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ABSTRACT

A panel includes a thermoset material, and an image comprising sublimation ink. The
sublimation ink is absorbed in the thermoset material. The rigid component may be a rigid

structure formed by the thermoset material. The panel may be for a bath or shower enclosure.
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DECORATED RIGID PANEL

BACKGROUND

[0002] The present disclosure relates to forming imagery on articles. More particularly, the
present disclosure relates to forming and decorating panels or rigid components using a dye

sublimation process.

[0803] Decorative images are often formed on various different articles, such as consumer
products, clothing, packaging, signage, and the like. Images may include, for example, pictures,
words, logos, patterns or other designs, alone or in combination with each other and/or many

other possible images.

[0004] Many different methods have been employed to form images onto these various
articles, such methods often being determined according to image and article charactenstics (e.g.,

image durability, object shape and size, object material, etc.).

10005] For example, various printing methods (e.g., inkjet printing, screen printing, etc.) have
been used to form images with ink onto the various different substrates of particular items (e.g.,
plastic, metal, cloth, natural fibers, etc.). Depending on the article and image type, printing may
offer various advantages or may suffer from various other disadvantages. For example, printing
may offer flexibility and quick changeover for printing different images on similar articles {(¢.g.,
shirts). However, direct printing may require specialized equipment suited only for use with a
particular item having unique characteristics (¢.g., substrate material, size, shape, etc.), may

provide limited durability since the ink is typically deposited on a surface of the article, and/or
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may require relatively long printing times and high expenses, especially associated with printing

large items.

[0006] Another method for forming images on different articles is dye sublimation, which
involves heating a specialized ink or dye that converts directly from a solid to a gas, such that the
gaseous ink may be absorbed into the surface of the item. Dye sublimation generally involves
providing a carrier or transfer film with an image formed thereon with sublimation ink, holding
the carrier with the sublimation ink against the substrate with a low pressure (e.g., S or 10 pst),
and heating the substrate and ink to a temperature at which the ink converts to a gaseous state
and can bc absorbed into the substratc. Dyc sublimation may offer various advantages or suffer
from various other disadvantages depending on the article and 1mage type. For example, dye
sublimation has been found to be useful on fabrics and small novelty items. However, dye
sublimation typically requires heating an article to high temperatures (e.g., 400 degrees
Fahrenheit) that may cause deformation to the article, requires specialized equipment (e.g., to
heat an article and/or hold a carrier in fixed position against the articlc, such as a dyc sublimation
press, which typically operate at 60 psi or less), requires a polymenc substrate which often
requires application of a gel coat or polymeric powder coat to the surface of the article for

absorbing the gaseous sublimation ink, and is generally limited to two-dimensional surfaces.

[0007] One recent application includes construction sheet goods with simulated natural
surfaces, such as stone (e.g., marble, granite, etc.) and wood, which may be used in construction
projects in lieu of a corresponding naturally occurring material with higher cost and maintenance
requirements. These sheet products are known to be imprinted using a dye sublimation process,
such as that dcscribed above, but have been limited to cast polymers, ceramics, or metal that
have required application and curing of a polymeric gel coat or powder coat and/or subsequent

hcating of the sheet product prior to transferring an image to the product.

[0008] It would be advantageous to provide an article with an image in a manner that addresses
at least some of the shortcomings associated with conventional printing and dye sublimation

methods.
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SUMMARY

[0009] According to an exemplary embodiment, a panel includes a thermoset raterial, and an
image formed using a sublimation ink. The sublimation ink is ebsorbed into the surface of the
thermoset material, The panel may be a generally rigid structure farmexd by the thermoset
matetlal. The panel may be for a bath or shower enclosure.

[0010] According (o an exemplary embodiment, a compresslon molded component includes a
homogenous polymer-besed substrate, and an image comprising a sublimatton ink. The
sublimation ink is absorbed in the homogenous polymer-based substrate. Glass fibers may be
distributed generally evenly throughout the substrate. The compression molded component may
be a generally rigid structure formed by the homogenous polymer-based substrate, The
compression molded component may be a wall panel for n bath or shower enclosure.,

[00L1] According to an exemplary embodiment, @ method for forming 8 compression molded
component includes providing » compresyion molded component comprising & polymer-based
substrate, providing a carrier with a transfer image comptising sublimation ink, and pressing the
carrier agelnst the rigid component at & pressure sbove approximately 100 pei and heating the
sublimation ink to greater than approximately 330 degrees Fabrenheit. The stop of providing a
compression molded component may comprise forming the compression molded component by
pressing u substrate material in & presy, and heating the subatrate material to & temperature of

botwecn spproximately 300 and 350 dogrees Fahronheit until the substrate matorial becomas
tigid. The step of pressing the carrier against the rigid component comprisos inserting the carrier

into the press prior to removing the compression molded component,

[0012] According to an cxemplary embodiment, & decorated rigid structurc includes a
thermogst material and en image. The thermoset material forms a rigid siructare, The image i8
on a surface of the rigid struoture and includes sublimation ink abrorbed (n the thermoset

matenal,
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[0013] According to an exemplary embodiment, a method of providing a decorated
compression molded component includes placing a carrier with a transfer image onto the
compression moided component. The compression image is formed of a sublimation ink. The
method also includes transferring at least a portion of the sublimation ink to the compression
molded component by pressing the carrier against the compression molded component at a
pressure above approximately 100 psi and simultaneously heating the sublimation ink to between
approximately 300 degrees Fahrenheit and approximately 360 degrees Fahrenheit until the
sublimation ink sublimates and is absorbed into the compression molded component to form a

