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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method for bonding metal surfaces to a substrate comprising adhesives
containing an ambient-temperature cure system and a photoinitiator. The adhesive is cured by activation of the ambient
temperature cure system, and activating the photoinitiator to cure surface portions of the adhesive.

BACKGROUND OF THE INVENTION

[0002] Redox-activated acrylic structural adhesives are well known articles of commerce which are used commercially
for bonding metal to metal, and for cross bonding two dissimilar substrates materials. Acrylic structural adhesives have
found growing use in the automotive industry where the adhesive bonding of metal parts is replacing welding and
mechanical fastening techniques. However, these applications give rise to unique requirements not easily met by pre-
viously available adhesives. These requirements include high bond strength and improved failure mode.
[0003] Redox cured acrylic adhesives typically comprise a mixture of one or more olefinic reactive monomers such
as methyl methacrylate or methacrylic acid and curing agents, with cure or polymerization being effected through an
ambient temperature redox initiation mechanism employing an oxidizing agent and reducing agent. Typical reducing
agents are tertiary amines. Di-substituted derivatives of aniline are disclosed in U.S. Patent No. 4,421,879 (3,-4-disub-
stituted aniline). U.S. Patent No. 5,932,638 discloses p-halogen with 3,4-disubstitution, and is shown to overcome the
incidence of air inhibition.
[0004] WO 2005/000915 refers to initiator systems for triggering a radical polymerization reaction of a preparation that
contains monomers and/or oligomers having ethylenically unsaturated groups by way of thermal initiation, i.e., above
70 °C.
[0005] DE 19858694 relates to hot-melt adhesives for bonding cardboard. In particular, it refers to radiation-curable
and/or moisture-curable reactive adhesive components which are used in solvent-free hot-melt adhesives for sealing
cardboard cartons and fold-down boxes.
[0006] WO 02/47572 relates to endodontic sealant compositions and methods for sealing a root canal of a tooth.
[0007] EP 1393705 discloses a composition and a method of use as a dental restorative. A series of highly alkoxylated
tri-functional monomers are used as a low viscosity monomer in a photo- or self-curable dental composition that resulted
in low polymerization shrinkage. The restorative composition may be used as a dental filling material, a cement, a
liner/base, or an adhesive.
[0008] DE 4437471 refers to a coating composition that contains at least a monoacrylate ester, and preferably is UV-
curable and anaerobically curable, and is suitable for preparing a UV-curable anaerobic adhesive or sealant or the like.
[0009] U.S. Patent No. 5,641,834 and U.S. Patent No. 5,710,235 disclose combinations of isocyanate capped olefinic-
terminated polyalkadiene. The composition also includes a free radical-polymerizable monomer such as an olefinic
monomer and, optionally, a second polymeric material. In a preferred embodiment the composition is an adhesive that
also includes a phosphorus-containing compound and an ambient temperature-active redox catalyst.
[0010] Additional important features of acrylic adhesives are surface tack and open time. As used herein, "surface
tack" means the amount of adhesive on an exposed surface of the applied adhesive that does not undergo curing. Such
uncured adhesive can be transferred to other parts of the assembly or to the application equipment resulting in increasing
clean-up costs. A common cause of surface tack is referred to as "air inhibition" since atmospheric oxygen is a powerful
inhibitor of free radical reactions. Accordingly, the amount of surface tack can be measured by determining the thickness
of any uncured adhesive on the surface.
[0011] In typical applications of two-part reactive adhesive systems, the two parts are mixed together, the mixed
material is applied to a first substrate for bonding then a second substrate is contacted to the adhesive-applied first
substrate. The
time required for such mixing, applying and contacting is referred to herein as "open time".
[0012] A variety of approaches have been used in the art to overcome residual tackiness in the adhesive which has
been subject to air inhibition. U.S. Patent No. 6,294,249 discloses a pre-adhesive which is combined with a packaging
material and further polymerized to form a packaged hot melt adhesive composition which is subsequently used in
bonding. The adhesive comprises a) 50 to 100 parts by weight of a polymerizable component comprising at least one
acrylic or methacrylic ester of a non-tertiary alkyl alcohol in which the alkyl group contains 1 to 20 (e.g., 3 to 18) carbon
atoms; (b) 0 to 50 parts by weight of a polymerizable component comprising at least one modifying monomer, other than
said acrylic or methacrylic ester, copolymerizable with component (a), the sum of (a) and (b) amounting to 100 parts by
weight; (c) an effective amount of a polymerization initiator; and (d) an effective amount of a chain transfer agent. The
polymerization initiator is preferably a photoinitiator or a thermal initiator.
[0013] U.S. Patent No. 5,997,682 relates to a method for fabricating a structural assembly comprising the steps of
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providing at least two articles, each article having a surface; applying a dual-cure adhesive mixture to at least a portion
of at least one of the surfaces; joining the at least two articles such that the adhesive mixture is positioned between the
at least two articles; at least partially curing a first portion of the adhesive mixture by irradiating at least one of the articles
with electron-beam energy such that a structural assembly is formed wherein the at least two articles are adhesively
bonded together by the at least partially cured first portion of the adhesive mixture and a remaining portion remains
uncured by the electron-beam energy while the first portion is curing; and allowing the remaining portion of the adhesive
mixture to become cured thermally.
[0014] It would be advantageous to provide an adhesive which does not require any additional heat to initiate the cure,
especially where the assembled structure is made from materials that distort under application of heat, such as most
rigid thermoplastics. It would also be advantageous to avoid the use of special reducing agents to overcome problems
of air inhibition, while providing a rapid elimination of surface tackiness in the adhesive which is exposed to air.

SUMMARY OF THE INVENTION

[0015] The present invention relates to a method for bonding metal surfaces to a substrate to form an assembly
comprising:

a) applying an adhesive comprising
at least one free radical-polymerizable monomer, an ambient temperature activated free-radical polymerization
initiator comprising a redox initiation system, a photoinitiator, and an epoxy compound,
between the metal surface and the substrate such that the adhesive contacts both the metal surface and the substrate
and at least partially fills the area between the metal surface and the substrate and is at least partially exposed to air;

b) allowing the adhesive to at least partially cure at a temperature in the range of 10°C to 40°C through the ambient
temperature radical catalyst system; and

c) illuminating the portion of the adhesive exposed to air with activating electromagnetic energy to cure the exposed
adhesive portion through the photoinitiator.

