EP 1 022 320 B9

(19) g)

(12)

(15)

(48)

(45)

(21)

(22)

Europdisches Patentamt
European Patent Office

Office européen des brevets

(11) EP 1 022 320 B9

CORRECTED EUROPEAN PATENT SPECIFICATION

Note: Bibliography reflects the latest situation

Correction information:
Corrected versionno 1 (W1 B1)
Corrections, see page(s) 6, 8-10, 19

Corrigendum issued on:
15.06.2005 Bulletin 2005/24

Date of publication and mention
of the grant of the patent:
22.12.2004 Bulletin 2004/52
Application number: 00200575.9

Date of filing: 05.10.1994

(51)

Int C1.7: C09J 4/06, C09J 7/02
/1 (C09J4/06, CO8F283:00)

(54) Thermosettable pressure sensitive adhesive sheet

Warmehartbare druckempfindliche Klebefolie

Feuille adhésive thermodurcissable sensible a la pression

(84)

(30)

(43)

(62)

(73)

(72)

Designated Contracting States:
BE DE ES FR GB IT SE

Priority: 10.11.1993 US 150212

Date of publication of application:
26.07.2000 Bulletin 2000/30

Document number(s) of the earlier application(s) in
accordance with Art. 76 EPC:

97108444.7 /1 0 799 874

94930056.0 / 0 728 165

Proprietor: MINNESOTA MINING AND
MANUFACTURING COMPANY
St. Paul, Minnesota 55133-3427 (US)

Inventors:

Johnson, Michael A.,

Minnesota Min. and Manuf. Co.

St. Paul, Mn 55133-3427 (US)

Kitano, Shuichi,

Minnesota Mining and Manuf. Co.

St. Paul, MN 55133-3427 (US)

Itoh, Akira Minnesota Mining and Manuf. Co.
St. Paul, MN 55133-3427 (US)

(74)

(56)

Willett, Peggy S.

Minnesota Mining and Manuf. Co.
St. Paul, MN 55133-3427 (US)
Tumey, Michael L.

Minnesota Mining and Manuf. Co.
St. Paul, MN 55133-3427 (US)

Representative: Warcoin, Jacques et al
Cabinet Régimbeau

20, rue de Chazelles

75847 Paris cedex 17 (FR)

References cited:
EP-A- 0 359 373
EP-A- 0 799 874
US-A- 4 199 646

EP-A- 0 386 909
WO-A-93/23487

DATABASE WPI Section Ch, Week 9228 Derwent
Publications Ltd., London, GB; Class A14, AN
92-229909 XP002050591 & JP 04 153285 A
(NITTO DENKO CORP), 26 May 1992 (1992-05-26)

Remarks:

The file contains technical information submitted
after the application was filed and not included in this
specification

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.
99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1 022 320 B9 (W1B1)
Description
[0001] This application is a divisional application of the European patent application EP 97108444.7 (EPO799874).

FILED OF THE INVENTION

[0002] This invention relates to a method for providing topographical features to a substrate.

BACKGROUND OF THE INVENTION

[0003] U.S. Patent No. 5,086,088 which corresponds to EP-A-0386909 discloses a latent, thermosettable pressure-
sensitive adhesive composition comprising an acrylate pressure-sensitive adhesive and an epoxy resin component
which provides for the thermoset cure. The adhesive composition is disclosed as being useful to fasten roof molding
to a car body.

[0004] US A 4199 646 discloses a heat-activatable adhesive layer attached to a backing material such as a plastic
film or sheet. The heat-activatable adhesive layer has a low stickiness to the touch and thus is poorly bonded to an
object in its normal state but upon heating at a temperature of 50°C or above, exhibits excellent bonding strength.
Therefore, the pressure-sensitive adhesive layer disclosed in this document requires heat to activate the adhesive (i.
e. to produce tackiness within the adhesive layer).

[0005] EP 0 359 373 discloses an adhesive tape wherein the adhesive layer is curable with energy beam and the
so cured adhesive develops tackiness again when heated. Therefore, it is a heat-activatable adhesive layer and it
requires heat to be activated.

[0006] WO 93/23487 published in November 25!, 1993, is a document according to article 54(3). It discloses a
pressure-sensitive adhesive for adhering to permanent substrates, such as metal parts, or temporary substrates such
as plastic film coated with a release material. However, it does not teach or suggest a pressure sensitive adhesive
layer permanently attached to a dimensionally stable thermoplastic film.

BRIEF SUMMARY OF THE INSTANT INVENTION

[0007] The instant invention provides a hardenable sheet material for imparting topographical features to a perma-
nent substrate or a temporary substrate, said hardenable sheet material having first and second major surfaces, com-
prising a latent, thermosettable pressure-sensitive adhesive throughout a major portion of its thickness, and having a
dimensionally stable thermoplastic film laminated to said sheet material such that said dimensionaily stable film pro-
vides a smooth surface for painting,

wherein said first major surface of said sheet material is for contacting and adhering to the permanent substrate
or the temporary substrate, leaving said dimensionally stable thermoplastic film at said second major surface of said
sheet material exposed,

thermosetting and hardening said sheet material can provide a smooth transition between said dimensionally
thermoplastic film and the permanent substrate or the temporary substrate to which is has been adhered;
[0008] In an embodiment, said first major surface contacts a permanent substrate.
[0009] In another embodiment, said first major surface contacts a temporary substrate.
[0010] The sheet material of the invention finds particular utility in its application to primed or unprimed metal auto-
mobile parts or bodies to seal metal parts or provide emblems or insignia or design elements such as trim. The resulting
laminate is aesthetic since the hardened sheet material exhibits smooth, rounded edges relative to the substrate, and
can be painted or otherwise decorated as desired to match or complement the remainder of the automobile. Preferably
the sheet material is in the form of a tape.
[0011] Another application of the sheet material of the invention is in the fabrication of signs which are then adhered
to the permanent surface by means of an adhesive distinct from the sheet material employed in making the sign or
other article.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The sheet material of the invention comprises a latent, thermosettable pressure-sensitive adhesive. By "pres-
sure-sensitive adhesive" is meant that the adhesive exhibits pressure-sensitive adhesive properties at 22°C temper-
ature at which the sheet material is contacted with the permanent substrate or temporary substrate.

[0013] In certain applications where the sheet may require repositioning on or initial adhesion to a substrate is not
desired, itis desirable for the sheet to be tack-free at room temperature, but then upon heating, the sheet becomes tacky.
[0014] The composition of the thermosettable pressure-sensitive adhesive contained in the sheet material is such
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that, its modulus decreases permitting controlled flow of the sheet material at its edges resulting in smooth transition
lines between the exposed surface of the sheet material and the substrate to which it has been adhered. By "controlled
flow" is meant that there is no substantial change in the dimensions of the sheet material in its x- and y-planes defining
the first major surface. Typically the sheet material will have been configured in the desired shape and dimensions by
a process such as die-cutting or knife or laser slitting resulting in sharp transition lines. After the above-described
controlled flow has occurred, a latent curing or crosslinking chemistry is activated to harden the sheet material and the
pressure-sensitive adhesive therein. Accompanying such hardening may be a loss of substantially all the pressure-
sensitive adhesiveness of the sheet material. In a preferred embodiment of the invention, the controlled mass flow and
subsequent thermosetting, i.e., curing and/or cross-linking, reaction result from heating of the sheet material.

[0015] The sheet material used in the method of the invention comprises a latent thermosettable pressure-sensitive
adhesive throughout a major portion of its thickness. Preferably, the sheet material comprises the adhesive throughout
its entire thickness.

[0016] The thermosettable pressure-sensitive adhesive preferably comprises the photochemical reaction product of
starting materials comprising i) a prepolymeric (i.e., partially polymerized to a viscous syrup typically between 0,1 to
10 Pa.s (100 to 10,000 centipoises) or monomeric syrup comprising an acrylic or methacrylic acid ester; ii) an epoxy
resin; iii) a photoinitiator; and iv) a heat-activable hardener for the epoxy resin. Such a composition may be coated and
polymerized conveniently in a variety of thicknesses including relatively thick sections. A preferred embodiment is
defined in claim 6

[0017] The photopolymerizable prepolymeric or monomeric syrup contains an alkyl acrylic (acrylate) or methacrylic
ester (methacrylate) and optionally a copolymerizable reinforcing comonomer. The acrylic or methacrylic ester is a
monofunctional acrylic or methacrylic ester of a non-tertiary alcohol, having from 4 to 12 carbon atoms in the alcohol
moiety. Included in this class of esters are n-butyl acrylate, hexyl acrylate, 2-ethylhexyl acrylate, octyl acrylate, isooctyl
acrylate, decyl acrylate and dodecyl acrylate. Mixtures of esters may be employed.

[0018] The copolymerizable reinforcing monomer, if employed, is preferably selected from the group consisting of
monomers such as acrylic acid, isobornyl acrylate, N-vinyl pyrrolidone, N-vinyl caprolactam, N-vinyl piperidine, N,N-
dimethylacrylamide, and acrylonitrile. Preferred reinforcing monomers are nitrogen-containing such as those nitrogen-
containing monomers listed above. The reinforcing monomer will generally be selected such that a homopolymer pre-
pared therefrom will have a glass transition higher than a homopolymer prepared from the acrylic or methacrylic ester
employed.

[0019] In the event that the prepolymeric or monomeric syrup comprises both an acrylic or methacrylic ester and a
reinforcing comonomer, the acrylic or methacrylic ester (alkyl acrylate or methacrylate) will generally be present in an
amount of 50 to 95 parts by weight, and the reinforcing comonomer will be present in a corresponding amount of 50
to 5 parts by weight. One skilled in the art will be able to vary the nature and amount of the reinforcing monomer to
obtain the pressure-sensitive adhesive properties desired.

[0020] It may also be desirable to employ glycidyl methacrylate, glycidyl acrylate or another epoxy-functional mon-
omer as a starting material together with the acrylic or methacrylic ester and reinforcing monomer, if employed. Such
an epoxy-functional monomer, if employed, will preferably be present in an amount of about 0.1 to 10 parts by weight
per 100 parts by weight of all monomers used.

[0021] Another epoxy-functional oligomer useful as a reinforcing or cross-linking species is the epoxy adduct of
2-isocyanatoethylmethacrylate and the diglycidyl ether of bisphenol A. The useful reinforcing agents increase the mod-
ulus of the cured composition without significantly affecting the melt flow characteristic of the material.

