl
cvanoacrylates, BRB-methoxyethyl c¢cvanocacrylate and comblnatlons

—

thereof. A particularly desilrable one 1s ethvl-Z-cyvanocacrylate.

[0045]The additional c¢yanocacrylate component should be 1ncluded

—
—

1n the compositions 1n an amount withlin the range of from 50% to

—

96% by weilight, with the range of 7503 to 95% by welght belng

—

deslrable, and 85 to 90% by welght of the total composition

belng particularly desirable.

[0046] Thermal resistance conferring agents may also Dbe

added. Included among such agents are certaln sulfur-containiling

compounds, such as sulfonates, sulflnates, sulfates and sulfiltes
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as set forth 1n U.S. Patent No. 5,328,944 (Attarwala), the

—

disclosure of which 1s hereby expressly 1ncorporated hereln by

reference.

[0047] For example, compositions o©of the 1nvention may

optionally comprilse additives which confer thermal resistance

properties such as 2-sulfobenzolic acid anhydride, triethvylene

glycol di (p—toulene sul fonate), trifluoroethyl p-toluene

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

toulene sulfonic anhvydride, methanesulfonic anhvydride, 1,3

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

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

4-fluorophenyl sulfone, dibenzothiophene sul fone, bis (4-

fluorophenyl) sul fone, ethyl p-toluenesulfonate,

trifluoromethanesulfonic anhydride, tetrafluoroisophthalonitrile

—
_—

and comblnations thereof.

[0048]When used, the thermal resistance conferring additives may

—
—

be 1ncluded 1n the compositions 1n an amount within the range of

from 0.01% to 10% by welight, with the range of 0.1 to 5.0% by
welght belng desirable, and about 1.0% by weight of the total
composlition being particularly desirable.

[0049] Accelerators may also be 1ncluded 1n the 1nventive

rubber toughened cvanoacryvlate composilitions, such as any one or

more selected from callxarenes and oxXacalixarenes, silacrowns,

Crown ethers, cyclodextrins, poly(ethyleneglycol)

dl (meth)acryvlates, ethoxylated hvydric compounds and combinations

thereot.
[0050] Of the calixarenes and oxacalilixarenes, many are Kknown,
and are reported 1n the patent literature. See e.g. U.S. Patent

Nos. 4,550,/00, 4,022,414, 4,030,539, 4,095,010, 4,/18,900, and

— —

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

1ncorporated herein by reference.
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[0051] For i1nstance, as regards calixarenes, those wilithin the

following structure are useful hereiln:

RZ

\

l CH-

| n
1

CH,CR

|

where R! 1s alkyl, alkoxy, substituted alkyl or substituted

alkoxy; R4 is H or alkyl; and n is 4, 6 or 8.
[0052] One particularly deslrable callxarene 1S tetrabutyl
tetral[Z2-ethoxy-2Z2-oxoethoxy]calix-4-arene.

—

[O0B3]A host of crown ethers are known. For 1nstance, examples

which may be used hereln elther 1ndividually or 1n comblnation,

Or 1n combilination with other first accelerator

include 15-crown-5, 18-crown-6, dibenzo-18-crown-6, benzo-15-
crown-5-dibenzo-24-crown-8, dibenzo-30-crown-10, tribenzo-18-
Crown-o, asym—-dibenzo-22-crown-=o6, 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-
naphtyvl-lé6-crown-95, 1l,Z2-methvl-benzo-18-crown-=6, 1,2-
methvlbenzo-5, 6-methvlbenzo-18-crown-6, 1,2-t-butvyl-18-crown-o,
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1l,2-vinylbenzo-1b-crown-95, 1l,2-vinvylbenzo-18-crown-o, 1,2-1t-
butvl-cyclohexyl-18-crown-6, asym-dilbenzo-22-crown-6 and 1,2-

benzo-1,4-benzo-5-oxygen-20-crown-7/. See U.S. Patent  No.

—

4,837,260 (Sato), the disclosure of which 1s hereby expressly

incorporated here by reference.

P~

[0054]0f the silacrowns, agaln many are Kknown, and are reported

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

represented within the followilng structure:

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

P~

polymerization of the cyvanoacrylate monomer, R° 1s H or CHz and n

—

1s an 1nteger of between 1 and 4. Examples of suitable R3 and R*®

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

groups, such as phenoxy. The R°® and R*? groups may contain

halogen or other substlituents, an example being trifluoropropyvl.

However, groups not suitable as R? and R°> groups are basic

groups, such as amino, substituted amlno and alkylamino.

—

[0055]Specific examples of silacrown compounds useful 1n the

lnventlive compositions 1nclude:

H;C

\
O/ \O
yd

AN

\_/

dimethvylsila-1l-crown-4;
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dimethvylsila-14-crown-5;

Hj

C CH;
N\ Si/

(/ff’CY// \\O*~\T>
0 0O
LO\_/O)

and dimethvylsila-1/7-crown-=o.

