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Description

Background of the Invention

[0001] The present invention relates to a composite release sheet providing a replicative surface with a surface
effect. More particularly, the present invention relates to a composite release sheet providing a replicative surface with
a surface effect for use in multicomponent reactive urethane systems. The present invention further relates to a method
of manufacturing such a release sheet. The term "surface effect," as used herein, is intended to encompass three
dimensional relief patterns, textures, or cmbossurcs, and essentially flat finishes, such as highly glossy mirror finish.
[0002] A number of processes exist in which a plastic film or sheet is formed on or against a release sheet and then
separated from the release sheet after cooling or curing to set the plastic material. Curing, where necessary, may be
accomplished by heat, by peroxide catalyst, by ultraviolet (UV) radiation or by electron beam radiation. The release
sheet provides a surface from which the set plastic material can be readily separated and imparts to the surface of the
plastic material the quality of finish of the release surface. For example, a desired textured surface can be provided
on the surface of the plastic material by forming the plastic material on or against a release sheet having a textured
surface that is the mirror image of the desired textured surface.
[0003] One example of such forming processes is "casting", wherein a resinous material, such as polyvinyl chloride
or polyurethane resin, in a flowable state, is deposited or "cast" onto the release sheet surface, heated, cured and
cooled to consolidate the resinous material into a continuous self-supporting film, and stripped from the release sheet.
The release sheet is normally provided with a surface effect, such as high gloss, texturing or an embossed configuration,
and the surface effect is replicated on the cast film.
[0004] A more specialized casting method involves using multicomponent reactive urethane systems as the resinous
material. In general, polyurethane casting materials are formed by reacting a diisocyanate and a polyol to form a
urethane. Film properties of the polyurethane can be tailored for specific end-uses by varying the proportions and the
chemistry of the diisocyanate and polyol components. Most polyurethanes are used in the "neat" or pre-reacted form.
Multicomponent reactive urethanes, however, are not pre-reacted before casting. The diisocyanate and polyol com-
ponents, as weU as other additives such as cross-linkers and accelerators, are applied to the substrate as individual
entities. The reaction occurs in situ.
[0005] Release sheets for use in the above-described casting processes are typically made by coating, treating, or
impregnating a paper sheet or other substrate with a release coating comprised of such materials as polymethylpen-
tene, polypropylene, polyfluorocarbons, silicone oil, thermoset silicone resins, and other conventional release agents.
Surface effects on the release sheet are conventionally provided by any one of a number of techniques. The release
coating can be dried to a smooth surface gloss, or surface effects such as texturing or embossing can be provided in
the coating by mechanical means, applied either to the surface of the paper before coating or to the paper after the
coating is applied.
[0006] U.S. Pat. No. 4,289,821 (Gray et al.) and U.S. Pat. No. 4,322,450 (Gray et al.) disclose techniques for pro-
ducing surface effects in a release coating on a release sheet for use in casting processes. One method disclosed
comprises applying a coating of an electron beam radiation curable material to one surface of a web substrate, pressing
the coated side of the substrate against a replicative surface having the desired surface effect to cause the coating to
conform to the replicative surface, irradiating the coating with electron beam radiation to cure the coating, and stripping
the substrate from the replicative surface with the cured coating adhered to the substrate. The replicative surface is
preferably a metal roll with either a pattern engraved in its surface or a highly polished smooth surface. An important
advantage of this technique is that the pattern or finish of the replicative surface is reproduced in the cured coating
with essentially 100% fidelity. This technique enables replication of very fine patterns, such as wood grain and leather
grain, on the surface of a plastic cast onto the release sheet.
[0007] U.S. Pat. Nos. 4,311,766 (Mattor) and 4,327,121 (Gray) disclose electron beam curable coating compositions
comprising acrylic functional materials and silicone release agents. Such coatings may be used, e.g., in the processes
described in U.S. Pat. No. 4,289,821 and 4,322,450, to reproduce a replicative surface in a release sheet with sub-
stantially 100% fidelity.
[0008] Release sheets using acrylic functional release coatings have been used successfully with casting systems
that employ, for instance, polyvinyl chloride or pre-reacted polyurethane. These release sheets, however, typically do
not provide adequate release properties when used with multicomponent reactive urethane casting systems.
[0009] Some release sheets work well with multicomponent reactive urethane casting systems, such as release
sheets manufactured from extruded polypropylene or poly-4-methyl pentene. These release sheets, however, tend to
lack the fidelity of replication achieved by the release sheets described in the above mentioned patents. A need remains
for release sheets providing a replicative surface with a desired surface effect at substantially 100% fidelity for use in
multicomponent reactive urethane casting systems.



EP 1 098 715 B9 (W1B1)

