
EP 0 325 038 B1 Description This invention relates to materials and methods
for improving the adhesion of adhesives, coatings and composites to
biological substrates, particularly proteinaceous surfaces, and more
specifically to materials s  and methods for improving the adhesion of free
radical polymerizable adhesives, coatings and composites 5   to
proteinaceous substrates in vivo. Even more specifically, materials and
methods for increasing the bond strength of adhesives, coatings and
composites to proteinaceous substrates for the purpose of restoration and
adornment thereof with cosmetic prostheses are herein described. 10
DESCRIPTION OF THE PRIOR ART The reparation, adornment, and prosthetic
extension of keretinaceous structures, namely, human fingernails and toe
nails and livestock hoofs, has been a common practice for centuries.
Fingernails are currently known to be coated with multicolored
nitrocellulose lacaquers, repaired with cyanoacryalate 15  adhesives, and
extended with the use of acrylic monomer and polymer slurries or doughs
that cure by peroxide/amine free radical mechanisms. Although the
nitrocellulose lacquers and the cyanoacrylate adhesives are relatively
adherent to a fingernail plate, the acrylic materials employed for the
purpose of creating an artificial fingernail prosthesis are not. Only after
treatment of the fingernail surface with an unsaturated carboxylic acid,
such as methacrylic acid (current commercial embodiments containing in 20
excess of 70 percent methacrylic acid), will such acrylic monomer and
polymer slurries or doughs adhere to the nail plate. Such harsh treatment
on a relatively fragile surface poses a serious toxicological hazard due to
the corrosive nature of the unsaturated carboxylic acids. Other unsaturated
carboxylic acids presently being used in the described applications include
either alone or in part, acrylic acid and beta- carboxyethyl acrylate.
Lower concentrations of these unsaturated acids pose a decreased danger to
the 25  intact fingernail surface; however, at such lower concentration the
adhesion of the acrylic monomer and polymer slurry is minimized or lost
completely. An analogous situation exists when attempting to repair a split
or fractured hoof in that without the application of the corrosive and
possibly toxic levels of unsaturated acids, very poor adhesion results.
Currently, the only known and readily practiced method for obtaining
adhesion of prosthetic materials to 30  wholly proteinaceous substrates,
such as fingernails and hooves, has been the physical abrasion and
roughening of the proteinaceous substrate surface with a file,
sand-paper-like, or other abrasive material, followed by the application of
unsaturated carboxylic acid solutions (known in the artificial fingernail
art as primers), followed lastly by the application of the prosthetic
material. The prosthetic material is not inherently adhesive to
proteinaceous substrates. Rather, the prosthetic material also contains
unsaturated 35  groups, which, when curing, chemically react with the
unsaturated groups of the carboxylic acid solution applied to the
proteinaceous substrate. Thus, an adhesive bond between said substrate and
the prosthesis is provided. The disadvantages of such a method and
materials used in the prior art are as follows: 1) too much physical
abrasion or roughening of the proteinaceous substrate, particularly a
living 40    fingernail, can be harmful to the substrate; 2) in the area of
hoof binding, cracks and fissures in the hooves are not readily abraded or
roughened due to the inaccessibility of the surface to such abrasive
materials and methods; 3) the unsaturated carboxylic acids that are often
used (acrylic acid and methacrylic acid, either alone at full concentration
of in combination with other diluents, are highly corrosive and can
severely damage the 45    protein of a fingernail or hoof or the underlying
or surrounding living tissue; and 4) even with such harsh surface
preparation as described above, the adhesive bonds obtained with such
methods are poor and all too often inadequate to retain the prosthetsis for
sufficient periods of time or 



under stress, thus causing the prosthetsis to break off in whole or in
part. A number of patents showing various prior art adhesive compositions
and fingernail treatments have so  been noted, including U. S. Patent Nos.
4,547,363, 4,209,604, 4,413,108, 4,521,550 and German Patent No. DT
2557536. U.S. Patent No. 4,547,363 discloses a fingernail strengthener
deposited from solution onto the fingernail surface. These compositions are
of no utility in achieving high bond strengths between proteinaceous
substrates (such as fingernails) and free-radically polymerized adhesives,
coatings or composites. 55     U.S. Patent No. 4,521,550 discloses
materials and methods of obtaining high bond strengths to dentin, which is
a partially proteinaceous substrate. The adhesion promoters of that
invention are limited to the addition reaction product of pyromellitic acid
dianhydride and 2-hydroxyethyl methacrylate (PMDM), the addition reaction
product of 3,3',4,4'-benzophenonetetracarboxylic dianhydride and
2-hydroxyethyl 2    EP 0 325 038 B1 methacrylate (BTDA-HEMA) and
4-methacryloxyethyltrimellitic anhydride (4-META). PMDDM is shown herein to
be inferior to the compositions of the present invention for achieving high
bond strength to proteinaceous substrates. The remaining patents noted
above disclose a number of unsaturated carboxylic acid compounds to be 5
included in anaerobic adhesive compositions. These compositions are
solvent-free. Most important, how- ever, is that they are of no utility in
covering, protecting or adorning surfaces, such as fingernails and
livestock hooves, which are exposed to air (aerobic surfaces). The present
invention comprises materials and methods which substantially increase the
adhesive bond strength between adhesives, coatings or composites, and
proteinaceous biological substrates such as 10 fingernails and livestock
hooves. The purpose of this invention is to provide materials and methods
for improved adhesive bonding of both composites and unfilled coating and
adhesive resins capable of free radical-type polymerisation to biological
substrates composed wholly or in part of protein. According to the present
invention there is provided a pretreatment composition for increasing the
adhesion of adhesives, coatings and/or composites to proteinaceous
substrates comprising: 15    a) a water-miscible solvent; and b) an
unsaturated carboxylic acid of the general formula: 20
[err] 30 where [err] is selected from CH CH, [err] ; and R2 is selected
from a terminally mono-, di-, tri-, or multi-unsaturated group. Also in
accordance with the present invention there is provided a method of making
a composition for 35 promoting the adhesion of adhesives, coatings and/or
composites to proteinaceous substrates comprising the steps of: a)
providing a cyclic anhydride; b) providing a hydroxyl-containing,
terminally unsaturated reactant; c) reacting said cyclic anhydride with
said hydroxyl containing terminally unsaturated reactant to form an 40
unsaturated carboxylic acid of the general formula: [err] 55 