[0016] Preferred embodiments are apparent from the dependent claims.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Ambient temperature curable adhesives which are known to undergo air inhibition are treated according to an
embodiment of the present invention with an effective amount of photoinitiator. Surprisingly the redox initiation system
does not interfere with the photoinitiator and the adhesive exposed to air rapidly develops a localized cure with the
elimination of surface. Additionally, while the formulations described herein are referred to as adhesives, they may
additionally be used as coatings, sealers, and the like.
[0018] As used herein, the "principal components" of various embodiments of the present invention are at least one
free radical-polymerizable monomer, an ambient temperature activated free-radical polymerization initiator comprising
a redox initiation system, and a photoinitiator. The optional components include conventional and customary additives
and modifiers such as adhesion promoter, plasticizer, pigment, filler, UV screener, etc.
[0019] Additionally, as used herein, the term "ambient temperature" refers to the application temperature of the adhesive
or the working, environmental temperature of the area surrounding the parts to be adhered. According to the invention,
this is be in the range of 10°C to 40°C, and preferably between 17°C and 35°C. There may be instances where the
ambient temperature is as high as 70°C or higher, for example in the room or enclosure providing radiation to activate
the photoinitiator. Primarily, the advantage of the ambient temperature curable adhesives is that they do not require a
bake cycle or other purposeful energy to be applied to cure the adhesive. Other than incidental energy, for example
from room heaters, lights, or heated dispensing equipment, no purposeful thermal energy is required to cure the adhesive.

MONOMER

[0020] Preferred free radical-polymerizable monomers comprise olefinic monomers that are characterized by the
presence of a -C=C- group. Representative olefinic monomers include esters of (meth)acrylic acid such as methyl
methacrylate, ethyl methacrylate, butyl methacrylate, methyl acrylate, butyl acrylate, cyclohexyl acrylate, hexyl acrylate,
2-ethylhexyl acrylate, lauryl acrylate, ethyl acrylate, diethylene glycol dimethacrylate, dicyclopentadienyloxyethyl meth-
acrylate, cyclohexyl methacrylate, lauryl methacrylate, glycidyl methacrylate and tetrahydrofurfuryl methacrylate; meth-
acrylic acid; acrylic acid; substituted (meth)acrylic acids such as itaconic acid, acrylonitrile, methacrylonitrile, acrylamide
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and methacrylamide; styrene; substituted styrenes such as vinyl styrene, chlorostyrene, methyl styrene and n-butyl
styrene; vinyl acetate; vinylidene chloride; and butadienes such as 2,3-dichloro-1,3-butadiene and 2-chloro-1,3-butadi-
ene. Other olefinic monomers include maleate esters; fumarate esters; and styrenic compounds such as styrene, chlo-
rostyrene, methylstyrene, butylstyrene and vinyl styrene.
[0021] The monomer is present in an amount from 10-90 percent by weight of the principal components. In a further
embodiment of the present invention, the monomer is present in an amount from 20-70 percent by weight of the principal
components. In a still further embodiment of the present invention, the monomer is present in an amount from 30-60
percent by weight of the principal components.

REDOX INITIATOR SYSTEM

[0022] The adhesive contains an ambient temperature reactive redox initiator or catalyst system. The ambient tem-
perature-reactive catalyst systems are well-known redox couple systems and need not be discussed herein in extensive
detail, but they include at least one oxidizing agent and at least one reducing agent which are co-reactive at ambient
temperature to generate free radicals effective to initiate addition polymerization reactions and cure the adhesive. Suitable
redox (oxidation-reduction) initiators include, but are not limited to, combinations of persulfate initiators with reducing
agents such as sodium metabisulfite and sodium bisulfite; systems based on organic peroxides and tertiary amines (for
example, benzoyl peroxide plus dimethylaniline); and systems based on organic hydroperoxides and transition metals,
for example, cumene hydroperoxide plus cobalt naphthenate.
[0023] Substantially any of the known oxidizing agents may be employed. Representative oxidizing agents include,
without limitation, organic peroxides, such as benzoyl peroxide and other diacyl peroxides, hydroperoxides such as
cumene hydroperoxide, peresters such as β-butylperoxybenzoate; ketone hydroperoxides such as methyl ethyl ketone
hydroperoxide, organic salts of transition metals such as cobalt naphthenate, and compounds containing a labile chlorine
such as sulfonyl chloride.
[0024] Representative reducing agents include, without limitation, sulfinic acids; azo compounds such as azoisobutyric
acid dinitrile; alpha-aminosulfones such as bis(tolysulfonmethyl)-benzyl amine; tertiary amines such as diisopropanol-
p-toluidine (DIIPT), dimethyl aniline, p-halogenated aniline derivatives and dimethyl-p-toluidine; and aminealdehyde
condensation products, for example, the condensation products of aliphatic aldehydes such as butyraldehyde with
primary amines such as aniline or butylamine. Preferred reducing agents are p-halogenated aniline derivatives having
the formula (I):

wherein each of R1 and R2, which may be the same or different, is independently selected from the group consisting of
linear or branched, saturated or unsaturated, C1-C10 alkyl and linear or branched, saturated or unsaturated, C1-C10
hydroxyalkyl (i.e., alkyl substituted by -OH); each of R3 and R4 is independently selected from the group consisting of
hydrogen and linear or branched, saturated or unsaturated C1-C10 alkyl; and X is halogen.
[0025] In a preferred embodiment of formula (I), each of R1 and R2 is independently selected from the group consisting
of C1 - C4 alkyl and C1- C4 hydroxyalkyl, and more preferably each of R1 and R2 are the same and are methyl or
isopropanol; each of R3 and R4 is hydrogen; and X is fluorine, chlorine, bromine, or iodine, and more preferably chlorine
or bromine. Exemplary reducing agents include, but are not limited to, N, N-diisopropanol-p-chloroaniline; N, N-diiso-
propanol-p-bromoaniline; N, N-diisopropanol-p-bromo-m-methylaniline; N, N-dimethyl-p-chloroaniline; N, N-dimethyl-p-
bromoaniline; N, N-diethyl-p-chloroaniline; and N, N-diethyl-p-bromoaniline.
[0026] Tertiary amines which are suitable reducing agents include those having the formula:
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wherein Z is methylene; Y is selected from the group consisting of hydrogen, hydroxy, amino, C1 to C8 alkyl, preferably
C1 to C4 alkyl, and C1 to C8 alkoxy, preferably C1 to C4 alkoxy, a is zero or 1; and b is 1 or 2. This tertiary amine is
advantageous in accelerating the cure of adhesive embodiments containing a unsaturated organophosphorus com-
pounds described above. Especially preferred tertiary amines in this context are N,N-dimethyl aniline and N,N-dimeth-
ylaminomethylphenol. The use of known accelerators and promoters with the redox couple catalyst systems can be
advantageous. For example, dimethylaminomethyl phenols or organic salts of transition metals such as copper or cobalt
napthlenate may be employed.
[0027] Preferably, the oxidizing agent will be present in an amount in the range from about 0.5 to about 50 percent by
weight of polymerizable adhesive composition, with the amount of reducing agent being in the range from about 0.05
to about 10 preferably about 0.1 to about 6, percent by weight of polymerizable adhesive composition.