5

10

15

20

25

30

35

40

45

50

55

3

Summary of the Invention

[0010] The present invention provides composite release sheets providing a replicative surface with a surface effect.
The invention further provides composite release sheets for use in multicomponent reactive urethane casting systems.
The invention further provides composite release sheets having a first acrylic functional coating layer containing the
desired surface effect and a second silicone release coating layer overlying the acrylic functional coating layer. The
invention also provides methods for manufacturing such composite release sheets.
In one aspect the invention provides a release sheet providing a surface effect suitable for use in replicative casting
of urethane curable compositions comprising components a), b) and c) as specified in claim 1.
[0011] Preferred embodiments include one or more of the following features. The substrate is paper. The acrylic
functional coating is preferably an electron beam polymerized acrylic functional coating. The acrylic functional coating
preferably comprises an acrylated oligomer, a monomer selected from a group consisting of monofunctional acrylate,
multifunctional acrylate and mixtures thereof, and 2% or less by total weight of the solid coating of a siloxane release
agent. The siloxane release agent is preferably an aminofunctional siloxane release agent. The aminofunctional si-
loxane release agent is preferably less than 1%, more preferably less than 0.25% and most preferably completely
removed from the acrylic functional coating.
[0012] The silicone release coating layer comprises polyvinyl alcohol in an amount no greater than 90 parts, 100
parts or less of complex reactive organofunctional siloxane release modifier, a reactive organofunctional siloxane emul-
sion coating in an amount no greater than 90 parts, a catalyst, selected from a group consisting of platinum complex
and tin complex, in an amount of 10 to 20 parts, and a nonionic surface wetting agent containing polyoxyethylene
groups in an amount of 2 to 12 parts.
[0013] The nonionic surface wetting agent is preferably a silicone glycol copolymer wetting ageat. The catalyst is
preferably a platinum complex catalyst. The term "parts" as used herein means parts on a dry solids basis.
[0014] In another aspect, the invention provides a method of manufacturing a composite release sheet by means of
steps a) to f) as specified in claim 18.
[0015] Preferred methods include one or more of the following features. The pressing step and curing step are per-
formed simultaneously. The first curing step is preferably achieved by radiation curing, most preferably by electron
beam radiation curing. The applying step is preferably performed by airbrush coating.
[0016] Other features and advantages of the invention will be apparent from the following detailed description, the
drawings, and the claims.

Brief Description of the Drawings

[0017]

Fig. 1 is schematic side cross section of a portion of a release sheet of the invention;
Fig. 2 is a graph showing the 60° gloss of a film cast on the surface of the release sheet of the invention as a
function of the amount of polyvinyl alcohol in the film; and
Fig. 3 is a graph showing the release value of a cast polymer from the surface of release sheets as a function of
the number of times the release sheets are reused.