where [err] is selected from CH=CH, [err] ; and [err] is selected from a
terminally mono-, di-, tri-, or multi-unsaturated group; d) dissolving said
adduct of step c in a water-miscible solvent. 3    EP 0 325 038 B1 Briefly,
the method of this invention is preferably accomplished by treating the
substrate to be adhered to with a non-aqueous solution of an addition
reaction product between a cyclic anhydride and a terminally unsaturated
molecule containing at least one hydroxyl group. An example of such a
compound is the addition reaction product of maleic anhydride and
2-hydroxyethyl methacrylate. The solution carrier is 5 preferably a
non-aqueous solvent capable of (1) dissolving the said addition reaction
product(s) described above without precipitation or polymerization during
storage and (2) forming a mixture, preferably azeotropic, with water. A
most preferred embodiment of the invention utilizes the addition reaction
product of maleic anhydride and 2-hydroxyethyl methacrylate in a carrier
solvent of ethyl acetate. This solution is brushed, sprayed or 10 otherwise
applied to the substrate to be bonded and the ethyl acetate is allowed to
completely evaporate. An adhesive, coating or composite is then applied to
the treated substrate and subsequently polymerized by a free radical
mechanism. The polymerized adhesive, coating or composite will be seen to
adhere tenaciously to the pretreated substrate, achieving bond strengths
unexpectedly high compared to pretreat- ment with other carboxyl-containing
unsaturated adhesion promoters such as methacrylic acid [err]= C- [err].
The adhesion promoting addition reaction products of the present invention
can be described in general as: [err] 30 where [err] is selected from
CH=CH, [err] and [err]; and [err] is selected from a terminally mono-, di-,
tri-, or multifunctional unsaturated group. As mentioned previously, these
compounds are addition reaction products between a cyclic anhydride 35 and
a hydroxyl-containing terminally unsaturated molecule. Examples of cyclic
anhydride precursors suitable for obtaining these addition reaction
products are maleic anhydride, dimethylmaleic anhydride, succinic
anhydride, gluteric anhydride, and citraconic anydride. Any cyclic
anhydride capable of ring opening during the addition reaction is
contemplated. Examples of hydroxyl-containing terminally unsatu- rated
molecules suitable for achieving the addition reaction products of this
invention are 2-hydroxyethyl 40 (meth)acrylate, 2-hydroxypropyl
(meth)acrylate, 2-hydroxybutyl (meth)acrylate, allyl alcohol,
pentaerlythritol tri(meth)acrylate, N-2-hydroxyethyl (meth)acrylamide and
methallyl alcohol. Any compound containing at least one hydroxyl group and
at least one terminal unsaturated group (acrylate, methacrylate, vinyl,
acrylamide, methacrylamide, etc.) is contemplated to have utility in the
manufacture of the addition reaction products of the present invention. 45
Example of the addition reaction products of this invention are
(meth)acryloyloxyethyl maleate, (meth)- acryloyloxypropyl) maleate,
(meth)acryloyloxybutyl maleate, (meth)acryloyloxyethyl citraconate, (meth)-
acryloyloxypropyl citraconate, (meth)acryloyloxybutyl citraconate,
(meth)acryloyloxyethyl dimethylmaleate, (meth)acryloyloxypropyl
dimethylmaleate, (meth)acryloyloxybutyl dimethylmaleate,
(meth)acryloyloxyethyl succinate, (meth)acryloyloxyethyl glutarate,
(meth)allyloyloxyethyl maleate and others. 50     A variety of solvents and
solvent mixtures are useful for the practice of this invention. These
solvents 



are desirably volatile and partially or wholly water-miscible, as well as
being good solvents for the adhesion promoters described above. More
desirably they are capable of forming azeotropic mixtures with water,
specifically for displacing adsorbed moisture at the adhesion
promoter/substrate interface. This adsorbed moisture is undesirable when
attempting to achieve high bond strengths and decreases adhesion of 55
adhesives, coatings and composites to a variety of substrates. An example
of this decreased adhesion is observed on glass, which has a tendency to
adsorb a layer of water, especially under high humidity conditions. Thus
displacement of adsorbed moisture is advantageous in achieving a high
degree of adhesion. Suitable solvents include, but are not limited to,
acetone, ethyl acetate, isopropyl alcohol, ethanol, 4    EP 0 325 038 B1
butyl acetate, n-propyl acetate, isopropyl acetate, cyclohexane, n-hexane,
isobutyl acetate, sec-butyl acetate, amyl acetate, isoamyl acetate,
butanol, acetonitrile, N- methyl pyrollidone, tetrahydrofuran,
butyrolactone, and mixtures thereof. In formulating the adhesion promoting
solutions of this invention that are intended for contact in vivo,
attention should be paid to the use of solvents that are not harmful or 5
dangerous to living tissue or pose a significant environmental or work
place hazard. The most preferred solvents are ethyl acetate, isopropanol,
ethanol and mixtures thereof. All three of these solvents are capable of
forming azeotropic mixtures with water; are relatively innocuous with
respect to their interaction with living tissue, dissolve the adhesion
promoting agents of this invention, and are sufficiently volatile to
evaporate completely in a reasonable amount of time. 10     After priming
the surface of a proteinaceous substrate with a composition of the type
disclosed herein, the surface may then be contacted with an adhesive,
coating or composite providing greater adherence of such materials to the
primed substrate, than to an unprimed substrate. DESCRIPTION OF PREFERRED
EMBODIMENTS 15 In general, this invention comprises materials and methods
for improving the adhesive strength of adhesives, coatings and composites
to biological substrates. The terms "adhesives, coatings and compos- ites"
are taken to mean any composition that can be stored in either a single or
multi-component form, is used to adhere, cover, adorn, replace, or
otherwise protect a surface, and can be polymerized by one or 20  more of a
variety of free radical-type initiation processes. Examples of such
materials are (1) two-component (powder and liquid) artificial fingernail
prosthesis formulations, which polymerize through a peroxide/tertiary amine
type initiation; (2) one component, glass/resin dental compositions, which
are polymerized by actinic (visible and/or ultraviolet) light activation of
a photoinitiator, together with an optional tertiary amine; and 25    (3)
ultraviolet and visible light cured, unfilled or filled, coatings and
adhesives used to attach and/or cover natural or artificial fingernails;
similar compositions are utilized for the reparation of livestock hooves
that have become split or cracked. Although not limited to the above types
of adhesives, coatings and composites, the three categories listed are
those compositions that show marked improvement in adhesive strength
through the practice of 30 the present invention. The most preferred
inventive method for pretreating the surfaces to be adhered to comprises
contacting the surface with a non-aqueous solution of a
methacryloyloxyethyl maleate (herein referred to as MAHEMA), and allowing
the non-aqueous solvent to completely evaporate. Then, the adhesive,
coating or composite is 