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

)

which 1s hereby expressly 1ncorporated herein by reference.

[0056]Many cyclodextrins may be used 1n connection with the

present 1nvention.

Uu.S. Patent No. 59,

For 1nstance, those described and claimed 1in

312,864 (Wenz), the disclosure of which 1s

hereby expressly 1ncorporated herein by reference, as hvyvdroxvl

—

group derivatives O

- an o, P or y-cyclodextrin which is at least
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partly soluble 1n the cvanocacrvlate would be appropriate cholces

[0057]For instance,
sultable for use
sTructure:

/CT% E%C\
H C=C_ JC=CH,
C{O-CH-CH}O—C
| 22 ]
O n

where n 1s Jgreater than 3,

with n belng 9

for use herein as the

herein

poly(ethylene

1nclude

O

glycol)
those

first accelerator component.

wlthin

the

dl (meth)acrylates

following

such as withlin the range of 3 to 12,

as particularly desirable.

LG 200

examples 1nclude P!

(where n 1s about 9), PEG

00 DMA (where n

represents the average molecular welght o:

000 DMA

1s about 19),

DMA, (where n 1s about 4) P

(where n 1s about 14),

where tThe number

—

More
EG 400
and
(e.J.,

the molecule, excluding the two methacryvlate groups,

as grams/mole (i.e

., 400

DMA 1s PEG 400 DMA.

—

[0058]

chosen from those within the

where Cn can be a llnear or branched alkyl or alkenyl chain,
an 1nteger between 1 to 30,

integer between 2 to 30,

alkyl, such as Ci-¢

[0059] Commercially avallable

above structure

alkyl.

1nclude

g/mol) .

A par

fatty alcohols that may be emploved),

CfO~ .C
m ﬁH OH
n
R

such as

those

O

such as

examples of

—

from 5 to 15,

—

"ered

And of the ethoxylated hydric compounds

following structure:

materials

under

the

- the glycol portion of

specific

DMA

PEG

400)

—

expressed

from o to 20, n

D

cicularly desirable P

18

EHY

L]

G

(or ethoxvylated

approprilate ones may be

m 1S

dll

and R may be H or

wlthin the

DOL®
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tradename from Henkel® KGaA, Dusseldort, Germany, such as

D

FEHYDOL® 100.

[0060]When used, the accelerator embraced by the above

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

r—

within the range of from 0.01% to 10% by welght, wilith the range

O

—

f 0.1 to 0.5% by welght belng desilirable, and about 0.4% by

—

welght of the total composition beilng particularly desirable.

[0061]A stabilizer  package 1S also ordinarily found 1n

cvanoacrylate compositions. The stabllizer package may 1include

one or more free radical stabilizers and anionic stabilizers,

— o~

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

O

0

—

f ordinary skill 1in the art. See e.g. U.S. Patent Nos.
, 530,037 and 6,607,032, the disclosures of each of which are

hereby 1ncorporated herein by reference.

[0062]Other additives may be 1ncluded to confer additional

physical properties, such as 1mproved shock reslistance,
thickness (for 1nstance, polymethyl methacrvylate), thixotropy
(for 1nstance fumed silica), and color. Such additiwves

therefore may be selected from certaln acilidic materials (like

citric acid), thixotropy or gelling agents, thickeners, dyves,

o~
_—

and combinations thereof.

[0063]These other additlives may be used 1n the 1nventive

composlitions 1ndividually 1n an amount from 0.05% to 20%, such

—

as 1% to 15%, desirably 5% to 10% by weilight, dependling of course

o~

on the 1dentity of the additive. For 1nstance, and more

specifically, cltric acid may be used 1n the 1nventilve

—

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

PPIN.

[0064]In another aspect, there 1s provided a method of bonding

o~

together two substrates, which method 1ncludes applyving to at

—

least one of the substrates a composlition as described above,

—

and thereafter mating together the substrates for a time



16 03 17/

16

sufficient to permit the adhesive to fixture. For many

applications, the substrate should become fixed Dby the

composlitions 1n less than about 150 seconds, and depending on

the substrate as 1little 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.

[0065]In vet another aspect, there 1s provided reaction products

o~

of the so-described compositions.

—

[0066]In sti1ll another aspect, there 1s provided a method of

preparing the so-described compositions. The method 1i1ncludes
providing an allyl-Z2-cyanocacrylate component, a rubber

toughening agent, and a component contalining at least two

(meth)acrylate functional groups, and mixing to form the

cyanoacrylate composition.

[0067]These aspects of the 1nvention will be further 1llustrated

by the examples which follow.

EXAMPLES

Example 1

—

[0068]A number of samples comprising an allyl-Z2-cyanocacrylate

component, a rubber toughening agent and a component

functionalized with at 1least two blocked hvydroxyl groups were

prepared as provided 1n Table 1.