Detailed Description of Preferred Embodiments

[0018] Referring to Fig. 1, a release sheet 10, comprises a substrate 11, a polymerized acrylic functional coating
layer 12 provided on one surface of the substrate and providing a desired surface effect, and a silicone release coating
layer 13 provided on the polymerized acrylic functional coating layer 12. The release sheet 10 provides a replicative
surface with a desired surface effect at substantially 100% fidelity for use in multicomponent reactive urethane casting
systems.
[0019] In brief, the polymerized coating layer 12 preferably comprises an acrylated oligomer, a monofunctional mon-
omer, a multifunctional monomer for crosslinking, and a siloxane release agent at 2% or less by total weight of the
polymerized coating.
[0020] Preferred acrylated oligomers include acrylated urethanes, epoxies, polyesters, acrylics and silicones. The
oligomer contributes substantially to the final properties of the coating. Practitioners skilled in the art are aware of how
to select the appropriate oligomer(s) to achieve the desired final properties. Desired final properties for the release
sheet of the invention typically require an oligomer which provides flexibility and durability. A wide range of acrylated
oligomers are commercially available from UCB Chemicals Corporation, such as Ebecryl 6700, 4827, 3200, 1701, and
80, and Sartomer Company, Inc., such as SB-500.
[0021] Typical monofunctional monomers include acrylic acid, N-vinylpyrrolidone, (ethoxyethoxy)ethyl acrylate, or
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isodecyl acrylate (IDA). Preferably the monofunctional monomer is isodecyl acrylate. The monofunctional monomer
acts as a diluent, i.e., lowers the viscosity of the coating, and increases flexibility of the coating. Examples of monomers
include SR-395 and SR-440, available from Sartomer Company, Inc., and Ebecryl 111, available from UCB Chemicals
Corporation.
[0022] Commonly used multifunctional monomers for crosslinking purposes are trimethylolpropane triacrylate
(TMPTA), propoxylated glyceryl triacrylate (PGTA), tripropylene glycol diacrylate (TPGDA), and dipropylene glycol
diacrylate (DPGDA). Preferably the multifunctional monomer is selected from a group consisting of TMPTA, TPGDA,
and mixtures thereof. The preferred multifunctional monomer acts as a crosslinker and provides the cured layer with
solvent resistance. Examples of multifunctional monomers include SR-9020, SR-351, SR-9003 and SR-9209, manu-
factured by Sartomer Company, Inc., and TMPTA-N, OTA-480 and DPGDA, manufactured by UCB Chemicals Corpo-
ration.
[0023] The composition may include a reactive or nonreactive silicone, preferably an aminofunctional siloxane, as
a release agent. The release agent is added to ensure release of the acrylic functional coating from the replicative
surface which imparts the desired surface effect to the polymerized coating. Siloxanes arc commercially available from
Goldschmidt Chemical Corp., e.g., TEGO Glide ZG-400 and TG RC-704, from Dow Coming Corporation, e.g. 2-8577
Fluid, and from UCB Chemicals Corporation, e.g., Ebecryl 350.
[0024] The composition may also include additives. Typical additives include pigments, fillers, defoamers, adhesion
promoters, flatting agents, wetting agents, slip aids and stabilizers. In addition. viscosity control additives, such as
colloidal silica or volatile solvents, or surface texture materials, such as starch grains or silica, may be included. More-
over, pigments or filler materials such as calcium carbonate, titanium dioxide, clay, silica, and the like may be included
to reduce costs of the coating or to create an opaque effect. If ultraviolet radiation is used to cure the acrylic functional
coating, the coating must also include a photoinitiator, e.g., Ebecryl BPO and Ebecryl 7100, commercially available
from UCB Chemicals Corporation.
[0025] Preferably, the acrylic functional coating 12 comprises, before curing, 10 to 50 parts of the acrylated oligomer,
20 to 60 parts of the monofunctional monomer, e.g., isodecyl acrylate, 20 to 60 parts of the multifunetional monomer,
selected from a group consisting of TMPTA, TPGDA, and mixtures thereof, and an aminofunctional siloxane release
agent at 2% or less by total weight of the acrylic functional coating. More preferably, the aminofunctional siloxane
release agent is less than 1%, and most preferably at less than 0.25% by total weight of the acrylic functional coating.
[0026] When the aminofunctional siloxane release agent is added in amounts greater than 2% by total weight, the
silicone release coating layer 13 does not properly adhere to the acrylic functional coating layer 12. Furthermore, the
coating spread characteristics of the aqueous silicone coating are affected, resulting in an unacceptable release and
aesthetically undesirable surface effects.
[0027] In order for the silicone release coating layer 13 to adhere adequately to the acrylic functional coating. not
only should (a) the acrylic functional coating contain as little of a silicone release agent as possible while still allowing
the acrylic functional coating to release from the surface that imparts to it its surface effect, e.g., 2% or less by total
weight of the acrylic functional coating, but also (b) the silicone release coating layer 13 should contain a sufficient
amount of a nonionic surface wetting agent containing polyoxyethylene groups to allow the silicone release coating
layer to substantially wet the surface of the acrylic functional coating layer 12, e.g., at least 3% by total dry weight of
the silicone release coating.
[0028] Polyvinyl alcohol is the coating binder for the silicone release coating. Polyvinyl alcohol is also used to adjust
the gloss of the release sheet, and, consequently, the gloss of the final product. Polyvinyl alcohol is commercially
available from Air Products and Chemicals, Inc., e.g., Airvol 107, from E.I. du Pont de Nemours and Company, e.g.,
Elvanol 71-30, and from Hoechst Celanese Corporation, e.g., Mowiol 30-92.
[0029] Together, the silicone emulsion, the silicone catalyst, and optionally, the silicone release modifier make up a
silicone release system that controls the release properties of the release sheet. The reactive organofunctional siloxane
emulsion coating is the primary release component and provides stable release properties. The optional complex
reactive organofunctional siloxane release modifier may be included to adjust the release of the film from the surface
of the release sheet. The silicone catalyst accelerates the curing of the silicone release layer. Examples of reactive
organofunctional siloxane emulsion coatings include Syloff 22 and Syloff 7910, manufactured by Dow Coming Corpo-
ration, and PC-188, manufactured by Rhodia Silicones North America. Examples of complex reactive organofunctional
siloxane release modifiers include Syloff 7921, manufactured by Dow Coming Corporation, and PC-191, manufactured
by Rhodia Silicones North America. Examples of suitable catalysts include Catalyst 164, a tin complex catalyst, and
Syloff 7922, a platinum complex catalyst, available from Dow Coming Corporation, and PC-95, a platinum complex
catalyst, available from Rhodia Silicones North America.
[0030] Preferably the catalyst is a platinum complex catalyst. A platinum complex catalyst is preferred because lower
coating viscosity and lower coating solids level may be attained without emulsion breakage, which affects the continuity
of the release surface, resulting in unacceptable release and aesthetically undesirable surface effects. Moreover, low
viscosity and solids enables the application of very thin coatings, minimizing the alteration of the topography of the
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underlying acrylic functional coating.
[0031] The silicone release coating, used to form silicone release coating layer 13, comprises: 90 parts or less pol-
yvinyl alcohol, more preferably 70 parts or less; 100 parts or less of a complex reactive organofunctional siloxane
release modifier, more preferably 30 to 90 parts; 90 parts or less of a reactive organofunctional siloxane emulsion
coating, more preferably 50 parts or less; 10 to 20 parts of a catalyst selected from a group consisting of platinum
complex and tin complex: and 2 to 12 parts (3 to 20 % by total dry weight of the silicone release coating) of a nonionic
surface wetting agent containing polyoxyethylene groups, more preferably 4 to 8 parts. Preferably the nonionic wetting
agent is a silicone glycol copolymer wetting agent.
[0032] To achieve proper spread of the silicone coating on the acrylic functional coating, at least 3% of a nonionic
surface wetting agent containing polyoxyethylene groups must be used. When the nonionic wetting agent is added in
amounts less than 3% by total dry weight, the surface tension of the silicone coating remains greater than the surface
tension of the acrylic functional coating, generally creating poor spread. Poor spread results in unacceptable release
values and poor aesthetic characteristics. When the nonionic wetting agent is added in amounts greater than 20% by
total dry weight, defects, described variously as "mottle," "craters" and "fish eyes," may appear in the silicone coating
itself. The defects in turn result in unacceptable aesthetic characteristics. Suitable nonionic surface wetting agents
include alkylaryl polyether alcohols and, preferably, silicone glycol copolymer wetting agents. Examples of silicone
glycol copolymer wetting agents include Q2-5211 and Q2-5212, manufactured by Dow Coming Corporation. Examples
of alkylaryl polyether alcohols include Triton TX-100 and Triton TX-15, manufactured by Union Carbide.
[0033] Surface effects can be characterized as falling into two groups: (1) a surface effect consisting of a shallow
pattern, such as simulated leather with a fine grain, or a mirror finish, such as simulated patent leather, which tends to
have high gloss; and (2) a surface effect consisting of a deeper pattern, such as a simulated leather with heavy wrinkles,
which tends to have low gloss. Gloss of the release sheet is indicated by the 60° gloss of a film cast on its surface,
hereinafter "film gloss." A polyvinyl film is spread on the release sheet surface at consistent thickness and then suffi-
ciently cured in an oven. The film is then stripped from the release sheet. The gloss of the surface of the film containing
the desired surface effect imparted by the release sheet is measured at a 60° angle using a gloss meter. such as the
Progloss gloss meter manufactured by Hunter Associates Laboratory, Inc.
[0034] For a given type of surface effect, the amount of polyvinyl alcohol in the silicone release coating has the
greatest effect on the final product gloss, as measured by the film gloss. Fig. 2 plots the film gloss data as a function
of parts polyvinyl alcohol in the silicone release coating, as provided in Table 1. The amount of both the complex reactive
organofunctional siloxane release modifier and the reactive organofunctional siloxane emulsion coating have smaller
but not insignificant effects on film gloss.