PHOTOINITIATOR

[0028] Photosensitizers or photoinitiators may further promote the reactivity of the olefinically unsaturated species.
Useful photoinitiators employed as the photoinitiator activated radical curing system are known in the art. Suitable
examples include acetophenones such as benzyl dimethyl ketal and 1-hydroxycyclohexyl phenyl ketone, substituted
alpha-ketols such as 2-methyl-2-hydroxypropiophenone, benzoin ethers such as benzoin methyl ether, benzoin isopropyl
ether, substituted benzoin ethers such as anisoin methyl ether, aromatic sulfonyl chlorides, photoactive oximes, thiox-
anthone-based photoinitators such as a blend of 2-isopropyl and 4-isopropyl thioxanthone, and phosphine oxide pho-
toinitiators such as 2,4,6-Trimethylbenzoyldiphenylphosphine oxide. In one embodiment of the present invention, the
preferred photoinitiators comprises alpha-hydroxyketone initiators.
[0029] Representative photoinitiators include 2-hydroxy-2-methyl-1-phenylpropan-1-one, 1-hydroxy-cyclohexyl-phe-
nyl ketone, 2-benzyl-2-dimethylamino-1-(4-morpholinophenyl)-butanone-1, 2,2 dimethoxy-1,2 diphenyl ethan-1-one,
1-[4-(2-hydroxyethoxy)-phenyl]-2-hydroxy-2-methyll-1-propane-1-one, and mixtures thereof.
[0030] The photoinitiator may be used in an amount from 0.001 to 10.0 parts by weight per 100 parts of total monomer,
preferably from 0.01 to 5.0 parts by weight per 100 parts of total monomer.
[0031] The photoinitiator is selected depending upon a number of factors including compatibility with the other con-
stituents of the adhesive formulation and the desired wavelength of activating radiation. In a preferred embodiment of
the present invention, the photoinitiator is selected such that activating radiation comprises any wavelength of from 4 to
1000 nanometers including near ultraviolet and far or vacuum ultraviolet radiation; visible radiation; and near infrared
radiation. In an even more preferred embodiment the activating radiation comprises a wavelength of from 10 to 400
nanometers; and in another preferred embodiment of the present invention 400 to 700 nanometers. In a still further
embodiment of the present invention, the radiation will be incoherent, pulsed ultraviolet radiation from a dielectric barrier
discharge excimer lamp or radiation from a mercury lamp.

TOUGHENER

[0032] Optionally, a toughener polymer can be used at from 0 to 80 percent, and more preferably 2-50 percent, by
weight of the principal components. An exemplary low molecular weight toughener has a weight average molecular
weight (Mw) of less than 18,000 or a number average molecular weight (Mn) of less than 10,000. The toughener polymer
material may or may not include an olefinically unsaturated structure that is capable of being polymerized per se or
copolymerized with at least one of the free radical polymerizable monomers described above. The polymeric material
can be for example, various solid and liquid elastomeric polymeric materials, and in particular liquid olefinic-terminated
elastomers as described in U.S. Patent Nos. 4,223,115; 4,452,944; 4,769,419; 5,641,834 and 5,710,235; and olefinic
urethane reaction products of an isocyanate-functional prepolymer and a hydroxy functional monomer, as described in
U.S. Patent Nos.4,223,115; 4,452,944; 4,467,071 and 4,769,419 .
[0033] Representative liquid olefinic-terminated elastomers disclosed in P.C.T. Publication WO 97/39074 include
homopolymers of butadiene, copolymers of butadiene and at least one monomer copolymerizable therewith, for example,
styrene, acrylonitrile, methacrylonitrile (e.g. poly(butadiene-(meth)acrylonitrile or poly(butadiene-(meth)acrylonitrile-sty-
rene) and mixtures thereof; as well as modified elastomeric polymeric materials, such as butadiene homopolymers and
copolymers as noted above modified by copolymerization therewith of trace amounts of up to about 5 percent by weight
of the elastomeric material of at least one functional monomer (such as acrylic acid, methacrylic acid, maleic anhydride,
fumaric acid, styrene, and methyl methacrylate to give, for example, methacrylate-terminated polybutadiene homopol-
ymers and/or copolymers). The preferred toughener polymer is an olefinic-terminated liquid elastomer produced from
a hydroxyl-terminated polyalkadiene as described in the ’834 patent. Other exemplary toughener polymers are urethane
modified olefinic-terminated liquid elastomer produced from a carboxylic acid-terminated alkadiene as described in the
’419 patent.
[0034] Also useful are tougheners such as styrene-isoprene-styrene A-B-A block copolymer. Typical configurations
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include linear triblock, radial, branched and tapered geometries. The A block is rigid at the service temperature while
the B block is usually elastomeric at the service temperatures. Useful copolymers include those in which the A block is
polystyrene, α-methyl styrene, t-butyl styrene, and other ring alkylated styrenes as well as mixtures of some of all of the
above B is an elastomeric conjugated diene, i.e., isoprene, having an average molecular weight of from 5,000 to 500,000.
[0035] An supplemental toughener may be used in conjunction with a primary toughener. The supplemental toughener
polymer can be included at a typical level of preferably 1-15 percent by weight of the principal components, and more
preferably 1-10 percent by weight of the principle components. An exemplary supplemental toughener polymer is a
polymer having Mw of greater than 18,000 or a Mn greater than 10,000. Other tougheners usable in an embodiment of
the present invention include, for example, block copolymers and random copolymers including but not limited to poly-
ethylene, polypropylene, styrene-butadiene, polychloroprene, EPDM, chlorinated rubber, butyl rubber, styrene/butadi-
ene/acrylonitrile rubber and chlorosulfonated polyethylene.