—
=

[0069] The rubber toughening agent 1s comprised of:

— —

(a) reaction products of the combination of ethylene, methyl

acrvlate and monomers having carboxvylic acid cure sites, (b)

— —

dipolymers of ethvlene and methyl acrvlate, and combinations of

(a) and (b).

[0070]The control sample does not comprlse a component

functionalized with at least two blocked hydroxyl groups.
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[0071]The 1nitial tensile strengths o©of control and test

composltions were evaluated on grit blasted mild steel (GBMS).
The results are provided 1n Table 1.
[0072]Tensile strengths were determined according to Henkel STM

o~ —

/00 for the determlination of shear strength of adhesives using

lap shear speclimens.

Table 1
2 3 4 5 6 7 8 >
Allyl CA : 43.0 — 45.95 38.0 38.0 38.0 38.0 38.0
Ethyl CA 43.0 86.0 45,9 38.0 38.0 38.0 38.0 38.0
Acid
Stabilisier : 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Vamac 10.0 10.0 5.0 10.0 10.0 10.0 10.0 10.0
Sr399 — - — 10.0 — — _ _
HDDA — — — — 10.0 — — —
PETriA — — — — — 10.0 — —
ETetraA — — — — - — 10.0 —
Bi1sCA — — — — — — — 10.0

Initials (GBMS)

150°C
6 Weeks
o Weeks
6 Weeks
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[0073]Hexanediol dimethacrylate, di-trimethvylolpropane

tetracrylate (SR355), hexane diol Dbis c¢yanoacryvlate (Bis CA),

pentaervthritol triaacrylate (PETri1iA) and pentaervthritol

tetracrvlate (PETetraA) were also screened 1n this study. The

o~

effect of allyl and ethyl CA as well as the level of the rubber

toughening agent (Vamac) were also looked at.

—

[0074]Formulations 1 to 3 have wvarying concentrations of

cyanoacrvyvlate monomers. The 100% allvl-Z2-cvyvanocacrylate

formulation (No. 1) gives good results overall even without an

additive, particularly after heat ageing on GBMS at 200°C.
[0075]A 50/50 mix (No. 2) of the allyvl cvanoacryvlate/ethyl

cvanoacrvlate gilives good results after heat ageing on GBMS at

150 and 180°C, but when heat aged at 200°C the tensile strengths

obtalined were significantly lower.

[0076]The formulation comprising ethyl cvanocacrvylate as the sole

cyvanoacrylte component (No. 3), as expected demonstrated poor

tensile strengths after heat agelng at all temperatures tested.

—

[0077]The level of rubber toughening agent (Vamac®) 1n the

formulation also proved 1mportant. Comparing formulations 2 and

4 the results are much lower for the formulation with the lower

—

level of rubber toughening agent (Vamac®), typically half the

—

performance with half the rubber toughening agent.

[0078]Overall the formulation comprising hexanediol
dimethacrvylate (formulation 6) glves the best performance of the
various additives 1nvestigated, a slight drop off after 6 weeks

at 200°C being the only slight negative.

[0079]The formulation comprising hexanedliol bis c¢yvanoacrylate

(B1sCA) (formulation 9) agaln showed excellent tensile strength

results after heat ageing at 150°C. Comparable results were

obtalined when tenslle strengths were measured after heat agelng

at 180°C; however, when assessed after heat aging at 200°C the
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tenslile strengths for formulation 9 on GBMS were consliderably

lower.

—

[0080]The tensile strength determined for formulation 5 which

comprilises dili-trimethvlolpropane tetracrvlate (SR355)

ageling

This dropped slightly to approximately 7/ MPa a:

at 200

[0081]Similarly,

200¢°C

at 200 °C for

°C for © weeks.

formulations 6, 7 and 8 was over 10 MPa a:

p— g—

dropped © after hea

of ©

(formulation ©6)

after heat

3 weeks on GMBS was approximately 10 MPa.

for 3 weeks, but the tensile strength for each

—

t agelng for a further 3 weeks

"ter heat ageing

—

the tensile strength determined for

"ter heat agelng at

formulation

(to a total

weeks). The formulation comprising hexandiol dilacrylate

for © weeks at 200 °C

strength determined

delivered a tensile strength a:

—

"ter heat agelng

of approximately 5 MPa, whereas the tensile

o~

for formulations /7 and 8 after the same

agelng conditions was approximately 8 MPa for each formulation.

—

[0082]The effect of wvarying levels of hexanediol and

the rubber

toughening agent on tensile strengths was subsequently assessed.

[0083]Formulations 10 to 19 were prepared as provided 1n Table Z

[0084].

o~
_—

rach of formulations 10 to 19 were evaluated

performace by determining the tensile strength

3, 6 or 12 weeks.