transferred image thereon

[0014] According to an exemplary embodiment, a method of forming a decorated compression
molded component includes inserting uncured thermoset material between an upper tool and a
lower tool. The upper tool and the lower tool having different three-dimensional surfaces for
shaping the uncured thermoset material. The method also includes pressing the uncured
thecrmosct matcrial between the upper tool and the lowcer tool and simultanciously heating the
uncured thermoset material to shape and cure the thermoset maternial into the compression
molded component. The method additionally includes inserting a carrier with an image between
the compression molded component. The image is formed with a sublimation ink. The method
includes pressing the carrier between the upper tool and the compression molded component
until the sublimation ink sublimates and is sufficiently absorbed in the thermoset matenal to
form an image on the compression molded component. The method still further includes

removing the compression molded component from between the upper tool and the lower tool.
BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG. 1 is a schematic drawing illustrating components used for providing a rigid

component with imagery in a dye sublimation process according to an exemplary embodiment.

[0016] FIG. 2 is a flow chart of a method for providing a rigid component with imagery

according to an cxemplary embodiment.
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DETAILED DESCRIPTION

[0017] According to an cxcmplary cmbodiment, a member or structurc, such as a modular bath
or shower panel includes an image, which is formed with sublimation ink. The bath or shower
panel comprises a polymer-based substrate and is formed by a compression molding process in
which the substrate is compressed between two heated tools and heated until cured during a first
pressing operation. The sublimation ink is applied to the panel by way of a carrier, which is
compressed between the panel and the upper heated tool during a second pressing operation in

which the sublimation ink is transferred from the carrier to the substrate of the panel.

[0018] According to an exemplary embodiment, a shower or bath includes one or more
modular rigid components or panels 40, such as a wall panel, door, ceiling, shower receptor (i.e.,
a floor or base), tub base, and the like. The panels 40 are coupled to a generally hidden support
structure and/or each other so as to define a bath or shower enclosure. The one or more panels 40
may be generally planar, or may include a three dimensional profile or shape configured for
acsthetic, water shedding, or other purposes. According to the exemplary embodiment shown in
Fig. 1, the panel 40 is a wall panel that may include a three-dimensional impression of tile and/ot

grout or other aesthetic designs.

[0019] According to other exemplary embodiments, the rigid component may be a shower
receptor that is sloped and/or includes ledges to direct water toward a drain, a tub base that

includes a recess or shelf for storing hygiene products, and the like, Accordmg to other
cxemplary ecmbodiments, the rigid component may be a flat or planar pancl or shect, a sink (¢.g.,
a lavatory, utility, or kitchen sink), bathtub, countertop, integrated sink and countertop (i.c.,
integrated top and bowl), or any other large format article for which it may be desirable to

provide imagery.

[0020] According to an exemplary embodiment, the panel 40 or other rigid component
comprises a substrate material having one or more polymeric constituent ingredients. The

substrate material is formed from a generally homogencous material, such as polymer-based

-5-
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thermoset material that is filled with glass fiber that is generally evenly distributed through
within thermoset material. The thermoset material may include a polyester resin having one or
more fillers materials (e.g., calcium carbonate) and may further include other minor constituent
ingredients. The polyester resin may be provided in quantities of approximately 15- 45% by
weight (e.g., approximately 17-19%), while filler materials (e.g., calcium carbonate) may be
provided in quantities of approximately 5-70% by weight, such as approximately 40-70% or
approximately 62-64%. Gilass content {(c.g., chopped glass fibers) may, for example, be
approximately 5- 45% by weight, such as approximately 11-14%. According to other exemplary
embodiments, the substrate material may include different polymer resin matenals (e.g., acrylic,
urethane, epoxy, vinyl esters, etc.), other fibrous strengthening materials carbon fiber, aramid
fiber, polypropylene fiber (i.e., in addition to or instead of chopped glass fibers), other
constituent ingredients of approximately 0-10% (e.g., pigment, catalyst, mold release, thickening
agent, for controlling material shrinkage, for facilitating cross-linking, etc.), or other materials

consistent with present disclosure as will be recognized by those skilled in the art.

[0021) According to an exemplary embodiment, the substrate material is provided in the form
of a charge 20. The charge 20 is formed by providing a first layer of the homogeneous paste
material, depositing chopped glass fibers over the first layer of paste material, and applying a
second layer of past material over the glass fibers. After 1 — 7 days of thickening or maturing,
the substrate material may then be folded over itself several times (e.g., five to ten times), thus
resulting in a multi-layer charge 20 having smaller width and length (e.g., approximately 10-30"
x 10-30”, such as approximately 18°x18”) than the width and length of the final panel 40 or rigid
component (e.g., approximately 2-10° x 3-10°, such as approximately 5°x3”). According to
other exemplary embodiments, the charge 20 and panel 40 or other rigid component may be
formed in other manners and other sizes consistent with the present disclosure as will be

recognized by those skilled in the art.