[0035] Therefore, for a surface effect with high gloss, e.g., greater than or equal to 20 film gloss, the silicone release
coating preferably comprises less than 45 parts polyvinyl alcohol and 50 to 80 parts of a complex reactive organofunc-
tional siloxane release modifier. For a surface effect with low gloss, e.g., less than or equal to 4 film gloss, the silicone
release coating preferably comprises 25 to 70 parts polyvinyl alcohol, 60 to 90 parts of a complex reactive organofunc-
tional siloxane release modifier and 20 parts or less of a reactive organofunctional siloxane emulsion coating.
[0036] The type of desired surface effect, shallow or deep pattern, also affects the coat weight of the acrylic functional
coating because it is this layer that provides the replicative surface. A deeper pattern will require a thicker layer of the
acrylic functional coating. Average roughness height values, as determined using the Sheffield Profilometer manufac-
tured by Giddings & Lewis Sheffield Measurement, provide an indication of the depth of the pattern. Therefore, for a
shallow pattern, e.g., 290 microinches (7.4 microns), the coat weight of the acrylic functional coating is preferably 25
to 35 lb/3300ft2 (37 to 52 g/m2). For a deep pattern, e.g., 725 microinches (18.4 microns), the coat weight of the acrylic
functional coating is preferably 35 to 55 lb/3300ft2 (52 to 81 g/m2).
[0037] It is very important to control the coat weight of the silicone release coating layer 13 for several reasons. If
the coat weight is too low, the continuity of the release surface could be interrupted, resulting in unacceptable release.
On the other hand, if the coat weight is too high, the surface effect of the underlying acrylic functional coating may be
altered, resulting in significantly less than 100% fidelity. Preferably, the coat weight of the silicone release coating is

Table 1

Polyvinyl Alcohol (parts) 60° Film Gloss

10 32.8

17 28.3

45 19.8

90 17
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less than 2.5 lb/3300ft2 (3.7 g/m2). Moreover, film gloss is affected by coat weight. Therefore, for a surface effect with
low gloss, the coat weight of the silicone release coating layer 13 is most preferably 0.5 to 1.5 lb/3300ft2 (0.7 to 2.2 g/
m2). For a surface effect with high gloss, the coat weight of the silicone release coating layer 13 is most preferably 1.0
to 2.5 lb/3300ft2 (1.5 to 3.7 g/m2). Table 2 shows that there is no significant difference in average roughness height
values, before and after the silicone release coating layer is applied, maintaining the high level of fidelity. There is
substantially no change in the topography of the underlying acrylic functional coating layer 12 with the addition of the
silicone release coating layer 13.

[0038] The invention provides a number of advantageous properties. A release sheet functions as a temporary mold
and is typically reused a number of times before being discarded. The release values in Table 3 were generated by
stripping a cast film from the surface of the release sheet using an Osgood-Sutermeister release tester. The tester
provides a comparative measurement of the energy required to strip a 3.8 cm by 7.7 cm film sample. Reuse release
data are generated by measuring the release energy after a predetermined number of castings on the same release
sheet. With each reuse, release values typically increase, eventually reaching unacceptable release values. Fig. 3
graphs the data provided in Table 3. To simulate the release of multicomponent reactive urethane casting systems, a
hard releasing aromatic polyurethane film was cast on the release sheet. The release values of the release sheet of
the invention remain relatively flat while the values for the control sheet increase with reuse. The control is a conven-
tional release sheet known to release multicomponent reactive urethane casting systems. Stable reuse release values
improve productivity because changes in the process in response to changes in release are not required.

[0039] Another property of the invention is the absence of a post-cure change in release. Silicone release sheets
often require an "aged" release test because the release will change as the silicone coating continues to cure completely
after manufacture. The release properties of the release sheet of the invention remain substantially constant after cure.
The lack of this post-cure release change allows for a valid release assessment of the release sheet during production.
[0040] The substrate 11 may be any type of sheet-like substrate, e.g., paper, metal foil, and plastic film, preferably
paper. The substrate should be generally impervious to penetration of the acrylic functional coating to maximize the
efficiency of the acrylic functional coating. The substrate is preferably paper with a base coat to prevent penetration
of the acrylic functional coating. Most preferably, the base coat is a clay coating at a coat weight of approximately 6
lb/3300ft2 (8.9 g/m2).
[0041] The most preferred method of applying and curing the acrylic functional coating providing the desired surface
effect is disclosed in the aforementioned U.S. Pat. Nos. 4,289,821 and 4,322,450. In brief, the method comprises
applying a coating of an electron beam radiation curable composition (the acrylic functional coating) to one surface of
a paper web, pressing the coated side of the paper against a replicative surface having the desired surface effect to
cause the coating to conform to the replicative surface, irradiating the coating with electron beam radiation to cure the
coating, and stripping the paper from the replicative surface with the cured coating adhered to the paper.
[0042] The replicative surface is preferably a metal roll with either a pattern engraved in its surface or a highly polished
smooth surface. The replicative surface is preferably provided in the coating by a rotating endless surface, such as a
roll, drum, or other cylindrical surface, which can be revolved past an electron beam curing device, and, if desired, a
coating station. The coating can be applied directly to the paper, before the paper engages the roll, or it can be applied

Table 2

Pattern Acrylic Functional Layer
(microinches)

With Silicone Layer
(microinches)

Deep 717.6 ± 46.5 725.4 ± 41.8

Shallow 287.0 ± 25.5 290.9 ± 30.0

Note: Average roughness height values measured with Sheffield
Profilometer;
Values are an average of 20 readings; and
Silicone release coating layer coat weight is 1.1 lb/3300 ft2 (1.6 g/m2).