allowed to contact the treated surface and polymerized through free radical
mechanisms. The preferred 35 concentration of MAHEMA in the non-aqueous
solvent is from about one percent to about 30 percent, and the most
preferred concentration is about 5 to 20 percent. Differences in the
porosity and surface free energy of the substrate will have a bearing on
the optimal MAHEMA concentration for each individual surface to be
"primed". In general, following the complete evaporation of the carrier
solvent, the treated substrate should appear relatively dry. Treated
surfaces that appear shiny and wet tend to have a thick 40 layer of
residual MAHEMA, which can act as a boundary layer and lead to decreased
adhesive strength. SYNTHESIS OF MAHEMA MAHEMA was prepared by heating
together 1 mole of maleic anhydride and in slight excess of 1 mole 45 of
2-hydroxyethyl methacrylate together with about 200 ppm of the monomethyl
ether of hydroquinone as a stabilizer against premature polymerization. In
addition 500 ppm of triethylamine was included in the reaction mixture as a
catalyst for the addition reaction. Upon cooling, a slightly yellow,
moderately viscous liquid is obtained, having a refractive index of 1.484
(at 20 degrees C.) and a Brookfield viscosity (at 23 degrees C.) of 470
mPas [cps]. This liquid was stored in amber glass bottles until further
use. The structure 50 of MAHEMA is as follows: 55 5    EP 0 325 038 B1
[err] 15     Care must be taken during the heating process above to keep
the reaction process at or below about 80-90 degrees C to avoid premature
polymerization due to the methacrylate group. Alternatively, MAHEMA may be
synthesized in the solvent carrier to be used in the practice of this
invention. For example, the properly calculated amounts of maleic anhydride
and 2-hydroxyethyl methacrylate may be added to ethyl acetate to provide
the desired final concentration of MAHEMA in situ. 20 Attention must be
paid to this method of synthesizing MAHEMA, in that certain solvents, such
as isopropyl alcohol, can compete with the 2-hydroxyethyl methacrylate for
addition to the anhydride group of maleic anhydride. ADHESIVE STRENGTH OF
ADHESIVES, COATINGS AND COMPOSITES ON PROTEINACEOUS SUB- 25  STRATES
Proteinaceous substrates were tested to demonstrate the adhesive strength
improvement caused by the adhesion promoting compositions of this
invention. The differences in the adhesive strength provided by pretreating
the substrate with the present invention relative to prior art systems are
shown. 30 EXAMPLE 1 Solutions ranging from one to 30 percent MAHEMA in
anhydrous ethyl acetate were prepared and packaged in amber glass bottles
with a polyethylene brush cap for application to the surfaces to be tested.
35  In order to test the extent of adhesion improvement by the MAHEMA
solutions on keratinaceous substrates, cattle hooves were chosen due to
their availability and ease of handling during tensile adhesive strength
testing. Flat sections of cattle hooves were prepared with the hoof fibers
running parallel to the surface to be tested. The hoof surface was then
abraded with a fine grit sandpaper and subsequently rised with water and
allowed to dry thoroughly. The abraded and rinsed hoof surface was then
treated with the MAHEMA 40  solution, being brushed on and allowing the
ethyl acetate to evaporate completely. The surface of the hoof 



at this point appeared dry and slightly glossy. A stainless steel cylinder
with a tapered bore and an access port was then contacted to the treated
hoof surface perpendicularly. The following formulation was mixed, poured
into the testing cylinder through the access port, and allowed to
polymerize. This assembly was allowed to age at room temperature for 24
hours and 45 subsequently tested for tensile adhesive strength in an
Instron Tensile Strength Tester Model 1011 (Instron Corp, Quincy, MA) at a
crosshead speed of 0.1 mm/minute. Liquid A 50 Ethyl methacrylate
93% Ethylene glycol dimethacrylate  6% Dimethyl-p-toluidine        1% 55 6
EP 0 325 038 B1 Powder B Poly(ethyl-co-methyl methacrylate) polymer   98.1%
5                      Benzoyl peroxide                        1.9% Ratio
of Liquid A:Powder B is approximately 1:3 in the final mixture. The
following results were obtained, with 5 measurements being taken in each
case. 10 MAHEMA %    Avg. Adh.* (*)  Adh. Range  **(**) 0         16.9
(240)    7.7-23.2 (110-330) 1         40 (570)      28.1-47.1 (400-670) 15
2         50.6 (720)    32.3-55.4 (460-790) 3         54.8 (780)
42.2-59.1 (600-840) 4         56.2 (800)    48.5-61.9 (690-880) 5
61.2 (870)    56.9-64.0 (810-910) 8         75.9 (080)    66.1-82.3
(940-1170) 20                           10        99.13 (1410)   87.9-105.5
(1250-1500) 13        129.4 (1840)   113.2-139.9 (1610-1990) 16
163.1 (2320)   139.2-175.8 (1980-2500) 20        172.3 (2450)   142.0-183.5
(2020-2610) 25        142.7 (2030)   132.2-151.2 (1880-2150) 25
30        104.8 (1490)   84.4-125.1 (1200-1780) *Average adhesion gMs/
[err] x [err] **Adhesion range in gms/ [err] x [err] (*)Average adhesion in
psi (1bs per sq. inch) (**)Adhesion range in psi (1bs per sq. inch) EXAMPLE
2 35     The adhesion promoting capabilities of the maleic anhydride
addition reaction products of this invention were compared to those of
other known and/or potential adhesion promoters. All compounds tested had
at least one carboxylic group and at least one unsaturated group capable of
participating in free radical type 