[0022] A preferred embodiment is defined in claim 14.

[0023] The reinforcement of the cured composition may also be effected by the use of silanes which have an orga-
nofunctional group capable of reacting with an epoxy group, or a vinyl group, and a silane functional group which can
react with silanol groups at the surface of suitable inorganic fillers.

[0024] Silanes are commercially available from a number of different suppliers including Huls America, Inc. Mixtures
of silanes may also be used. In a useful embodiment, a mixture of two silanes having different functional groups can
be used. For example, the first silane may contain a functional group that is selectively reactive with the oxirane group
of the epoxy resin and the second silane is contains a functional group that is reactive with the acrylates. In practice,
the silica fillers might then serve as a bridging component to connect the epoxy and acrylate phases of the thermoset-
table pressure sensitive adhesive. A blend of commercially available silanes that function in this manner are Huls®
G6720 (epoxy silane) and Hils® M8550 (methacrylate silane). The blend can be used in a 1:1 ratio, although the
amount of each silane could be adjusted for the ratio of the acrylates and the epoxies in the formulation.

[0025] Reinforcement can also be achieved by adding suitable polymers or copolymers to the composition. Useful
reinforcing polymers and copolymers are those having a glass transition temperature greater than 25°C. The polymers
or copolymers are those that can be dissolved by the acrylate monomers. Some polymers may require heating of the
polymer/acrylate monomer mixture to form a solution. A specific example of a useful polymer is a polyacetal such as
poly(vinylbutyral), and examples of copolymers are methyl methacrylate/butyl methacrylate, polyethylmethylmethacr-
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ylate, polyisobutylmethacrylate, or combinations thereof. Suitable copolymers are available commercially from Rohm
& Haas such as Acryloid® B-66, Acryloid® B-60 and Acryloid® B-67.

[0026] A preferred polymer is polyvinyl butyral (PVB) because it not only increases the modulus of the cured com-
position but also enhances the adhesion of the paint to the sheet. Preferably, the PVB has a hydroxyl functionality
sufficient for solubility in the acrylate monomers. Hydroxyl functionalities between 9% and 13% have been found to be
useful. The PVB can be used in amounts from 10 to 120 parts PVB per 100 parts of acrylate. Higher amounts can be
used although the high viscosity of the mixture may require specialized equipment. Preferred amounts of PVB are
between about 20 to 80 parts PVB per 100 parts acrylate for enhanced reinforcement.

[0027] Poly(vinylbutyral) resins are sold by Monsanto under the trademark Butvar® in various grades having different
molecular weights, etc. For constructions where more melt flow is desired, the lower molecular weights, i.e., less than
40,000 are useful, although higher molecular weight resins are useful where excessive flow is not needed. (Polyvinyl)
butyral may also be added in a sufficient amount to reduce or eliminate the tack of the sheet material.

[0028] The acrylic copolymers useful in the pressure-sensitive adhesive are very stable compositions. Because of
their stability, the sheet material employed in the method of the invention may be subjected to the heat conditions
required for curing the epoxy resin without degradation of the pressure-sensitive adhesive portion of the composition.
Other types of pressure-sensitive adhesives might experience a partial or total loss of adhesion, causing detachment
of the sheet material from the substrate such as a structural part to which it has been adhered prior to the conditions
required, i.e., length and elevation of temperature, for thermosetting of the epoxy resin.

[0029] Further, both the photopolymerizable acrylic or methacrylic prepolymer or monomeric syrup and the photopo-
lymerized polymer form a stable mixture with the epoxy resin.

[0030] Useful epoxy resins may be selected from the group of compounds that contain an average of more than one,
and preferably at least two, epoxy groups per molecule. The epoxy resin preferably is either liquid or a semi-liquid at
room temperature for handling purposes. Most preferred is a mixture of a liquid and solid resin. Representative exam-
ples include phenolic epoxy resins, bisphenol epoxy resins, hydrogenated bisphenol epoxy resins, aliphatic epoxy
resins, cycloalipatic and halogenated bisphenol epoxy resins. Mixtures of epoxy resins may be employed.

[0031] Preferred epoxy resins include bisphenol epoxies with the most preferred epoxy resin being the diglycidyl
ether of a bisphenol-A, formed by reaction of bisphenol-A with epichlorohydrin.

[0032] The epoxy resin will generally be present in an amount of 25 to 120 parts by weight based on 100 parts by
weight of the prepolymeric or monomeric syrup.

[0033] The photoinitiator employed to polymerize the prepolymeric or monomeric syrup may be any conventional
free radical photoinitiator activatable by, for example, ultraviolet light. An example of a suitable photoinitiator is
2,2-dimethoxy-1,2-diphenylethane-1-one (Irgacure® 651 available from Ciba-Geigy Corporation). The photoinitiator
will typically be employed in an amount of 0.01 to 5 parts by weight per 100 parts of the prepolymeric or monomeric
syrup.

[0034] The heat-activatable hardener is added to effect the curing of the epoxy resin under application of heat. The
hardener may be any type, but preferably an amine type hardener that is selected from the group comprising dicyan-
diamide or polyamine salts. These are available from a variety of sources, e.g., Ornicure® available from Omicron
Chemical and Ajicure® available from Ajinomoto Chemical. The heat-activatable hardener will typically be employed
in an amount of 0.1 to 20 parts by weight, and preferably 0.5 to 10 parts by weight per 100 parts by weight of the
prepolymeric or monomeric syrup. Sufficient hardener should be employed to achieve cure of the epoxy resin.
[0035] Since there are many points in, for example, an automotive painting cycle at which the sheet material may
be used, the heat to which the sheet material is exposed may be insufficient to fully cure the epoxy resin. In these
cases, it may be advantageous to add an accelerator to the prepolymer blend, so the resin may fully cure at a lower
temperature, or may fully cure when exposed to heat for shorter periods. Imidazoles and urea derivatives are particularly
preferred in the practice of the present invention for use as accelerators because of their ability, as shown by the
examples herein, to extend the shelf life of acrylic based materials containing uncured epoxy resin. The most presently
preferred imidazoles for use in the present invention are 2,4-diamino-6-[2'-methyl-imidazolyl-(1')]ethyl-s-triazine iso-
cyanurate, 2-phenyl-4-benzyl-5-hydoxymethylimidazole, hexakis (imidazole) nickel phthalate, and 2,4-diamino-6[2'-
methylimidazolyl-(1')]ethyl-s-triazine and toluene bis-dimethylurea. Such an accelerator may be employed typically in
an amount of up to 20 parts by weight per 100 parts by weight of the prepolymeric or monomeric syrup.

[0036] In order to provide a sheet material exhibiting the desired flow characteristics in response to heating it may
be desirable to include a chain transfer agent in the starting materials used for preparing the thermosettable pressure-
sensitive adhesive. Such inclusion facilitates obtainment of a lower molecular weight acrylic polymer having a broader
distribution of molecular weight.

[0037] The addition of polycaprolactone polyols to the latent, thermally curable, pressure-sensitive adhesive acrylate-
epoxy composition has been found to enhance the flow properties of the composition upon thermal curing as well as
to improve the paint adhesion at low temperatures.

[0038] The polycaprolactone polyols (also referred to herein as polycaprolactones) that are useful in the practice of
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the present invention include those described in U.S. Pat. No. 3,169,945. Preferred polycaprolactone polyols are those
represented by the following structure:

HO-[(CH,)5-C(=0)-0],,-R-[0-C(=0)-(CH,);5],-OH

wherein

R is a divalent alkylene radical, and
n is approximately 2-200

Useful commercially available polycaprolactone polyols are available from Union Carbide, Inc. under the Tone® trade-
mark as diols and polymers.

[0039] Polyester polymers have also been found to be useful additives in practicing this invention. Preferred poly-
esters are those having carboxyl or hydroxyl terminal groups and a number average molecular weight between about
7500 to 200,000, more preferably between about 10,000 to 50,000, and most preferably between 15,000 to 30,000. It
is preferred that the polyester polymers are also linear, saturated, and semi-crystalline copolyesters. Suitable com-
mercially available copolyester materials include Dynapol® S1402, Dynapol® S1358, Dynapol® S1227, Dynapol®
S1229, Dynapol® S1359, and DynapolS1401 available from Hiils America, Inc.

[0040] Other useful materials which can be blended into the thermosettable pressure-sensitive adhesive include,
fillers, pigments, fibers, woven and nonwoven fabrics, foaming agents, antioxidants, stabilizers, fire retardants, and
viscosity adjusting agents.

[0041] In particular, nonwoven or loosely woven scrim materials have been found to be useful in reinforcing the sheet
material. Nonwovens can be formed from polymeric fibers that adhere to the sheet material such as polyester, nylon,
polypropylene, cellulose acetate, acetate, and blends thereof. It is preferred that they are relatively thin materials, e.
g., from 0.005 mm to about 0.1 mm. The useful thickness of the scrim materials can vary depending upon the thickness
of the sheet material, but typically, it is less than 20% of the thickness of the sheet, and preferably the nonwoven
thickness is less than 10% of the thickness of the sheet. Nonwovens materials used to channel trapped air during
bonding, as detailed here below, preferably have a basis weight of 5 to 20 grams/square centimeter. Suitable nonwo-
vens are commercially available under the trade name Cerex® from Mitsubishi Petrochemical Co. under the trade
name Syntex®, and from Reemay Inc. The nonwoven materials may be embedded within the sheet material or located
on one or both sides of the sheet material.

[0042] Longfibers, yarns, and filaments are also found to be useful in reinforcing the sheet material. Preferred fibers
have a fiber diameter greater than 5 um (microns) and less than about one-tenth of the thickness of the sheet material.
The fibers and filaments can be made from polyester, nylon, acetate, cellulose. The number of fibers and filaments
used will vary depending upon the amount of reinforcement required. The number of fibers, yarns or filaments that
may be used can vary from about 1 to 2000 per cm width. Practically, the number of fibers, filaments per cm width
would be in the range of 1 to 200 due to the cost of the filaments and ease of handling.

[0043] A thermoplastic film that is dimensionally stable at exposure temperatures of use, i.e., oven paint cure cycles
up to about 200°C or cold weather temperatures, may be laminated to the sheet material to provide a very smooth
surface for painting. Useful films include polyimide films and biaxially oriented polyester films in thicknesses of from
0.025 mm to 0.5 mm, and preferably in the range of about 0.05 mm to about 0.25 mm.