ADHESION PROMOTERS

[0036] An adhesion promoter may be comprised. An adhesion promoter in accordance with the present invention
comprises any adhesion promoter known to those of ordinary skill in the art as useful in promoting adhesion in acrylic
adhesives. Preferred adhesion promoters in accordance with an embodiment of the present invention are phosphorus-
containing compounds that enhance metal adhesion and may be any derivative of phosphinic acid, phosphonic acid or
phosphoric acid having at least one P-OH group and at least one organic moiety characterized by the presence of an
olefinic group, which is preferably terminally located. A listing of such phosphorus compounds is found in U.S. Pat. No.
4,223,115.
[0037] Phosphorus-containing compounds having vinyl unsaturation are preferred over such compounds having allylic
unsaturation, with monoesters of phosphinic, phosphonic and phosphoric acids having one unit of vinyl or allylic, especially
vinyl, unsaturation presently being preferred. Representative phosphorus-containing compounds include, without limi-
tation, phosphoric acid; 2-methacryloyloxyethyl phosphate; bis-(2-methacryloxyloxyethyl) phosphate; 2-acryloyloxyethyl
phosphate; bis-(2-acryloyloxyethyl) phosphate; methyl-(2-methacryloyloxyethyl) phosphate; ethyl methacryloyloxyethyl
phosphate; methyl acryloyloxyethyl phosphate; ethyl acryloyloxyethyl phosphate; vinyl phosphonic acid; cyclohexene-
3-phosphonic acid; alphahydroxybutene-2 phosphonic acid; 1-hydroxy-1-phenylmethane-1,1-diphosphonic acid; 1-hy-
droxy-1-methyl-1-disphosphonic acid: 1-amino-1 phenyl-1,1-diphosphonic acid; 3-amino-1-hydroxypropane-1,1-dis-
phosphonic acid; amino-tris (methylenephosphonic acid); gamma-amino-propylphosphonic acid; gamma-glycidoxypro-
pylphosphonic acid; phosphoric acid-mono-2-aminoethyl ester; allyl phosphonic acid; allyl phosphinic acid; β -methacry-
loyloxyethyl phosphinic acid; diallylphosphinic acid; β - methacryloyloxyethyl) phosphinic acid and allyl methacryloy-
loxyethyl phosphinic acid. A most preferred adhesion promoter is 2-hydroxyethylmethacrylate phosphate.
[0038] An additional group of phosphorus-containing compounds suitable for use as an adhesion promoter comprise
those having the formula:

wherein R5 is selected from the group consisting of H, C1 to C8, preferably C1 to C4, alkyl, and H2C=CH-; R6 is selected
from the group consisting of H, C1 to C8, preferably C1 to C4, alkyl; A is selected from the group consisting of -R7O- and
(R8O)n, wherein R7 is an aliphatic or cycloaliphatic C1 to C9, preferably C2 to C6, alkylene group; R8 is C1 to C7 alkylene,
preferably C2 to C4 alkylene group; n is an integer from 2 to 10 and m is 1 or 2, preferably 1.
[0039] Adhesion promoters can be present in the compositions of an embodiment of the present invention in amounts
from 0.01 to 20, preferably 2 to 10, percent by weight, based on the total weight of the adhesive composition.

EPOXY COMPOUND

[0040] The composition of the present invention
comprises an epoxy component. In one embodiment of the present invention, the epoxy component comprises a hard-
enable, epoxy functional compound (liquid resin) that contains statistically more than one oxirane ring per molecule
(polyepoxide). The preferred epoxy-functional material contains two epoxy groups per molecule. A mono-functional
epoxy compound can also be combined with the polyepoxide component as a viscosity modifier that acts as a reactive
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diluent. Epoxy resins suitable for use herein include polyglycidyl ethers of polyhydric alcohols, and polyglycidyl esters
of polycarboxylic acids. Polyglycidal esters can be obtained by reacting an epihalohydrin, such as epichlorohydrin or
epibromohydrin, with a aliphatic or aromatic polycarboxylic acid such as oxalic acid, succinic acid, glutaric acid, tereph-
thalic acid, 2,6-naphthalene dicarboxylic acid, and dimerized linoleic acid. The polyglycidal ethers of aromatic polyols
are preferred and are prepared by reacting epihalohydrin with a polyhydroxy phenol compound in the presence of an
alkali. Suitable starting polyhydroxy phenols include resorcinol, catechol, hydroquinone, bis(4-hydroxyphenyl)-2,2-pro-
pane also known as bisphenol A, bis(4-hydroxyphenyl)-1,1-isobutane, 4,4-dihydroxybenzophenone, bis(4-hydroxyphe-
nol)-1,1-ethane, bis(2-hydroxyphenyl)-methane, and 1,5-hydroxynaphthalene, and the diglycidyl ether of bisphenol A.
[0041] In one embodiment of the present invention, the epoxy component comprises from 2 weight percent to 15
weight percent, preferably from 6 weight percent to 13 weight percent, based on the total weight of the adhesive com-
position.

APPLICATION PACKAGES

[0042] Although the adhesive may take many packaged forms, one being a multipack or two-part adhesive system
where one package or part contains the polymerizable or reactive components and the reducing agent and a second
package or part contains the oxidizing agent. The photoinitiator may be included with either package; however in a
preferred embodiment of the present invention, the photoinitiator is included with the reducing agent. The two part
adhesive system may optionally include rheology modifiers, waxes, stabilizers, and fillers as is known in the art.
[0043] The two parts are mixed together at the time of use in order to initiate the reactive cure. After mixing the individual
packages, one or both surfaces to be joined are coated with the mixed adhesive system and the surfaces are placed in
contact with each other. The second package can include a bonding activator that includes the oxidizing agent for the
redox catalyst system, and optionally an epoxy compound, an adhesion promoter, and fillers. The bonding activator
comprises:

(1) from 0.5 to 50 percent by weight based on total weight of bonding activator of at least one oxidizing agent which
can function as an oxidant of a redox couple catalyst system; and
(2) from 30 to 99.5 percent by weight, based on total weight of bonding activator, of a carrier vehicle.

[0044] The carrier vehicles which are suitable for use in the bonding activators can be a simple inert solvent or diluent
such as methylene chloride, or butyl benzyl phthalate, including mixtures of such solvents or diluents. The carrier vehicle
should contain no more than about 5.0percent by weight of any moiety which is reactive with the oxidizing agent at
ambient temperature. The carrier vehicle can be a more complex mixture including at least one film-forming binder in
addition to inert solvent or diluent. The carrier vehicle can contain, in addition to solvent or solvent and film-forming
binder, additives such as external plasticizers, flexibilizers, suspenders and stabilizers, providing that any such additives
do not unacceptably adversely affect the stability of the activator composition.
[0045] An exemplary two part system includes:

(I) a first package comprising

(a) 10-90, preferably 20-70, weight percent of an olefinic monomer selected from the group consisting of
(meth)acrylic acid; esters, amides or nitriles of (meth)acrylic acid; maleate esters; fumerate esters; vinyl esters;
conjugated dienes; itaconic acid; styrenic compounds; and vinylidene halides;
(b) 0.05-10, preferably 0.1-6, weight percent of at least one reducing agent which is interactive with an oxidizing
agent to produce free radicals which are capable of initiating and propagating free radical polymerization reac-
tions;
(c) 0.001 to about 10.0, preferably 0.01 to about 5.0, parts by weight per 100 parts total monomer of a photoin-
itiator,
(d) 10-80, preferably 20-50, weight percent of the primary toughener;
(e) optionally 1-15, preferably 1-10, weight percent of the auxiliary toughener;
(f) optionally 0.01-20, preferably 2-10, weight percent of a phosphorus-containing compound having one or
more olefinic groups; and

(II) a second package comprising
a bonding activator containing an oxidizing agent of an ambient temperature-active redox couple catalyst system,
the oxidizing agent being reactive at ambient temperature with agent (b) when the first and second packages are
mixed to produce free radicals which are capable of initiating and propagating free radical polymerization, the amount
of the oxidizing agent being sufficient to interact with agent (b),
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wherein the weight percents are based on the total amount of the principal components.