Table 3

Sample Release at 1st Casting
(J/m2)

Release at 5th Casting
(J/m2)

Invention 19.9 18.7

Control 30.3 58.7
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directly to the roll, in which case the paper is pressed against the coated roll.
[0043] The acrylic functional coating may be cured by thermal curing, electron beam radiation, or UV radiation. Elec-
tron beam radiation is preferred because it can not only penetrate opaque substrates such as paper but also the thick
coatings required for certain desired patterns. Other forms of radiation curing such as UV radiation can only penetrate
optically clear substrates and not into thick coatings. Electron beam radiation units useful in the present invention are
readily available and typically consist of a transformer capable of stepping up line voltage and an electron accelerator.
In one type of machine the electrons are generated from a point source, or single, filament and then scanned electro-
magnetically to traverse the coated object. In another type of machine, the electrons are generated in a curtain from
an extended filament, or multifilament, which can irradiate the entire width of the surface without the need for scanning.
The entire curing station is enclosed in a lead lined enclosure to prevent stray radiation from leaving the curing station
area. It is common when curing coatings with electron beam radiation units to take steps to eliminate oxygen from the
surface of the coating. In the present apparatus, a nitrogen atmosphere can be applied. Manufacturers of electron
beam radiation units include Energy Sciences, Inc. and RPC Industries.
[0044] The silicone release coating may be applied by a variety of coating techniques. Examples of coating tech-
niques include, but are not limited to, bent blade, bevel blade, rod, roll, short dwell. curtain coating. air knife, and air
brush. The invention requires a thin layer of the silicone release coating to maintain substantially 100% fidelity and the
aesthetics of the surface effect in the underlying acrylic layer, and to maintain the continuity of the silicone release
surface to ensure acceptable release and uniform aesthetic characteristics. Consequently, the most preferred coating
technology is the air brush which provides a thin but uniform coating layer.
[0045] The silicone release coating may be cured by a variety of curing techniques. Examples of curing techniques
include convection, conduction, infrared, and combinations thereof. Regardless of the curing method, it is very important
to obtain sufficient silicone cure. Improper silicone cure will affect not only post-cure release, but also reuse release
values and film gloss. Although cure times and temperatures will vary depending on the particular product and process
equipment, a minimum web temperature of 335°F (168°C) should be maintained for proper cure Fig. 3 demonstrates
the effect of improper cure on reuse release values.
[0046] Other embodiments arc within the claims. Various modifications of this invention will become apparent to
those skilled in the art without departing from the scope of this invention as defined by the appending claims.

Claims

1. A release sheet providing a surface effect for use in replicative casting of curable compositions comprising:

a) a substrate;
b) an acrylic functional coating layer provided on at least one surface of the substrate, containing said surface
effect; and
c) a silicone release coating layer provided on the acrylic functional coating layer in a manner to maintain
continuity of said silicone release coating layer with acceptable release of a cast film from said silicone release
coating layer and minimize alteration of said surface effect wherein the silicone release coating layer contains
polyvinyl alcohol in an amount no greater than 90 parts, 100 parts or less of a complex reactive organofunctional
siloxane release modifier, a reactive organofunctional siloxane emulsion coating in an amount no greater than
90 parts, a catalyst, selected from a group consisting of platinum complex and tin complex, in an amount of
10 to 20 parts, and a nonionic surface wetting agent containing polyoxyethylene groups in an amount of 2 to
12 parts, parts being on a dry solids basis.

2. The release sheet of claim 1 wherein the acrylic functional coating layer comprises an acrylated oligomer and a
monomer selected from a group consisting of monofunctional acrylates, multifunctional acrylates and mixtures
thereof.

3. A release sheet of claim 1 or claim 2 wherein the acrylic functional coating layer comprises 10 to 50 parts of an
acrylated oligomer, 20 to 60 parts of a monofunctional monomer, 20 to 60 parts of a multifunctional monomer,
selected from a group consisting of TMPTA, TPGDA, and mixtures thereof, and an aminofunctional siloxane release
agent at 2% or less by total weight of the coating, parts being on a dry solids basis.

4. The release sheet of any of claims 1 to 3 wherein the acrylic functional coating layer further comprises 2% or less
by total weight of the coating of a siloxane release agent.

5. The release sheet of any of claims 1 to 4 wherein the acrylic functional coating layer comprises 2% or less by total



EP 1 098 715 B9 (W1B1)

5

10

15

20

25

30

35

40

45

50

55

8

weight of the coating of an aminofunctional siloxane release agent.

6. The release sheet of any of claims 1 to 3 wherein the acrylic functional coating layer is substantially free of an
aminofunctional siloxane release agent.

7. The release sheet of any of claims 1 to 6 wherein the catalyst is a platinum complex catalyst.

8. The release sheet of any of claims 1 to 7 wherein the nonionic surface wetting agent containing polyoxyethylene
groups is a silicone glycol copolymer wetting agent.

9. The release sheet of claim 1 wherein the silicone release coating layer comprises 70 parts or less polyvinyl alcohol,
50 to 90 parts of a complex reactive organofunctional siloxane release modifier, 50 parts or less of a reactive
organofunctional siloxane emulsion coating, and 4 to 8 parts of a silicone glycol copolymer wetting agent, parts
being on a dry solids basis.

10. The release sheet of any of claims 1 to 9 wherein the acrylic functional coating layer has a deep pattern and a
dried coat weight of 52 to 81 g/m2.

11. The release sheet of any of claims 1 to 9, wherein the acrylic functional coating layer has a shallow pattern and a
dried coat weight of 37 to 52 g/m2.

12. The release sheet of any of claims 1 to 11 wherein the dried coat weight of the silicone release coating layer is
less than 3.7 g/m2.