[0044] The sheet material of the present invention is preferably prepared by premixing together the photopolymer-
izable monomers and the photoinitiator. This premix is then partially polymerized to a viscosity in the range of from 0.5
Pa.s (500 cps) to 5 Pa.s (5,000 cps) to achieve a coatable syrup. Alternatively, the monomers may be mixed with a
thixotropic agent such as fumed hydrophilic silica to achieve a coatable thickness. The other ingredients such as the
epoxy resin and heal-activatable hardener are then added to the syrup prior to photo-polymerization.

[0045] The above composition is coated onto a flexible carrier web, preferably a silicone release liner which is trans-
parent to ultraviolet radiation, and polymerized in an inert, i.e., a substantially oxygen free, atmosphere, e.g., a nitrogen
atmosphere. A sufficiently inert atmosphere can be achieved by covering a layer of the photoactive coating with a
plastic film which is substantially transparent to ultraviolet radiation, and irradiating through that film in air as described
in U.S. Pat. No. 4,181,752 (Martens et al.). The liners may then be removed when it is desired to use the resulting
sheet material in the method of the invention.

[0046] The nonwoven can be incorporated into the sheet material by placing the nonwoven material on top of the
silicone release liner and coating the composition on top of the nonwoven. Fibers or filaments can also be embedded
into the sheet material by laying the fibers onto the coated syrup before polymerizing.

[0047] Alternatively, the nonwoven material, and fibers or filaments may be laminated to the finished sheet material
using conventional equipment such as nip rollers if the sheet material is sufficiently tacky to adhere to the nonwoven
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or the fibers. If the sheet material is not tacky, the nonwoven or fibers may be laminated to the sheet material by heating
the sheet material and laminating or using heated nip rollers. If heat is used, the sheet material must be maintained at
a temperature below the thermosetting temperature of the sheet material.

[0048] It has been discovered that when the nonwoven or fibers are adhered to the surface of the sheet material, a
further advantage is provided. When the sheet material is applied to a surface to be sealed, air can be entrapped
between the sheet material and surface, particularly when the sheet material is tacky. When the sheet material is
heated to thermoset, the air expands and creates an air bubble. As the applied sheet material is cooled, the air bubble
collapses and leaves an unsightly crater. The advantage of using the nonwoven or fibers adhered to the outside surface
of the sheet material is when that the fiber or nonwoven side of the sheet material is adhered to the surface, channels
are provided for entrapped air to escape. Thus when the sheet material is heated, the adhesive flows through the
nonwoven or around the fibers to bond to the surface without craters.

[0049] The nonwoven may be applied to cover only a portion of the sheet material or all of the sheet material.
[0050] The sheet material of the present invention has a number of applications in industry. One utility of the sheet
material is in the automotive industry where it can be utilized in a process to seal metal joints in automobiles. By this
process, one first prepares the sheet material such as by the above-described process. Subsequently, the sheet ma-
terial would be applied over the joint to be sealed. Complete sealing and bonding would be obtained because the sheet
material flows prior to hardening. As a result of the controlled flow of the edges of the sheet material, an aesthetic
surface appearance is achieved. The exposed surface of the hardened sheet material can then be painted or otherwise
decorated to match the automobile body.

[0051] A preferred embodiment is defined in claim 27.

[0052] An alternative application of the sheet material of the invention is in the application of emblems or insignia or
design elements to surfaces such as an automobile body. An example of an emblem or insignia is a logo of an auto-
mobile manufacturer. An example of a design element is trim to enhance and highlight auto body curvature and to
provide protection to the primed metal substructure without the need for complex metal stamping to obtain the shape.
In such an application, the sheet material is configured initially in the shape of the , emblem or insignia or design
elements desired such as by die-cutting. The application of the sheet material of the invention thereby provides an
aesthetically pleasing emblem or insignia having smooth transition lines relative to the surface to which it has been
bonded.

[0053] In still another application of the sheet material of the invention, the substrate to which the sheet material is
initially adhered is a temporary substrate such as a disposable liner. Subsequent to hardening of the sheet material in
a fashion to provide the controlled flow of its edges, the hardened sheet material may be fastened (e.g., adhered) to
the permanent substrate through the use, for example, of an adhesive system distinct from the sheet material itself
since the hardened sheet material may be substantially devoid of pressure-sensitive adhesive properties. In this man-
ner, the sheet material of the invention may be used to apply configured, hardened sheet matenials such as signs to
surfaces such as wooden doors.

[0054] The invention is further illustrated by the following examples in which all parts are expressed as parts by
weight unless otherwise indicated. The amounts of materials used in the examples are given in parts by weight unless
otherwise specified.

Test Methods

[0055] 121°C (250°F) Shear Creep Flow Test: A 4,83:104 m2(34 inch2) piece of tape is placed at the top of a 5,08
cm (2 inch) by 15,24 cm (6 inch) anodized aluminum panel. A 5,08 cm (2 inch) by 2,54cm (1 inch) piece of anodized
aluminum weighing approximately 5.5¢ is placed on top of the tape and parallel to the base panel; contact is made by
rolling twice with a 6,8 kg (15 Ib). wheel. A line is drawn to mark the initial position of the small aluminum piece. The
panel is then hung vertically on a rack and placed in a 121°C (250°F) oven for 30 minutes. After this time, the rack is
removed and allowed to cool. When cool, the panel is removed from the rack and the position of the small aluminum
piece of marked by drawing a line. The difference between the initial position and the position after heating is measured
in centimeters. If the tape is very meltable and the small aluminum piece falls off, a reading of > 15 cm will be noted.
[0056] Melt Flow Visual Observation: A 6,4:-10-4m2 (1 inch2) piece of tape is placed on a steel panel which has been
electro-coated with paint primer, such as PPG® ED-3150 (from Advanced Coatings Technology, Inc., Michigan). The
panel with tape is placed horizontally in a 121°C (250°F). oven for 30 minutes, then removed and allowed to cool to
room temperature. Visual examination of the tape is made based on the following criteria:

1 = no flow, tape has square edges.

2 = some flow, tape has slightly rounded edges.
3 = more flow, tape has very rounded edges.

4 = more flow, tape is starting to become liquid.
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5 = most flow, tape has become liquid.

[0057] Vertical Flow During Cure: Flow during cure is measured by cutting a sample, approximately 2.54 cm by 1.27
cm, adhering it to a panel which has been electro-coated with paint primer (PPG®ED-11 primer from Advanced Coatings
Technology, Inc., Michigan). The position of the bottom of the tape is marked, then the panel with tape is placed vertically
in a 177°C oven for 20 minutes. The panel is then removed and allowed to cool to room temperature. The amount of
flow is measured in millimeters from the mark prior to heating to the position of the bottom of the tape after heating
and curing.

[0058] Paint Adhesion: A sample measuring about 2.54cm by 7.5cm is applied to a PPC,® ED-11 painted panel and
heated at 177°C for 12 minutes. The panel is then spray coated with a base coat HWB90394® (white from PPG
Industries, Inc.) and baked in an oven at 121°C for 30 minutes. A two-part clear coat (Part A is CNCT2AH, Part B is
CNCT2BE) was mixed by hand and spray coated onto the base coat. The painted panel is cured in a second cycle as
described above. The painted panel is then cooled to room temperature and conditioned for at least 16 hours. The
paint is then tested for paint adhesion by cross hatching the cured paint surface and testing for adhesion of the paint
to the sheet. The test is conducted according to ASTM D-3359-90. The test results are reported as a percentage of
the paint surface that is left intact.

[0059] Tensile Strength: The tensile strength and elongation of the sheets is measured both uncured (after the sheet
is made) and with a thermal cure (20 minutes at 177°C). The tensile strength and elongation are determined according
to ASTM 412-87 on an Instron® Tensile Tester, using the described sample length of 33.27 mm., and a jaw separation
speed of 50.8 centimeters per minutes. The samples are conditioned at least 24 hours after curing before testing.
Tensile results are reported in megaPascals (MPa) and elongation is reported in percent of the original length (%).
[0060] Overlap Shear Strength: A 1.25 cm by 2.54 cm strip of sheet material is adhered between overlapping ends
of two ED-11 panels (PPG ED-11® electrodeposition primed steel panel available from Advanced Coating Technolo-
gies, Inc.) measuring 2.5 cm by 5 cm. The sample is rolled down with two passes of a 6.8 kg roller.

[0061] For initial test results, the sample (not thermally cured) is conditioned at room temperature for 20 minutes,
then the panels are clamped into the jaws of an Instron®Tensile Tester and the jaws are separated at a rate of 5 cm/
min. The force at adhesive failure is recorded in megaPascals (MPa).

[0062] For cured shear strength, the sample is heated at 177°C for 12 minutes, then heated at 120°C for 30 minutes,
and then cooled to room temperature and conditioned for 16 hours before testing.

[0063] 90° Peel Adhesion: The peel adhesion is determined by laminating a 1.27 cm by 15.24 cm strip of the sheet
material to a 0.13 mm thick strip of anodized aluminum. The strip is then laminated to an ED-11 | panel and rolled down
with 2 passes of a 2 kg roller. The panel is then attached to a fixture on an Instron® Tensile Tester so that the aluminum
foil is pulled off at a 90° angle at a crosshead speed of 30.48 centimeters per minute. The peel adhesion is recorded
in Newtons per decimeter (N/dm).

[0064] Cured Hardness: The hardness of a sample cured for 20 minutes at 177°C is determined using a conventional
hardness tester and the test results are reported in Shore A hardness.

GLOSSARY
[0065]

BA - Butyl acrylate (Union Carbide)

NVC - N-Vinyl caprolactam (BASF)

NNDMA - N,N-Dimethylacrylamide (Jarchem)

Acryloid®B-60 - Methyl methacrylate/butyl methacrylate copolymer, Tg = 75°C (Rohm and Haas)
Epon®828 - Diglycidyl ether of bisphenol A (Shell Chemical)

Eponex®1510 - Hydrogenated diglycidyl ether of bisphenol A (Shell Chemical)
Tone®0200 - Polycaprolactone diol (Union Carbide; M.W. = 530)

Tone®0210 - Polycaprolactone diol (Union Carbide; M.W. = 830)

Tone®230 - Polycaprolactone diol (Union Carbide; M.W. = 1250)

Tone®0240 - Polycaprolactone diol (Union Carbide; M.W. = 2000)

Tone®0260 - Polycaprolactone diol (Union Carbide; M.W. = 3000)

Tone®P300 - Polycaprolactone polymer (Union Carbide)

Tone®P767E - Polycaprolactone polymer (Union Carbide)

Dynapol®S1402 - Polyester copolymer (Huls America, Inc.)