APPLICATIONS

[0046] The adhesive systems may be used to bond metal surfaces, such as steel, aluminum and copper, to a variety
of substrates, including metal, plastics, and other polymers, reinforced plastics, fibers, glass, ceramics, wood and the
like. The herein-described adhesive compositions can be employed to bond metal substrates such as steel, aluminum
and copper with little, if any, pretreatment of the metal surface prior to application of the adhesive. Additionally, the
adhesive systems of an embodiment of the present invention provide effective bonding at ambient temperature, thus
heat is not required either for applying the adhesive systems to the substrates or for curing.
[0047] The metals which are preferred for bonding with the present adhesives include zinc, copper, cadmium, iron,
tin, aluminum, silver, chromium, alloys of such metals, and metallic coatings or platings of such metals such as galvanized
steel including hot dipped, electrogalvanized steel and galvanealed steel.
[0048] The adhesive coatings may be brushed, rolled, sprayed, dotted, knifed or otherwise applied to one substrate,
but preferably to both substrates to desired thickness preferably not to exceed 1.524 mm (60 mils). The substrates may
be clamped for firmness during cure in those installations where relative movement of the two substrates might be
expected. For example, to adhere metal surfaces, an adherent quantity of the adhesive composition is applied to one
surface, preferably to both surfaces, and the surfaces are confronted with the adhesive composition there between. The
adhesive should have a thickness less than 1.524 mm (60 mils) for optimum results. The smoothness of the surfaces
and their clearance (e.g., in the case of nuts and bolts) will determine the required film thickness for optimum bonding.
The two metal surfaces and the interposed adhesive composition are maintained in engagement until the said adhesive
composition has cured sufficiently to bond the said surfaces.
[0049] As discussed herein, the adhesive formulations may be employed in a variety of applications. In the preferred
application as an over hem sealer, the polymeric material is applied over the cut edge of a hem flange joint after the
joint is closed (hemmed). Its primary purpose is to protect the joint from corrosion and to provide an appealing cosmetic
finish to the assembly.
[0050] As discussed above, the adhesive cures via free-radical polymerization, but oxygen inhibition of this chemistry
prevents adequate cure of the surface of the adhesive bead resulting in a thin, tacky, partially cured layer. A photoinitiator
contained in the adhesive formulation allows for surface cure (resulting in a paintable, non-tacky surface) after exposure
to the appropriate amount and type of electromagnetic radiation. Thus, use of the adhesive requires an application step
and a radiation exposure step. The photoinitiated cure may be performed simultaneously with or subsequent to the
ambient temperature cure. As will be appreciated by those skilled in the art, the ambient temperature cure will initiate
as soon as the two parts of the adhesive system are mixed, but due to the rate of cure could be several hours before
the adhesive has reached the desired strength.
[0051] Application and photoinitiated surface cure of this adhesive could be accomplished in a variety of ways. Some
non-limiting examples follow.
[0052] The two components of the adhesive composition are pumped from bulk containers to a metering unit. The
metering unit can consist of gear pumps, positive displacement rod meters, or any other method of ensuring that the
ratio of the output volumetric flow rate of the two components is correct prior to entering the mixing head. Mixing can be
performed by combining the metered components through a static mixer, or in a dynamic mixer. The resulting mixed
material is then extruded through an applicator tip onto the part, directly over the seam. It is desirable to have the mixing
head close to the point of application because, once mixed, the adhesive has a limited open time; purging of mixed
adhesive between applications may be required if flow rates are not high enough to prevent gelation of the adhesive in
the mixing head.
[0053] The applicator tip, and and/or the mix head can be mounted on a robot to help ensure (1) a smooth application
pattern, (2) a reproducible pattern, and (3) coupled with flow rate control, the robot speed can dictate the dimensions of
the adhesive bead. The process described robotically could also be performed manually if aesthetics and reproducibility
of shape are not essential.
[0054] Once the adhesive bead is applied to the part or parts to be adhered, the outer layer must be surface cured
with an electromagnetic radiation source. As in the application of the adhesive, there are a variety of methods to effect
a surface cure of the applied adhesive.
[0055] The part with applied adhesive bead is moved into an enclosed space that provides those outside the space
shielding from electromagnetic radiation. The part is then placed by the robot over, under, alongside, etc a bank of lights.
Exposure time is dependent on the amount of electromagnetic energy focused at the adhesive bead when the part is a
particular distance away from the light source. In most cases, this is only a few seconds of exposure. Depending on how
the lights are powered, the lights may stay on continuously, or, if using microwave powered or other "instant on" light
sources, they may be switched on only when a part is present, and only for the desired exposure time.
[0056] The part with applied adhesive bead is moved into an enclosed space that provides those outside the space
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shielding from electromagnetic radiation. A robot having an end affecter equipped with an electromagnetic radiation
source passes the source over the uncured adhesive bead at the correct distance and speed to cure the surface of the
bead. The robot may be the same robot that applied the adhesive, just using a different end-affecter.
[0057] The entire work cell itself is shielded, and then an electromagnetic radiation source may be adapted directly
behind the dispensing nozzle so that the adhesive is surface cured immediately as it is being applied to the part. Depending
on the cure kinetics of the adhesive, there may be an optimal time during the curing process of the bulk adhesive to cure
the surface.
[0058] The following examples are provided for illustration purposes only and are not intended to limit the scope of
the invention in any manner.

EXAMPLE 1

[0059] The following masterbatch was prepared:

[0060] This adhesive was mixed in a 4:1 ratio by volume and dispensed in a bead configuration (6.35 mm wide x 3.175
mm thick x 762 mm long (1/4" wide x 1/8" thick x 3" long)) onto an aluminum substrate and
passed through a UV cure unit at various energy levels. Samples were observed for a tack-free surface immediately
after exposure to UV radiation and 24 hours after exposure. Photoinitiator levels given in the following table are a
percentage of the adhesive after the two sides A and B were mixed.