13. The release sheet of any of claims 1 to 12 having a surface effect that would impart a high gloss to a film cast on
the release sheet wherein the silicone release coating layer comprises less than 45 parts polyvinyl alcohol and 50
to 80 parts of a complex reactive organofunctional siloxane release modifier.

14. The release sheet of claim 13 wherein the dried coat weight of the silicone release coating layer is from 1.5 to 3.7
g/m2.

15. The release sheet of any of claims 1 to 14 having a surface effect that would impart a low gloss to a film cast on
the release sheet wherein the silicone release coating layer comprises 25 to 70 parts polyvinyl alcohol, 60 to 90
parts of a complex reactive organofunctional siloxane release modifier and 20 parts or less of a reactive organo-
functional siloxane emulsion coating, parts being on a dry solids basis.

16. The release sheet of claim 15 wherein the dried coat weight of the silicone release coating layer is from 0.7 to 2.2
g/m2.

17. A method of manufacturing a release sheet providing a surface effect for use in replicative casting of curable
systems comprising:

a) applying an acrylic functional coating layer to a substrate;
b) pressing the coated side of the substrate against a replicative surface to cause the coating to conform with
the replicative surface;
c) curing the acrylic functional coating layer;
d) stripping the cured coated substrate from the replicative surface;
e) applying a silicone release coating layer as defined in any of claims 1 to 16 on the acrylic functional coating
layer; and
f) curing the silicone release coating layer.

18. The method of claim 17 wherein the pressing step and the acrylic functional curing step are performed simultane-
ously.

19. The method of claim 17 or claim 18 wherein the acrylic functional curing step is achieved by radiation curing.

20. The method of claim 19 wherein the radiation curing is electron beam radiation curing.



EP 1 098 715 B9 (W1B1)

5

10

15

20

25

30

35

40

45

50

55

9

21. The method of any of claims 17 to 20 wherein the silicone release coating layer applying step is performed by
airbrush coating.

22. The method of any of claims 17 to 21 wherein the curing step for the silicone release coating layer maintains a
minimum web temperature of 168°C.

Patentansprüche

1. Trennfolie zur Ausbildung eines Oberflächeneffekts, zur Verwendung beim abformenden Gießen härtbarer Zu-
sammensetzungen, aufweisend:

a) ein Substrat;
b) eine auf wenigstens eine Oberfläche des Substrates aufgebrachte acrylfunktionalisierte Deckschicht, die
den Oberflächeneffekt aufweist; und
c) eine Silikontrenndeckschicht, die auf die acrylfunktionalisierte Deckschicht in geschlossener Form mit ak-
zeptabler Ablösbarkeit eines Gießfilms von der Silikontrenndeckschicht und unter minimaler Veränderung des
Oberflächeneffekts aufgebracht ist, wobei die Silikontrenndeckschicht Polyvinylalkohol in einer Menge von
nicht mehr als 90 Teilen, 100 Teile oder weniger eines komplexen reaktiven organofunktionalisierten Siloxan-
trennkraftreglers, ein reaktives organofunktionalisiertes Siloxanbeschichtungsmittel in Form einer Emulsion
in einer Menge von nicht mehr als 90 Teilen, 10 bis 20 Teile eines unter einem Platinkomplex und einem
Zinnkomplex ausgewählten Katalysators und 2 bis 12 Teile eines nichtionischen Oberflächennetzmittels mit
Polyoxyethylengruppen enthält, wobei alle Teile auf den Trockenfeststoffgehalt bezogen sind.

2. Trennfolie nach Anspruch 1, wobei die acrylfunktionalisierte Deckschicht ein Acrylat-Oligomer und ein unter mo-
nofunktionalisierten Acrylaten, multifunktionalisierten Acrylaten und Mischungen davon ausgewähltes Monomer
enthält.

3. Trennfolie nach Anspruch 1 oder Anspruch 2, wobei die acrylfunktionalisierte Deckschicht 10 bis 50 Teile eines
Acrylat-Oligomers, 20 bis 60 Teile eines monofunktionalisierten Monomers, 20 bis 60 Teile eines unter TMPTA,
TPGDA und Mischungen davon ausgewählten multifunktionalisierten Monomers und 2 % oder weniger, bezogen
auf das Gesamtgewicht der Schicht, eines aminofunktionalisierten Siloxantrennmittels enthält, wobei alle Teile auf
den Trockenfeststoffgehalt bezogen sind.

4. Trennfolie nach einem der Ansprüche 1 bis 3, wobei die acrylfunktionalisierte Deckschicht außerdem 2 % oder
weniger, bezogen auf das Gesamtgewicht der Schicht, eines Siloxantrennmittels enthält.

5. Trennfolie nach einem der Ansprüche 1 bis 4, wobei die acrylfunktionalisierte Deckschicht 2 % oder weniger,
bezogen auf das Gesamtgewicht der Schicht, eines aminofunktionalisierten Siloxantrennmittels enthält.

6. Trennfolie nach einem der Ansprüche 1 bis 3, wobei die acrylfunktionalisierte Deckschicht im Wesentlichen frei
von aminofunktionalisierten Siloxantrennmitteln ist.

7. Trennfolie nach einem der Ansprüche 1 bis 6, wobei der Katalysator ein Platinkomplexkatalysator ist.

8. Trennfolie nach einem der Ansprüche 1 bis 7, wobei das nichtionische Oberflächennetzmittel mit Polyoxyethylen-
gruppen ein Silikonglykolcopolymer-Netzmittel ist.

9. Trennfolie nach Anspruch 1, wobei die Silikontrenndeckschicht 70 Teile oder weniger Polyvinylalkohol, 50 bis 90
Teile eines komplexen reaktiven organofunktionalisierten Siloxantrennkraftreglers, 50 Teile oder weniger eines
reaktiven organofunktionalisierten Siloxanbeschichtungsmittels in Form einer Emulsion und 4 bis 8 Teile eines
Silikonglykolcopolymer-Netzmittels enthält, wobei alle Teile auf den Trockenfeststoffgehalt bezogen sind.