KB-1 - Esacure®KB-1 - Benzil dimethyl ketal (Sartomer)

Irg 1010 - Irganox®1010 Antioxidant (Ciba-Geigy)

DICY - Micronized dicyandiamide
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HINP - hexakis(imidazole) nickel phthalate

M5 - Cab-O-Sil®M5 - Hydrophilic fumed silica (Cabot Corporation)

2MZ®Azine - Curezol®2MZ Azine - 2,4-Diamino-6 [2'-methylimidazolyl-(1')] ethyl-s-triazine (Air Products)
C15-250® - glass microspheres (Minnesota Mining & Manufacturing Co.)

CBr, - carbon tetrabromide

IRG 651 - benzil dimethyl ketal (Irgucure®651 Ciba Geigy)

EPIKOTE® - epoxy resins under this trade name are equivalent to the Epon material of the same number
2MAOK®- 2,4-Diamino-6[2'-methylimidazolyl-(1)]ethyl-s-triazine isocyanurate adduct epoxy hardener from
Shikoku Chemical Co.Ltd.

Butvar B-79 - polyvinylbutyral resin from Monsanto Co. having molecular weight of 34000-38000
Butvar®B-76 - polyvinylbutyral resin from Monsanto Co. having molecular weight of 40000-55000

COMPARATIVE EXAMPLE 1

[0066] One hundred parts of a mixture of n-butyl acrylate/N-vinyl caprolactam, with a monomer ratio of 80/20, was
blended with 0.04 parts of Irgacure®651 photoinitiator and photopolymerized with an ultraviolet (UV) light source (Syl-
vania® F20T 12BL) under a constant nitrogen purge to a viscosity of about 3000 cps. An additional 0.1 part of Irga-
cure®651 (available from Ciba-Geigy Corporation), 50 parts of Epon®1001 (diglycidyl ether of bisphenol A available
from Shell Chemical Co.), 30 parts of Epon®828 (diglycidyl ether of bisphenol A available from Shell Chemical Co.),
5.94 parts of micronized dicyandiamide hardener, 5.04 parts of toluene bis-dimethyl urea (Omicure®24 available from
Omicron Chemicals Inc.), and 0.05 parts of 3-mercaptopropionic acid as a chain transfer agent were added. The mixture
was thoroughly mixed on a laboratory mixer for about 15 minutes and allowed to slowly roll on a ball mill mixer for
approximately 16 hours. The mixture was then knife coated at a thickness of 40 mil (1.016 millimeters) onto a trans-
parent silicone coated polyester liner having a thickness of about 0.05 millimeters and covered with a second similar
polyester liner. The coated mixture was photopolymerized using UV light sources above and below the tape having
intensities of 1.82 mWatts/cm?2 above and 1.73 below at the web as measured using a Uvirad radiometer (Model No.
VR365CH3) from E.L.T. (Electronic Instrumentation & Technology, Inc., Sterling, VA). The total UV energy was 450
mJoules/cm?2.

[0067] The liners were removed from the adhesive sheet material obtained above and the sheet material was adhered
to a steel sheet. The resulting laminate was then placed for twenty minutes in an oven maintained at (270°F) 132°C.
During this heating cycle the edges of the sheet material flowed to provide smooth transition lines between the apex
of the sheet material and the steel sheet.

COMPARATIVE EXAMPLE 2

[0068] A sheet material was prepared according to the procedures of comparative Example 1 and was converted
into a tape having a width of one-half inch (1.27 cm). The tape was placed in a recessed lap joint which was prepared
by spot welding two pieces of steel together. A base coat ("NHU90394R" available from PPG, Pittsburgh, PA) was
applied directly over the tape and the lap joint/tape laminate was placed in an oven maintained at 132°C (270°F) for
20 minutes. A clear coat (DCT 5000 from PPG, Pittsburg, PA) was then applied and the lap joint/tape laminate was
thereafter run through a second baking cycle as above. The resulting sealed lap joint had an aesthetically pleasing,
painted appearance.

COMPARATIVE EXAMPLE 3

[0069] An adhesive sheet material was prepared using the ingredients (and amounts thereof) and procedures de-
scribed in comparative Example 1 except that no chain transfer agent was included, and the amounts of micronized
dicyandiamide hardener and toluene bis-dimethyl urea added to the coatable syrup were 10.8 parts and 9.02 parts,
respectively.

[0070] The sheet material was converted to a tape which was then adhered to a recessed lap joint and processed
all as described in comparative Example 2. During the process, the edges of the tape flowed, but to a lesser extent
than resulted in comparative Example 2, to provide smooth transition lines between the apex of the tape and the
recessed lap joint.

COMPARATIVES EXAMPLES 4 - 6

[0071] The components which are listed in Table 1A were mixed together to prepare three formulations which varied
only in the type of nitrogen-containing copolymerizable monomer used. The ratio of the butyl acrylate to the nitrogen-
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containing copolymerizable monomer in the syrup was varied so as to maintain the nitrogen-containing monomer on
an equivalent molar basis. All amounts are amounts by weight.

[0072] Syruping: The acrylate components were blended with photoinitiator and photopolymerized with an ultraviolet
(UV) light source under a constant nitrogen purge to produce partially polymerized "syrups". These syrups were then
blended with the epoxy, epoxy curatives and other ingredients and were mixed until a solution was achieved.

[0073] Coating: These resulting formutations were degassed in a vacuum and fed into the nip of a knife-coater be-
tween two transparent, biaxially-oriented polyethylene terphthalate films, the facing surfaces of which had a silicone
release coating. The knife coater was adjusted to provide a coating thickness of approximately 1,016 millimeters (40
mils). The coatings emerging from the knife coater were irradiated with a UV light source, exposing each side of the
coatings to a total energy of 223 mj/cm? at an intensity of 1.29 mW/cm?2, to give pressure-sensitive transfer tapes. The

properties of these tapes are shown in Table 1B.

TABLE 1A
SYRUPS Syrup A Syrup B Syrup C
Butyl acrylate (BA) 76 78 72
N-Vinyl pyrrolidone 24 -- --
(NVP)
N,N-Dimethylacrylamide -- 22 --
(NNDMA)
N-Vinyl caprolactam -- -- 28
(NVC)
Esacure® KB-1 (benzil 0.04 0.04 0.04
dimethyl ketal from
Sartomer)
Viscosity in Pa.s (cps) 2.160 (2160) 2 (2000) 2.320 (2320)
FORMULATIONS COMPARATIVE COMPARATIVE COMPARATIVE

EXAMPLE 4 EXAMPLE 5 EXAMPLE 6
Syrup A 100 - --
Syrup B -- 100 --
Syrup C -- - 100
DER 331/Epon 1001F 80 80 80
(50/50)
Esacure® KB-1 0.1 0.1 0.1
Dicyandiamide 4.2 4.2 4.2
Hexakis (imidazole) 21 21 21
nickel phthalate
Aerosil® R-972 2 2 2
(Degussa)
F-80ED (polymeric 1.2 1.2 1.2
microspheres from
Matsumoto)

TABLE 1B
PROPERTIES COMPARATIVE COMPARATIVE COMPARATIVE

EXAMPLE 4 EXAMPLE 5 EXAMPLE 6
Tensile Strength (83) (5) (95)
(uncured), (psi)Pa 572103 34103 655-103
% Elongation (uncured) 1081 981 710
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TABLE 1B (continued)

PROPERTIES

COMPARATIVE
EXAMPLE 4

COMPARATIVE
EXAMPLE 5

COMPARATIVE
EXAMPLE 6

% Gel (EtOAc x 24 hr),

95 (No sample

Sample partially dissolved

87 (No sample dissolution)

(cured: 140° C x 30 min)

(uncured) dissolution)

Tensile Strength, (psi) Pa (700) (215) (593)
(cured: 140° C x 30 min) 4926-103 1482-108 4089-103
% Elongation (cured: 55 313 52
140° C x 30 min)

Dynamic Shear off (414) (235) (441)
Aluminum, (psi) Pa 2854-103 1620-103 3179103

COMPARATIVE EXAMPLE 7

[0074]

As an additional characterization of these systems, the cured transfer tapes (140° C for 30 min) of Examples

4-6 were submitted for analysis by transmission electron microscopy. All the samples showed epoxy domains within
a continuous acrylate phase, however, the average size of the majority of those epoxy domains was much larger (0.75
um) for the comparative Example 5 sample than for the comparative Example 4 sample (0. 18 um) or the comparative
Example 6 sample (0.25 um).

COMPARATIVES EXAMPLES 8-11

[0075]

The components listed in Table 2A were mixed together to prepare four formulations which differed in the

non-polar monomer used (BA or IOA), and the nitrogen-containing monomer used (NNDMA or NVC). The formulations
were syruped and coated with the procedure described in comparatives Examples 4-6. The coated mixture was pho-
topolymerized using UV light sources (positioned above and below the tape) having intensities of 1.1 mW/cm? to 2.5
mW/cmZ2. The total UV energy was 797 mJ/cm2. The properties of these tapes are shown in Table 2B.