polymerizations. Each promoter is listed below, together with it's
concentration, solvent (if any), substrate appearance, and tensile adhesive
strength as described in Example 1. 40 45 50 55 7    EP 0 325 038 B1
Adhesion Promoter   Conc.  Solvent       Avg. Adh [err] (3) Methacrylic
acid   20%    Ethyl acetate   47.8 (680) Methacrylic acid    100%    None
87.9 (1250) 5                      Acrylic acid       20%    Ethyl acetate
57.7 (820) Acrylic acid      100%    None           105.5 (1500) [err]
20%    Ethyl acetate   176.5 (2510) [err]               5%    Acetone
78.0 (1110) PMDM1              20%    Acetone        51.2 (730) 10
Maleic acid        20%    Ethyl acetate   21.1 (300) [err]          20%
Ethyl acetate   174.4 (2480) [err] Pyromellitic dianhydride/2-hydroxyethyl
methacrylate adduct (ref. Patent No. 4,521,550) [err] Maleic
anhydride/2-hydroxypropyl methacrylate adduct 15                    [err]
Average adhesion gms/ [err] x [err] average adhesion in psi (1bs per
sq.inch) [err] Invented Compositions 20    It is anticipated that just
about any substrate comprised entirely or in pert of protein will be
adhered to better by pretreatment of the substrate surface with the
compositions of this invention. The preceding disclosure has demonstrated
the improved adhesion of a free-radical initiated composition to keratin
substrates treated with MAHEMA and other cyclic anhydride addition reaction
products as previously described. It is believed that substrates such as
fingernails, hooves, bone, ivory, leather, dentin, enamel, 25  and other
partially or wholly proteinaceous materials will show  the
adhesion-promoted benefits of the present inventive compositions. Claims 30
1. A pretreatment composition for increasing the adhesion of adhesives,
coatings and/or composites to proteinaceous substrates comprising: a) a
water-miscible solvent; and b) an unsaturated carboxylic acid of the
general formula: 35                                          [err] where
[err] is selected from CH=CH, [err]  or [err]; 50       and [err] is
selected from a terminally mono-, di-, tri-, or multi-unsaturated group. 2.
The composition set forth in Claim 1 wherein said adduct is selected from
(meth)acryloyloxyethyl maleate, (meth)acryloyloxypropyl maleate,
(meth)acryloyloxybutyl maleate, (meth)acryloyloxyethyl 



55     citraconate,  (meth)acryloyloxypropyl  citraconate,
(meth)acryloyloxybutyl  citraconate,  (meth)- acryloyloxyethyl
dimethylmaleate, (meth)acryloyloxypropyl dimethylmaleate,
(meth)acryloyloxybutyl dimethylmaleate, (meth)acryloyloxyethyl succinate,
(meth)acryloyloxyethyl glutarate and (meth)- allyloyloxyethyl maleate. 8
EP 0 325 038 B1 Adhesion Promoter   Conc.  Solvent        Avg. Adh [err]
(3) Methacrylic acid   20%    Ethyl acetate   47.8 (680) Methacrylic acid
100%    None          87.9 (1250) Acrylic acid       20%    Ethyl acetate
57.7 (820) Acrylic acid      100%    None            105.5 (1500) [err]
20%    Ethyl acetate   176.5 (2510) PMDM [err]              5%    Acetone
78.0 (1110) PMDM1              20%    Acetone         51.2 (730) 10
Maleic acid         20%    Ethyl acetate   21.1 (300) [err]          20%
Ethyl acetate   174.4 (2480) [err] Pyromellitic dianhydride/2-hydroxyethyl
methacrylate adduct (ref. Patent No. 4,521,550) [err] Maleic
anhydride/2-hydroxypropyl methacrylate adduct 15                    [err]
Average adhesion gms/ [err] x [err]average adhesion in psi (lbs per
sq.inch) [err] Invented Compositions 20    It is anticipated that just
about any substrate comprised entirely or in pert of protein will be
adhered to better by pretreatment of the substrate surface with the
compositions of this invention. The preceding disclosure has demonstrated
the improved adhesion of a free-radical initiated composition to keratin
substrates treated with MAHEMA and other cyclic anhydride addition reaction
products as previously described. It is believed that substrates such as
fingernails, hooves, bone, ivory, leather, dentin, enamel, 25 and other
partially or wholly proteinaceous materials will show the adhesion-promoted
benefits of the present inventive compositions. Claims 30 1. A pretreatment
composition for increasing the adhesion of adhesives, coatings and/or
composites to proteinaceous substrates comprising: a) a water-miscible
solvent; and b) an unsaturated carboxylic acid of the general formula: 35
0 [err] where [err] is selected from CH=CH, [err] or [err]; 50        and
[err] is selected from a terminally mono-, di-, tri-, or multi-unsaturated
group. 2. The composition set forth in Claim 1 wherein said adduct is
selected from (meth)acryloyloxyethyl maleate, (meth)acryloyloxypropyl
maleate, (meth)acryloyloxybutyl maleate, (meth)acryloyloxyethyl 55
citraconate,  (meth)acryloyloxypropyl  citraconate,  (meth)acryloyloxybutyl
citraconate,  (meth)- 



