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Adhesive Composition with Retarding Additive

Technical Field

[01] The present disclosure generally relates to adhesive
compositions, in particular adhesive compositions

5 comprising one or more methacrylate monomers, a catalyst

system and a retarding additive.
Background of the Invention

[02] Adhesive formulations based on methyl methacrylate

(MMA) have been extensively investigated over the past

[U—
S

decades resulting in a number of improvements as disclosed,
for example, in EP 2 275 507 Al, WO 2006/119469 A2 and US
7,776,963 B2.

[03] One remaining problem of adhesive formulations

containing MMA is the pungent odor and flammability of MMA.

15 [04] EP 1 609 831 Al discloses compositions using low odor

methacrylate monomers instead of MMA to solve this problem.

[05] To replace MMA while maintaining desired adhesion and
mechanical properties, mixtures of methacrylate esters need
to be used. Catalyst packages to properly cure such monomer
20 mixtures are known from the prior art. US 4,348,503, for
example, discloses adhesive compositions with a catalyst
system based on an aromatic perester free-radical precursor
(preferably together with an amine/aldehyde adduct

activator), an organic acid capable of cyclic tautomerism

25 and a transition metal cure accelerator.
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[06] However, due to the high reactivity of <certain
methacrylate monomers, there 1is a need to slow down
reactivity in order to achieve a long open time (as defined
below) without impacting mechanical and adhesion

properties.

[07] US 6,291,593 Bl discloses retarding additives for
methacrylate adhesives on the basis of non-protonic Lewis
acids and zinc salts. However, such retarding agents are
usually hygroscopic which has a negative dimpact on the
handling of the retarding agents. Such retarding agents
usually also have a negative impact on storage stability of

the adhesive such as elongation at break.

[08] Therefore, there 1s a continuous need for retarding
agents for adhesive compositions based on methacrylate
monomers to slow down the reactivity without any negative

impact on the mechanical and adhesion properties.

Disclosure of the Invention

[09] Unless otherwise defined herein, technical terms used

[—

in connection with the present disclosure shall have the
meanings that are commonly understood by those having
ordinary skill in the art. Further, unless otherwise
required by context, singular  terms shall include

pluralities and plural terms shall include the singular.

[10] All patents, published patent applications, and non-
patent publications mentioned 1in the specification are

indicative of the level of skill of those skilled in the

na A1l rnatentg
ns. ALl patents,
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published patent applications, and non-patent publications
referenced in any portion of this application are herein
expressly incorporated by reference in their entirety to
the same extent as if each individual patent or publication

was specifically and individually indicated to Dbe

contradict the instant disclosure.

N

[11] All of the compositions and/or methods disclosed
herein can be made and executed without undue
experimentation in light of the present disclosure. While
the compositions and methods of the present disclosure have
been described in terms of preferred embodiments, it will
be apparent to those having ordinary skill in the art that
variations may be applied to the compositions and/or
methods and 1in the steps or sequences of steps of the
methods described herein without departing from the
concept, spirit, and scope of the present disclosure. All
such similar substitutes and modifications apparent to
those skilled 1in the art are deemed to be within the

spirit ICOo
sSplirit, sco

[12] As utilized in accordance with the present disclosure,

- 1- - ' - P, I

) lowing terms, unless otherwise indicated, shall be

P T as
che LO

| -

understood to have the following meanings.

{4

[13] The wuse of the word “a” or “an”, when used in
conjunction with the term “comprising”, “including”,
“having”, or “containing” (or variations of such terms) may

mean “one”, but it is also consistent with the meaning of

“one or more”, “at least one”, and “one or more than one”.
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[14] The wuse of the term “or” i1s used to mean “and/or”
unless clearly indicated to refer solely to alternatives

and only if the alternatives are mutually exclusive.

[15] Throughout this disclosure, the term “about” 1is used
to indicate that a wvalue includes the inherent variation of
error for the quantifying device, mechanism, or method, or
the inherent variation that exists among the subject(s) to
be measured. For example, but not by way of limitation,
when the term “about” 1is used, the designated wvalue to
which it refers may vary by plus or minus ten percent, or
nine percent, or eight percent, or seven percent, or six
percent, or five ©percent, or four percent, or three
percent, or two percent, or one percent, or one or more

fractions therebetween.