[0085] The perforamce

formulation on mild steel (MS) substrate, after heat

—
=

"or thermal

—

Tor each

—

agelng for

of formulations 10 to 19 under humid

conditions was also evaluated.

[0086]Formulation 10 1s the control
42 wt%

formulation which comprises

ethyl c¢vyvanoacryvlate, 45 wt% allyl c¢vanoacryvlate, 3 W3

stabilizer and 10 wt% rubber toughening agent.

[0087]The level of hexane diol diacrylate, and the

including additives on tensile strength per:

1n the

- Table 2.

formulations o3

—
=

effect of

formance 1s assessed
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[0088]Init1ial te

20

—

nsile strengths were assessed a:

"ter curing for

24 hours on mild steel (MS), aluminium (Al), polycarbonate (PC)

and polyvinlychloride (PVC) substrates.

[0089]In addition, tensile strength was asse

formulation on G

BMS substrate, after ageing for 3

at room temperature, 100 °C, 120 °C, 150 °C, 180 °C

—

ssed for each

, b or 12 weeks

and 200 °C.
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Table 2

1l 10 ] 11 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | 19
Ethyl CA 42.00 | 37.00 | 37.00 | 37.00 | 35.75 | 34.50 | 38.25 | 35.75 | 34.50 | 36.00
Allyl CA 45.00 | 40.00 | 40.00 | 40.00 | 38.75 | 37.50 | 41.25 | 38.75 | 37.50 | 39.00

S 0 N N
VSC5500

HDDA | - [ 100 | 100 | - | 100 | 100 | 75 | 125 | 125 | 10.0
SR | - | - | - 100 ]| - | - | - | - | - | -
Naphthosutone | - | - | - | - | - | - | - | - | - | 10
 EthyleneSulfite | - | - | - | - | - | - | - | - | - | 10
t-Butyl

Initials (RT Cure)
RT Aged

MS 6 Weeks
MS 12 Weeks
100°C
MS 3 Weeks
MS 6 Weeks
MS 12 Weeks

120°C

MS 3 Weeks

MS 6 Weeks 42 | 75 | 65 | 53 | 95 | 115 | 69 | 64 | 97 | 81

MS 12Weeks | 56 | 113 | 86 | 74 | 118 | 151 | 116 | 116 | 118 | 106
150°C

MS3Weeks | 68 | 94 | 66 | 84 | 110 [ 114 | 107 | 103 | 10.8 | 142
MS6Weeks | 74 | 96 | 58 | 68 | 102 | 93 | 97 | 86 [ 115 | 68

MS12Weeks | 6.0 | 77 | 33 | 71 | 107 | 99 | 83 | 99 [ 114 | 107
180°C

MS3Weeks | 56 | 75 | 23 | 83 | 92 | 93 | 79 | 89 [ 111 | 126

MS6Weeks | 56 | 92 | 00 | 86 | 82 | 39 | 65 [ 97 | 98 | 114

MS12Weeks | 54 | 99 | 22 | 20 | 47 | 78 | 29 | 33 | 65 | 69
200°C

MS3Weeks | 47 | 68 | 19 | 97 | 76 | 82 | 72 | 83 | 81 | 83

MS6Weeks | 03 | 77 | 00 | 49 | 46 | 38 | 35 | 24 | 40 | 13

MS12Weeks | 07 | 17 | 00 | 33 | 00 | 17 [ 05 [ 00 [ 15 | 07

40°C/98% RH

MS 3 Weeks

MS 6 Weeks

MS 12 Weeks
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[0090]The tensile strength of formulation 11 on MS substrate

—

after heat ageing for 3, 6 or 12 weeks at each of 100 °oC, 120 °C,

150 °C, 180 °C and 200 °C was greater than that of the control

formulation.

[0091]In addition to comprising 10 wt% hexanediol diacrylate

formulation 12 further comprises 0.250 wts of tert-butyl
peroxybenzoate.
[0092]The 1nitial tensile strength of formulation 12 was lower

—
=

than that for control formulation 10 and the tensile strength of

formulation 12 after heat ageing also proved inferior to the

control at all time polnts for all temperatures tested. Thus the

—

addition of ter-butvyvl peroxvbenzoate had a negative effect on
tenslle strength performance.
[0093]Formulation 13 which COmprilses 10 WL % d1l-

trimethvlolpropane tetracrvylate (SR355) demonstrated similar

properties to control "ormulation 10 comparable tensile

strengths were observed after heat ageing at 100 °oC, 120 °C, 150

°C, and 180 °C, but superilor tenslle strength was observed after

heat ageing at 200 °C. Formulation 13 also outperformed control

formulation 10 when aged humidity testing was assessed.

—

Excellent fixture time was also observed for formulation 13.