acryloyloxyethyl dimethylmaleate, (meth)acryloyloxypropyl dimethylmaleate.
(meth)acryloyloxybutyl dimethylmaleate, (meth)acryloyloxyethyl succinate,
(meth)acryloyloxyethyl glutarate and (meth)- allyloyloxyethyl maleate. 8
EP 0 325 038 B1 3. The composition set forth in Claim 2 wherein said adduct
is methacryloyloxyethyl meleate. 4. The composition set forth in Claim 1
wherein said water-miscible solvent is selected from partially and wholly
water-miscible solvents. 5 5. The composition set forth in Claim 1, 2 or 3,
wherein said water-miscible solvent is selected from acetone, ethyl
acetate, isopropyl alcohol, ethanol, butyl acetate, n-propyl acetate,
isopropyl acetate, cyclohexane, n-hexane, isobutyl acetate, sec-butyl
acetate, amyl acetate, isoamyl acetate, butanol, acetonitrile, N- methyl
pyrollidone, tetrahydrofuran, butyrolactone, and mixtures thereof. 10 6.
The composition as set forth in Claim 5 where the water-miscible solvent is
ethyl acetate. 7. The composition of Claim 6 wherein said adduct is
selected from (meth)acryloyloxyethyl maleate, (meth)acryloyloxypropyl
maleate, (meth)acryloyloxybutyl meleate, (meth)acryloyloxyethyl
citraconate, 15     (meth)acryloyloxypropyl  citraconate,
(meth)acryloyloxybutyl  citraconate,  (meth)acryloyloxyethyl
dimethylmeleate, (meth)acryloyloxypropyl dimethylmaleate,
(meth)acryloyloxybutyl dimethylmaleate, (meth)acryloyloxyethyl succinate,
(meth)acryloyloxyethyl glutarate and (meth)allyloyloxyethyl maleate. 8. The
composition of Claim 1 wherein said composition comprises 1 to 30% by
weight methacryloylox- 20     yethyl maleate. 9. The composition of Claim 8
comprising 5 - 20% by weight methacryloyloxyethyl maleate. 10. The
composition of Claim 9 comprising 10% by weight methacryloyloxyethyl
maleate. 25 11. A pretreatment composition for increasing the adhesion of
adhesives, coatings and/or composites to proteinaceous substrates
comprising: a) a water-miscible solvent; and b) an unsaturated carboxylic
acid of the formula: 30 [err] 45 12. The composition set forth in Claim 11
wherein said water-miscible solvent is selected from acetone, ethyl
acetate, isopropyl alcohol, ethanol, butyl acetate, n-propyl acetate,
isopropyl acetate, cyclohexane, n-hexane, isobutyl acetate, sec-butyl
acetate, amyl acetate, isoamyl acetate, butanol, acetonitrile, N- methyl
pyrollidone, tetrahydrofuran, butyrolactone, and mixtures thereof. 50 13.
The composition as set forth in Claim 12 wherein the water-miscible solvent
is ethyl acetate. 14. The composition as set forth in Claim 11, 12 or 13
wherein said composition comprises 1 to 30% by weight methacryloyloxyethyl
maleate. 55 15. The composition as set forth in Claim 14 wherein said
composition comprises 5 to 20% by weight 



methacryloyloxyethyl maleate. 9    EP 0 325 038 B1 16. The composition as
set forth in Claim 15 wherein said composition comprises 10% by weight
methacryloyloxyethyl maleate. 17. A method of making a composition for
promoting the adhesion of adhesives, coatings and/or compos- 5      ites to
proteinaceous substrates comprising the steps of: a) providing a cyclic
anhydride; b) providing a hydroxyl-containing, terminally unsaturated
reactant; c) reacting said cyclic anhydride with said hydroxyl containing
terminally unsaturated reactant to 10       form an unsaturated carboxylic
acid of the general formula: [err] I I 25 where [err] is selected from CH
=CH, [err] or [err]; and R2 is selected from a terminally mono-, di-, tri-,
or multi-unsaturated group; d) dissolving said adduct of step c in a
water-miscible solvent. 30 18. The method of Claim 17 wherein said cyclic
anhydride is selected from maleic anhydride, dimethyl- maleic anhydride,
succinic anhydride, glutaric anhydride and citraconic anydride. 19. The
method of Claim 17 wherein said hydroxyl containing terminally unsaturated
reactant is selected 35     from 2-hydroxyethyl (meth)acrylate,
2-hydroxypropyl (meth)acrylate, 2-hydroxybutyl (meth)acrylate, allyl
alcohol, pentaerythritol tri(meth)acrylate, N-2-hydroxyethyl
(meth)acrylamide and methallyl alcohol. 20. The method of Claim 17 wherein
the cyclic anhydride is maleic anhydride and the hydroxyl containing
terminally unsaturated reactant is 2-hydroxyethyl methacrylate. 40 21. The
method of Claim 17 wherein said water-miscible solvent is selected from
acetone, ethyl acetate, isopropyl alcohol, ethanol, butyl acetate, n-propyl
acetate, isopropyl acetate, cyclohexane, n-hexane, isobutyl acetate,
sec-butyl acetate, amyl acetate, isoamyl acetate, butanol, acetonitrile,
N-methyl pyrollidone, tetrahydrofuran, butyrolactone, and mixtures thereof.
45 22. The method of Claim 21 wherein said solvent is ethyl acetate. 23. A
method of treating proteinaceous substrate to improve adhesion thereto
comprising applying to said substrate the composition of any of Claims 1-16
and allowing said composition to dry on said substrate. 50 Patentansprlche
1. Vorbehandlungsmittel zur Erhohung der Haftung von Haftmitteln,
Beschichtungen und/oder Verbund- werkstoffen auf proteinhaltigen
Substraten, gekennzeichnet durch 55       a) ein mit Wasser mischbares
Losungsmittel und I limit Film . . _ ._ ..  11I 



