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LOW ODOUR CYANOACRYLATE COMPOSITION

Technical field

This invention relates to a cyanoacrylate composition comprising at least one rubber toughening
compound; and at least one B-alkoxyalkyl cyanoacrylate. The rubber toughening compound and -
alkoxyalky cyanoacrylate are well compatible with each other so that high odor alkyl
cyanoacrylates, such as ethyl cyanoacrylate, is not needed in the composition. The cured product
of cyanoacrylate composition exhibits excellent side impact and T-peel strength to various

materials, such as metals, plastics and woods.

Background of the invention

Cyanoacrylate adhesive is well known for its instant bonding property and has been widely used in
many different fields. Traditional cyanoacrylate adhesive has the drawback that its cured product
does not show good impact resistance, and therefore needs to be reinforced with a rubber
toughening compound. Alkyl cyanoacrylate monomer, such as ethyl cyanoacrylate, has
demonstrated to be well compatible with the rubber toughening compound to make a toughened
cyanoacrylate adhesive composition. However, ethyl cyanoacrylate has a strong odor which makes
the cyanoacrylate adhesive composition unpleasant to be used. Furthermore, ethyl cyanoacrylate
often causes blooming of the cured cyanoacrylate adhesive, and therefore not suitable to be used if

the aesthetic appearance of an article bonded by the cyanoacrylate adhesive is important.

Therefore, there is a need for developing a low odor cyanoacrylate composition which has good

side impact and/or T-peel strength.

Summary of the invention

The present invention relates to a cyanoacrylate composition, comprising:
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(a) atleast one rubber toughening compound; and
(b) at least one B-alkoxyalkyl cyanoacrylate represented by structure (1):

N

Y4

R2 @] R? o] (1)
wherein

R' represents a C1-Cs optionally substituted divalent hydrocarbon group, preferably a C+-Cs
optionally substituted divalent hydrocarbon group, and more preferably a C>-Cs optionally substituted
divalent hydrocarbon group; and

R? represents a C2-C2o optionally substituted univalent hydrocarbon group, preferably a C>-Cs
optionally substituted univalent hydrocarbon group, and more preferably a C2-C4 optionally

substituted univalent hydrocarbon group.

The present invention also relates to a cured product of the cyanoacrylate composition. The cured
product of the cyanoacrylate composition exhibits excellent side impact and T-peel strength to

various materials, such as metals, plastics and woods.

The present invention also relates to an article bonded by the cyanoacrylate composition.

The present invention also relates to a process of preparing the cyanoacrylate composition,

comprising steps of:

a) mixing all components together at a temperature from 50 to 80 °C to dissolve the rubber
toughening compound completely to obtain a clear solution; and

b) cooling the solution from step a) to room temperature.

The present invention also relates to a method of bonding two substrates together, comprising the
steps of:

a) applying a cyanoacrylate composition to at least one of the substrates; and
2
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b) mating the substrates together for a sufficient time to permit the composition to fixture.

Brief description of the figures

Figure 1 illustrates the blooming of the cured products of the cyanoacrylate compositions in Ex.1,

Ex.2 and Ex.6; and

Figure 2 illustrates the solubility of rubber toughening compound in different cyanoacrylate

monomers in Ex.3 and Ex.7.

Detailed description of the invention

In the following passages the present invention is described in more detail. Each aspect so described
may be combined with any other aspect or aspects unless clearly indicated to the contrary. In
particular, any feature indicated as being preferred or advantageous may be combined with any other

feature or features indicated as being preferred or advantageous.

In the context of the present invention, the terms used are to be construed in accordance with the
following definitions, unless a context dictates otherwise.
As used herein, the singular forms “a”, “an” and “the” include both singular and plural referents unless

the context clearly dictates otherwise.

The terms “comprising”, “comprises” and “comprised of” as used herein are synonymous with

“including”, “includes” or “containing”, “contains”, and are inclusive or open-ended and do not exclude

additional, non-recited members, elements or process steps.

The recitation of numerical end points includes all numbers and fractions subsumed within the

respective ranges, as well as the recited end points.
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All references cited in the present specification are hereby incorporated by reference in their entirety.

Unless otherwise defined, all terms used in the disclosing the invention, including technical and
scientific terms, have the meaning as commonly understood by one of the ordinary skills in the art to
which this invention belongs to. By means of further guidance, term definitions are included to better

appreciate the teaching of the present invention.

In the context of this disclosure, a number of terms shall be utilized.

The term “(meth)acrylate” refers to both or any one of “acrylate” and “methacrylate”.