Thus di-trimethvlolpropane tetracrvlate (SR355) proved to enhance

P~

the thermal performance of c¢vanocacrylate compositions comprising

allvl-Z2-cyanoacrylate and a rubber toughening agent.

[0094]Formulations 14 to 18 1look at the effect of different

—

levels of hexanediol diacrylate (HDDA) and rubber toughening

—

agent. Higher levels of rubber toughenling agent (for example,

Vamac®) give improved thermal properties at 120°C.

—

[0095]Lower levels of HDDA (Formulation 106) show excellent

thermal properties at 100°C but with inferior aging at 180 °C
and 200 °C.
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—

[0096]Thus low levels of a component functilionalized with at

least two blocked hydroxyl groups, such as HDDA, enhanced

—

thermal ageing properties at 100°C whereas higher levels of said

—
—

component enhance thermal performance of cyanoacrvlate

composlitions comprilising allvl-2-cvanoacrylate and a rubber
toughening agent at higher temperatures (1.e. temperatures above

100°C) .

[0097]Formulations 17 and 18 which comprise 12.5% HDDA had poor

initial tensile strengths. Formulation 18 which comprised 12.5

—

wts of rubber toughening agent (Vamac®) and 12.5 wtzs HDDA

exhibits excellent tensile strength after heat ageing at 150°C

but again has poor 1nitilal tensile strength.

—

[0098]Formulation 19 looks at the effect of naphthosultone and

ethyvlene sulfite. Thermal properties at 100°C and initially at
120/150/180°C are excellent.

[0099]Figures 12 to 18 show the percentage tensile strength

retention after formulations 10 to 19 on mild steel substrate

after heat ageing for 3, 6 and 12 weeks.

[00100]The effect of both naphthosultone and ethylene sulphite

—

on heat ageing performance of allyl c¢vyanoacrylate formulatilons

was also 1nvestigated (see Table 3).
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Table 3
20 21 22 23 24 25 26 27 28
Ethyl CA 37.00 | 35.80 | 34.90 | 33.80 | 32.40 | 29.90 — 32.40 | 29.90
Allyl CA 40.00 | 40.00 [ 40.00 | 40.00 | 40.00 | 40.00 | 74.90 | 40.00 ] 40.00
Acid Stabiliser 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Vamac VSC5500 10.0 10.0 10.0 10.0 10.0 10.0 10.0 12.5 12.5
HDDA 10.0 10.0 10.0 10.0 12.5 15.0 10.0 10.0 12.5
TetrahydroPA — 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Naphthosultone - 0 1.0 1.5 1.0 1.0 1.0 1.0 1.0
Fthylene Sulfite - 1.0 1.5 1.0 1.0 1.0 1.0 1.0
Initials (72hr RT)
GBMS 19.0 17.2 le.5 14.7 14.4 12.1 14.0 13.4 12.8
RT Aged GBMS
GBMS 3 Weeks 20.1 18.2 lo. 4 16.6 15.6 13.8 14.0 16.7 14.2
GBMS © Weeks 19.0 18.7 18.0 17.4 1.3 13. 13. 15. 14.6
GBMS 12 Weeks 21.5 9.9 19.9 17.5 16.2 . 2 4.5 .3 4.8
100°C
GBMS 3 Weeks 26.2 26.06 27 .4 2°7.6 26.5 24.3 22.06 26.8 25.2
GBMS © Weeks 22.0 25.3 2°7.9 2°7.1 2°7.3 23.6 22.06 26.2 23.4
GBMS 12 Weeks 7.1 19.9 23.0 23.4 22.06 le.8 1.9 21.9 19.0
120°C
GBMS 3 Weeks 5.9 11.2 19.1 22.0 15.3 11.7 . O 21.1 19.0
GBMS © Weeks 7.5 7.0 7.5 7.6 7.8 7.3 8.7 8.9 8.5
GBMS 12 Weeks 10.2 10.5 10.2 10.7 10.2 12.6 10.2 12.7 14.8
150°C
GBMS 3 Weeks 4.1 13.3 13.2 12.7 3.2 13.2 12.0 16.3 15.1
GBMS © Weeks .5 15.6 15.2 14.0 .2 14. 13. 15. 14.
GBMS 12 Weeks 16. 17. lo. 17.1 15. 17.2 15.5 18 15.6
180°C
GBMS 3 Weeks 18.0 19.5 18.1 16.9 20.0 19.1 15.8 18.8 14.7
GBMS © Weeks 17.3 15.5 17.1 16.9 16.6 19.0 18.7 21.0 19.2
GBMS 12 Weeks 13.0 13.9 14.3 14.0 14.9 le.7 22.3 16.8 14.5
200°C
GBMS 3 Weeks 7.0 8.0 4.3 6.4 10.2 11.3 12.4
GBMS © Weeks 0. 6.0 3.5 6.1 11.7
GBMS 12 Weeks 0.0 0.0 0.7 2.6 0.0 .1 0.0 0.0
40°C/98% RH
GBMS 3 Weeks 4.1 14.8 13.5 13.5 13.0 11.7 13.1 12.1 7
GBMS © Weeks 3.2 13.3 13.2 11.3 12.4 11.3 12.2 11.9
GBMS 12 Weeks 13. 12.6 12.0 10.0 12.0 10.9 11.1 11.2 11.1
65°C/95% RH
GBMS 3 Weeks 15. 12.1 9.0 5.9 9.4 c.2 6.8 8.
GBMS © Weeks 15.8 7.9 3.6 2.3 7 2 3 5.8
GBMS 12 Weeks 9.0 1.7 1.3 0.8 0.5 2.0
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[00101]The control formulation (20) contains 10% by welght of