10. Trennfolie nach einem der Ansprüche 1 bis 9, wobei die acrylfunktionalisierte Deckschicht eine Tiefenstruktur und
ein Trockenauftraggewicht von 52 bis 81 g/m2 hat.

11. Trennfolie nach einem der Ansprüche 1 bis 9, wobei die acrylfunktionalisierte Deckschicht eine flache Struktur und
ein Trockenauftraggewicht von 37 bis 52 g/m2 hat.
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12. Trennfolie nach einem der Ansprüche 1 bis 11, wobei das Trockenauftraggewicht der Silikontrenndeckschicht
weniger als 3,7 g/m2 beträgt.

13. Trennfolie nach einem der Ansprüche 1 bis 12 mit einem Oberflächeneffekt, der einem auf der Trennfolie gegos-
senen Film Hochglanz verleiht, wobei die Silikontrenndeckschicht weniger als 45 Teile Polyvinylalkohol und 50 bis
80 Teile eines komplexen reaktiven organofunktionalisierten Siloxantrennkraftreglers umfasst.

14. Trennfolie nach Anspruch 13, wobei das Trockenauftraggewicht der Silikontrenndeckschicht 1,5 bis 3,7 g/m2 be-
trägt.

15. Trennfolie nach einem der Ansprüche 1 bis 14 mit einem Oberflächeneffekt, der einem auf der Trennfolie ,gegos-
senen Film einen geringen Glanz verleiht, wobei die Silikontrenndeckschicht 25 bis 70 Teile Polyvinylalkohol, 60
bis 90 Teile eines komplexen reaktiven organofunktionalisierten Siloxantrennkraftreglers und 20 Teile oder weniger
eines reaktiven organofunktionalisierten Siloxanbeschichtungsmittels in Form einer Emulsion enthält, wobei alle
Teile auf Trockenfeststoffgehalt bezogen sind.

16. Trennfolie nach Anspruch 15, wobei das Trockenauftraggewicht der Silikontrenndeckschicht 0,7 bis 2,2 g/m2 be-
trägt.

17. Verfahren zur Herstellung einer Trennfolie zur Ausbildung eines Oberflächeneffekts zur Verwendung beim abfor-
menden Gießen härtbarer Systeme, bei dem man

a) eine acrylfunktionalisierte Deckschicht auf ein Substrat aufbringt;
b) die beschichtete Seite des Substrates gegen eine abzuformende Oberfläche presst, so dass die Beschich-
tung mit der abzuformenden Oberfläche übereinstimmt;
c) die acrylfunktionalisierte Deckschicht härtet;
d) das gehärtete beschichtete Substrat von der abzuformenden Oberfläche abzieht;
e) eine in einem der Ansprüche 1 bis 16 definierte Silikontrenndeckschicht auf die acrylfunktionalisierte Deck-
schicht aufträgt; und
f) die Silikontrenndeckschicht härtet.

18. Verfahren nach Anspruch 17, wobei das Pressen und das Härten der acrylfunktionalisierten Deckschicht gleich-
zeitig erfolgt.

19. Verfahren nach Anspruch 17 oder Anspruch 18, wobei das Härten der acrylfunktionalisierten Deckschicht durch
Strahlungshärtung erfolgt.

20. Verfahren nach Anspruch 19, wobei die Strahlungshärtung durch Elektronenstrahlhärtung erfolgt.

21. Verfahren nach einem der Ansprüche 17 bis 20, wobei der Auftrag der Silikontrenndeckschicht durch Auftragen
mit einer Spritzpistole erfolgt.

22. Verfahren nach einem der Ansprüche 17 bis 21, wobei die Härtung der Silikontrenndeckschicht bei einer Gewe-
betemperatur von mindestens 168°C erfolgt.

Revendications

1. Feuille anti-adhésive offrant un effet de surface à utiliser dans la reproduction par coulée de.compositions durcis-
sables comprenant :

a) un substrat ;

b) une couche de revêtement à fonctionnalité acrylique déposée sur au moins une surface du substrat, con-
tenant ledit effet de surface ; et

c) une couche de revêtement silicone anti-adhésif déposée sur la couche de revêtement à fonctionnalité acryli-
que de manière à conserver la continuité de ladite couche de revêtement silicone anti-adhésif avec un décol-
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lement acceptable d'un film coulé de ladite couche de revêtement silicone anti-adhésif et à minimiser la mo-
dification dudit effet de surface, dans laquelle la couche de revêtement silicone anti-adhésif contient de l'alcool
polyvinylique en une quantité non supérieure à 90 parties, 100 parties ou moins d'un agent modifiant siloxane
complexe organofonctionnel réactif, un revêtement siloxane organofonctionnel réactif en émulsion en une
quantité non supérieure à 90 parties, un catalyseur choisi dans le groupe constitué de complexe de platine et
de complexe d'étain, en une quantité de 10 à 20 parties, et un agent non ionique mouillant la surface contenant
des groupes polyoxyéthylène en une quantité de 2 à 12 parties, les parties étant sur la base des matières
solides sèches.

2. Feuille anti-adhésive selon la revendication 1 dans laquelle la couche de revêtement à fonctionnalité acrylique
comprend un oligomère acrylé et un monomère choisi dans un groupe constitué d'acrylates monofonctionnels,
d'acrylates multifonctionnels et de leurs mélanges.