[0022] According to an exemplary embodiment, the panel 40 or rigid component is formed by
a compression molding process. The charge 20 is inserted into a press 10 between

complementary upper and lower tools 12, 14 of a desired shape. Closing of the press 10 causes

-6-
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the upper and lower tools 12, 14 to compress the charge 20 causing the uncured substrate
material to flow between the upper and lower tools 12, 14, resulting in a panel 40 of desired
shape with glass fibers distributed generally evenly throughout the substrate material. The
complementary upper and lower tools 12, 14 may have complementary three-dimensional
impressions, which are configured to provide the panel 40 with a desired aesthetic appearance
(e.g., tiles and grout), functional shape (e.g., for water direction, shelves, etc.), and/or additional
features (e.g., strengthening or attachment features, such as ribs, bosses, flanges, apertures, etc.).
If a three-dimensional shape is provided, the upper and lower tools 12, 14 may be configured to
provide the panel 40 with a generally constant thickness, such that the contours of an outer
aesthetic surface are followed by those of an inner hidden surface. The upper and lower tools 12,
14 may also be configured to form the panel 40 as a flat sheet (e.g., like conventional sheet
goods used in the construction industry). As described above, a rigid component having
different shape or purpose than a panel 40 may be formed including, for example, a bathtub,

shower receptor, sink, integrated top and bowl, countertop, etc.

[0023) According to an exemplary embodiment, the upper and lower tools 12, 14 may be
heated. For example, the upper and lower tools 12, 14 may each be made from a specialized
steel or other suitable material and include fluid or gas conduits or piping running therethrough
for carrying a heating liquid or gas, such as water or steam, or another liquid or gas. Heat is
transferred from the liquid so as to heat the tools 12, 14, including their surfaces that directly
engage the substrate material of the charge 20. Depending on the particular substrate material
and its canstituent ingredients, the upper tool 12 may be heated to between approximately 270
and 360 degrees Fahrenheit (e.g., between 315 and 345 degrecs Fahrenheit), and the lower tool
14 may be heated to between approximately 270 and 360 degrees Fahrenheit (e.g., between
approximately 285 and 315 degrees Fahrenheit). Furthermore, the upper and lower tools 12, 14
may be heated to different temperatures than each other (e.g., with a difference of between 15
and 45 degrees Fahrenheit, such as approximately 30 degrees Fahrenheit), for example, to

facilitate curing of the substratc material 20, to achieve desired aesthetics of the panel 40, and/or

to facilitate removal of the panel 40 from the press 10. According to other exemplary
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embodiments, the upper and lower tools 12, 14 may be configured in other manners, for
example, with different materials, with different temperatures (¢.g., higher, lower, lower or
higher differential), and in other manners consistent with the present disclosure as will be

recognized by those skilled in the art.

[0024] According to an exemplary embodiment, the press 10 is configured to press the upper
and lower tools 12, 14 to a desired gap or spacing that corresponds to a desired thickness of the
panel 40 or rigid component. For example, the lower tool 12 may be held in a fixed position,
while the press 10 is configured to raise and lower the upper tool 12 over top the lower tool 14 to
a gencrally constant spacing of between approximatcly between 110 and 500 thousandths of an
inch (e.g., approximately 160-170 thousandths of an inch). The press 10 may, for example, be
up to an approximately 4000 ton press capabie of achieving maximum pressures of
approximately 500-1800 psi. According to other exemplary embodiments, other presses may be

used having other suitable parameters as will be understood by those skilied 1n the art.

[0025) According to an exemplary embodiment, the substrate material 20 1s formed 1ato the
panel 40 or rigid component during a first pressing operation. That 1s, the panel 40 1s a
compression molded component formed during a compression molding process. The charge 20
i8 inserted into the press 10 (i.e., placed between the upper and lower tools 12, 14). The press 10
forces the upper tool 12 over the lower tool 14 to the desired spacing (i.e., the thickness of the
panél), such that the substrate material of the charge 20 flows between the upper and lower tools
12, 14 to form the substrate material into the desired shape of the panel 40. Heat from the upper
and lower tools 12, 14 cures the substrate material, so as to become rigid and form a generally
rigid structure (i.c., the pancl 40). For cxamplc, during the first pressing opcration, the press 10
may compress the substrate material between approximately 500 psi and 1800 psi (e.g., between
approximatcly 800 and 1200 psi) for a dwcll timc of between approximately 90 scconds and 10
minutes (€.g., approximately two to five minutes). The dwell time is configured to be sufficient
for the substrate material to cure to form the panel 40 into a rigid component with longer dwell
times generally required for thicker material. The press 10 then lifts the upper tool 12 to allow

removal of the panel 40 for cooling, decorating, subsequent processing, packaging, etc.

_§-
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According to other exemplary embodiments, the first pressing operation may occur in other

manners as will be recognized by those skilled 1n the art.

[0026] According to an exemplary embodiment, the panel 40 or rigid component includes
imagery 42 formed from sublimation ink. A transfer image 32 is formed on a carrier 30 from
which the sublimation ink is then transferred to the panel 40 during a decorating step or second
pressing operation to form the final imagery 42 thereon. The final imagery 42 may, for example,
be a geometric pattern, solid color, replication of a natural material {e.g., stone or wood), picture,
logo or insignia, inscription, alone or in combination with each other or any other desirable

tmage (c.g., tilc and grout, landscapc or other picture, ctc.).