[16] The use of “Yat least one” will Dbe understood to

include one as well as any gquantity more than one,

imited to 1 2 3 A 5 10 15 2
ilmited TOo, L, Ly S, D, Oy BNV, 13 Z

(]

14 14 14

0, 100, etc. The term “at least one” may extend up
to 100 or 1000 or more depending on the term to which it
refers. In addition, the guantities of 100/1000 are not to
be considered as limiting since lower or higher limits may

also produce satisfactory results.

AN}

[17] As used herein, the words comprising” (and any form
of comprising, such as “comprise” and T“comprises”),
“having” (and any form of having, such as “have” and
“has”), “including” (and any form of including, such as

“includes” and “include”) or “containing” (and any form of

containing, such as “contains” and “contain”) are inclusive



10

15

(]
o)

25

WO 2020/126818 PCT/EP2019/084878

or open-ended and do not exclude additional, unrecited

elements or method steps.

[18] The phrases “or
combinations thereof” as used herein refers to all
permutations and combinations of the listed items preceding
the term. For example, “A, B, C, or combinations thereof”
is intended to include at least one of: A, B, C, AB, AC,
BC, or ABC and, if order is dimportant in a particular
context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB.
Continuing with this example, expressly included are
combinations that contain repeats of one or more items or
terms such as BB, AAA, CC, AABB, AACC, ABCCCC, CBBAAA,
CABBRB, and so forth. The skilled artisan will understand
that typically there is no limit on the number of items or
terms in any combination, unless otherwise apparent from
the context. In the same light, the terms “or combinations
thereof” and “and combinations thereof” when used with the
phrases ‘“selected from” or T“selected from the group
consisting of” refers to all permutations and combinations

of the listed tems preceding the hrase

n
MLoLTCU LIy Vil ML Ao T .

[19] The phrases “in one embodiment”, “in an embodiment”,

w — -~ (4 1 11

according to one embodiment”, and the like generally mean
the particular feature, structure, or characteristic
following the phrase is included in at least one embodiment
of the present disclosure, and may be included in more than
one embodiment of the present disclosure. Importantly, such
phrases are non-limiting and do not necessarily refer to

the same embodiment but, of course, can refer to one or

more preceding and/or succeeding embodiments. For example,
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in the appended claims, any of the claimed embodiments can

be used in any combination.

roni TS amaf’ oo 1mTand heoaroin 4
LLV ] (¥ Lne ao uocU LIS T o1, 4L

6]
D)
[}

pen
amount of time after the adhesive 1is applied onto a first
substrate, that the adhesive maintains sufficient tack to

bond effectively to a second substrate.

[21] The objective of the present disclosure is solved by
an adhesive composition comprising one or more
(meth)acrylate ester monomers, a catalyst system and a
retarding additive, wherein the retarding additive is a

secondary amine.

[22] Preferably, the secondary amine 1s a secondary amine

comprising more than one secondary amine dJgroups, more

[23] 1In a specifically preferred embodiment of the present
disclosure, the secondary aryl amine 1s selected from

compounds having formula (1)

wherein R1 and R2 are independently selected from Cg-Cig

alkyl groups,

formula (2)



1

1

(\]

0

5

<

WO 2020/126818 PCT/EP2019/084878

wherein R1 is selected from Cg-Cig alkyl groups and R2 is

selected from hydrogen or C;-C4 alkyl groups, or

wherein R1 and R2 are indevrendently selected from hvdrogen
© Ly rom nydroger

Wilc L il

or C1-C¢ alkyl groups.

[24] In another specifically preferred embodiment of the
present disclosure, the retarding additive is selected from
cyclic secondary amines, most preferably a 2,2,4-trimethyl-

1,2-dihydroguinoline polymer.

[25] In one embodiment of the present disclosure, the
adhesive composition comprises an amount of 1 % to 5 % by
weight of the retarding additive, based on the total weight

of the adhesive composition.

[26] In another preferred embodiment of the present
disclosure, the adhesive composition comprises an amount of
10 % to 90 % by weight of the one or more methacrylate
ester monomers, based on the total weight of the adhesive

composition.

[27] The present disclosure is also related to the use of
a secondary amine or a mixture of secondary amines as a
retarding additive for an adhesive composition comprising

methacrylate monomers.
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[28] The compounds used as retarding additives 1in the
compositions of the present disclosure are known per se in
the art, for example, as antioxidants in the rubber
industry. Surprisingly, it has now been found that they are
very effective in extending the open time of methacrylate-
based adhes

mechanical and adhesive properties or the storage

stability.