TABLE 2A
SYRUPS Syrup A Syrup B Syrup C Syrup D
Butyl acrylate 80 -- 80 --
IsoOctyl acrylate -- 80 -- 80
N, 20 20 - -
N-Dimethylacrylamide
N-Vinyl caprolactam -- -- 20 20
Esacure® KB-1 0.04 0.04 0.04 0.04
Viscosity Pa.s (cps) * 0,036 (36) 0,264 (264) 0,008 (8) 0,484 (484)
FORMULATIONS COMPARATIVE COMPARATIVE COMPARATIVE COMPARATIVE

EXAMPLE 8 EXAMPLE 9 EXAMPLE 10 EXAMPLE 11
Syrup A 100 -- -- --
Syrup B -- 100 -- --
Syrup C -- -- 100 --
Syrup D - - - 100
Epon® 828 30 30 30 30
Epon® 1001F 50 50 50 50
Esacure® KB-1 0.2 0.2 0.2 0.2
Dicyandiamide 6 6 6 6

10
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TABLE 2A (continued)

SYRUPS Syrup A Syrup B Syrup C Syrup D
FORMULATIONS COMPARATIVE COMPARATIVE COMPARATIVE COMPARATIVE
EXAMPLE 8 EXAMPLE 9 EXAMPLE 10 EXAMPLE 11
Toluene diisocyanate 5 5 5 5
urea
TABLE 2B
PROPERTY COMP. EX. 8 | COMP.EX.9 | COMP. EX. 10 | COMP. EX. 11
250°F. Shear Creep Flow (cm) 3.7 >15 15 1
Meltability Visual Examination (scale 1-5) 3 3 3 2

COMPARATIVES EXAMPLES 12-16

[0076] The components listed in Table 3A were mixed together to prepare five formulations with increasing amounts
of NNDMA in combination with NVC in the syrup. The formulations were syruped and coated using the procedure
described in comparatives Examples 4-6. The coated mixture was photopolymerized using UV light sources (positioned
above and below the tape) having intensities of 1.1 mW/cm2 to 2.5 mW/cm?2. The total UV energy was 396 mJ/cmZ2.
The properties of these tapes are shown in Table 3B.
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TABLE 3A

FORMULATION

COMP. EX. 12

COMP. EX. 13

COMP. EX. 14

COMP. EX. 15

COMP. EX. 16

Syrup A:
BA/NVC/NNDMA/KB-1
(76/24/0/0.04)

100

Syrup B:
BA/NVC/NNDMA/KB-1
(76/18/6/0.04)

100

Syrup C:
BA/NVC/NNDMA/KB-1
(76/12/12/0.04)

100

Syrup D:
BA/NVC/NNDMA/KB-1
(76/6/18/0.04)

100

Syrup E:
BA/NVC/NNDMA/KB-1
(76/0/24/0.04)

100

Epon® 828

30

30

30

30

30

Epon® 1001F

50

50

50

50

50

Esacure® KB-1

0.1

0.1

0.1

0.1

0.1

Dicyandiamide

TDl-urea

TABLE 3B

PROPERTIES

COMP. EX. 12

COMP. EX. 13

COMP. EX. 14

COMP. EX. 15

COMP. EX. 16

121°C (250°F). Shear
Creep Flow, cm

1.6

3.4

41

5.5

6.1

11
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TABLE 3B (continued)

PROPERTIES

COMP. EX. 12

COMP. EX. 13

COMP. EX. 14

COMP. EX. 15

COMP. EX. 16

Meltability Visual
Evaluation (scale 1-5)

1

2

3

3

3

Dynamic Shear, ED-
3150 coated steel?

(1060)
7308-103

(791)
5453-103

(662)
4564-103

(354)
2441-108

(267)
1841-103

(cured: 120°C. x 30
min), (psi) Pa

T-peel, ED-3150 (45) (43) (38) (26) (25)
coated steel (cured: 310-103 296-103 262:103 179103 172103
120°C. x 30 min), (psi)
Pa

90 degree peel 4.3 7.9 8.4 9.1 8.6
(uncured) 20 min.
dwell off ED-3150, (Ib/
0.5 inch) 4,5-10-" kg/
1,27 cm

2 Electro-coated steel panels coated with paint primer available as ED-3150 from PPG Industries.

COMPARATIVE EXAMPLE 17

[0077] A formulation was prepared generally according to the procedures of the previous comparatives Examples
using the ingredients (and amounts) listed in Table 4 below.
TABLE 4
INGREDIENT AMOUNT
BA/NNDMA (80/20) 100
Irgacure® 651 0.14
Epicote® 1001 (from Shell Chemical Co.) 85
Epon® 828 15
Whiton® SB (calcium carbonate from Shiraishi Kogyo Kaisha, Ltd.) 20
Dicyandiamide 7
2.4-Diamino-6-[2'-(methylimidazoyl)-(1)"]-ethyl-S-triazine isocyanurate adduct (from Shikoku 4
Chemical Co., Ltd.)
Glycidyl methacrylate 3
3-mercaptopropionic acid 0.02

COMPARATIVE EXAMPLE 18

[0078] An acrylate syrup was prepared by mixing 72 parts n-butylacrylate with 28 parts of N,N-dimethylacrylamide
and 0.04 parts 2,2-dimethoxy-2-phenyl acetophenone photoinitiator (Irgacure® 651 available from Ciba Geigy) and
the mixture was then polymerized under ultraviolet lights in a nitrogen atmosphere to a viscosity of about 3 Pa-s (3000
cps). A thermosettable composition was prepared by mixing 100 parts of the acrylate syrup, 0.1 part 2,2-dimethoxy-
2-phenyl acetophenone photoinitiator (Irgacure®651), 60 parts Epikote®1001 (available from Shell Chemical Co.), 20
parts Epikote®828 (available from Shell Chemical Co.), 6 parts micronized dicyandiamide (available from Air Products),
2 parts 2,4-diamino-6-[2'-methylimidazoyl-(1)"]-ethyl-S-triazine isocyanurate adduct (2MA-OK available from Shikoku
Chemical), 4 parts silica (Aerosil R-972 available from DeGussa), 4 parts K15 glass bubbles (available from Minnesota
Mining and Manufacturing Co. under the Scotchlite® trademark), 3 parts glycidyl methacrylate, and 0.2 parts mercap-
topropionic acid for 3 hours. The mixture was then degassed and knife-coated onto a 50 um thick silicone release
coated liner to a thickness of 2.0 mm. A second silicone release coated liner was placed over the coated composition

12
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and cured with UV lights as described in comparative Example 1, using intensities of 0.5 mW/cm?2 above and below
the web, and a total energy input of 800 mJ/cm2, to form a sheet material

[0079] . A melt sealing tape was prepared by cutting a sample measuring 20 mm by 100 mm. A polyester nonwoven
material having a basis weight of 10 grams/square meter (Syntex®PS-R-055 sold by Mitsui Petrochemical Co.) was
cut to a dimension of 10 mm by 100 mm. The nonwoven was laminated to the center of the melt sealing tape so that
5 mm of melt sealing tape were exposed on each side of the nonwoven.

[0080] The tape was tested by applying the tape to a 3 mm thick metal panel having a depression on the surface
measuring 5 mm in diameter and 0.5 mm deep, with the nonwoven covering the depression. The taped panel was then
heated in an oven at 140°C for 30 minutes. The panel was cooled to room temperature and no defects were visible
on the panel. The sheet material without the nonwoven was tested in a similar manner and a defect was noted in the
area on the melt sealing tape covering the depression.

COMPARATIVE EXAMPLES 19-21

[0081] A solution was formed by mixing BA, NNDMA, Epon®828, and B60 were added in the parts by weight shown
in Table 4 and placed on a roller mill overnight to dissolve the B60 to form an epoxy/acrylate solution. The polycapro-
lactone polyol (TONE®0240) was heated to about 70°C and added to the epoxy/acrylate mixture, and the remaining
ingredients were added using a high shear mixer.

[0082] After degassing under vacuum the mixtures were knife-coated to a thickness of 2 mm between two 0.05 mm
silicone coated polyester release liners. The coated mixtures were cured with blaclclight irradiation as described in
comparative Example 1 with a total energy of 652 mJ/cm?2 to form sheets, 338 mJ/cm2 above the web and 314 mJ/
cmZ2 below the web. The intensity above the web was 2.09 mW/cm?2 and the intensity below the web was 1.94 mW/cm2,
[0083] The sheets were tested for tensile strength, elongation, and vertical flow and results in Table 5 show how a
polycaprolactone polyol can be used to modify the flow properties as well as the physical properties of the sheet

TABLE 4
Comparative Example 19 | Comparative Example 20 | Comparative Example 21

BA 70 70 70

NNDMA 30 30 30

B60 80 80 80

TONE®0240 0 10 20

EPON®828 20 20 20

KB-1 .16 .16 .16

IRG 1010 A A N

DICY 3 3 3

HINP 1 1 1

C15-250 2 2 2

M5 25 25 25

TABLE 5
Comparative Example 19 | Comparative Example 20 | Comparative Example 21

Initial Tensile Strength - 2.7 2.2 2.0
MPa
Initial Elongation - % 271 282 269
Cured Tensile Strength - 807 648 540
MPa
Cured Elongation - % 136 165 147
Flow - mm 2 3.5 5.5

13
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COMPARATIVES EXAMPLES 22-27

[0084] These comparatives examples were prepared as in comparative Example 19 with varying materials shown
in Table 6 and cured with a total energy of 647mJ/cm?2, with 343 mJ/cm?2 above the web and 304 mJ/cm?2 below the
web. The intensity on top of the web was 2.07 mW/cm? and 1.83 mW/cm?2 below the web. Test results are shown in
Table 7.

TABLE 6
Comparative Example | 22 23 24 25 26 27
BA 80 70 70 80 70 70
NNDMA 20 30 30 20 30 30
B60 40 40 60 40 40 60
TONE®0240 0 0 0 20 20 20
EPONEX®1510 40 40 40 40 40 40
KB-1 A4 | 14 | 14 | 14 | 14 | 14
IRG 1010 A A A A A1 A1
DICY 3 3 3 3 3 3
2MZ AZINE 15 |15 [ 15 |15 | 15 | 15
C15-250 2 2 2 2 2 2
M5 45 | 45 | 45 | 45 | 45 | 45
TABLE 7
Comparative Example 22 23 24 25 26 27
90° Peel - N/dm 120 | 72 22 72 92 8.8

Initial Tensile Strength - MPa | 0.1 1.3 21 0.1 0.9 1.5

Initial Elongation - % 194 | 611 | 466 | 789 | 757 | 471
Cured Tensile Strength - MPa | 234 | 494 | 603 | 48 239 379
Cured Elongation - % 398 | 209 | 165 | 607 | 430 | 306
Flow - mm 65 |20 |20 |26 175 | 6.0

COMPARATIVES EXAMPLES 28-38

[0085] These comparatives examples were prepared as in comparative Example 19 except that various polycapro-
lactone polyols were used as shown in Table 8. The amounts of the other materials were kept the same and were: BA
- 80; NNDMA - 20; EPON®1001 - 80; KB-1-0.16; DICY - 1.2; C15-250 - 4; M5 - 4. B60 not used in these formulations.
Total energy to cure was 654.6 mJ/cm2, with 341 mJ/cm?2 above the web and 310 mJ/cm2 below the web. The intensity
on top of the web was 1.87 mW/cm2 and 1.66 m\W/cm?2 below the web. Test results are also shown in Table 8.