[0027] According to an exemplary embodiment, the sublimation ink is configured to convert
from a solid directly into a gas that can be absorbed by the panel 40 or rigid component (i.c., into
the cured substrate material). The sublimation ink may, for example, be configured to sublimate
(i.e., convert from a solid directly into a gas) at between approximately 375 and 425 degrees
Fahrenheit at nominally atmospheric pressure or low pressures (i.€., within approximately 25 psi
of atmospheric préssure). Exemplary sublimation inks are available under the trade names
SubliM from Sawgrass Technologies, Inc. of Charleston, South Carolina, and Visi-Sub from
Octi-Tech, Ltd. of Sheffield, United Kingdom. According to other exemplary embodiments, the
sublimation ink may be configured to sublimate at other temperatures, such as between
approximately 325 and 375 degrees Fahrenheit (e.g., approximately 350 degrees Fahrenheit),
below 325 degrees Fahrenheit (e.g., approximately 284 degrees Fahrenheit), above 425 degrees

Fahrenheit, or at any other suitable temperature.

[0028] According to an exemplary embodiment, the transfer image 32 is formed from
sublimation ink on the carrier 30 (e.g., carrier layer, or transfer film). The carrier 30 may, for
example, be paper (e.g., with a weight of between approximately 15 o/m® and 200 g/m’, such as
approximately 100 g/m?), fabric, or a thin polymeric layer generally capable of withstanding
temperatures at or above the sublimation temperature of the sublimation ink thereon without

significant degradation or deformation. Heavier paper layers may advantageously carry higher

9.
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ink densities. According to other exemplary embodiments, the carrier 30 may be configured in
other manners consistent with the present disclosure as will be recognized by those skilled in the

art.

[0029] According to an exemplary embodiment, the transfer image 32 may be formed on the
carrier 30 according to any method suitable for both the sublimation ink and the carrier material.
When deposited onto the carrier layer, the sublimation ink may be in a liquid form that
subsequently drics into a solid layer. For example, the transfer image may be printed onto the
carrier as a liquid using methods such as ink jet printing, offset printing, laser printing, or non-
spraying mcthods, such as silk screcning. According to other cxemplary embodiments, the
transfer image may be formed according to other methods as will be recognized by those skilled
in the art.

[0030] According to an exemplary embodiment, the transfer image 32 and camier layer 30 are
configured according to the desired placement of the final image 42 on the panel 40 or other
rigid component. For example, it may be desirable for the final image 42 to cover the entire
outer or exposed surface of the panel 40. According to other exemplary embodiments, it may be
desirable for the final image 42 to cover less than the entire outer surface of the panel 40. For
example, the final image 42 may be restricted to between 40% and 80% of the outer surface
(e.g., 60%), may be a broken image covering only select portions or regions of the exposed
surface (e.g., corresponding to simulated tiles but not grout there between), may be provided on
only generally coplanar portions of the panel 40 (¢.g., raised tile portions), may be provided on
non-coplanar portions having a generally smooth and/or continuous curvature (€.g., with a draft
anglc of approximately 1 degree or morc, depth of approximatcly 1/4" or lcss, ctc.), such as
raised tile portions and recessed grout portions. It also noted that, because the paper carner 30 1s
gencrally not clastic, that the carricr 30 may sheer in non-planar regions during the second
pressing operation, which is discussed in further detail below. Accordingly, the carrier 30 may
be configured in other manners to accommodate thesc non-planar regions including, for example,
providing coloring but not particular images in arcas where the carrier 20 may sheer (e.g., grout

lines, sharp features), not providing coloring in non-planar regions (e.g., no ik, cutout in the

-10-
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carrier, etc.). Furthermore, surfaces to be decorated should may be aligned generally orthogonal
to tool travel in order to prevent movement of the carrier 30 when the press is closed (¢.g., within

approximately 10 degrees of orthogonal).

[0031] According to an exemplary embodiment, the sublimation ink of the transfer image 32 1s
configured to transfer to the panel 40 to form the imagery 42 with a desired appearance. The
carrier layer 30 and substrate material have different properties and interact with the sublimation
inks in different manners, such that the transfer image 32 on the carrier 30 may appear difterent
than the final imagery 42 on the cured substrate material of the panel 40. More specifically, the
transfer image 32 and final imagery 42 may appcar different, because the sublimation ink is
printed onto a surface of the carrier 30 (e.g., white paper) in liquid form to form a layer thereon,
while the sublimation ink is transferred to the panel 40 in gaseous form and is absorbed into the
cured substrate material 20 with different properties (¢.g., coloring of the substrate material,
translucency, etc.). Thus, in order to achieve a desired final imagery 42 of the panel 40, the
transfer imagc 32 on the carricr 30 may be adjusted in color and saturation to achicve the desired
final imagery 42 on the panel 40. For example, proper color and saturation of the sublimation
ink may be determined by printing a sample transfer image 32 with multiple colors (e.g., squares
of different colors), transferring the ink of the carrier image 32 to a blank of cured substrate
material, evaluating color replication in the final image 42 and the transfer image 32 (¢.g.,
comparing image characteristics of the final image with transfer image), evaluating ink
absorbency of the cured substrate material (e.g., saturated capacity), and/or correspondingly
adjusting the sublimation ink color and/or saturation of the transfer image 32 in order to provide

the final image 42 with the desired appearance.