EP 0 325 038 Bi b) eine ungesattigte Karbonsaure der aligemeinen Formel: 0
,                                             C - 0- R2 R1 10
0H 0 15        wobel R, aus den Stoffen CH=CH,.C(CH3)=C(CH3),C(CH3)=CH,
CH2CH2, oder CH2CH2CH2 und R2 aus einer endstandig einfach-, zweifach-,
dreifach- oder mehrfach-ungesattigten Gruppe ausge- wihit ist. 2.
Vorbehandlungsmittel nach Anspruch 1, dadurch gekennzeichnet, daB das
Addukt aus folgenden >   20      Stoffen ausgewghlt ist:
(Meth)Akrylyloxyathyl-Maleat, (Meth)Akrylyloxypropyl-Maleat,
(Meth)Akrylyloxybutyl-Maleat, (Meth)Akrylyloxyathyl-Zitrakonat, 25
(Meth)Akrylyloxypropyl-Zitrakonat, (Meth)Akrylyloxybutyl-Zitrakonat,
(Meth)Akrylyloxyathyl-Dimethylmaleat,
(Meth)Akrylyloxypropyl-Dimethylmaleat,
(Meth)Akrylyloxybutyl-Dimethylmaleat, 30
(Meth)Akrylyloxyathyl-Sukzinat, (Meth)Akrylyloxyathyl-Glutarat,
(Meth)Allylyloxyathyl-Maleat. &  Vorbehandlungsmittel nach Anspruch 2,
dadurch gekennzeichnet, daB das Addukt Methakrylyloxylthyl- 35     Maleat
ist. 4. Vorbehandlungsmittel nach Anspruch 1, dadurch gekennzeichnet, daB
das mit Wasser mischbare L6sungsmittel aus Losungsmitteln ausgewghlt ist,
die teilweise oder ganzlich mit Wasser mischbar sind. 40 5.
Vorbehandlungsmittel nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, daB
das mit Wasser mischbare Losungsmittel ausgewghIt ist aus Azeton,
Athylazetat, Isopropylalkohol, Athanol, Butylazetat, n-Propylazetat,
Isopropylazetat, Zyklohexan, n-Hexan, Isobutylazetat, Sekundarbutyl-Azetat,
Amylazetat, Isoamylazetat, Butanol, Azetonnitril, N-Methyl-Pyrollidon,
Tetrahydrofuran, Butylazeton und Mischungen 45     daraus. 6.
Vorbehandlungsmittel nach Anspruch 5, dadurch gekennzeichnet, dal das mit
Wasser mischbare L6sungsmittel Athylazetat ist. 50  7. Vorbehandlungsmittel
nach Anspruch 6, dadurch gekennzeichnet, daB das Addukt aus folgenden
Stoffen ausgewghIt ist: (Meth)Akrylyloxyathyl-Maleat,
(Meth)Akrylyloxypropyl-Maleat, (Meth)Akrylyloxybutyl-Maleat, 



6a     (Meth)Akrylyloxyathyl-Zitrakonat, (Meth)Akrylyloxypropyl-Zitrakonat,
(Meth)Akrylyloxybutyl-Zitrakonat, (Meth)Akrylyloxyathyl-Dimethylmaleat, 11
'1111111 SIIII!IIIII   AIIIIIIID    EP 0 325 038 Bi
(Meth)Akrylyloxypropyl-Dimethylmaleat,
(Meth)Akrylyloxybutyl-Dimethylmaleat, (Meth)Akrylyloxygthyl-Sukzinat,
(Meth)Akrylyloxyathyl-Glutarat, 'i    (Meth)Allylyloxylthyl-Maleat. &
Vorbehandlungsmittel nach Anspruch 1, dadurch gekennzeichnet, daB es 1 bis
30 Gewichts-% Methakrylyloxyathyl-Maleat enthalt. 10  9.
Vorbehandlungsmittel nach Anspruch 8, dadurch gekennzeichnet, daB es 5 bis
20 Gewichts-% Methakrylyloxyathyl-Maleat enthalt. 10. Vorbehandlungsmittel
nach Anspruch 1, dadurch gekennzeichnet, daB es 10 Gewichts-%
Methakrylyloxyithyl-Maleat enthalt. 18 11. Vorbehandlungsmittel zur
Erhohung der Haftung von Haftmitteln, Beschichtungen und/oder Verbund-
werkstoffen auf proteinhaltigen Substraten, gekennzeichnet durch a) ein mit
Wasser mischbares Lbsungsmittel und b) eine ungesattigt Karbonsaure der
Formel: K20 0 H             110
CH3 25                 C                 0-CH2CH2 -  0- C -C
CH2 11 OH 30           H              1 35  12. Vorbehandlungsmittel nach
Anspruch 11, dadurch gekennzeichnet, daB das mit Wasser mischbare
Losungsmittel ausgewghIt ist aus Azeton, Athylazetat, Isopropylalkohol,
Athanol, Butylazetat, n-Propyla- zetat, Isopropylazetat, Zyklohexan,
n-Hexan, Isobutylazetat, Sekundarbutyl-Azetat, Amylazetat, Isoamy- lazetat,
Butanol, Azetonnitril, N-Methyl-Pyrollidon, Tetrahydrofuran, Butylazeton
und Mischungen dar- aus. 40 I. Vorbehandlungsmittel nach Anspruch 12,
dadurch gekennzeichnet, daB das mit Wasser mischbare Ldsungsmittel
Athylazetat ist. 14. Vorbehandlungsmittel nach Anspruch 11, 12 oder 13,
dadurch gekennzeichnet, daB es 1 bis 30 45     Gewichts-%
Methakrylyloxyathyl-Maleat enthaIt. 15. Vorbehandlungsmittel nach Anspruch
14, dadurch gekennzeichnet, das es 5 bis 20 Gewichts-%
Methakrylyloxyathyl-Maleat enthalt. 50  16. Vorbehandlungsmittel nach
Anspruch  15, dadurch  gekennzeichnet, daB  es 10  Gewichts-% 