The term “(meth)acrylic” refers to both or any one of “acrylic” and “methacrylic”.

The term “monomer” refers to a polymer building block which has a defined molecular structure,

and which can be reacted to form a part of a polymer.

The term “hydrocarbon group” refers to an organic group consisting of carbon and hydrogen.
Example of hydrocarbon group includes but limited to an alkyl group, such as methyl, ethyl, propyl,
butyl, pentyl, hexyl, isopropyl, tertiary butyl, isobutyl and the groups alike; an alkenyl group, such as
vinyl, allyl, butenyl, pentenyl, hexenyl and the groups alike; an aralkyl group, such as benzyl,
phenethyl, 2-(2,4,6-trimethylphenyl)propyl and the groups alike; an aryl group, such as phenyl,
tolyl, xyxyl and the groups alike; or an alkylidene group, such as methylidene, ethylidene,

propylidene and the groups alike.

The term "optionally substituted" in the term of “optionally substituted hydrocarbon group” means
that one or more hydrogens on the hydrocarbon group may be replaced with a corresponding
number of substituents preferably selected from halogen, nitro, azido, amino, carbonyl, ester,

cyano, sulfide, sulfate, sulfoxide, sulfone, sulfone groups, and the likes.
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The term "substantially free" means that a material or functional group can be present in an
incidental amount or that a particular occurrence or reaction only takes place to an insignificant
extent, which does not affect desired properties. In other words, the material or functional group is
not intentionally added to an indicated composition, but may be present at minor or inconsequential
levels, for example, because it was carried over as an impurity as part of an intended composition

component.

Rubber toughening compound

The cyanoacrylate composition of the present invention comprises at least one rubber toughening
compound. The rubber toughening compound is selected from the group consisting of (a) reaction
products of the combination of ethylene, methyl acrylate and monomers having carboxylic acid
cure sites, (b) copolymers of ethylene and methyl acrylate, (c) vinylidene chloride-acrylonitrile
copolymers, (d) vinyl chloride/vinyl acetate copolymer, (e) copolymers of polyethylene and polyvinyl

acetate, and combinations thereof.

In some embodiments of the present invention, the rubber toughening compound is preferably a
reaction product of the combination of ethylene, methyl acrylate and monomers having carboxylic
acid cure sites, wherein the reaction product is substantially free of processing aids, such as
release agent, complex organic phosphate esters, stearic acid and polyethylene glycol ether wax;

and anti-oxidants, such as substituted diphenyl amine.

Examples of commercially available rubber toughening compound are, for example, VAMAC VCS
5500, VAMAC MR, VAMAC G, VAMAC N123, VAMAC B-124, VAMAC VMX 1012 and VCD 6200

from DuPont.

In some embodiments of the present invention, the amount of the rubber toughening compound is
preferably from 1 to 50%, and more preferably from 1 to 30% by weight based on the total weight

of the cyanoacrylate composition.
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B-Alkoxyalkyl cyanoacrylate

The cyanoacrylate composition of the present invention comprises at least one B-alkoxyalkyl
cyanoacrylate represented by structure (1):

N

4

R2 @] R? o] (1)

wherein

R' represents a C1-Cs optionally substituted divalent hydrocarbon group, preferably a C+-Cs
optionally substituted divalent hydrocarbon group, and more preferably a C>-Cs optionally substituted
divalent hydrocarbon group; and

R2 represents a C2-C2o optionally substituted univalent hydrocarbon group, preferably a C2-Cs
optionally substituted univalent hydrocarbon group, and more preferably a C2-C4 optionally

substituted univalent hydrocarbon group.

The B-alkoxyalkyl cyanoacrylate of structure (I) may be synthesized as suggested in the paper
“Synthesis and Characterization of Ethoxyethyl a-Cyanoacrylate and Reaction Intermediates”
(Journal of Applied Polymer Science, Vol. 87, 1758-1773 (2003) by generating an oligo(-
alkoxyalkyl cyanoacrylate) first through reacting alkoxyalkyl cyanoacetate with paraformaldehyde,
followed by depolymerization at an elevated temperature in an acidic atmosphere with a high

vacuum.

lllustrative examples of B-alkoxyalkyl cyanoacrylate of structure (I) include but are not limited to 8-
ethoxyethyl cyanoacrylate, B-propoxyethyl cyanoacrylate, B-butoxyethyl cyanoacrylate, B-
isopropoxyethyl cyanoacrylate, B-ethoxypropyl cyanoacrylate, and p-ethoxybutyl cyanoacrylate.