[0032] According to an exemplary embodiment, to transfer the transfer image 32 from the
carricr 30 to the pancl 40 or rigid component, the carricr 30 is positioncd adjacent the pancl 40
with the transfer image 32 against the outer, aesthetic surface of the panel 40 (i.¢., image side
down). The sublimation ink is then heated until it sublimates and the carrier 30 is held in
position against the panel 40 for a duration sufficient for the sublimation ink, in gascous form, to

be absorbed by the substrate material to form the intended final imagery 42 of the panel 40.
_11-
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Generally speaking, shorter holding durations may result in lighter images, while longer holding
durations may result in darker, more saturated images, since more sublimation ink may be
absorbed into the substrate material and/or ink may also be absorbed deeper into the substrate
surface. Furthermore, shorter holding durations may result in sharper images, while longer
holding durations may result in image bleeding, since the additional sublimation ink may migrate
laterally. Accordingly, the holding duration may be adjusted according to the desired final
imagery 42 of the panel 40. According to one exemplary embodiment, the panel 40 is heated
prior to application of the carrier 30, and the sublimation ink reaches its sublimation temperature

due, at least in part, to heat transferred from the panel 40.

[0033] According to an exemplary embodiment, the transfer image 32 is transferred from the
cartier 30 to the panel 40 or rigid component during a second pressing operation. Subsequent to
the first pressing operation in which the panel 40 or other rigid component is formed and the
substrate material is cured (as described above), the upper tool 12 is removed (i.e., lifted) from
the upper surface of the pancl 40, but the pancl 40 is not removed from the lowcer tool 14, The
carrier 30 is inserted image side down into the press 10 between the panel 40 and the upper tool
12. The carrier 30 is held in position with the transfer image 32 against the panel 40, for
example, with electrostatic forces or physical holding devices. The upper tool 12 is then lowered
by the press 10 over the carrier 30, panel 40, and lower tool 14, so as to compress the carrier 30
between the upper tool 12 and the panel 40. Heat from the panel 40 and the tools 12, 14 is
transferred to the sublimation ink of the transfer image 32, which is heated until sublimating into
a gaseous state for transfer and absorption into the substrate material of the panel 40. The carrier
30 may be compressed between the upper tool 12 and the panel 40 at pressures of between
approximately 200 psi and 600 psi (¢.g., between approximately 385 and 415 psi), or at any other
suitable pressure. As described above, the holding or pressing duration or dwell time may be
determined according to the desired final image (e.g., darkness and sharpness), which may also

be influenced by temperature and pressure. For example, the decorating operation may utilize a
dwell time of between approximately 30 seconds and ten minutes (e.g., between approximately _

“and four minutes.

_12-
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[0034] According to an exemplary embodiment, the carrier 30 is transferred into the press 10
via one or more machines. For example, a conveyor system and/or vacuum handler may be used
to move and/or lift the carrier 30 into position in the press 10 and/or over the rigid component

10, and pistons or other actuators may be used to move the carrier against the rigid component 10
into precise placement. According to other exemplary embodiments, other means or methods

may be used to insert the carrier 30 into the press 10 (e.g., hand placement).

[0035] Applicants unexpectedly discovered that by employing a second pressing operation, the
sublimation ink may be heated to temperatures lower than those normally required for
sublimation (c.g., within approximately 375-425 degrees Fahrenheit), whilc still achicving
destred ﬁn.ai image quality on the panel 40. Applicants believe that the lower temperatures in
combination with substantially raised pressures still cause the sublimation ink to sublimate into a

gaseous state for transfer to and absorption into the substrate material of the panel 40.

10036] According to one exemplary embodiment, a sublimation ink that sublimates at
approximately 375 to 425 degrees Fahrenheit at low pressure (e.g., within approximately 25 psi
of atmospheric pressure) may render desired image quality on the panel 40 or rigid component
while using a lower tool heated to approximately 300 degrees Fahrenheit, an upper tool heated to
approximately 330 degrees Fahrenheit, and a pressure of between approximately 385 and 415 psi
(¢.g., approximately 400 psi). During the second pressing operation, the sublimation ink will
reach a maximum temperature of approximately 330 degrees Fahrenheit (i.e., the temperature of
the upper tool 12), but will stili sublimate or otherwise be transferred into the substrate material
of the panel 40 and achieve a final image 42 of desired quality. According to other exemplary
cmbodiments, sublimation inks may bc uscd that normally sublimate at diftcrent temperaturces
(e.g., as described above), the tools 12, 14 may be heated to other temperatures (¢.g., higher,
lowcr, and/or the same as cach other), and the press may create other pressurcs (c.g., higher,
lower, varying, and the like) in combination with each other and/or other suitable parameters

consistent with the present disclosure.

_13-
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[0037] According to an exemplary embodiment, a method is provided for providing a panel or
rigid component with imagery. The method generally includes, providing a substrate material
(Step 101), pressing the substrate material with tools to form the panel or rigid component (Step
102), providing a carrier having a transfer image formed from sublimation ink (Step 103), and
transferring the transfer image from the carrier to the rigid component (Step 104). It should be
understood that these steps and the substeps (described below) may be performed in any suitable
order and/or combination, even eliminating one or more steps or substeps, 1n manners consistent

with the present disclosure and/or as would be recognized by those skilled in the art.