A-side

Raw Material Description Amount (wt.%)

Monomer 1 33.79

Monomer 2 2.4

Tertiary amine initiator 1.4

Photoinitiator X% (see below)

Adhesion promoter 3.0

Rheology modifier 5.4

Stabilizer 0.01

Rubber toughener 34.5

Filler 16.3

Wax 1.2

Total ∼100.0

B-side

Raw Material Description Amount (wt.%)

Epoxy resin 50.7

Benzoyl peroxide (BPO) source 7.7

Rheology modifier 1.0

Filler 40.6

Total 100.0

Photoinitiator PI level (wt%) UV energy (mJ/cm2) Initial tack 24 hr. tack

None (control) 0 723 tacky tacky

1012 tacky tacky
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(continued)

Photoinitiator PI level (wt%) UV energy (mJ/cm2) Initial tack 24 hr. tack

Photoinitiator A1 2.0 701 tack free tack free

424 tack free tack free

357 tack free tack free

329 slight tack tack free

301 slight tack tack free

1.0 684 tack free tack free

446 tack free tack free

361 tack free tack free

303 slight tack tack free

0.5 732 tack free tack free

437 slight tack tack free

358 tacky-slight cure tack free

310 no cure slight tack

Photoinitiator PI level (wt%) UV energy (mJ/cm2) Initial tack 24 hr. tack

0.1 1545 tack free tack free

1128 slight tack tack free

732 slight tack tack free

647 slight tack tack free

424 no cure slight tack

Photoinitiator B2 2.0 668 tack free tack free

518 tack free tack free

401 slight tack tack free

339 slight tack tack free

290 tacky tack free

1.0 667 tack free tack free

499 slight tack tack free

407 tacky tack free

0.5 1529 tack free tacky

1418 tack free tacky

1041 slight tack slight tack

676 slight tack slight tack

0.1 2140 slight tack tacky

1572 slight tack slight tack

1450 slight tack slight tack

1047 slight tack slight tack

685 tacky tack free

1 - Photoinitiator A comprises a 50/50 wt% mixture of 1-hydroxy-cyclohexyl-phenyl-ketone and benzophenone.
2 - Photoinitiator B comprises 2-hydroxy-2-methyl-1-phenyl-propanone.
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EXAMPLE 2

[0061] A bead of the above masterbatch with 1 percent Photoinitiator B added to the A-side was applied to a substrate
and was cured for 24 hours at ambient temperature. The cured adhesive, which had a thin film of uncured adhesive at
the surface, was exposed to 600 mJ/cm2 of UV radiation. The surface was rendered tack-free. The sample was then
painted. After the paint had completely cured, a crosshatch adhesion test was performed according to ASTM F 1842-02,
and the resulting adhesion was excellent.

EXAMPLE 3

[0062] The following photoinitiators were added at 2 and 4- weight percent to the A-side of the above masterbatch
and were mixed thoroughly.

1. No photoinitiator
2. Photoinitiator C (blend of 2-isopropyl and 4-isopropyl thioxanthone)
3. Photoinitiator D (2,4,6-Trimethylbenzoyldiphenylphosphine oxide)

[0063] Each of these materials was mixed at 4:1 by volume with the above masterbatch B-Side and dispended into a
6.35 mm (0.25") wide bead and allowed to cure at
ambient temperature for 60 minutes. After cure, the surfaces of all samples were tacky. All samples were then exposed
to UV light at an intensity of 2000 mJ/cm2. The surfaces of both samples of #2 and #3 were tack-free, while the surface
of #1 remained tacky.

EXAMPLE 4

[0064] The following formulation was prepared comprising an alternate redox initiator system.

[0065] To this formulation, Photoinitiator E (a 50/50 weight percent mixture of Diphenyl (2,4,6-trimethylbenzoyl)-phos-
phine oxide and 2-hydroxy-2-methyl-1-phenyl-propanone) was added at 0, 2, and 4 weight percent. These mixtures
were combined with a B-Side comprising a condensation product of butyraldehyde and aniline at 10:1 by weight and
were allowed to cure at ambient temperature for 60 minutes. All samples had a very tacky surface after curing. All
samples were then exposed to UV light at an intensity of 2000 mJ/cm2. The surfaces of both samples containing
Photoinitiator E were tack-free, while the surface of the sample without a photoinitiator remained tacky.

EXAMPLE 5a

[0066] The following masterbatch was prepared, mixed, then applied and cured as in Example 1. Results are as follows:

Raw Material Description Amount

GMA/CTB liquid rubber 100g

Methyl methacrylate 88g

Methacrylic acid 10g

Cumene hydroperoxide 1 part per hundred (based on total solution)

p-toluenesulfonyl chloride 30mmoles/100g rubber

A-side

Raw Material Description Amount (wt.%)

Monomer 8.8

Tertiary amine initiator 1.6

Photoinitiator 1.0

Adhesion promoter 4.5

Rheology modifier 4.0
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(continued)

Raw Material Description Amount (wt.%)

Stabilizer 0.01

Rubber toughener 61.2

Filler 18.89

Total 100.0

B-side

Raw Material Description Amount (wt.%)

Epoxy resin 48.0

BPO source 11.0

Rheology modifier 2.9

Rubber toughener 8.1

Filler 30.0

Total 100.0

Photoinitiator PI level (wt%) UV energy (mJ/cm2) Initial tack 24 hr. tack

None (control) 0 2000 tacky tacky

3000 tacky tacky

Photoinitiator A1 1.0 1008 slight tack very slight tack

1400 slight tack very slight tack

Photoinitiator PI level (wt%) UV energy (mJ/cm2) Initial tack 24 hr. tack

1936 very slight tack tack free

2448 tack free tack free

1.0 1000 slight tack very slight tack

2000 very slight tack tack free

3000 tack free tack free

0.5 1000 slight tack very slight tack

2000 very slight tack tack free

3000 tack free tack free

Photoinitiator C2 2.0 1000 tacky tacky

2000 slight tack slight tack

1.0 1000 slight tack slight tack

2000 tack free tack free

1 - Photoinitiator A comprises a 50/50 wt% mixture of 1-hydroxy-cyclohexyl-phenyl-ketone and benzophenone.
2. - Photoinitiator C comprises a 50/50 wt% mixture of diphenyl-2,4,6-trimethylbenzoyl phosphine oxide and 2-hydroxy-
2-methyl-1-phenyl-propan-1-one.
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EXAMPLE 5b

[0067] The masterbatch below was prepared with the addition of a wax component, mixed, applied as in Example 1.

[0068] The adhesive was cured at 1000 and 2000 mJ/cm2. The adhesive including wax and a photoinitiator showed
no initial tack and no tack after 24 hours.

Claims

1. A method for bonding metal surfaces to a substrate to form an assembly comprising:

a) applying an adhesive comprising
at least one free radical-polymerizable monomer, an ambient temperature activated free-radical polymerization
initiator comprising a redox initiation system, a photoinitiator, and an epoxy compound,
between the metal surface and the substrate such that the adhesive contacts both the metal surface and the
substrate and at least partially fills the area between the metal surface and the substrate and is at least partially
exposed to air;
b) allowing the adhesive to at least partially cure at a temperature in the range of 10°C to 40°C through the
ambient temperature radical catalyst system; and
c) illuminating the portion of the adhesive exposed to air with activating electromagnetic energy to cure the
exposed adhesive portion through the photoinitiator.