Preferably, the B-alkoxyalkyl cyanoacrylate in the present invention is B-ethoxyethyl cyanoacrylate.
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In some embodiments of the present invention, the weight ratio between the B-alkoxyalkyl
cyanoacrylate and the rubber toughening compound is preferably from 100:0.5 to 100:50, more
preferably from 100:3 to 100:30, and even more preferably from 100:10 to 100:30. Within the
desirable weight ratio, not only the B-alkoxyalkyl cyanoacrylate and the rubber toughening
compound are well compatible, the cured product of the cyanoacrylate composition would also has
improved side impact and/or T-peel strength to various materials, such as metals, plastics and

woods.

Examples of commercially available B-alkoxyalkyl cyanoacrylate, for example, are AFINITICA 2-
Ethoxyethyl Cyanoacrylate from Afinitica Technologies S.L.; and 2-ethoxyethyl 2-cyanoacrylate

from Cartell Chemical Co., Ltd.

In some embodiments of the present invention, the amount of the B-alkoxyalkyl cyanoacrylate is

preferably from 50% to 99%, and more preferably from 70 to 99% by weight based on the total

weight of the cyanoacrylate composition.

Optional Additives

The cyanoacrylate composition may further comprise optional additives. The selection of suitable
additives for the cyanoacrylate composition of the invention depends on the specific intended use of
the cyanoacrylate composition and can be determined in the individual case by those skilled in the

art.

<Acid stabilizer>

The cyanoacrylate composition of the present invention may further comprise at least one acid
stabilizer. The acid stabilizer may be selected from the group consisting of boron trifluoride, boron
trifluoride etherate complex, boron trifluoride dihydrate, trimethylsilyl triflate, sulphur dioxide,

methanesulfonic acid, and mixtures thereof.

Examples of commercially available acid stabilizer are, for example, boron trifluoride diethyl etherate
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and boron trifluoride dihydrate from Sigma-Aldrich.

In some embodiments of the present invention, the amount of the acid stabilizer is preferably from
0 to 100 ppm, and more preferably from 0 to 30 ppm by weight based on the total weight of the

cyanoacrylate composition.

<Carboxylic acid>

The cyanoacrylate composition of the present invention comprises at least one carboxylic acid to
improve the shock resistance and/or T-peel strength of the cured product of the cyanoacrylate
composition. The carboxylic acid may be selected from the group consisting of citric acid and its
monohydrate, 1,2,4-benzene tricarboxylic acid (or trimellitic acid), hemimellitic acid, trimesic acid,
pyromellitic acid, 1,2,3,4-butane tetracarboxylic acid, glutaric acid, 1,2,4,5-benzene tetracarboxylic
acid, 1,2,4-benzene tricarboxylic anhydride, 1,2,3-propene tricarboxylic acid (or aconitic acid),
1,2,3-propane tricarboxylic acid (tricarballylic acid), 1,2,3-benzene tricarboxylic acid hydrate and

combinations thereof. Preferably, the carboxylic acid is citric acid.

Examples of commercially available a carboxylic acid are, for example, trimellitic acid from Tokyo

Chemical Industry; and citric acid from Sigma-Aldrich.

In some embodiments of the present invention, the amount of the carboxylic acid is from 0% to
0.1%, and preferably from 0% to 0.01% by weight based on the total weight of the cyanoacrylate

composition.

<Accelerator>

The cyanoacrylate composition of the present invention may further comprise at least one
accelerator, such as those selected from calixarenes and oxacalixarenes, silacrowns, crown ethers,
cyclodextrins, polyethyleneglycol diimeth)acrylates, ethoxylated hydric compounds and

combinations thereof.
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Of the calixarenes and oxacalixarenes, many are known, and are reported in the patent literature.
See e.g. U.S. Pat. Nos. 4,556,700, 4,622,414, 4,636,539, 4,695,615, 4,718, 966, and 4,855,461,
the disclosures of each of which are hereby expressly incorporated herein by reference. One

particularly desirable calixarene is tetrabutyl tetra[2-ethoxy-2-oxoethoxy] calix-4-arene.

Of the silacrowns, again many are known, and are reported in the literature. Specific examples of
silacrown compounds useful in the inventive compositions include dimethylsila-11-crown-4,
dimethylsila-14-crown-5, and dimethylsila-17-crown-6. See e.g. U.S. Pat. No. 4,906.317 (Liu), the

disclosure of which is hereby expressly incorporated herein by reference.

A host of crown ethers are known. For instance, any one or more 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-8, 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-7
may be used. See U.S. Pat. No. 4,837.260 (Sato), the disclosure of which is hereby expressly

incorporated herein by reference.