—

the rubber toughening agent and 10% by weight of hexanediol

diacrylate. Formulations 21 to 28 comprise the followling

additives 1n varylng amounts: tetrahvydrophthalic anhvydride,

—

ethylene sulphlte and naphthosultone. The level of each additive

—

1s varled as provided 1n Table 3. The 1level of stabilizer

present 1n the formulations of Table 3 1s 3% by welght of the
total composition.
[00102]The 1nitial tensile strength values on mild steel

—

substrate are dJgenerally 1n the range of 15 to 17 MPa with the

r—
e

exception of formulation 26, whose c¢yanoacrylate component 1s

entirely allyl c¢vyvanoacrvylate. Formulations 27 and 28 which

P~

comprise higher 1levels of rubber toughening agent and higher

—

levels of hexane diol diacrylate had 1nitial tensile strengths

o~
_—

of 12 to 13 MPa. Encouragingly the tensile strengths generally

lncrease over time over a 12 week period at room temperature.

I)

[00103]The results at 100 °C are excellent. All formulations of

the 1nvention show exceptional strength retention, with an

lncrease 1n tensilile strength beiling observed 1n all cases after

—

up to 6 weeks of heat ageing. At the 12 week mark the control

formulation (formulation 20) 1s the only formulation which shows

p— g—

a significant drop o 1n tensile strength wvalue. The 1nfluence

of the additives for long term ageing at 100 °C 1s clear.

Ethylene sulphite and naphthosultone markedly 1mprove the heat

—

agelng performance of cvanoacrylate compositions comprlsling an

allyl cvanoacrylate component.

[00104]The strength retention for formulations 22, 23, 27 and 28

are excellent after heat ageing at 120 °C up to about the 3 week

mark. Wilthout the additives present at a concentration of 1% by

—

welght of the total composition, or 1n the case of the

composlition comprising solely allyl 2Z2-cyanoacrylate as the
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cyanoacrylate component, the tensile strength performance

—

dropped © after heat ageing at 120 °C. Disappolntingly, after ©

weeks, the tensile strength observed for each of the

formulations tested fell between 7 to 9 MPa, with a recovery to

about 10 MPa after 12 weeks. Formulations with higher loadings

— —

of rubber toughening agent had tensile stength wvalues of 13 to

15 MPa after 12 weeks.

—

[00105]Previous results for the ageilng of allyl c¢yvanocacrylate

composltions have shown a dilip 1n tenslle strength performance

after heat ageing at 120 ©°C due to the fact that allyl
cvanoacrylate 1s unable to thermally corsslink across the allyl
group at thils relatively low temperature. However, the addition

—

of naphthosultone and ethylene sulphlte have been demonstrated

herein to elilminate this phenomenon.

—
-

[00106]Figure 7/ shows the heat ageing performance of

formulations 20 and 22 on GBMS at 120 ©°C. The tensile strength

yr— —
— —

performance of formulation 22 which comprises 1% by weight (of

— —

the total composition) of each of the additives naphthosultone

and ethylene sulphite ©performed significantly Dbetter than

control formulation 20, absent said additives.

[00107]Excellent strength retention was observed after heat

—

agelng at 150 ©oC. The addition of the additives naphthosultone

and ethylene sulphlite eliminate the dilip assoclated wilith heat

ageling of allyl c¢vanoacrylate compositions. In general an

lncrease 1n tenslle strength was observed after 12 weeks.

[00108]The bond strength assoclated with formulation 26 1s seen

to increase over time at 180°C.

[00109]The harsh conditions of aging at 200°C are reflected in a

large drop 1n performance, albelt formulation 26, which
comprilises only allyl cyanoacrvylate as the cyanoacrvylate

demonstrates good tensile strength up to the 6 week mark.
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[00110]A11 formulations demonstrated good tensile strength
retention 1n the highly humid conditilions.

[00111]Table 4 provides composlitions comprlsling varvyving levels

—

of allyl cvyvanocacrvylate and additive components.