14
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TABLE 8 continuted

= Sample did not break; peak elongation reported
TEST A - 90° Peel - N/dm

TEST B - Cured Overlap Shear Strength - MPA
TEST C - Initial Teasue Strength - MPa

TEST D - Initial Elongation - %

TEST E - Cured Tensile Strength - MPa

TEST F - Cured Elongation - %

TEST G - Cured Bardness - Shore A (measured with a Shore A hardness
tester)

TEST H - Flow - mm

TEST 1 - Paint Adhesion

COMPARATIVES EXAMPLES 39-42

[0086] Sheet materials were prepared using a polyester polymer (Dynapol®S1402) and polycaprolactone polymers
(TONE™ 300 and TONE®P767E) to alter the properties of the sheet materials in these comparatives examples. The
basic formulations were the same for all of the examples and different amounts of polymers were added as shown in
Table 9. Materials used in the basic formulation were: BA - 80; NNDMA - 20; EPON®1001 - 80; KB-1 - 0.16; DICY -
2.8; HINP - 1.2; C15-250 - 4; M5 - 4 and CBr, - 0.4. The polymers were mixed with the BA, NNDMA, and epoxy and
heated, with occasional agitation, to about 70°C to melt the polymers and form a molten solutions. The remaining
components (catalyst, accelerator, photoinitiator, and fillers) were added to the solutions (which had been cooled to
room temperature) with a high shear mixer and degassed. Sheets (2.0 mm thick) were prepared as described in com-
parative Example 19 with a total cure energy of 654.6 mJ/cmZ2, with 341 mJ/cmZ2 above the web and 310 mJ/cm2 below
the web, for examples 39-42. The intensities were 1.87 mW/cm? above the web and 1.66 mW/cm?2 below the web.
Total energy to cure for comparatives Examples 43-44 was 6.5mJ/cm?, with 343 mJ/cm?2 above the web and 304 mJ/
cm? below the web. The intensity was 2.07 m\W/cm? above the web and 1.83 mW/cm?2 below the web.

TABLE 9

Comparative Example 39 40 41 42 43 44
TONE®300 - 10 20 - - -
TONE®P767E - - - 5 - -
DYNAPOL®S1402 - - - - 5 10
TEST A 56 | 59.5 || 35 63 | 59.5 | 234
TEST B 35 2.6 0.7 || 2.2 2.6 34
TESTC 0.1 1.0 1.1 1.5 1.0 1.2
TESTD 792 | 833 | 630 | 943 || 833 | 832
TESTE 2.7 29 20 | 1.6 29 1.4
TESTF 84 115 || 340 | 212 || 115 150
TEST G 70 82 80 86 82 83
TESTH 10 4 18 5 4 3
TEST | 100 | 100 | 100 || 100 | 100 || 100

NOTE: Tests are indicated under Table 8.

EXAMPLES 45-47 and COMPARATIVE EXAMPLES C1-C2

[0087] A 1.5 mm thick thermosettable pressure sensitive adhesive sheet material was prepared as described in

16
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comparative Example 19 except that the formulation was BA - 60; NVC - 40; Eponex®1510 - 80; Acryloid®B60 - 80;
KB-1 - 0.16; DICY - 6; 2MZ Azine - 3; M5 - 4.5. The total energy used to cure the sheet was 647mJ/cm? (343 MJ/cm?2
above the web and 304 mJ/cm? below) with an intensity of 2.07 mW/cm?2 above the web and 1.83 mW/cm?2 below the
web.

[0088] Various thermoplastic films, shown in Table 10, were laminated to the sheet by hand except for Example 46
wherein the material was coated onto the silicone coated side of the polyester. The sheet was then cut to fit a recessed
overlap joint (U-shaped channel made by bending 2 strips of cold rolled steel at about 90° and spot welding the strips
together to form the channel having a step joint) and heat cured at 20 minutes at 177°C. The examples having a smooth
surface were painted and tested for adhesion of paint to the film according to the above described paint adhesion test.
Test results are shown in Table 10.

TABLE 10
Ex FILM Appearance After Cure Paint Adhesion %
45 0.05 mm thick Polyimide film (Apical 200 Smooth surface with good sealing 95
AV from Allied Signal
46 0.05 mm thick biaxially oriented polyester | Smooth surface with good sealing 100
with 1 side coated with silicone (Silicone
CT 200 GA from Courtaulds Performance
Films
47 0.076 mm thick biaxially oriented polyester | Smooth surface with good sealing 100
film (Melinex 605 from ICI Films
C1 0.05 mm thick polyvinylchloride film Film wrinkled & sagged; good sealing *
C2 | 0.05 mm thick biaxially oriented Film shrank during heating; poor sealing *
polypropylene film

* Not painted

COMPARATIVES EXAMPLES 48 - 50

[0089] An adduct of a diglycidyl ether of bisphenol A (DGEBA) and 2-isocyanatoethylmethacrylate (IEM) was pre-
pared by charging the following materials, under a dry air atmosphere, to a 500-ml three-neck flask round bottom flask
equipped with a mechanical stirrer, reflux condenser, and a thermometer: 200 grams of Epon®828, 10.06 grams |IEM
(from Dow Chemical Co.), and 6 drops of dibutyl(tin)dilaurate. The flask was immersed in an oil bath an heated to 65°C
for about 5 hours until no residual isocyanate could be detected by infrared. The reaction product (DGEBA/IEM adduct)
was allowed to cool to room temperature and placed in an amber bottle. A 50/50 mixture of BA and NVC was heated
to about 50°C to form solution. A mixture (MIX) was prepared by mixing 400 parts of the BA/NVC solution, 600 parts
BA, and 1000 parts Epon® 1001. The mixture was further compounded with fillers and catalysts as shown in Table 11
and 2.0 mm thick sheets were prepared as described in comparative Example 19. The sheet was substantially tack
free. The test data in Table | 1 indicate that the stiffness of the sheet material was significantly increased without
affecting the melt flow properties.

TABLE 11

Comparative Example 48 49 50
MIX 1400 200 200
KB-1 0.7 0.7 0.7
IRG 1010 0.7 0.2 0.2
DICY 24.5 35 3.5
HINP 8.75 1.25 1.25
CBry 5.6 0.8 0.8
C15-250 28 4 4
M5 35 5 5
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TABLE 11 (continued)

Comparative Example 48 49 50
DGEBA/IEM ADDUCT 0 5 10
Melt Flow 3 3 3
Cured Overlap Shear -* 836 777 700
Stiffness Ratio** - Torque/Viscous modulus(inch pounds) 0.0/ 0.24/ 1.53/
0.0 0.08 0.29

* All failures were cohesive; results are in pounds per square inch
** Stiffness ratio calculated on a Monsanto MDR (moving die rheometer); run conditions - oscillating at 0.5° at 177°C for 30 minutes

COMPARATIVES EXAMPLES 51-60

[0090] Thermosettable sheets were prepared by mixing the BA, NNDMA, the epoxy resins, and the polyvinylbutyral
in the amounts shown in Table 12 until a solution was formed. The fillers (20 parts calcium carbonate), epoxy hardeners
(in Table 12), photoinitiator (0.2 parts), and a chain transfer agent (0.1 parts 3-mercaptoproprionic acid) were then
added using high shear mixing. The mixture was then degassed and coated to a thickness of 0.4 mm as described in
Comparative Example 19. The total energy to photocure the sheet was 800 mJ/cm2 at an itensity of about 0.5 mW/
cm? above and below the web. A portion of the sheets of each composition was then thermoset at 140°C for 30 minutes.
The sheets were then tested for tensile strength before and after thermal curing and results are reported in kg/cm? in
Table 13. The tackiness of the sheets is also reported. All of the comparative examples had sufficient flow except for
comparative Example 55 which flowed slightly. The data show how the tack and tensile properties can be modified
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with poly(vinylbutyral).
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* before thermal curing
** aftes thermal curing

19

~
(o]
< | ol ol ol ol w] 2ol 0 w0t o
I ~r
o3
> ~ [ <
O Jolv|lwvw|lwvwlow!lZ2]|Z]lwelwle|l ]l a
(8]
Eﬁoooogoo.oooo‘oo
I o
<<<"<::»oo<:> ol o Qi ol o ©
ﬁ_gmvmwovvov’ﬁvvv
=2
@
5~ o] o
AN EEEEEEEEE R EE
==
mw
-
28l elelelelelgi]eleee]~|8
o~
w
3
o | QIQIQIKIRIKIIK[IIQRRIR
z
z
2 | g|lgie|e|313|s3|3|2|28|8}S
Bi |=|s|a|=| =] 2|5 =a 8 sl
: :J
TABLE 13
Example | Tackiness Tensile* Tensile*™
51 tackfree 32.6 79.9
52 tackfree 68.1 96.5
53 tackfree 81.8 111.1
54 tackfree 86.6 147.0
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TABLE 13 (continued)

Example | Tackiness Tensile* Tensile*™
55 tackfree 70.9 97.2
56 tackfree 55.8 103.0
57 tackfree 33.4 104.1
58 tacky 6.3 41.0
59 tacky 4.8 324
60 NT NT NT
61 tacky 75.8 82.0
62 tacky 73.4 80.7
63 Not tested Not tested Not tested

* before thermal curing
** aftes thermal curing

Claims

A hardenable sheet material for imparting topographical features to a permanent substrate or a temporary sub-
strate, said hardenable sheet material having first and second major surfaces, comprising a latent thermosettable
pressure-sensitive adhesive throughout a major portion of its thickness, and having a dimensionally stable ther-
moplastic film laminated to said sheet material such that said dimensionally stable film provides a smooth surface
for painting,

wherein said first major surface of said sheet material is for contacting and adhering to the permanent sub-
strate or the temporary substrate, leaving said dimensionally stable thermoplastic film at said second major surface
of said sheet material exposed, thermosetting and hardening said sheet material to provide a smooth transition
between said dimensionally stable thermoplastic film and the permanent substrate or the temporary substrate to
which it has been adhered.

The sheet material according to Claim 1, wherein said dimensionally stable thermoplastic film is painted.

The sheet material according to Claim 1, wherein said sheet material comprises said thermosettable pressure-
sensitive adhesive throughout its entire thickness.