Many cyclodextrins may be used in connection with the present invention. For instance, those
described and claimed in U.S. Pat. No. 5,312,864 (Wenz), the disclosure of which is hereby

expressly incorporated herein by reference.

Poly(ethylene glycol) diilmeth)acrylates suitable for use herein include those within the

following Structure:



10

15

20

WO 2021/203234 PCT/CN2020/083469

M HC
H (=C_

CFO-CH;OH;

where n is greater 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 is about 4), PEG 400 DMA
(where n is about 9), PEG 600 DMA (where n is about 14), and PEG 800 DMA, (where n is about
19), where the number (e.g., 400) represents the average molecular weight of the glycol portion of

the molecule, excluding the two methacrylate groups, expressed as grams/mole (i.e., 400 g/mol).

Of the ethoxylated hydric compounds (or ethoxylated fatty alcohols that may be employed),

appropriate ones may be chosen from those within the following Structure:

o o S
Mgy

P e e

where Cm can be a linear or branched alkyl or alkenyl chain, m is an integer between 1 to 30, such
as from 5 to 20, n is an integer between 2 to 30, such as from 5 to 15, and R may be H or alkyl,

such as C1-6 alkyl.

In some embodiments of the present invention, the amount of the accelerator is from 0% to 5%,
and preferably from 0% to 1% by weight based on the total weight of the cyanoacrylate

composition.

In addition, the cyanoacrylate composition of the present invention may contain further one or more

additives that are usually used in the cyanoacrylate composition, such as, plasticizers, thickening

agents, fillers, inhibitors, thixotropy or gelling agents, dyes and combinations thereof.

10
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In some embodiments of the present invention, the cyanoacrylate composition is preferably
substantially free of alkyl cyanoacrylate which does not have an alkoxyl group, such as ethyl
cyanoacrylate, butyl cyanoacrylate, octyl cyanoacrylate, 2-methylbutyl cyanoacrylate, and isoamyl
cyanoacrylate. The alkyl cyanoacrylate which does not have an alkoxyl group is either not fully low
odor or will cause blooming of the cyanoacrylate composition after cured. Further, the preparation of
the cyanoacrylate composition of the present invention is also simplified if an alkyl cyanoacrylate
which does not have an alkoxyl group is not used because less components are needed in the

composition.

In a preferred embodiment, the cyanoacrylate composition comprises:
a) at least one rubber toughening compound;
b) at least one B-alkoxyalkyl cyanoacrylate represented by structure (l):

N

Y4

¢) at least one acid stabilizer;

d) at least one accelerator; and

e) at least one carboxylic acid;

wherein

R' represents a C1-Cs optionally substituted divalent hydrocarbon group, preferably a C1-C4
optionally substituted divalent hydrocarbon group, and more preferably a C>-Cs optionally substituted
divalent hydrocarbon group;

R? represents a C2-C2o optionally substituted univalent hydrocarbon group, preferably a C>-Cs
optionally substituted univalent hydrocarbon group, and more preferably a C2-C4 optionally
substituted univalent hydrocarbon group; and

the weight ratio between the B-alkyl cyanoacrylate of structural (I) and the rubber toughening

compound is preferably from 100:0.5 to 100:50.
11
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In some embodiments of the present invention, the cyanoacrylate composition of the present
invention may be prepared by mixing all the components together at a temperature from 50 to
80 °C to dissolve the rubber toughening compound completely, and allowing the cyanoacrylate

composition to be cooled to room temperature.

In some embodiments of the present invention, the cyanoacrylate composition may be applied to a
substrate by bar coating, jetting or spraying, and allowed to be cured by moisture in the air at room

temperature for a sufficient time to permit the composition to fixture, such as 1 to 3 days.

In some embodiment of the present invention, the cyanoacrylate composition may be used for
bonding together two substrates by a method comprising the steps of:

a) applying a cyanoacrylate composition to at least one of the substrates; and

b) mating the substrates together for a sufficient time to permit the composition to fixture, such as

1 to 3 days.

The blooming of the cured product of cyanoacrylate composition may be measured by dropping
several drops of cyanoacrylate composition onto a black substrate and allowing the cyanoacrylate
composition to be fully cured. A high temperature and high humidity condition (e.g. 40 °C /98%RH)
may be applied to enhance and accelerate the blooming testing. The blooming of the cyanoacrylate
composition is checked if a white ring or halo around the cured cyanoacrylate composition can be

observed. The cyanoacrylate composition preferably does not show blooming after cured.