Table 4

Formulation 29 30 31 32
Ethyl CA 35.95 — 40.05 39.55
Allyl CA 38.95 74 .90 40.25 39.75
Stabiliser 3.0 3.0 0.72 0.2
Vamac VSC5500 10.0 10.0 — 8.0
PMMA — — 7.0 =
HDDA 10.0 10.0 — =
TetrahydroPA 0.1 0.1 - —
Naphthosultone 1.0 1.0 = —
Ethylene Sulphite 1.0 1.0 = —
1l,6-Bis CA - — 12.5 12.5

o~ —

[00112]The thermal performance of the compositions of table 4

and comparative examples 1 and 2 was assessed (see Filigure §8).

Comparative examples 1 and 2 are general purpose 1nstant

adhesive formulations based on ethyl CA. Comparative example 1

comprlises ethyl CA and PMMA, whereas comparative example Z

comprises ethyl CA and Vamac®.

—

[00113]Figure 8 shows the tensile strength performance of the

—

formulations of Table 4 and comparative examples 1 and 2 on GBMS

substrate after heat ageing at 100 °C over a 12 week period.

[0011l4]Formulation 29 demonstrated excellent tensile strength

performance with bond strengthes exceeding 23 MPa after heat

agelng at the prescribed temperature for 2000 hours.

—

[00115]At 120 ©°C formulation 32 shows excellent retention of bond

strength out to 1000 hours and then falls to around 8 MPa after

2000 hours. Formulation 29 again shows excellent strength

retention after 500 hours but falls to 7 MPa after 1000 hours
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before rebuilding 1ts strength back to 10 MPa after 2000 hours
(see Figure 9).

[00116]AL 150 ©°C and 180 °C formulation 29 and formulation 33

behave 1n a very similar manner wlith approximately 100%

—

retention of strength belng observed for formulation 29 at both

temperatures (See Figures 12 and 13).

[00117]At 200 ©°C only formulation 30 which comprilises solely allvyl

cyanoacrylate as the cyanoacrvlate component shows any
appreclable strength retention. (See Figure 12)
[00118]The performance of formulations 29 - 32, and that of

comparative examples 1 and 2 after heat ageing at 40 °C 1n 98%

relative humidity, 1s shown 1n Figure 13.

[00119]0Overall, the addition of a component functionalized with

at least two Dblocked hydroxyl groups, such as hexane diol

diacrylate, to a c¢vanoacryvlate formulation comprising allvyl
cyanoacrvyvlate and a rubber toughening agent provides a
composlition having excellent thermal ageiling properties. The

comblnation excels at 100 °C and shows 100% tensile strength

retention after 2000 hours at 150 °C and 180 °C. At 120 °C good

tensile strength performance 1s demonstrated up to the 500 hour

mark, wlith a dip 1n performance belng wlitnessed thereafter,

before the tensile strength recovers to about 10 MPa.

[00120]The effect of thermal resistance conferring additives on

—

the compositions of the 1nvention was also 1nvestigated. Table

—

5 provides compositions with wvarving levels of components and

additives.
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[00121] Formulations 35 and 36

CA and allyl CA.

Both

tetrafluorolisophthalonitrile.

P~

formulations comprilse

—

comprilse varyving levels of ethyl

1.0 wts

The 1nitial tensille strength and

thermal performance of sald compositlions proved excellent.

[00122] The words

“having/including” when

“comprises/comprising” and th

used herein with reference

present 1nvention are used tTo speci

presence or addition o

steps, components or groups thereof.

retyl4686

p—

fy tThe presence

one oOr more other features,

—

e words

to the

of stated

features, 1ntegers, steps or components but do not preclude the

integers,
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Claims

1. A cyanoacrylate composition, comprising:

(a) allyl-2-cyanoacrylate,

(b) a rubber toughening agent comprised of (a) reaction products of the
combination of ethylene, methyl acrylate and monomers having carboxylic acid cure sites,
(b) dipolymers of ethylene and methyl acrylate, and combinations of (a) and (b), and

(C) a component functionalized with at least two blocked hydroxyl groups having

Ly

O O

the formula:

wherein R and R? are the same or different and are selected from the group consisting of H
or Me; and wherein X is a C4 to Csp alkyl chain and wherein said chain is optionally
substituted with one or more acrylate and/or methacrylate functional groups, and/or one or

more C4-C1o alkyl groups.

2. The composition according to Claim 1, further comprising a filler.

3. The composition according to Claim 2, wherein the filler is selected from the group

consisting of carbon black, silica and combinations thereof.

4 The composition of Claim 1, further comprising a stabilizing amount of an acidic

stabilizer and a free radical inhibitor.

5. The composition of Claim 1, wherein the rubber toughening agent is present in an amount
from 1.5% to 20% by weight.

0. The composition according to Clam 1, further comprising a cyanoacrylate
component selected from materials within the structure H.C=C(CN)-COOR, wherein R is

selected from C+.15 alkyl, alkoxyalkyl, cycloalkyl, alkenyl, aralkyl, aryl, and haloalkyl groups.