Methakrylylokyathyl-Maleat enthalt. 17. Verfahren zur Herstellung von
Vorbehandlungsmitteln zwecks Forderung der Haftung von Haftmitteln,
Beschichtungen und/oder Verbundwerkstoffen auf proteinhaltigen Substraten,
gekennzeichnet durch 55     folgende Schritte: a) Bereitstellen eines
zyklischen Anhydrids, b) Bereitstellen eines Hydroxyl enthaltenden,
endstandig ungesattigten Reaktionspartners, 12~~~~~ 11X11 111g1 ZZX1
III., ,.    EP 0 325 038 Bi c) das zyklische Anhydrid wird mit dem Hydroxyl
enthaltenden, endstandig ungesattigten Reaktions- partner zur Reaktion
gebracht, so daB eine ungesattigte Karbonsaure der aligemeinen Formel: O 5
l RI C 0-  R2 10                                       K     00-H11 C 11 0
15 entsteht, wobei R1 aus den Stoffen CH=CH, C(CH3)=C(CH3), C(CH3)=CH,
CH2CH2, oder CH2CH2CH2 und R2 aus einer endstandig einfach-, zweifach-,
dreifach- oder mehrfach-ungeslittigten Gruppe ausgewAhlt ist, 20       d)
Aufldsen des Addukts nach Schritt c) in einem mit Wasser mischbaren
L6sungsmittel. 1& Verfahren nach Anspruch 17, dadurch gekennzeichnet, daB
das zyklische Anhydrid ausgewihit ist aus Malein-Anhydrid,
Dimethylmalein-Anhydrid, Bernsteinsaure-Anhydrid, Glutaranhydrid und
Zitrakon-Anh- ydrid. 25  19. Verfahren nach Anspruch 17, dadurch
gekennzeichnet, daB der Hydroxyl enthaltende, endstandig ungesgttigte
Reaktionspartner ausgewghIt ist aus: 2-Hydroxyathyl-(Meth)Akrylat,
2-Hydroxypropyl-(Meth)Akrylat, 2-Hydroxybutyl-(Meth)Akrylat, 30
Allyl-Alkohol, Pentaerythritol-Tri(meth)akrylat,
N-2-Hydrooxyathyl-(Meth)Akrylamid und Methallyl-Alkohol. s5  20. Verfahren
nach Anspruch 17, dadurch gekennzeichnet, daB das zyklische Anhydrid
Maleinhydrid ist und das Hydroxyl, das den endstandig ungesattigten
Reaktionspartner enthalt, ein 2-Hydroxyl-Metha- krylat ist. <2      21.
Verfahren nach Anspruch 17, dadurch gekennzeichnet, daB das mit Wasser
mischbare Losungsmittel 40     ausgewlhlt ist aus Azeton, Athylazetat,
Isopropylalkohol, Athanol, Butylazetat, n-Propylazetat, Isopropy- lazetat,
Zyklohexan, n-Hexan, Isobutylazetat, Sekundarbutyl-Azetat, Amylazetat,
Isoamylazetat, Butanol, Azetonnitril, N-Methyl-Pyrollidon, Tetrahydrofuran,
Butylazeton und Mischungen daraus. 



22. Vorbehandlungsmittel nach Anspruch 17, dadurch gekennzeichnet, daB das
Losungsmittel Athylazetat 45     ist. 23. Verfahren zur Behandlung von
proteinhaltigen Substraten zwecks Verbesserung der Haftung auf diesen
Substraten, dadurch gekennzeichnet, daB das Substrat dem
Vorbehandlungsmittel nach einem der AnsprUche 1 bis 16 ausgesetzt wird und
daB das Vorbehandlungsmittel auf dem Substrat getrocknet 50     wird.
Revendlcations 1. Composition de pr6traitement pour accroitre l'adh6rence
d'adh6sifs, de rev~tements et/ou de composi- 55     tes a des supports
prot6iques, comprenant: a) un solvant miscible a l'eau; et 13   1111111 Ll1
N11 111S    EP 0 325 038 BI b) un acide carboxylique insatur6 de formule
g6n6rale: 0 II C -0- R2 0-H C 10
1i 0 dans laquelle Ri   est choisi parmi CH=CH, C(CH3)=C(CH3), C(CH3)=CH,
CH2CH2 et CH2CH2CH2; et 15          R2   est choisi parmi des groupes
mono-, di-, tri- ou polyinsatur6s en bout de chaine. 2. Composition selon
la revendication 1, dans laquelle ledit adduct est choisi parmi le maldate
de (meth)- acryloyloxyethyle, le mal6ate de (m6th)acryloyloxypropyle, le
mal6ate de (m6th)acryloyloxybutyle, le citraconate de
(meth)acryloyloxy6thyle, le citraconate de (m6th)acryloyloxypropyle, le
citraconate de J20       (m6th)acryloyloxybutyle, le dim6thylmal6ate de
(m6th)acryloyloxyethyle, le dim6thylmal6ate de (m~th)- acryloyloxypropyle,
le dim6thylmal6ate de (m6th)acryloyloxybutyle, le succinate de (meth)-
acryloyloxyethyle, le glutarate de (m6th)acryloyloxyethyle et le mal6ate de
(m6th)allyloyloxy6thyle. 3. Composition selon la revendication 2, dans
laquelle ledit composant est le mal6ate de methacryloy- 25     loxyethyle.
4. Composition selon la revendication 1, dans laquelle ledit solvant
miscible a l'eau est choisi parmi des solvants partiellement miscibles a
I'eau et des solvants totalement miscibles a l'eau. 30  5. Composition
selon la revendication 1, 2 ou 3, dans laquelle ledit solvant miscible a
I'eau est choisi parmi l'acetone, I'ac6tate d'6thyle, I'alcool
isopropylique, I'6thanol, I'ac6tate de butyle, I'acetate de n- propyle,
I'ac6tate d'isopropyle, le cyclohexane, le n-hexane, Iac6tate d'isobutyle,
I'acetate de sec- butyle, I'ac6tate d'amyle, I'ac6tate d'isoamyle, Is
butanol, I'ac6tonitrile, la N-m6thylpyrrolidone, le tetrahydrofuranne, la
butyrolactone et des m6langes de ceux-ci. 35 6. Composition selon la
revendication 5, dans laquelle le solvant miscible a l'eau est l'acetate
d'6thyle. 7. Composition selon la revendication 6, dans laquelle ledit
adduct est choisi parmi le mal6ate de (meth)- K-i       acryloyloxyethyle,
le mal6ate de (m6th)acryloyloxypropyle, le mal6ate de
(meth)acryloyloxybutyle, le 