3. Feuille anti-adhésive selon la revendication 1 ou la revendication 2 dans laquelle la couche de revêtement à fonc-
tionnalité acrylique comprend de 10 à 50 parties d'un oligomère acrylé, de 20 à 60 parties d'un monomère mono-
fonctionnel, de 20 à 60 parties d'un monomère multifonctionnel choisi dans le groupe constitué de TMPTA, TPGDA
et de leurs mélanges, et un agent anti-adhésif siloxane aminofonctionnel à 2 % ou moins en poids total du revê-
tement, les parties étant sur la base des matières solides sèches.

4. Feuille anti-adhésive selon l'une quelconque des revendications 1 à 3 dans laquelle la couche de revêtement à
fonctionnalité acrylique comprend en outre 2 % ou moins, en poids total du revêtement, d'un agent anti-adhésif
siloxane.

5. Feuille anti-adhésive selon l'une quelconque des revendications 1 à 4 dans laquelle la couche de revêtement à
fonctionnalité acrylique comprend 2 % ou moins, en poids total du revêtement, d'un agent anti-adhésif siloxane
aminofonctionnel.

6. Feuille anti-adhésive selon l'une quelconque des revendications 1 à 3 dans laquelle la couche de revêtement à
fonctionnalité acrylique est essentiellement dénuée d'agent anti-adhésif siloxane aminofonctionnel.

7. Feuille anti-adhésive selon l'une quelconque des revendications 1 à 6 dans laquelle le catalyseur est un catalyseur
de complexe de platine.

8. Feuille anti-adhésive selon l'une quelconque des revendications 1 à 7 dans laquelle l'agent mouillant la surface
non ionique contenant des groupes polyoxyéthylène est un agent mouillant de type copolymère de silicone glycol.

9. Feuille anti-adhésive selon la revendication 1 dans laquelle la couche de revêtement anti-adhésif silicone com-
prend 70 parties ou moins d'alcool polyvinylique, de 50 à 90 parties d'un agent modifiant siloxane complexe or-
ganofonctionnel réactif, 50 parties ou moins d'un revêtement siloxane réactif organofonctionnel en émulsion et de
4 à 8 parties d'un agent mouillant de copolymère silicone glycol, les parties étant sur la base des matières solides
sèches.

10. Feuille anti-adhésive selon l'une quelconque des revendications 1 à 9 dans laquelle la couche de revêtement à
fonctionnalité acrylique à un motif profond et un poids de revêtement sec de 52 à 81 g/m2.

11. Feuille anti-adhésive selon l'une quelconque des revendications 1 à 9 dans laquelle la couche de revêtement à
fonctionnalité acrylique a un motif peu profond et un poids de revêtement sec de 37 à 52 g/m2.

12. Feuille anti-adhésive selon l'une quelconque des revendications 1 à 11 dans laquelle le poids de revêtement sec
de la couche de revêtement anti-adhésif silicone est inférieur à 3,7 g/m2.

13. Feuille anti-adhésive selon l'une quelconque des revendications 1 à 12 ayant un effet de surface qui communi-
querait un brillant élevé à un film coulé sur la feuille anti-adhésive dans laquelle la couche de revêtement anti-
adhésif silicone comprend moins de 45 parties d'alcool polyvinylique et de 50 à 80 parties d'un agent modifiant
siloxane complexe organofonctionnel réactif.

14. Feuille anti-adhésive selon la revendication 14 dans laquelle le poids de revêtement sec de la couche de revête-
ment anti-adhésif silicone est compris entre 1,5 et 3,7 g/m2.
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15. Feuille anti-adhésive selon l'une quelconque des revendications 1 à 15 ayant un effet de surface qui communi-
querait un faible brillant à un film coulé sur la feuille anti-adhésive dans laquelle la couche de revêtement anti-
adhésif silicone comprend de 25 à 70 parties d'alcool polyvinylique, de 60 à 90 parties d'un agent modifiant siloxane
complexe organofonctionnel réactif et 20 parties ou moins d'un revêtement siloxane réactif organofonctionnel en
émulsion, les parties étant sur la base des matières solides sèches.

16. Feuille anti-adhésive selon la revendication 16 dans laquelle le poids de revêtement sec de la couche de revête-
ment anti-adhésif silicone est compris entre 0,7 et 2,2 g/m2.

17. Procédé de fabrication d'une feuille anti-adhésive offrant un effet de surface à utiliser dans la reproduction par
coulée de systèmes durcis-sables comprenant les opérations consistant à :

a) appliquer une couche de revêtement à fonctionnalité acrylique sur un substrat ;

b) presser le côté enduit du substrat contre une surface de reproduction pour provoquer l'adaptation de la
forme du revêtement à la surface de reproduction ;

c) durcir la couche de revêtement à fonctionnalité acrylique ;

d) séparer le substrat revêtu durci de la surface de reproduction ;

e) appliquer une couche de revêtement silicone anti-adhésif telle que définie dans l'une quelconque des re-
vendications 1 à 16 sur la couche de revêtement à fonctionnalité acrylique ; et

f) durcir la couche de revêtement silicone anti-adhérent.

18. Procédé selon la revendication 17 dans lequel l'étape de pressage et l'étape de durcissement de la fonctionnalité
acrylique sont réalisées simultanément.

19. Procédé selon la revendication 17 ou la revendication 19 dans lequel l'étape de durcissement de la fonctionnalité
acrylique est réalisée par un durcissement par rayonnement.

20. Procédé selon la revendication 19 dans lequel le durcissement par rayonnement est un durcissement par rayon-
nement d'un faisceau d'électrons.

21. Procédé selon l'une quelconque des revendications 17 à 20 dans lequel l'étape d'application de la couche de
revêtement anti-adhésif silicone est réalisée par couchage à la lame d'air.

22. Procédé selon l'une quelconque des revendications 17 à 21 dans lequel on maintient pendant l'étape de durcis-
sement pour la couche de revêtement anti-adhésif silicone une température de tissu minimale de 168 °C.
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