2. The method of claim 1, wherein the photoinitiator comprises a phosphine oxide photoinitiator, preferably 2,4,6-
trimethyl-benzoyldiphenyl-phosphine oxide.

3. The method of claim 1, wherein the photoinitiator comprises an alpha-hydroxyketone, preferably wherein the pho-

A-side

Raw Material Description Amount (wt.%)

Monomer 8.8

Tertiary amine initiator 1.6

Photoin itiator 1.0

Adhesion promoter 4.5

Rheology modifier 4.0

Stabilizer 0.01

Rubber toughener 61.2

Filler 14.89

Wax 4.0

Total 100.0

B-side

Raw Material Description Amount (wt.%)

Epoxy resin 50.7

BPO source 7.7

Rheology modifier 1.0

Filler 40.6

Total 100.0
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toinitiator comprises 2-hydroxy-2-methyl-1-phenyl-propan-1-one.

4. The method of claim 1, wherein the polymerizable component comprises an olefinic monomer, preferably wherein
the polymerizable component comprises at least one of tetrahydrofurfuryl methacrylate, methacrylic acid, and methyl
methacrylate.

5. The method of claim 1, wherein the ambient temperature radical catalyst system includes at least one oxidizing
agent and at least one reducing agent which are co-reactive at ambient temperature to generate free radicals
effective to initiate addition polymerization reactions and cure the adhesive.

6. The method of claim 5, wherein the reducing agent comprises a tertiary amine.

7. The method of claim 6, wherein the reducing agent is a p-halogenated aniline derivative having the formula (I):

wherein each of R1 and R2, which may be the same or different, is independently selected from the group
consisting of linear or branched, saturated or unsaturated, C1-C10 alkyl and linear or branched, saturated or
unsaturated, C1-C10 hydroxyalkyl;
each of R3 and R4 is independently selected from the group consisting of hydrogen and linear or branched,
saturated or unsaturated C1-C10 alkyl; and
X is a halogen;
preferably wherein the reducing agent is selected from N,N-diisopropanol-p-chloroaniline; N,N-diisopropanol-
p-bromoaniline; N,N-diisopropanol-p-bromo-m-methylaniline; N,N-dimethyl-p-chloroaniline; N,N-dimethyl-p-
bromoaniline; N,N-diethyl-p-chloroaniline; and N,N-diethyl-p-bromoaniline.

8. The method of claim 1, wherein the oxidizing agent comprises an organic peroxide.

9. The method of claim 1, further comprising an adhesion promoter, preferably wherein the adhesion promoter com-
prises a phosphorous containing compound.

10. The method of claim 9, wherein the adhesion promoter is present in an amount from 0.01 to 20 percent by weight,
based on the total weight of the adhesive composition.

11. The method of claim 1, further comprising a toughener, preferably wherein the toughener comprises an olefinic-
terminated liquid elastomer produced from a hydroxyl-terminated polyalkadiene.

12. The method of claim 11, wherein the toughener comprises an A-B-A block copolymer wherein the A block is selected
from styrene, ring alkylated styrene or a mixture thereof and the B block is an elastomeric conjugated diene.

13. The method of claim 11, wherein the toughener is present in an amount of 2 to 50 percent by weight of the total
amount of components (i), (ii), and (iii).

14. The method of claim 1, wherein the epoxy compound comprises a polyepoxide, a polyglycidyl ether of a polyhydric
alcohol or a polyglycidyl ester of a polycarboxylic acid.

Patentansprüche

1. Verfahren zum Kleben von Metalloberflächen auf ein Substrat unter Bildung einer Baugruppe, umfassend:
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a) Auftragen eines Klebers, umfassend
wenigstens ein radikalisch polymerisierbares Monomer, einen bei Raumtemperatur aktivierbaren radikalischen
Polymerisationsstarter, der ein Redoxinitiationssystem, einen Photoinitiator und eine Epoxidverbindung um-
fasst,
zwischen die Metalloberfläche und das Substrat, so dass der Kleber sowohl mit der Metalloberfläche als auch
dem Substrat in Kontakt ist und den Bereich zwischen der Metalloberfläche und dem Substrat wenigstens
teilweise ausfüllt und wenigstens teilweise der Luft ausgesetzt ist;
b) wenigstens teilweise Härtenlassen des Klebers bei einer Temperatur im Bereich von 10 °C bis 40 °C durch
das bei Raumtemperatur aktivierbare radikalische Katalysatorsystem; und
c) Beleuchten des Teils des Klebers, der Luft ausgesetzt ist, unter Aktivierung von elektromagnetischer Energie
zur Härtung des exponierten Teils des Klebers über den Photoinitiator.

2. Verfahren gemäß Anspruch 1, wobei der Photoinitiator einen Phosphinoxid-Photoinitiator, vorzugsweise 2,4,6-
Trimethylbenzoyldiphenylphosphinoxid, umfasst.

3. Verfahren gemäß Anspruch 1, wobei der Photoinitiator ein alpha-Hydroxyketon umfasst, wobei der Photoinitiator
vorzugsweise 2-Hydroxy-2-methyl-1-phenylpropan-1-on umfasst.

4. Verfahren gemäß Anspruch 1, wobei die polymerisierbare Komponente ein olefinisches Monomer umfasst, wobei
die polymerisierbare Komponente vorzugsweise wenigstens eines aus Tetrahydrofurfurylmethacrylat, Methacryl-
säure und Methylmethacrylat umfasst.

5. Verfahren gemäß Anspruch 1, wobei das bei Raumtemperatur aktivierbare radikalische Katalysatorsystem wenigs-
tens ein Oxidationsmittel und wenigstens ein Reduktionsmittel umfasst, die bei Raumtemperatur miteinander rea-
gieren, wobei freie Radikale entstehen, die eine Einleitung von Additionspolymerisationsreaktionen und eine Härtung
des Klebers bewirken.

6. Verfahren gemäß Anspruch 5, wobei das Reduktionsmittel ein tertiäres Amin umfasst.

7. Verfahren gemäß Anspruch 6, wobei das Reduktionsmittel ein p-halogeniertes Anilinderivat mit der Formel (I) ist:

wobei R1 und R2, die gleich oder verschieden sein können, jeweils unabhängig aus der Gruppe ausgewählt
sind, die aus linearem oder verzweigtem, gesättigtem oder ungesättigtem C1-C10-Alkyl und linearem oder
verzweigtem, gesättigtem oder ungesättigtem C1-C10-Hydroxyalkyl besteht;
R3 und R4 jeweils unabhängig aus der Gruppe ausgewählt sind, die aus Wasserstoff und linearem oder ver-
zweigtem, gesättigtem oder ungesättigtem C1-C10-Alkyl besteht; und
X ein Halogen ist;
wobei vorzugsweise das Reduktionsmittel aus N,N-Diisopropanol-p-chloranilin, N,N-Diisopropanol-p-bromani-
lin, N,N-Diisopropanol-p-brom-m-methylanilin, N,N-Dimethyl-p-chloranilin, N,N-Dimethyl-p-bromanilin, N,N-
Diethyl-p-chloranilin und N,N-Diethyl-p-bromanilin ausgewählt ist.