[0038] According to an cxemplary cmbodiment, the step of providing a substrate matcrial
(Step 101) may include one or more of the following substeps in any suitable combination: (a)
providing a substrate material that comprises a homogeneous mixture comprising resin and filler
(Step 101a); (b) providing a substrate material that is a polymer-based thermoset material (Step
101b); (c) providing a substrate material that comprises a polyester resin (Step 101¢); (d)
providing the substratc matcrial with glass fibers (Step 101d); (c) providing the substrate
material as a charge that has a smaller length and width than the panel or rigid component;

and/or (f) placing a substrate material into a press between upper and lower tools (Step 101f).

[0039] According to an exemplary embodiment, the step of pressing the substrate material to
form the rigid component (Step 102) may include one or more of the following substeps in any
suitable combination: (a) heating the upper tool to between approximately 300 and 360 degrees
Fahrenheit (e.g., between approximately 315 and 345 degrees Fahrenheit) (Step 102a); (b)
heating the lower tool to between approximately 270 and 330 degrees Fahrenheit (e.g., between
approximatcly 285 and 315 dcgrees Fahrenheit) (Step 102b); (¢) heating the substratc material
with the upper and/or lower tools (Step 102¢); (d) compressing the substrate material between
thc upper and lower tools to a pressurc of between approximately 500 psi and 1800 psi (c.g.,
between approximately 800 and 1200 psi) (Step 102d); (€) maintaining pressure and/or heat for a
dwell time of between approximately 90 seconds and ten minutes to cure the substrate material

(¢.g., approximately two to five minutes) (Step 102¢); (f) raising the upper tool to provide access
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to the panel or rigid component (Step 102f); and/or (g) removing the rigid component from the

press (102g).

[0040] According to an exemplary embodiment, the step of providing a carrier having a
transfer image thereon (Step 103) may include one or more of the following substeps in any
suitable combination: (a) providing a paper, fabric, or polymer-based carrier; (b) forming a
transfer image on a surface of the carrier with sublimation ink (Step 103b); (¢) printing a transfer
image onto a paper carrier using sublimation ink (Step 103c); (d) placing the carrier adjacent the
panel or rigid component with the transfer image against a surface of the panel or rigid
componcent (103d); and/or (c) placing the carricr into the press between the upper tool and the

panel or rigid component after curing the substrate material in the press.

[0041] According to an exemplary embodiment, the step of transferring the transfer image

from the carrier to the panel or rigid component (Step 104) may include one or more of the
following substeps in any suitable combination: (a) heating the sublimation ink of the transfer
image to the sublimation temperature of the sublimation ink (Step 104a); (b) holding the carrier
adjacent the panel or rigid component for sufficient duration and temperature for the sublimation
ink to be absorbed into the substrate material of the rigid component (e.g., between
approximately 30 seconds and 4 minutes) (Step 104b); (¢) and/or pressing the carrier between the
upper tool and the panel or rigid component at pressures between approximately 200 and 600 psi

(e.g., approximately 385- 415 psi) (Step 104c).

[0042] Forming imagcry on a bath or shower pancl or other rigid component using the
materials, equipment, and process described above may offer several advantages over
conventionally-formed products, as well as the conventional formation processes formation,

decoration, and dye sublimation, such as those described above.

{0043] For cxample, by associating image forming (i.c., decorating) with component
formation, subsequent processing may be avoided. That is, by placing the carrier into the press

prior to removal and cooling of the panel or rigid component, heat from the tools and panel or
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rigid component causes the ink to sublimate without requiring post-formation heating of the
panel or rigid component. This is also advantageous over thermoplastic components, which
may be formed using cool tools, such that the thermoplastic component would require

subsequent heating.

[0044] By using existing compression molding equipment (i.e., press and tools for compression
molding) for the decorating process without significant (or any) modification, the cost, space,
and operation of additional equipment (e.g., heating and/or conventional dye sublimation

cquipment, specialized printers, etc.) may be avoided.

[0045] By using a polymer thermoset material, the sublimation ink may be absorbed directly
into the panel or rigid component without application of an additional polymer powder or gel
coat. Additionally, because the sublimation ink is absorbed directly into the polymer material of
the rigid component, the final imagery may have greater durability than coated components and
printed/painted images, which are formed generally as an outer layer on the surface of an article.
Furthermore, thermoset components, which are cured under application of heat, are rigid and
self-supporting at higher temperatures (¢.g., sublimation temperatures) and, as such, do not

require additional support or risk significant deformation as would thermoplastic components.

[0046] The disclosed dye sublimation process provides quicker (or instant) changeover of

acsthetics as compared to other imagery methods by simply using a carrier with a different

image. Furthermore, production volumes of decorated components may be scaled quickly with

increascs to carricr/transfer image throughput (i.c., by using more printers).

ILLUSTRATIVE EMBODIMENTS

[0047] Whilc various cmbodiments of the present invention are discusscd in dctail hercin, it
should be appreciated that the present disclosure provides many applicable concepts that can be

embodied in a wide variety of specific contexts. The specific embodiments discussed herein are
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merely illustrative of apecific embodiments of the invention and do not delimit the scope of the
{nvention. |

{0048] According lo an {llustrative embodiment, a decorated rigld structure includes a
thermoset materiel and an image. The thermaoset material forms a rigid structure. The image is
on a surface of the rigid structure and includes sublimation ink absorbed in the thermoset

material,

[0049] - In the above illustrative embodiment, the rigid structure may be a wall panel for a
bathing enclosure. The surface may surface may also face into the bathing enclosure.