The solubility of the rubber toughening agent in the cyanoacrylate monomers may be measured by
dissolving the rubber toughening agent in cyanoacrylate monomers. The mixture of the rubber

toughening agent and cyanoacrylate monomers is mixed vigorously at a temperature from 50 to 80
°C until the rubber toughening agent is fully dissolved to obtain a clear solution. The solution is then

cooled to room temperature. The solubility of the rubber toughening agent in the cyanoacrylate

12
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monomers is checked visually if the solution is still clear at room temperature. The rubber

toughening agent is preferably completely dissolvable in the cyanoacrylate monomers.

The side impact of the cured product of the cyanoacrylate composition may be measured
according to GM9751 General Motors Engineering Standards Side Impact Test, with a bonding
area of 25.4 mm x 25.4 mm. The cured product of the cyanoacrylate composition preferably has a
side impact greater than or equal to 9 J, more preferably has a side impact greater than or equal to
11 J, and even more preferably has a side impact greater than or equal to 13 J in the case that the
cyanoacrylate composition is allowed to be cured on grit blasted mild steel for 24 hours at room
temperature. The cured product of the cyanoacrylate composition preferably has a side impact
greater than or equal to 1.5 J, more preferably has a side impact greater than or equal to 6 J, and
even more preferably has a side impact greater than or equal to 9 J in the case that the
cyanoacrylate composition is allowed to be cured on aluminum plate for 24 hours at room

temperature.

The T-peel strength of the cured product of the cyanoacrylate composition may be measured
according to ASTM D1876/ 1ISO 11339/ DIN 53282, with a bonding area of 25.4 mm x 228.6 mm.
The cured product of the cyanoacrylate composition preferably has a T-peel strength greater than
or equal to 0.5 N/mm, and more preferably has a T-peel strength greater than or equal to 4 N/mm
in the case that the cyanoacrylate composition is allowed to be cured on grit blasted mild steel for 3
days at room temperature. The cured product of the cyanoacrylate composition preferably has a T-
peel strength greater than or equal to 1.5 N/mm, and more preferably has a T-peel strength greater
than or equal to 3 N/mm in the case that the cyanoacrylate composition is allowed to be cured on

aluminum plate for 3 days at room temperature.

Examples:

The present invention will be further described and illustrated in detail with reference to the

following examples. The examples are intended to assist one skilled in the art to better understand

13
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and practice the present invention, however, are not intended to restrict the scope of the present

invention. All numbers in the examples are based on weight unless otherwise stated.

Test methods

<Blooming of cured cyanoacrylate composition>

The blooming of cured cyanoacrylate composition was measured by steps of:

a) dropping two drops of cyanoacrylate composition on a sheet of black plastic;

b) placing the sheet of black plastic horizontally in a humidity cabinet having a temperature of 40
°C and a relative humidity of 98%; and

¢) checking if a white ring or halo appeared around the drops of cured cyanoacrylate composition

after leaving the sheet of black plastic in the humidity cabinet for one hour.

If there was white ring or halo appeared around the drops of cured cyanoacrylate composition, the

cyanoacrylate composition was determined to show blooming after cured.

<Solubility of rubber toughening agent in cyanoacrylate monomers>

The solubility of the rubber toughening agent in cyanoacrylate monomers was measured by steps

of:

a) adding 10 grams of rubber toughening agent (VAMAC VCS 5500) to 100 grams of
cyanoacrylate monomers in a mixing vessel,

b) mixing the mixture from step a) at 70 °C at a speed of 800 rpm for 3 to 5 hours until the rubber
component is fully dissolved to obtain a clear solution;

¢) transferring the solution into a glass vial and cooling the solution to room temperature; and

d) checking visually if the solution was still clear.

If the solution was clear, the rubber toughening agent was determined to be soluble in the
cyanoacrylate monomers. If there were suspensions observed, the rubber toughening agent was

determined to be insoluble in the cyanoacrylate monomers.

14
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<Side impact on grit blasted mild steel>

The side impact of the cured product of the cyanoacrylate composition was measured according to
GM9751 General Motors Engineering Standards Side Impact Test. The grit blasted mild steel were
prepared by grit blasting on mild steel (available from Q-panel) with 80 mesh SiC powders. The
dimension of grit blasted mild steel plate used for side impact testing was 25.4 mm x 100 mm. Side
impact specimens were prepared by applying ~0.05 g cyanoacrylate composition on a bonding

area of 25.4 mm x 25.4 mm. The assembled specimens were cured at room temperature for 1 day.