[29] The following Table 1 shows preferred compositions for
an adhesive composition in accordance with the present
disclosure (with both part A (resin part) and part B
(hardener part)). Any preferred, more preferred or most
preferred weight percentages or weight percentage ranges of
any component can be combined with any preferred, more
preferred or most preferred weight percentage or weight

percentage range of any of the other components.

Table 1

Weight Percent
Component Preferred | More preferred Most preferred
Ester monomer 10 - 90 40-60 52-58
Acid monomer 1-12 2-6 2-3
Polymeric modifier 5-50 10-30 10-15
Antioxidant 0.001-0.2 | 0.005-0.1 0.05-0.1
Catalyst system 0.001-10 0.1-4 0.5-2
Inhibitor 0.1-5 1-3 1-1.5
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Toughening agent 10-40 20-30 20-25

Retarding additive of the | 0.5-5 1-3 2=-2.5

present disclosure

[30] The (meth)acrylate ester monomer 1is usually a mixture
of (meth)acrylate ester monomers. These may be
methacrylates selected from, for example, hydroxyethyl
methacrylate (HEMA), hydroxypropyl methacrylate (HPMA), 2-

~+ Tl Aasrs7] et o~y T a4+~ [ TLINA N +mantrrah s AN Frrmr ]
Cl.ll_yJ_llCA_yJ_ L= L.J.J.CLL/J__yJ_CLL.C | SR B A ¥ W S L L.J_CLJ.J._YLJ.J_UJ_U.J__YJ_
methacrylate (THFMA) , cyclohexyl methacrylate (CHMA) ,

benzyl methacrylate (BMA), isobornyl methacrylate (IBOMA),
isodecyl methacrylate (IDMA), phenoxyethyl methacrylate
(PEMA) and butyl methacrylate (BMA), or acrylates selected
from, for example, methyl acrylate (MA), butyl acrylate
(BA), cylohexyl acrylate (CHA), hexyl acrylate (HA), 2-
ethylhexyl acrylate (EHA), lauryl acrylate (LA) and ethyl

acrylate (EA), or mixtures of the above methacrylates,

acrylates or both.

[31] Less preferably, (meth)acrylate ester monomers may be
used wherein the alcohol portion of the ester groups
contains 1 to 8 carbon atoms. Even less preferably, other

(meth)acrylate ester monomers known in the art may be used.

[32] The acid monomer, which 1s a preferred optional
component of the adhesive composition of the present
disclosure, 1is preferably methacrylic acid (MAA), less

preferably acrylic acid, maleic acid, crotonic acid, and
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fumeric acid, less preferably other free-radical

polymerizable acid monomers known in the art.

[33] The polyme
optional component of the adhesive composition of the
present disclosure, 1is preferably a core-shell impact
modifier, less preferably nitro-rubber particles or powder
or polymeric resin which acts as a thixotropic agent and/or
toughener. The core-shell impact modifier is preferably a
graft copolymer of the “core-shell” type. Preferred core-
shell graft copolymers are acrylonitrile-butadiene-styrene
(ABS) , methacrylate-butadiene-styrene (MBS) , and
methacrylate-acrylonitrile-butadiene-styrene (MABS) .
Another preferred core-shell impact modifier 1is the so-
called Acrylic Impact Modifier (AIM), a core-shell product

with a butylacrylate rubber core and a

polymethylmethacrylate (PMMA) shell.

[34] The an
of the adhesive composition of the present disclosure, 1is
preferably an antioxidant from the IRGANOX® series
available from BASF, such as IRGANOX® 1098 (N,N’-1,06-
hexanediylbis[3,5-bis (1, l1-dimethylethyl)-4-hydroxy]-
benzenepropanamide] or IRGANOX® 1330 (a 3,37,37,5,5",5' -
hexa-tert-butyl-a,a’,a’-(mesitylene-2,4,6-triyl)tri-p-
cresol), less preferably other antioxidants known 1in the

art.