{0050] In eny of the above illustrative embodiments, the surface may be three dimensional.

[0051] In any of the above illustrative embodiments, the decorated rigid structure may not
include a polymer layer formed on the thermoset material and in which the sublimation ink la
absorbed.

[0052] In any of the above illustrative embodiments, the rigid structure mey be 8 compression
molded strueture formed of the thermoset material, The thermoset material may also be

homogenous.

[00S3] In any of the above illustrative embodiments, the thermoset material may inolude
generally evenly dlstributed reinforcing fibers.

(0054] In any of the above illustrative cmbodiments, the thermosct material may include
generally evenly distributed filler materiat,

[0055] According to another illustrative embodiment, & method of providing a decorated
comptession molded component ncludes placing a carrier with a transfer images onto the
compression molded companent, The compression imege is formed of a sublimation ink, The

method alsa includes transferring at least a portion of the sublimation ink to the compression
molded componcnt by pressing the carrier against the compression molded component at a
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pressure above approximately 100 psi and simultaneously heating the sublimation ink to between
approximately 300 degrees Fahrenheit and approximately 360 degrees Fahrenheit until the
sublimation ink sublimates and is absorbed into the compression molded component to form a

transferred image thereon

[0056] In the above illustrative embodiment, traansferring the sublimation ink may include
heating the sublimation ink to between approximately 315 degrees Fahrenheit and

approximately 345 degrees Fahrenheit.

[0057] In any of the above illustrative embodiments, transferring the image may include
pressing the carrier against the compression molded component at a pressure between

approximately 200 psi and approximately 600 psi.

[0058] Any of the above illustrative embodiments may further include forming the
compression molded component. Forming the compression molded component may include
inscrting uncurcd thermosct material between an upper tool and a lowcer tool, and pressing the
uncured thermoset material between the upper tool and the lower tool until the thermoset

matcrial 18 curcd to form thc compression molded component.

[0059] In any of the above illustrative embodiments, transferring the sublimation ink may
include inserting the carrier between the upper tool and the compression molded component after
the thermoset material is cured, pressing the carrier includes pressing the carrier between the
upper tool and the compression molded component, and heating the sublimation ink includes

heating the sublimation ink with the upper tool.

[0060] In any of the above illustrative embodiments, inserting the carrier may occur prior to

removing the compression molded component from between the upper tool and the lower tool.

[0061] In any of the above illustrative embodiments, the upper tool may have a temperature of

between approximately 300 degrees Fahrenheit and approximately 360 degrees Fahrenheit.

18-



CA 02812668 2013-04-16

[0062] In any of the above illustrative embodiments, the upper tool may have a temperature of

between approximately 315 degrees Fahrenheit and approximately 345 degrees Fahrenhett.

[0063] In any of the above illustrative embodiments, the lower tool may have a temperature
that is between approximately 15 degrees Fahrenheit and 45 degrees Fahrenheit less than the

temperature of the upper tool.

[0064] A wall for a shower enclosure may be made according to any of the above illustrative

embodiments.

[0065] According to another illustrative cmbodiment, a mcthod of forming a decorated
compression molded component includes inserting uncured thermoset material between an upper
tool and a lower tool. The upper tool and the lower tool have different three-dimensional
surfaces for shaping the uncured thermoset material. The method also includes pressing the
uncured thermoset material between the upper tool and the lower tool and simultaneiously
hcating the uncurcd thermosct material to shape and cure the thermoset matcrial into the
compression molded component. The method additionally includes inserting a carrier with an
image between the compression molded component. The image is formed with a sublimation
ink. The method includes pressing the carrier between the upper tool and the compression
molded component until the sublimation ink sublimates and is sufficiently absorbed in the
thermoset material to form an image on the compression molded component. The method still

further includes removing the compression molded component from between the upper tool and

the lower tool.

[0066] In the above illustrative embodiment, the compression molded component may not be
removed from between the upper tool and the inner tool until after the image is formed on the

compression molded component.

[0067] In any of the above illustrative embodiments, the upper tool may heat both the

thermoset material and the sublimation ink.
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[0068] In any of the above illustrative embodiments, the upper tool may heat an upper surface
of the compression molded component to a temperature that is more than approximately 15
degrees Fahrenheit higher than a temperature to which the fower tool heats a lower surface of the

compression molded component.

[0069] A wall panel for a shower enclosure may be made according to any of the above
illustrative embodiments.

[0070] As utilized herein, the terms “approximately,” “about,” “substantially”, and similar
terms are intended to have a broad meaning in harmony with the common and accepted usage by
thosc of ordinary skill in the art to which the subjcct matter of this disclosure pertains. It should
be understood by those of skill in the art who review this disclosure that these terms are intended
to allow a description of certain features described and claimed without restricting the scope of
these features to the precise numerical ranges provided. Accordingly, these terms should be
interpreted as indicating that insubstantial or inconsequential modifications or alterations of the
subjcct matter described and claimed are considered to be within the scope of the invention as

recited in the appended claims.

[0071] It should be noted that the term “exemplary” as used herein to describe various
embodiments is intended to indicate that such embodiments are possible examples,
representations, and/or illustrations of possible embodiments (and such term is not intended to

connote that such embodiments are necessarily extraordinary or superlative examples).