8. Verfahren gemäß Anspruch 1, wobei das Oxidationsmittel ein organisches Peroxid umfasst.

9. Verfahren gemäß Anspruch 1, weiterhin umfassend einen Haftvermittler, wobei vorzugsweise der Haftvermittler
eine phosphorhaltige Verbindung umfasst.

10. Verfahren gemäß Anspruch 9, wobei der Haftvermittler in einer Menge von 0,01 bis 20 Gew.-% vorhanden ist,
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bezogen auf das Gesamtgewicht der Kleberzusammensetzung.

11. Verfahren gemäß Anspruch 1, weiterhin umfassend einen Schlagzähmacher, wobei vorzugsweise der Schlag-
zähmacher ein olefinisch terminiertes flüssiges Elastomer umfasst, das aus einem hydroxyterminierten Polyalkadien
hergestellt ist.

12. Verfahren gemäß Anspruch 11, wobei der Schlagzähmacher ein A-B-A-Blockcopolymer umfasst, wobei der A-Block
aus Styrol, ringalkyliertem Styrol oder einem Gemisch davon ausgewählt ist und der B-Block ein elastomeres kon-
jugiertes Dien ist.

13. Verfahren gemäß Anspruch 11, wobei der Schlagzähmacher in einer Menge von 2 bis 50 Gew.-% der Gesamtmenge
der Komponenten (i), (ii) und (iii) vorhanden ist.

14. Verfahren gemäß Anspruch 1, wobei die Epoxidverbindung ein Polyepoxid, einen Polyglycidylether eines mehrwer-
tigen Alkohols oder einen Polyglycidylester einer Polycarbonsäure umfasst.

Revendications

1. Procédé pour lier des surfaces métalliques à un substrat de façon à former un ensemble, comprenant :

a) l’application d’un adhésif comprenant au moins un monomère polymérisable à radicaux libres, un amorceur
de polymérisation à radicaux libres activé à température ambiante comprenant un système d’amorçage d’oxydo-
réduction, un photo-amorceur et un composé époxy, entre la surface métallique et le substrat, de telle sorte
que l’adhésif vienne en contact tout à la fois avec la surface métallique et le substrat et remplisse au moins
partiellement la zone entre la surface métallique et le substrat, et soit au moins partiellement exposé à l’air ;
b) le fait de laisser l’adhésif durcir au moins partiellement à une température dans la plage comprise entre 10°
C et 40° C à l’aide du système de catalyseur à radicaux à température ambiante ; et
c) l’illumination de la partie de l’adhésif exposée à l’air avec une énergie électromagnétique d’activation pour
durcir la partie d’adhésif exposée à l’aide du photo-amorceur.

2. Procédé selon la revendication 1, dans lequel le photo-amorceur comprend un photo-amorceur à l’oxyde de phos-
phine, et, de préférence, un oxyde de 2,4,6-triméthyl-benzoyldiphényl-phosphine.

3. Procédé selon la revendication 1, dans lequel le photo-amorceur comprend une alpha-hydroxycétone, et, de pré-
férence, dans lequel le photo-amorceur comprend une 2-hydroxy-2-méthyl-1-phényl-propan-1-one.

4. Procédé selon la revendication 1, dans lequel le composant polymérisable comprend un monomère oléfinique, et,
de préférence, dans lequel le composant polymérisable comprend au moins l’un parmi le méthacrylate de tétrahy-
drofurfuryle, l’acide méthacrylique, et le méthacrylate de méthyle.

5. Procédé selon la revendication 1, dans lequel le système de catalyseur à radicaux à température ambiante comprend
au moins un agent oxydant et au moins un agent réducteur qui sont co-réactifs à la température ambiante pour
générer des radicaux libres efficaces pour amorcer des réactions de polymérisation par addition et durcir l’adhésif.

6. Procédé selon la revendication 5, dans lequel l’agent réducteur comprend une amine tertiaire.

7. Procédé selon la revendication 6, dans lequel l’agent réducteur est un dérivé de l’aniline p-halonégée ayant la
formule (I) :
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dans laquelle chacun parmi R1 et R2, qui peuvent être identiques ou différents, est sélectionné de façon indé-
pendante parmi le groupe consistant en : un alkyle linéaire ou ramifié, saturé ou insaturé, en C1-C10, et un
hydroxyalkyle linéaire ou ramifié, saturé ou insaturé, en C1-C10;
chacun parmi R3 et R4 est sélectionné de façon indépendante parmi le groupe consistant en : l’hydrogène et
un alkyle linéaire ou ramifié, saturé ou insaturé, en C1-C10; et X est un halogène ;
et, de préférence, dans lequel l’agent réducteur est sélectionné parmi la N,N-diisopropanol-p-chloroaniline ; la
N,N-diisopropanol-p-bromoaniline ; la N,N-diisopropanol-p-bromo-m-méthylaniline ; la N,N-diméthyl-p-
chloroaniline ; la N,N-diméthyl-p-bromoaniline ; la N,N-diéthyl-p-chloroaniline ; et la N,N-diéthyl-p-bromoaniline.

8. Procédé selon la revendication 1, dans lequel l’agent oxydant comprend un peroxyde organique.

9. Procédé selon la revendication 1, comprenant de plus un promoteur d’adhérence, et, de préférence, dans lequel
le promoteur d’adhérence comprend un composé contenant du phosphore.

10. Procédé selon la revendication 9, dans lequel le promoteur d’adhérence est présent en une quantité comprise entre
0,01 et 20 pour cent en poids, par rapport au poids total de la composition adhésive.

11. Procédé selon la revendication 1, comprenant de plus un durcisseur, et, de préférence, dans lequel le durcisseur
comprend un élastomère liquide à terminaison oléfinique produit à partir d’un polyalkadiène à terminaison hydroxyle.

12. Procédé selon la revendication 11, dans lequel le durcisseur comprend un copolymère séquencé A-B-A dans lequel
la séquence A est sélectionnée parmi le styrène, le styrène alkylé dans le noyau ou un mélange de ceux-ci, et la
séquence B est un diène conjugué élastomère.

13. Procédé selon la revendication 11, dans lequel le durcisseur est présent en une quantité comprise entre 2 et 50
pour cent en poids de la quantité totale de composants (i), (ii) et (iii).

14. Procédé selon la revendication 1, dans lequel le composé époxy comprend un polyépoxyde, un poly(éther de
glycidyle) d’un poly(alcool hydrique) ou un poly(ester de glycidyle) d’un poly(acide carboxylique).
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