[35] The inhibitor, which 1is another preferred optional
component of the adhesive composition of the present

disclosure, 1is a free-radical polymerization inhibitor,

10



10

15

20

25

WO 2020/126818 PCT/EP2019/084878

which increases shell 1ife and ©prevents or inhibits
premature polymerization and 1is preferably hydroquinone
(HQ) or methylhydrogquinone, less preferably butylated
hydroxytoluene (BHT) or other known free-radical

polymerization inhibitors.

[36] The toughening agent, another preferred optional
component of the adhesive composition of the present
disclosure, 1s selected from polymers from the group
consisting of polychloroprene, copolymers of butadiene and
other monomers, such as acrylonitrile, copolymers of
isoprene with styrene, acrylonitrile, acrylate esters,
methacrylate esters, copolymers of ethylene and acrylate
esters, homopolymers of epichlorohydrine and copolymers of
epichlorohydrine and ethylene, polychloroprene with block-
copolymers of styrene and butadiene or isoprene and block-
copolymers of styrene, diene monomers and mixtures

thereof.

[37] Any catalyst system useful for initiation and
activation of the polymerization reaction in the adhesive
composition of the present disclosure which is known for
(meth)acrylate adhesive systems can be used. Preferred
catalyst systems to be used with the adhesive composition
of the present disclosure may be the ones as described in
Us 4,348,503. The use of known accelerators and promoters

can be advantageous.

[38] Further details can Dbe seen from the following

examples.

11
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Examples

[39] The following materials were used 1in preparation of

THEMA: tetrahydrofurfuryl methacrylate, obtained as

Sartomer® SR203H available from Sartomer

EHMA: ethylhexyl methacrylate, obtained as VISIOMER® EHMA

availlable from Evonik

MAA: methacrylic acid, obtained available from Sigma

Aldrich

Silquest Al74: vinyl silane, obtained from Momentive

Maleic acid: obtained from DSM

VULKANOX® BHT: butylated hydroxytoluene, obtained from

Lanxess

PARALOID TMS2670J: MBS core shell impact modifier, obtained

from Dow

PARALOID EXL 2300G: AIM core shell, obtained from Dow

Sartomer® SR348C: ethoxylated bisphenol A dimethacrylate,

obtained from Sartomer

Trigonox® C: t-butyl peroxybenzoate, obtained from

Soligen copper: obtained from Borchers

12
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VULKANOX® HS LG: 2,2,4-trimethyl-1,2-dihydroquinoline

polymer, obtained from Lanxess

KT NO7 - RV E_A1aoat+thyl=1T 2-A-hvd+rn=-1-—
NoLv I/ Syo—Glelily1—1,2-0G10YOro—.

obtained from Lake Chemicals

o0

The amounts shown in Table 2 are in weight
Resin

[40] First, maleic acid was dissolved into THFMA at room
temperature (about 25°C). All components for the resin in
Table 2 were added together and mixed using a speed mixer

(centrifugal mixer) until a homogenous product resulted.
Hardener

[41] A solution of 200 ppm of soligen copper in EHMA was
prepared. All components for the hardener in Table 2 were
added together and mixed using a speed mixer (centrifugal
mixer) until a homogenous product resulted. VULKANOX® HS LG
was ground prior to addition, and then dissolved in post

a
ddition into the matrix.

v

13
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Resin

VISIOMER® EHMA 10.1 10.1
Methacrylic acid 3 3
Silquest Al174 1 1
Solution 6% Maleic 42 42
acid / 94% THEMA

VULKANOX® BHT 0.2 0.2
PARALOID TMS2670J 10 10
Sartomer® SR348 C 25 25
CAB-0O-SIL® TS720 6.5 6.5
Trigonox C 2.2 2.2
Hardener

VISIOMER® EHMA 47.5 45.5
Soligen copper 12.5 12.5
solution 200ppm in

Visiomer EHMA

KGL097 5 5
PARALOID EXL 2300G 8 8
Sartomer® SR348 C 25 25
CAB-0O-SIL® TS720 2 2
VULKANOX® HS LG - 2

14
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Table 3
Test Example 1 Example 2
Exotherm test | Time to 32°C Ilmin 3min 30s
Maximum 140°C 135°C
temperature
Time to max dmin Tmin 30s
exotherm
Lap Shear Stainless 23 CF /SCF 20 CF
Strength Steel
CEFRP 13 CF 11 CF
ABS 5 CF/SDF 5 CF
Tensile Tensile 32 30
properties strength
(MPa)
Modulus (MPa) 880 860
Elongation at 12 10
break (%)
DMA Glass 69°C 68°C
transition
temperature

Tests performed on mix ratio 1:1 by weight of resin and

hardener

Exotherm test at 23°C

Mix 7 g resin + 7 g hardener into a cup,

then transfer into

a silicon mold and follow exotherm reaction over time with

a thermocouple.