<Side impact on aluminium plate>

The side impact of the cured product of the cyanoacrylate composition was measured according to
GM9751 General Motors Engineering Standards Side Impact Test. The dimension of aluminum
plate (available from Q-Panel Co. Inc.) used for side impact testing was 25.4 mm x 100 mm. Side
impact specimens were prepared by applying ~0.05 g cyanoacrylate composition on a bonding

area of 25.4 mm x 25.4 mm. The assembled specimens were cured at room temperature for 1 day.

<T-peel strength on mild steel>

The T-peel strength of the cured cyanoacrylate composition was measured according to ASTM
D1876/1S0O 11339/ DIN 53282. The dimension of the mild steel plate (available from Q-Panel Co.
Inc.) used for T-peel strength testing was 25.4 mm x 304.8 mm. T-peel specimens were prepared
by applying ~0.5 g cyanoacrylate composition on a bonding area of 25.4 mm x 228.6 mm. The

assembled specimens were cured at room temperature for 3 days.

<T-peel strength on aluminium plate>

The T-peel strength of the cured product of the cyanoacrylate composition was measured
according to ASTM D1876/ 1ISO 11339/ DIN 53282. The dimension of the aluminum plate (available
from Q-Panel Co. Inc.) used for T-peel strength testing was 25.4 mm x 304.8 mm. T-peel
specimens were prepared by applying ~0.5 g cyanoacrylate composition on a bonding area of 25.4

mm x 228.6 mm. The assembled specimens were cured at room temperature for 3 days.
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Example 1-7

The following materials were used in the Examples.

B-Ethoxyethyl cyanoacrylate (2-Ethoxyethyl 2-cyanoacrylate, available from Cartell Chemical);
Ethyl cyanoacrylate (Ethyl 2-cyanoacrylate, available from Sigma-Aldrich);
BF3 (Boron trifluoride dihydrate, available from Sigma-Aldrich);

Rubber toughening compound (VAMAC VCS 5500, available from DuPont);
Citric acid (Citric acid anhydrous, available from Sigma-Aldrich);
B-Methoxyethyl cyanoacrylate (B-Methoxyethyl Cyanoacrylate, available from Afinitica); and

Crown ether (Dibenzo-18-crown-6, available from Ferak Berlin GmbH).

The cyanoacrylate compositions were formulated as Examples according to Table 1 by mixing all
of the components at 70°C at a speed of 800 rpm for 3 to 5 hours until all rubber toughening agent
was fully dissolved, and allowed to be cooled to room temperature. Various tests described above

were then performed on the cyanoacrylate compositions, and results were reported in Table 2.

Table 1. Cyanoacrylate composition

Weight Percentage
Components
Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7

B-ethoxyethyl 98.788 | 95.788 | 89.788 | 79.788 | 69.788 0 0
cyanoacrylate

B-methoxyethyl 0 0 0 0 0 0| 89.788
cyanoacrylate

Ethyl cyanoacrylate 0 0 0 0 0| 89.788 0
BFs 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Vamac VCS 5500 1 4 10 20 30 10 10
Citric acid 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Crown ether 0.2 0.2 0.2 0.2 0.2 0.2 0.2

Ex. 1 to 5 utilized B-ethoxyethyl cyanoacrylate as the monomers. The rubber toughening compound
(Vamac VCS 5500) showed good solubility to the monomers in Ex. 1 to 5 which was comparable to
the solubility of rubber toughening compound in Ex.6 when ethyl cyanoacrylate was used as the
monomer. Cured products of the cyanoacrylate compositions in Ex.1 to 5 showed comparable T-

peel strength to aluminum plate compared with Ex.6. Cured products in Ex.3 and 4 showed even
16
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improved side impact to grit blasted mild steel plate, and cured products in Ex.2 to 5 also showed

better side impact to aluminum plate and T-peel strength to mild steel than Ex.6.

In addition, when ethyl cyanoacrylate was used as the monomer in Ex.6, the rubber toughening
compound was well compatible with the monomer, but the cured product showed undesired
blooming which could be seen from Fig.1. When B-methoxyethyl cyanoacrylate was used as the
monomer, the rubber toughening compound could be dissolved in the monomer at 70°C during the
mixing step. However, after the cyanoacrylate composition in Ex. 7 was cooled to room
temperature, the B-methoxyethyl cyanoacrylate and the rubber toughening compound were not
compatible anymore and suspensions were observed as shown in Fig 2. The cyanoacrylate
composition in Ex. 7 was not suitable to be used as adhesives, and therefore the side impact and

T-peel strength test results were not available for Ex.7 in Table 2.