/. The composition according to Claim 6, wherein the cyanoacrylate component

comprises ethyl-2-cyanoacrylate.
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3. The composition according to Claim 1, further comprising an accelerator component
selected from the group consisting of calixarene, oxacalixarene, silacrown, cyclodextrin,
crown ether, poly(ethyleneglycol) di(meth)acrylate, ethoxylated hydric compound, and

combinations thereof.

9. The composition according to Claim 8, wherein the calixarene is tetrabutyl tetra[2-

ethoxy-2-oxoethoxy]calix-4-arene.

10. The composition according to Claim 8, wherein the crown ether is selected from
members within the group consisting of 15-crown-5, 18-crown-6, dibenzo-18-crown-6,
benzo-15-crown-5-dibenzo-24-crown-8, dibenzo-30-crown-10, tribenzo-18-crown-6, asym-
dibenzo-22-crown-6, dibenzo-14-crown-4, dicyclohexyl-18-crown-6, dicyclohexyl-24-crown-
3, cyclohexyl-12-crown-4, 1,2-decalyl-15-crown-5, 1,2-naphtho-15-crown-5, 3,4,5-naphtyl-
16-crown-5, 1,2-methyl-benzo-18-crown-6, 1,2-methylbenzo-5, 6-methylbenzo-18-crown-6,
1,2-t-butyl-18-crown-6, 1,2-vinylbenzo-15-crown-5, 1,2-vinylbenzo-18-crown-6, 1,2-t-butyl-
cyclohexyl-18-crown-6, asym-dibenzo-22-crown-6, and 1,2-benzo-1,4-benzo-5-oxygen-20-

crown-/ and combinations thereof.

11. The composition according to Claim 8, wherein the poly(ethyleneglycol)

diimeth)acrylate is within the following structure:

CH H C
H2C=C: : : >C=CH2
ﬁ?{O—CHfH%I—O—ﬁ
0 no 0

wherein n Is greater than 3.

12. The composition according to Claim 1, further comprising additives selected from the
group consisting of shock resistant additives, thixotropy conferring agents, thickeners, dyes,

thermal degradation resistance enhancers, and combinations thereof.



16 03 17/

32

13. The composition according to Claim 12, wherein the shock resistant additive is citric

acid.

14. The composition according to any preceding claim, wherein the component

functionalized with at least two blocked hydroxyl groups Is hexane diol diacrylate.

15. The composition according to any preceding claim, further comprising at least one

additive selected from the group consisting of:

2-sulfobenzoic acid anhydride, triethylene glycol di(para-toluene sulfonate), trifluoroethyl
para-toluene sulfonate, dimethyl dioxolen-4-yimethyl para-toluene sulfonate, para-toluene
sulfonic anhydride, , methane sulfonic anhydride, 1,3 propylene sulfite, dioxathiolene
dioxide, 1,8-naphthosultone, sultone 1,3-propane, sultone 1,4-butene, allyl phenyl sulfone,
4-fluorophenyl sulfone, dibenzothiophene sulfone, bis(4-fluorophenyl) sulfone, ethyl p-
toluenesulfonate, trifluoromethanesulfonic  anhydride, ethylene sulphite and

tetrafluoroisophthalonitrile and combinations thereof.

10. The composition according to claim 15, wherein the additive Is selected from the

group consisting of 1,8-naphthosultone and ethylene sulphite and tetrafluoroisophthalonitrile.

17. The composition according to clam 15 or 16 wherein the thermal resistance

conferring agent is a mixture of 1,8-naphthosultone and ethylene sulphite.

18. Reaction products of the composition according to any preceding claim.

19. A method of bonding together two substrates, comprising the steps of:

applying a cyanoacrylate composition according to Claim 1, to at least one of the substrates

and

mating together the substrates for a time sufficient to permit an adhesive bond to form from

the cyanoacrylate composition between the mated substrates.
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20. A method of preparing a cyanoacrylate composition according to Claim 1, comprising the

steps of:

providing allyl-2-cyanoacrylate component, a rubber toughening agent comprised of (a)
reaction products of the combination of ethylene, methyl acrylate and monomers having
carboxylic acid cure sites, (b) dipolymers of ethylene and methyl acrylate, and combinations

of (a) and (b), and a component containing at least two blocked hydroxyl groups groups,

Ay

O O

wherein R! and R? are the same or different and are selected from the group consisting of H

having the formula:

or Me; and wherein X is a C4 to C30 alkyl chain and wherein said chain is optionally
substituted with one or more acrylate and/or methacrylate functional groups, and/or one or
more C1-C1o alkyl groups; and

mixing to form the cyanoacrylate composition.

rety14687
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