The sheet material according to any one of Claims 1 to 3, wherein said thermosettable pressure-sensitive adhesive
comprises the photochemical reaction product of starting materials comprising (i) a prepolymeric or monomeric
syrup comprising an alkyl acrylate or methacrylate wherein said alkyl moiety comprises 4 to 12 carbons atoms;
(ii) an epoxy resin; (iii) a photoinitiator; and (iv) a heat-activatable hardener for said epoxy resin.

The sheet material according to Claim 4, wherein said starting materials further comprise a chain transfer agent.

The sheet material according to any one of Claims 1 to 5, wherein said thermosettable pressure-sensitive adhesive
comprises the photochemical reaction product of starting materials comprising:

a) 100 parts by weight of a prepolymeric or monomeric syrup comprising an alkyl acrylate or methacrylate
wherein said alkyl moiety comprises 4 to 12 carbon atoms;

b) from 25 to 120 parts by weight of an epoxy resin based on 100 parts of said syrup;

c) from 0.01 to 5 parts by weight of a photoinitiator based on 100 parts of said syrup, and

d) from 0.1 to 20 parts by weight of a heat-activatable hardener for said epoxy resin based on 100 parts of
said syrup.

7. The sheet material according to Claim 6, wherein said prepolymeric or monomeric syrup further comprises a re-

inforcing monomer copolymerizable with said alkyl acrylate or methacrylate.
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The sheet material according to Claim 7, wherein said reinforcing monomer is selected from the group consisting
of acrylic acid, isobornyl acrylate, N-vinylcaprolactam, N-vinylpyrrolidone, N-vinyl piperidine, N, N-dimethylacryla-
mide and acrylonitrile.

The sheet material according to Claim 4, wherein said prepolymeric or monomeric syrup further comprises an
epoxy-functional monomer.

The sheet material according to Claim 9, wherein said epoxy functional monomer is selected from the group con-
sisting of glycidyl methacrylate and glycidyl acrylate.

The sheet material according to Claim 4, wherein said prepolymeric or monomeric syrup further comprises an
epoxy adduct of 2-isocyanatoethylmethacrylate and the diglycidyl ether of bisphenol A.

The sheet material according to Claim 4, wherein said prepolymeric or monomeric syrup further comprises a silane
having an organofunctional group that reads with an epoxy group or a vinyl group.

The sheet material according to Claim 7, wherein said prepolymeric or monomeric syrup comprises from 50 to 95
parts by weight of said alkyl acrylate or methacrylate and correspondingly 50 to 5 parts by weight of said reinforcing
co-monomer.

The sheet material according to Claim 6, wherein said epoxy resin is selected from the group consisting of a
phenolic epoxy resin, a bisphenol epoxy resin, a hydrogenated bisphenol epoxy resin, an aliphatic epoxy resin,
and a halogenated bisphenol epoxy resin.

The sheet material according to Claim 6, wherein said starting materials further comprise a chain transfer agent.

The sheet material according to any one of Claims 1 to 15, wherein said thermosettable pressure-sensitive adhe-
sive further comprises a reinforcing polymer or copolymer having a glass transition temperature greater than 25°C.

The sheet material according to any one of Claim 16, wherein the reinforcing polymer or copolymer comprises
poly(vinylbutyral), methyl methacrylate/butyl methacrylate copolymer, polyethylmethylmethacrylate, polyisobutyl-

methacrylate, or combinations thereof.

The sheet material according to any one of Claims 1 to 15, wherein said thermosettable pressure-sensitive adhe-
sive further comprises a polyester.

The sheet material according to any one of Claims 1 to 18, wherein said sheet material is an emblem or insignia
or design element.

The sheet material according to any one of Claims 1 to 19, wherein said sheet material is in the form of a tape.

The sheet material according to any one of Claims 1 to 20, wherein said thermoplastic film is a polyimide film that
has a thickness of from 0.025 mm to 0.5 mm.

The sheet material according to any one of Claims 1 to 20, wherein said thermoplastic film is a biaxially oriented
polyester film that has a thickness of from 0.025 mm to 0.5 mm.

The sheet material according to any one of Claims 1 to 20, wherein said thermoplastic film is a polyimide film that
has a thickness of from 0.05 mm to 0.25 mm.

The sheet material according to any one of Claims 1 to 20, wherein said thermoplastic film is a biaxially oriented
polyester film that has a thickness of from 0.05 mm to 0.25 mm.

The sheet material according to any one of Claims 1 to 24, wherein said said thermosettable pressure-sensitive
adhesive further comprises a polycaprolactone polyol.

The sheet material according to any one of Claims 1 to 25, wherein said sheet material further comprises a non-
woven material.
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The sheet material according to any one of Claims 1 to 26, wherein said sheet material is in a thermoset and
hardened condition and said thermoplastic film is painted.

The sheet material according to any one of Claims 1 to 18, wherein said first major surface contacts a temporary
substrate.

The sheet material according to any one of Claims 1 to 18, wherein said first major surface contacts a permanent
substrate.

Patentanspriiche

1.

10.

1.

Hartbares Folienmaterial zum Verleihen topographischer Eigenschaften an ein permanentes oder temporéares Sub-
strat, wobei das hartbare Folienmaterial eine erste und eine zweite Hauptoberflache hat, einen latenten warme-
hartbaren druckempfindlichen Klebstoff Gber einen gréReren Anteil seiner Dicke umfasst und eine derart auf das
Folienmaterial laminierte formstabile Thermoplastfolie hat, dass die formstabile Folie eine glatte Oberflache zum
Anstreichen bietet,

wobei die erste Hauptoberflache des Folienmaterials mit dem permanenten oder temporaren Substrat zusammen-
kommt und daran haftet, wodurch eine formstabile Thermoplastfolie an der zweiten Hauptoberflache des Folien-
materials freigelegt bleibt, das Folienmaterial warmegehértet und gehértet wird, so dass ein glatter Ubergang
zwischen der formstabilen Thermoplastfolie und dem permanenten oder temporaren Substrat, an dem sie befestigt
ist, geschaffen wird.

Folienmaterial nach Anspruch 1, wobei die formstabile Thermoplastfolie gestrichen ist.

Folienmaterial nach Anspruch 1, wobei das Folienmaterial Giber seine gesamte Dicke den warmehartbaren druck-
empfindlichen Klebstoff umfasst.

Folienmaterial nach einem der Anspriiche 1 bis 3, wobei der warmehartbare druckempfindliche Klebstoff das pho-
tochemische Reaktionsprodukt der Ausgangsmaterialien umfasst, umfassend (i) einen prapolymeren oder mono-
meren Sirup, umfassend ein Alkylacrylat oder -methacrylat, wobei die Alkyleinheit 4 bis 12 Kohlenstoffatome um-
fasst; (ii) ein Epoxyharz; (iii) einen Photostarter; und (iv) einen warmeaktivierbaren Harter fir das Epoxyharz.

Folienmaterial nach Anspruch 4, wobei die Ausgangsmaterialien zudem ein Ketteniibertragungsmittel umfassen.

Folienmaterial nach einem der Anspriiche 1 bis 5, wobei der warmehartbare druckempfindliche Klebstoff das pho-
tochemische Reaktionsprodukt der Ausgangsmaterialien umfasst, umfassend:

a) 100 Gew.-Teile eines prapolymeren oder monomeren Sirups, der ein Alkylacrylat oder Methacrylat umfasst,
wobei die Alkyleinheit 4 bis 12 Kohlenstoffatome umfasst;

b) 25 bis 120 Gew.-Teile eines Epoxyharzes, bezogen auf 100 Teile Sirup;

c) 0,01 bis 5 Gew.-Teile eines Photostarters, bezogen auf 100 Gew.-Teile Sirup; und

d) 0,1 bis 20 Gew.-Teile eines warmeaktivierbaren Harters fir das Epoxyharz, bezogen auf 100 Teile Sirup.

Folienmaterial nach Anspruch 6, wobei der prapolymere oder monomere Sirup zudem ein Verstarkungsmonomer
umfasst, das mit dem Alkylacrylat oder -methacrylat copolymerisiert werden kann.

Folienmaterial nach Anspruch 7, wobei das Verstarkungsmonomer ausgewahlt ist aus der Gruppe, bestehend aus
Acrylsaure, Isobornylacrylat, N-Vinylcaprolactam, N-Vinylpyrrolidon, N-Vinylpiperidin, N,N-Dimethylacrylamid und
Acrylnitril.

Folienmaterial nach Anspruch 4, wobei der prapolymere oder monomere Sirup zudem ein epoxyfunktionelles Mo-
nomer umfasst.

Folienmaterial nach Anspruch 9, wobei das epoxyfunktionelle Monomer ausgewahlt ist aus der Gruppe, bestehend
aus Glycidylmethacrylat und Glycidylacrylat.

Folienmaterial nach Anspruch 4, wobei der prépolymere oder monomere Sirup zudem ein Epoxy-Addukt von 2-Iso-
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cyanatoethylmethacrylat und dem Diglycidylether von Bisphenol A umfasst.

Folienmaterial nach Anspruch 4, wobei der préapolymere oder monomere Sirup ein Silan mit einer organofunktio-
nellen Gruppe umfasst, die mit einer Epoxygruppe oder einer Vinylgruppe reagiert.

Folienmaterial nach Anspruch 7, wobei der prapolymere oder monomere Sirup 50 bis 95 Gew.-Teile Alkylacrylat
oder Methacrylat und entsprechend 50 bis 5 Gew.-Teile Verstarkungs-Comonomer umfasst.

Folienmaterial nach Anspruch 6, wobei das Epoxyharz ausgewahlt ist aus der Gruppe, bestehend aus einem
phenolischen Epoxyharz, einem Bisphenol-Epoxyharz, einem hydrierten Bisphenol-Epoxyharz, einem aliphati-
schen Epoxyharz, und einem halogenierten Bisphenol-Epoxyharz.

Folienmaterial nach Anspruch 6, wobei die Ausgangsmaterialien zudem ein Kettenlbertragungsmittel umfassen.

Folienmaterial nach einem der Anspriiche 1 bis 15, wobei der warmehartbare druckempfindliche Klebstoff zudem
ein Verstarungspolymer oder -copolymer mit einer Glasiibergangstemperatur tiber 25°C umfasst.

Folienmaterial nach Anspruch 16, wobei das Verstarkungspolymer oder -copolymer Poly(vinylbutyral), Methylme-
thacrylat/Butylmethacrylat-Copolymer, Polyethylmethylmethacrylat, Polyisobutylmethacrylat oder Kombinationen

davon umfasst.