Table 2. Test results

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7
Blooming No No No No No Yes N/A
Solubility of rubber | Good Good Good Good Good Good Poor
toughening compound in
different cyanoacrylate

monomers
Side Impact, grit blasted 11.1 11.7 13.3 13.6 9.0 10.8 N/A
mild steel plate (J)

Side Impact, aluminum 1.6 8.2 7.3 9.4 6.5 4.4 N/A
plate (J)

T-Peel Strength, mild steel 0.7 4.6 4.0 4.7 4.4 2.5 N/A
(N/mm)

T-Peel Strength, 2.3 1.8 34 3.2 3.0 2.7 N/A

aluminum plate (N/mm)

17
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What is claimed is:

1.

A cyanoacrylate composition, comprising:
(a) at least one rubber toughening compound; and
(b) at least one B-alkoxyalkyl cyanoacrylate represented by structure (l):

N

Y4

R2 @] R! O ()
wherein
R' represents a C1-Cs optionally substituted divalent hydrocarbon group, preferably a C1-C4
optionally substituted divalent hydrocarbon group, and more preferably a C>-Cs optionally
substituted divalent hydrocarbon group; and
R2 represents a C2-Czo optionally substituted univalent hydrocarbon group, preferably a C>-Cs
optionally substituted univalent hydrocarbon group, and more preferably a C2-C4 optionally

substituted univalent hydrocarbon group.

The cyanoacrylate composition according to claim 1, the rubber toughening compound is
selected from the group consisting of (a) reaction products of the combination of ethylene, methyl
acrylate and monomers having carboxylic acid cure sites, (b) copolymer of ethylene and methyl
acrylate, (c) vinylidene chloride-acrylonitrile copolymers, (d) vinyl chloride/vinyl acetate

copolymer, (e) copolymers of polyethylene and polyvinyl acetate, and combinations thereof.

The cyanoacrylate composition according to claim 1 or 2, wherein the rubber toughening
compound is preferably a reaction product of the combination of ethylene, methyl acrylate and
monomers having carboxylic acid cure sites, wherein the reaction product is substantially free of

release agents, anti-oxidants, stearic acid and polyethylene glycol ether wax.

The cyanoacrylate composition according to any one of the proceeding claims, wherein the B-

alkoxyalkyl cyanoacrylate is preferably B-ethoxyethyl cyanoacrylate.
18
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5. The cyanoacrylate composition according to any one of the proceeding claims, wherein the
weight ratio between the B-alkoxyalkyl cyanoacrylate and the rubber toughening compound is
preferably from 100:0.5 to 100:50, more preferably from 100:3 to 100:30, and even more

preferably from 100:10 to 100:30.

6. The cyanoacrylate composition according to any one of the proceeding claims, wherein the
cyanoacrylate composition is substantially free of alkyl cyanoacrylate which does not have an

alkoxyl group.

7. The cyanoacrylate composition according to any one of the proceeding claims, further
comprising at least one acid stabilizer, and/or at least one accelerator, and/or at least one

carboxylic acid.

8. The cyanoacrylate composition according to any one of the proceeding claims, comprising:
a) at least rubber toughening compound;
b) at least one B-alkoxyalkyl cyanoacrylate represented by structure (l);

N

Y4

R2 @] R! O ()

c) at least one acid stabilizer;

d) at least one accelerator; and

e) at least one carboxylic acid;

wherein

R' represents a C1-Cs optionally substituted divalent hydrocarbon group, preferably a C-Cs
optionally substituted divalent hydrocarbon group, and more preferably a C2-Cs optionally
substituted divalent hydrocarbon group;

R? represents a C2>-C20 optionally substituted univalent hydrocarbon group, preferably a C2-Cs

optionally substituted univalent hydrocarbon group, and more preferably a C2-Cs4 optionally
19
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10.

11.

12.

substituted univalent hydrocarbon group; and
the weight ratio between the B-alkyl cyanoacrylate of structure (I) and the rubber toughening

compound is preferably from 100:0.5 to 100:50.

A cured product of the cyanoacrylate composition according to any one of the proceeding claims.

An article bonded by the cyanoacrylate composition according to any one of the proceeding

claims.

A process of preparing the cyanoacrylate composition according to any one of the proceeding

claims, comprising steps of:

a) mixing all components together at a temperature from 50 to 80 °C to dissolve the rubber
toughening compound completely to obtain a clear solution; and

b) cooling the solution from step a) to room temperature.