40     citraconate de (meth)acryloyloxyethyle, le citraconate de
(meth)acryloyloxypropyle, le citraconate de (m~th)acryloyloxybutyle, le
dim6thylmaleate de (m6th)acryloyloxyethyle, le dim6thylmal6ate de (meth)-
acryloyloxypropyle, le dimethylmal6ate de (m6th)acryloyloxybutyle, le
succinate de (meth)- acryloyloxy6thyle, le glutarate de
(meth)acryloyloxy6thyle et le mal6ate de (m6th)allyloyloxy6thyle. 45  8.
Composition selon la revendication 1, caracteris6e en ce que ladite
composition comprend de 1 a 30 % en poids de mal6ate de
m6thacryloyloxy6thyle. 9. Composition selon la revendication 8, comprenant
de 5 A 20 % en poids de mal6ate de mdthacryloy- loxyethyle. 50 10.
Composition selon la revendication 9, comprenant 10 % en poids de mal6ate
de m6thacryloyloxy6thy- le. 11. Composition de pr6traitement pour accroitre
I'adh6rence d'adh6sifs, de revetements et/ou de composi- 55     tes a des
supports prot6iques, comprenant: a) un solvant miscible a 1'eau; et 14
IIII1*   C    L    M    SII    EP 0 325 038 B1 b) un acide carboxylique
insatur6 de formule: 10~~~~~ --< ~     ~                     -C HU -o   O-
so   C                o  _~~~~ C2C-                         C -CH2 / \ Co/H
H | 150 12. Composition selon la revendication 11, dans laquelle ledit
solvant miscible a I'eau est choisi parmi l'acetone, I'ac6tate d'ethyle,
I'alcool isopropylique, I'6thanol, I'ac6tate de butyle, I'ac6tate de
n-propyle, .   20     I'acdtate d'isopropyle, le cyclohexane, le n-hexane,
I'ac6tate d'isobutyle, I'acetate de sec-butyle, I'acktate d'amyle,
l'ac6tate d'isoamyle, le butanol, I'ac6tonitrile, la N-m6thylpyrrolidone,
le tetrahydrofu- ranne, la butyrolactone et des m6langes de ceux-ci. I1.
Composition selon la revendication 12, dans laquelle le solvant miscible a
I'eau est l'ac6tate d'dthyle. 25 14. Composition selon la revendication 11,
12 ou 13, caract6ris6e en ce que ladite composition comprend de 1 a 30 % en
poids de mal6ate de m6thacryloyloxy6thyle. 15. Composition selon la
revendication 14, caract6ris6e en co que ladite composition comprend de 5 a
20 30     % en poids de maleate de m6thacryloyloxy6thyle. 16. Composition
selon la revendication 15, caract6ris6e en ce que ladite composition
comprend 10 % on poids de mal6ate de methacryloyloxy6thyle. 35  17. Proc6de
de preparation d'une composition pour favoriser I'adh6rence d'adh6sifs, de
revOtements eVou de composites a des supports prot6iques, comprenant les
6tapes suivantes: a) fourniture d'un anhydride cyclique; b) fourniture d'un
partenaire r6actionnel hydroxyl6, insatur6 en bout de chaine; K-'
c) mise en r6action dudit anhydride cyclique avec ledit partenaire
r6actionnel hydroxyl6, insatur6 en 40        bout de chaine, pour la
formation d'un acide carboxylique insatur6 de formule g6n6rale: 



0 452 0 -H C/ 50                                              0 dans
laquelle Ri   est choisi parmi CH=CH, C(CH3)=C(CH3), C(CH3)= CH, CH2CH2 et
CH2CH2CH2; et 55          R2   est choisi parmi des groupes mono-, di-,
tri- ou polyintsatur6s en bout de chaine. d) dissolution dudit adduct de
I'6tape c) dans un solvant miscible a l'eau. 15 * C   L   M   S   *    EP 0
325 038 B1 18. Proc6de solon la revendication 17, dans lequel ledit
anhydride cyclique est choisi parmi I'anhydride maleique, I'anhydride
dim6thylmal6ique, I'anhydride succinique, I'anhydride glutarique et
l'anhydride citraconique. ;  19. Procdcd selon la revendication 17, dans
lequel ledit partenaire r6actionnel hydroxyl6, insature en bout Y~4
de chaine, est choisi parmi le (mdth)acrylate de 2-hydroxy6thyle, le
(m6th)acrylate de 2-hydroxypropy- le, le (meth)acrylate de 2-hydroxybutyle,
I'alcool allylique, le tri(m6th)acrylate de penta6rythritol, le N-2-
hydroxyethyl-(m6th)acrylamide et l'alcool m6thallylique. 1O 20. Procdd6
selon la revendication 17, dans lequel l'anhydride cyclique est l'anhydride
maleique et le partenaire reactionnel hydroxyl6, insatur6 en bout de
chaine, est le m6thacrylate de 2-hydroxyethyle. 21. Proced6 solon la
revendication 17, dans lequel ledit solvant miscible a l'eau est choisi
parmi I'acetone, I'acetate d'ethyle, I'alcool isopropylique, I'6thanol,
I'acetate de butyle, I'acetate de n-propyle, I'acetate 15     d'isopropyle,
le cyclohexane, le n-hexane, I'ac6tate d'isobutyle, I'ac6tate de
sec-butyle, I'acetate d'amyle, l'acetate d'isoamyle, le butanol,
I'ac6tonitrile, la N-m6thylpyrrolidone, le t6trahydrofuranne, la
butyrolactone et des m6langes de coux-ci. 22. Proced6 selon la
revendication 21, dans lequel ledit solvant est l'ac6tate d'6thyle. _20 23.
Procedd de traitement d'un support prot6ique pour am6liorer I'adh6rence a
celul-ci, comprenant I'application sur ledit support de la composition
selon I'une quelconque des revendications 1 a 16 at la mise h secher de
ladite composition sur ledit support. 25 30 35 40 45 50 55    