Folienmaterial nach einem der Anspriiche 1 bis 15, wobei der warmehartbare druckempfindliche Klebstoff zudem
einen Polyester umfasst.

Folienmaterial nach einem der Anspriiche 1 bis 18, wobei das Folienmaterial ein Emblem oder Insignien oder ein
Design-Element ist.

Folienmaterial nach einem der Anspriiche 1 bis 19, wobei das Folienmaterial die Form eines Bandes hat.

Folienmaterial nach einem der Anspriiche 1 bis 20, wobei die Thermoplastfolie eine Polyimidfolie mit 0,025 mm
bis 0,5 mm Dicke ist.

Folienmaterial nach einem der Anspriiche 1 bis 20, wobei die Thermoplastfolie eine biaxial orientierte Polyesterfolie
mit 0,025 mm bis 0,5 mm Dicke ist.

Folienmaterial nach einem der Anspriiche 1 bis 20, wobei die Thermoplastfolie eine Polyimidfolie mit 0,05 mm bis
0,25 mm Dicke ist.

Folienmaterial nach einem der Anspriiche 1 bis 20, wobei die Thermoplastfolie eine biaxial orientierte Polyesterfolie
mit 0,05 bis 0,25 mm Dicke ist.

Folienmaterial nach einem der Anspriiche 1 bis 24, wobei der warmehartbare druckempfindliche Klebstoff zudem
ein Polycaprolactonpolyol umfasst.

Folienmaterial nach einem der Anspriiche 1 bis 25, wobei das Folienmaterial zudem ein Vliesmaterial umfasst.

Folienmaterial nach einem der Anspriiche 1 bis 26, wobei das Folienmaterial in einem warmegeharteten und ge-
harteten Zustand ist und die Thermoplastfolie gestrichen ist.

Folienmaterial nach einem der Anspriiche 1 bis 18, wobei die erste Hauptoberflache mit einem temporaren Substrat
zusammenkommt.

Folienmaterial nach einem der Anspriiche 1 bis 18, wobei die erste Hauptoberflache mit einem permanenten Sub-
strat zusammenkommt.
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Revendications

10.

1.

Matériau durcissable sous forme de feuille, destiné a donner des caractéristiques topographiques a un substrat
permanent ou a un substrat temporaire, ledit matériau durcissable sous forme de feuille ayant une premiere surface
principale et une deuxiéme surface principale, comprenant un adhésif latent thermodurcissable sensible a la pres-
sion dans toute une majeure partie de son épaisseur, et comportant un film thermoplastique dimensionnellement
stable appliqué par stratification sur ledit matériau sous forme de feuille de sorte que ledit film dimensionnellement
stable fournisse une surface lisse pour la peinture,

dans lequel ladite premiére surface principale dudit matériau sous forme de feuille est destinée a entrer en contact
avec le substrat permanent ou le substrat temporaire et a adhérer a celui-ci, en laissant exposé ledit film thermo-
plastique dimensionnellement stable au niveau de ladite deuxiéme surface principale dudit matériau sous forme
de feuille, le thermodurcissement et le durcissement dudit matériau sous forme de feuille assurant une transition
réguliére entre ledit film thermoplastique dimensionnellement stable et le substrat permanent ou le substrat tem-
poraire sur lequel on I'a fait adhérer.

Matériau sous forme de feuille selon la revendication 1, dans lequel ledit film thermoplastique dimensionnellement
stable est peint.

Matériau sous forme de feuille selon la revendication 1, dans lequel ledit matériau sous forme de feuille comprend
ledit adhésif thermodurcissable sensible a la pression dans toute son épaisseur.

Matériau sous forme de feuille selon I'une quelconque des revendications 1 a 3, dans lequel ledit adhésif thermo-
durcissable sensible a la pression comprend le produit réactionnel photochimique de matériaux de départ com-
prenant (i) un sirop prépolymére ou monomere comprenant un acrylate ou un méthacrylate d'alkyle dans lequel
ladite fraction alkyle posséde entre 4 et 12 atomes de carbone ; (ii) une résine époxyde ; (iii) un photoinitiateur ;
et (iv) un durcisseur qui peut étre activé par la chaleur pour ladite résine époxyde.

Matériau sous forme de feuille selon la revendication 4, dans lequel lesdits matériaux de départ comprennent en
outre un agent de transfert en chaine.

Matériau sous forme de feuille selon I'une quelconque des revendications 1 a 5, dans lequel ledit adhésif thermo-
durcissable sensible a la pression comprend le produit réactionnel photochimique de matériaux de départ
comprenant :

a) 100 parties pondérales d'un sirop prépolymere ou monomeére comprenant un acrylate ou un méthacrylate
d'alkyle dans lequel ladite fraction alkyle posséde entre 4 et 12 atomes de carbone ;

b) entre 25 et 120 parties pondérales d'une résine époxyde pour 100 parties dudit sirop ;

c) entre 0,01 et 5 parties pondérales d'un photoinitiateur pour 100 parties dudit sirop ; et

d) entre 0,1 et 20 parties pondérales d'un durcisseur qui peut étre activé par la chaleur pour ladite résine
époxyde, pour 100 parties dudit sirop.

Matériau sous forme de feuille selon la revendication 6, dans lequel ledit sirop prépolymére ou monomere com-
prend en outre un monomere de renforcement copolymérisable avec ledit acrylate ou méthacrylate d'alkyle.

Matériau sous forme de feuille selon la revendication 7, dans lequel ledit monomére de renforcement est sélec-
tionné dans le groupe constitué de l'acide acrylique, de I'acrylate d'isobornyle, du N-vinylcaprolactame, de la N-
vinylpyrrolidone, de la N-vinylpipéridine, du N,N-diméthylacrylamide et de I'acrylonitrile.

Matériau sous forme de feuille selon la revendication 4, dans lequel ledit sirop prépolymére ou monomeére com-
prend en outre un monomeére a groupe fonctionnel époxyde.

Matériau sous forme de feuille selon la revendication 9, dans lequel ledit monomeére a groupe fonctionnel époxyde
est sélectionné dans le groupe constitué du méthacrylate de glycidyle et de I'acrylate de glycidyle.

Matériau sous forme de feuille selon la revendication 4, dans lequel ledit sirop prépolymére ou monomeére com-

prend en outre un composé d'addition époxyde de 2-isocyanato-éthylméthacrylate et de I'éther diglycidylique de
bisphénol A.
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Matériau sous forme de feuille selon la revendication 4, dans lequel ledit sirop prépolymére ou monomeére com-
prend en outre un silane comportant un groupe organofonctionnel qui réagit avec un groupe époxyde ou un groupe
vinyle.

Matériau sous forme de feuille selon la revendication 7, dans lequel ledit sirop prépolymére ou monomere com-
prend entre 50 et 95 parties pondérales dudit acrylate ou méthacrylate d'alkyle et proportionnellement entre 50 et
5 parties pondérales dudit comonomére de renforcement.

Matériau sous forme de feuille selon la revendication 6, dans lequel ladite résine époxyde est sélectionnée dans
le groupe constitué d'une résine époxyde phénolique, d'une résine époxyde de bisphénol, d'une résine époxyde
de bisphénol hydrogénée, d'une résine époxyde aliphatique, et d'une résine époxyde de bisphénol halogénée.

Matériau sous forme de feuille selon la revendication 6, dans lequel lesdits matériaux de départ comprennent en
outre un agent de transfert de chaine.

Matériau sous forme de feuille selon I'une quelconque des revendications 1 a 15, dans lequel ledit adhésif ther-
modurcissable sensible a la pression comprend en outre un polymeére ou copolymere de renforcement ayant une
température de transition vitreuse supérieure a 25°C.

Matériau sous forme de feuille selon la revendication 16, dans lequel le polymére ou copolymére de renforcement
comprend le poly(vinylbutyral), un copolymére de méthacrylate de méthyle/méthacrylate de butyle, le polyéthyl-
méthylméthacrylate, le polyisobutylméthacrylate, ou des combinaisons de ceux-ci.

Matériau sous forme de feuille selon I'une quelconque des revendications 1 a 15, dans lequel ledit adhésif ther-
modurcissable sensible a la pression comprend en outre un polyester.

Matériau sous forme de feuille selon I'une quelconque des revendications 1 a 18, dans lequel ledit matériau sous
forme de feuille est un embléme ou un insigne ou un élément de conception.

Matériau sous forme de feuille selon lI'une quelconque des revendications 1 a 19, dans lequel ledit matériau sous
forme de feuille est sous la forme d'une bande.

Matériau sous forme de feuille selon I'une quelconque des revendications 1 a 20, dans lequel ledit film thermo-
plastique est un film en polyimide qui a une épaisseur entre 0,025 mm et 0,5 mm.

Matériau sous forme de feuille selon I'une quelconque des revendications 1 a 20, dans lequel ledit film thermo-
plastique est un film en polyester orienté biaxialement qui a une épaisseur entre 0,025 mm et 0,5 mm.

Matériau sous forme de feuille selon I'une quelconque des revendications 1 a 20, dans lequel ledit film thermo-
plastique est un film en polyimide qui a une épaisseur entre 0,05 mm et 0,25 mm.

Matériau sous forme de feuille selon I'une quelconque des revendications 1 a 20, dans lequel ledit film thermo-
plastique est un film en polyester orienté biaxialement qui a une épaisseur entre 0,05 mm et 0,25 mm.

Matériau sous forme de feuille selon I'une quelconque des revendications 1 a 24, dans lequel ledit adhésif ther-
modurcissable sensible a la pression comprend en outre un polyol de polycaprolactone.

Matériau sous forme de feuille selon I'une quelconque des revendications 1 a 25, dans lequel ledit matériau sous
forme de feuille comprend en outre un matériau non tissé.

Matériau sous forme de feuille selon I'une quelconque des revendications 1 a 26, dans lequel ledit matériau sous
forme de feuille est dans un état thermodurci et durci et ledit film thermoplastique est peint.

Matériau sous forme de feuille selon lI'une quelconque des revendications 1 a 18, dans lequel ladite premiére
surface principale se trouve en contact avec un substrat temporaire.

Matériau sous forme de feuille selon l'une quelconque des revendications 1 a 18, dans lequel ladite premiére
surface principale se trouve en contact avec un substrat permanent.
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