A method of bonding together two substrates, comprising the steps of:
a) applying a cyanoacrylate composition according to claim 1, to at least one of the substrates;
and

b) mating together the substrates for a sufficient time to permit the composition to fixture.

20



WO 2021/203234 PCT/CN2020/083469

1M

S
R

}'\..\_k
S

\.
SRS

.
.

3 SR R
R
-\.-;\\\‘\\.\ DR
SR
e

R

Figure 1

EX T —

Figure 2



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2020/083469

A. CLASSIFICATION OF SUBJECT MATTER

C09] 4/06(2006.01)i; CO8F 222/32(2006.01)i; CO8F 291/02(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C097 4/-, CO8F 222/-, CO8F 291/-

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CNPAT,.CNKLWPLEPODOC,CA: cyanoacrylate, toughen+, rubber, alkoxyalkyl, odour,odor, ethylene, carboxylic acid,
copolymer, polyvinyl acetate, ethoxyethyl, stabilizer, accelerator, cur+, article, bond+, substrat+

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 2019081753 A1 (HENKEL IP & HOLDING GMBH) 02 May 2019 (2019-05-02) 1-12
description, paragraphs [0027] to [0038] and [0046] to [0055]

description, paragraphs [0010] to [0066]

A CN 101258211 A (HENKEL CORPORATION) 03 September 2008 (2008-09-03) 1-12

description, paragraphs [0017] to [0038]

A WO 2010029134 A1 (LOCTITE R & D LIMITED et al.) 18 March 2010 (2010-03-18) 1-12

description, paragraphs [0023] to [0130]

A EP 2995663 Al (AFINITICA TECHNOLOGIES S.L.) 16 March 2016 (2016-03-16) 1-12

description, paragraphs [0014] to [0025]

A JP 06145606 A (TOA GOSEI CHEM. IND. LTD.) 27 May 1994 (1994-05-27) 1-12

D Further documents are listed in the continuation of Box C.

See patent family annex.

Special categories of cited documents:

document defining the general state of the art which is not considered

to be of particular relevance

earlier application or patent but published on or after the international

filing date

document which may throw doubts on priority claim(s) or which is

cited to establish the publication date of another citation or other

special reason (as specified)

«0” document referring to an oral disclosure, use, exhibition or other
means

«p>” document published prior to the international filing date but later than

the priority date claimed

«1> later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

«x> document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

«y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

100088
China

Facsimile No. (86-10)62019451

10 December 2020 31 December 2020
Name and mailing address of the ISA/CN Authorized officer
National Intellectual Property Administration, PRC
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijin,
, Xitu g , Ji idge, Haidi istrict, Beijing ZHOU,Wen

Telephone No. 86-(10)-53962200

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/CN2020/083469

Patent document Publication date

Patent family member(s)

Publication date

cited in search report (day/month/year) (day/month/year)
WO 2019081753 Al 02 May 2019 KR 20200076681 A 29 June 2020
GB 2567867 A 01 May 2019
EP 3700991 Al 02 September 2020
CN 111278938 A 12 June 2020
us 2020255693 Al 13 August 2020
GB 201717707 DO 13 December 2017
™ 201922987 A 16 June 2019
CN 101258211 A 03 September 2008 WO 2007008971 Al 18 January 2007
us 2015322295 Al 12 November 2015
us 2017051182 Al 23 February 2017
CN 101258211 B 30 May 2012
EP 1907496 Al 09 April 2008
uUs 2008314519 Al 25 December 2008
RU 2394059 C2 10 July 2010
KR 20080035606 A 23 April 2008
AU 2006268160 Al 18 January 2007
BR PI0613482 A2 31 May 2011
HU E029799 T2 28 April 2017
EP 1907496 A4 29 July 2009
PT 1907496 T 10 November 2016
MX 2008000578 A 18 March 2008
KR 101273821  B1 11 June 2013
ES 2601781 T3 16 February 2017
AU 2006268160 B2 22 December 2011
us 9944830 B2 17 April 2018
Ip 5296538 B2 25 September 2013
EP 1907496 Bl 31 August 2016
JP 2009500517 A 08 January 2009
RU 2008104213 A 20 August 2009
CA 2614921 Al 18 January 2007
WO 2010029134 Al 18 March 2010 None
EP 2995663 Al 16 March 2016 us 2017260422 Al 14 September 2017
WO 2016038514 Al 17 March 2016
EP 3191561 Bl 06 May 2020
us 10626299 B2 21 April 2020
EP 3191561 Al 19 July 2017
JP 06145606 A 27 May 1994 JP H06145606 A 27 May 1994

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report