[0072] The terms “coupled,” “connccted,” and the like as used herein mcan the joining of two
members directly or indirectly to one another. Such joining may be stationary (¢.g., permanent)
or moveable (¢.g., removable or releasable). Such joining may be achieved with the two

members or the two members and any additional intermediate members being integrally formed
as a single unitary body with one another or with the two members or the two members and any

additional intermediate members being attached to one another.
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3 Cc

[0073] References herein to the positions of elements (e.g., “top,” “bottom,” “above,” “below,”
etc.) are merely used to describe the orientation of various elements in the FIGURES. 1t should
be noted that the orientation of various elements may differ according to other exemplary

embodiments, and that such variations are intended to be encompassed by the present disclosure.

[0074] It is important to note that the construction and arrangement of the various exemplary
embodiments are illustrative only. Although only a few embodiments have been described in
detail in this disclosure, those skilled in the art who review this disclosure will readily appreciate
that many modifications are possible (e.g., variations in sizes, dimensions, structures, shapes and
proportions of the various clcments, valucs of parameters, mounting arrangements, usc of
materials, colors, orientations, eté.) without materially departing from the novel teachings and
advantages of the subject matter described herein. For example, elements shown as integrally
formed may be constructed of multiple parts or elements, the position of elements may be
reversed or otherwise varied, and the nature or number of discrete elements or positions may be
altcred or varicd. The order or scquence of any process or method steps may be varied or re-
sequenced according to alternative embodiments. Other substitutions, modifications, changes
and omissions may also be made in the design, operating conditions and arrangement of the

various exemplary embodiments without departing from the scope of the present invention,
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WHAT IS CLAIMED IS:

L A method of providing a decorated compression molded component, comprising:

placing a carrier with a transfer image onto a compression molded component, the

transfer image being formed of sublimation mk; and

transferring at least a portion of the sublimation ink to the compression molded |
component by pressing the carrier against the compression molded component at a pressure
above approximately 100 psi and simultaneously heating the sublimation ink to between

approximately 300 degrees Fahrenheit and approximately 360 degrees I'ahrenheit until the

sublimation ink sublimates and is absorbed into the compression molded component to form a

transferred image thereon. I

2. The method of Claim 1, wherein transferring the sublimation ink includes heating

the sublimation ink to between approximately 315 degrees Fahrenheit and approximately 345 l
‘degrees Fahrenheit. 1

3. The method of Claim 2, wherein an upper surface of the compression molded '

component is heated to a temperature that is higher than a lower surface of the compression

molded component.

4. The method of Claim 1, wherein transferring the image includes pressing the

carrier against the compression molded component at a pressure between approximately 200 psi

and approximately 600 psi. |

3. The method of Claim 1, further comprising forming the compression molded
component;
wherein forming the compression molded component includes ingerting uncured
thermoset material between an upper tool and a lower tool, and pressing the uncured thermoset
material between the upper tool and the lower tool until the thermoset material is cured to form
the compression molded component; and wherein transferring the sublimation ink includes
inserting the carrier between the upper tool and the compression molded component after the

thermoset material is cured, pressing the carrier includes pressing the carrier between the upper
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tool and the compression molded component, and heating the sublimation ink includes heating

the sublimation ink with the upper tool,

6. The method of Claim 5, wherein inserting the carrier occurs prior to removing the

compression molded component from between the upper (ool and the lower tool.

7, The method of Claim 3, wherein the upper tool has a tempetature of between

approximately 300 degrees Fahrenheit and approximately 360 degrees Fahrenheit.

8. The method of Claim 7, wherein the upper tool has a temperature of between
approximately 315 degrees Fahrenheit and approximately 345 degrees Fahrenheit.

0, The method of Claim 7, wherein the lower tool has a temperature that is between

approximately 15 degrees Fahrenheit and 45 degrees Fahrenheit less than the temperature of the
upper tool,

10.  The method of Claim 5, wherein the compression molded component is a wall

panel for a shower enclosure.

11. A method of forming a decorated compression molded component, comprising:

inserting uncured thermoset material between an upper toal and a lower tool, the
upper tool and the lower too] having different three-dimensional surfaces for shaping the uncured
thermoset material!

pressing the uncured thermoset material between the upper tool and the lower tool
and simultanelously heating the uncured thermoset material to shape and cure the thermoset
material into a compression molded component,

inserting a carrier with an image between the compression molded component and
the upper tool, the image being formed with a sublimation ink;

pressing the carrier between the upper tool and the compression molded

component until the sublimation ink sublimates and is sufficiently absorbed in the thermoset
material to form an image on the compression molded component; and

removing the compression molded component from between the upper (00l and

the lower tool,
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12.  The method of Claim 11, wherein the compression molded component is not
removed from between the upper tool and the inner tool until after the image is formed on the

compression molded componet.

13.  The method of Claim 11, wherein the upper tool heats both the thermoset material

and the sublimation ink,

14,  The method of Claim 13, wherein the upper tool heats an upper surface of the
compression molded component to a temperature that is more than approximately 15 degrees
Fahrenheit higher than a temperature to which the lower tool heats a lower surface of the

compression molded component.

15.  The method of Claim 11, wherein the compression molded component is a wall

panel for a shower enclosure.

16, The method of Claim 11, further comprising heating the upper tool and the lower

tool such that the upper tool has a temperature that is higher than a temperature of the lower tool.
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