15
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Record time to reach 32°C, maximum temperature, and time to

reach maximum temperature.

+h (TQN AK5RR7)
C \1LOvw 2307

The CFRP (Carbon Fibre Reinforced Polymer) and ABS
(Acrylonitrile Butadiene Styrene) substrates were degreased
by wiping with isopropancl and abraded. The aluminum
substrates were sandblasted and rinsed with acetone. The
adhesive composition was dispensed onto one surface of the
substrate pair. The two surfaces were mated and held to
each other with a compressor-type tubing clamp. The overlap
area was 25.0 mm x 12.5 mm. The bonded joints were left to
cure for 24 h at 23°C. The clamps were then removed and the
bonded Jjoints were tested for tensile shear strength (TSS)
according to ISO 4587 at crosshead speed of 10 mm/min. The
TSS values were recorded in megapascals (MPa). The average

value of 3 tested joints is reported.

Tensile properties (ISO 527)

A plate of 2 mm thickness was prepared under press and
cured for 1 week at room temperature (about 25°C) before to

be tested according to ISO 527.

Dynamic Mechanical Analysis (ISO 6721)

Aamnrnl aa + 1 m +ha aama 1A +aoatad R 2 Faradon
oallip1reo L L UL LIl D aAlllc pLa LooLclu 41l LOL 1011

according to IS0 6721 from -100 to +150°C to determine

glass transition temperature.

The above test results show that the addition of the

retarding additive in the <composition of Example 2

16
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according to the ©present disclosure slows down the
reactivity of the system without impacting either the
adhesion, tensile properties or glass transition

temperature.

The above-disclosed subject matter 1s to be considered
illustrative, and not restrictive, and the appended claims
are intended to cover all such modifications, enhancements,
and other embodiments, which fall within the true scope of
the present disclosure. Thus, to the maximum extent allowed
by law, the scope of the present disclosure 1is to be
determined by the broadest permissible interpretation of
the following claims and their equivalents, and shall not
be restricted or limited by the foregoing detailed

disclosure.

17
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Claims

=

An adhesive composition comprising one or more
(meth)acrylate ester monomers, a catalyst system and a

retarding additive, wherein the retarding additive is a

secondary amine.

2. The adhesive composition according to claim 1, wherein
the secondary amine is a secondary amine comprising more

than one secondary amine group.

3. The adhesive composition according to claim 2, wherein

the secondary amine is a secondary aryl amine.

4. The adhesive composition according to claim 3, wherein
the secondary aryl amine 1is selected from compounds

having formula (1)

wherein R1 and R2 are independently selected from Cg-Cig

alkyl groups,

formula (2)

wherein R1 is selected from C4-Cig alkyl groups and R2 is

selected from hydrogen or C;-Cgs alkyl groups, or

formula (3)
/:\/R2

R1 Ho —  H
W AW/

(3)

18
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wherein R1 and RZ are independently selected from

hydrogen or Ci-Cg alkyl groups.

The adhesive composition according to claim 1, wherein

the retarding additive is selected from cyclic secondary

The adhesive composition according to claim 5, wherein
PR B T — -

4+ - o~ e~ a o~ ‘ ‘ = - 4 o — 9} 9} A A mn —~ <71 1 9}
LIIE cycellce oscLolludrLy dlllllle 1o =} LyLy,a-LrLldlletilyl1—14, 4=

dihydroquinoline polymer.

The adhesive composition according to any of the
preceding c¢laims, wherein the retarding additive 1is

comprised in an amount of 1 % to 5 % by weight, based on

the total weight of the adhesive composition.

The adhesive composition according to any of th

D

preceding claims, wherein the one or more methacrylate

Q

ester monomers are comprised in an amount of 10 % to 90

o\©

by weight, based on the total weight of the adhesive

composition.

Use of a secondary amine or a mixture of secondary amines
as a retarding additive for an adhesive composition

comprising methacrylate monomers.

19
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