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A protective coating method of a material such as aromatic polyurethane substrates is effected through a process that promotes
coating adhesion to the substrate while providing a wood-like aesthetic. Closed cells on the surface of the aromatic polyurethane
are opened via sanding techniques to promote adhesion. Once a sufficient surface is achieved, the substrate is coated using spray
techniques to protect the aromatic polyurethane from ultra-violet light exposure. The wood-like appearance is achieved through
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appearance through a reverse-roll-coating technique. Abrasion properties are achieved through a final clear top coat that allows
both the contrast agent and the top coat to fully care.
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such as aromatic polyurethane substrates is effected through
a process that promotes coating adhesion to the substrate
while providing a wood-like aesthetic. Closed cells on the
surface of the aromatic polyurethane are opened via sanding
techniques to promote adhesion. Once a sufficient surface is
achieved, the substrate is coated using spray techniques to
protect the aromatic polyurethane from ultra-violet light ex-
posure. The wood-like appearance is achieved through em-
bossing a wood-grain on the deformable surface and sub-
sequently filling the grain with a contrasting agent to high-
light its appearance through a reverse-roll-coating technique.
Abrasion properties are achieved through a final clear top
coat that allows both the contrast agent and the top coat to
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WOOD-LIKE COATING METHOD FOR SUBSTRATE

THCHMNICAL FIELD

10001} This invention provides a mechanical process by which a subsivate formed of
aromatic polvarcthane, for exampls, can be coated in such a way that It becomes an abrasive-
resistant, weatherable, and wood-like substeate, particularly for the use in exierior

applicalions.
BACKGROUND OF THE INWVENTION

{6662} Numorons man-made composites and naturs! materials are known for myriad uses,
including exterior apphications. For oxample, aromatic polyursthane is used In applications
ranping from foam for car seats and bedding to rigid applications; the range of products made
with this type of tschnology is vast. Fxterior use of aromatie polyurethane, as well as other
materials, has been limited due to degradation and diseoloration upon exposure to ulra-vinlet
light. Over timse, ulfra-violet light canses a radical reaction in aromatic polyvurethane that
breaks down the aomatic portions of the polymer, cavsing & severe yellowing of the
substrate. In order 1o make an exterior product comprised mainly of aromatic polyurethane,
or other materials soseeptible to exterior conditions, it wust be cvated W such o way as o
prevent ulira-violet light from reaching the substrate.

[8863] Coating cornposite materials for extorior s to leok ke wood has been carried out by
varions processes, Some cumposite materials are encapsulated in a cap-stock; this cap-stoek
is penerally s thermoplastic type material that can be extruded.  The look of wood s
penerally achieved by some type of embossing, in which the wood grain 13 three-
dimensionally vepresented. The color variation &s geevally ackieved by the fneorporation of
various colors during extrusion or pultrusion.

10084] Coating of plastics bas been achieved with & wide variety of techuigues, some of
which are used duwing the process described herein, A few technigues include, but are not
Hmited to, general spray techniques such as high-prossure and low-pressure systems, voll
coating methods, powder cogtings, hydrographics, and UV.cumble coatings.  Some

mamifacturers rely ou the thres dimensional wood-grain and a solid color, while others will

SUBSTITUTE SHEET (RULE 26)
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work o add a variety of colors 1o the subsirate using methods such as printing to achiove 2
wood-Hke appearance, -

[8005] Described herein is a process by which aromatie pelyorethans, for example, can be
coated with a fully biding coatlng which hay been proven to protect the substrate while
creating the appearance of wood by combining general technigues in a unique process 1o

sromote adhesion, white cresting the desired wooddliks appearance.
K = fad

SUMMARY OF THE INVENTION

[8306] In accordance with the invention presented heretn, a method i provided for coating ¢
subsirate made of, for examyple, arorsatio polvurethane for exterior applications, The nmult-
step method beging with the mechanical sanding of the substrate that, in a prefored
embodiment, is mostly avomatic polvarethane; this process ereates a porous surface which
enhances roechanical adhesion. The substeate 18 then coated with 2 plural-corsponent coating
via air assisiod airless spray, The substrate can be entbossed prior to or afier this coating
process to oreate the wood grain appearace. The embossed pattemn is then filled with &
conirasting agent that is under-indexad  prevent adhesion to all surthces of the subsirate.
The excoss contrasting agent is then removed using o revarse roll-coster, which is selfs
cleaning and provides for the reuse of the excess contrasting egent. The subsurate Is then
coated with a clear, plural-component coating which is over-indexed and thereby upan curing
allows for the contrasting agent and clear coating 1o adhers to the substrate, This final coat
adds sheen to the substrate as well as abrasion resistance o allow for high waffic on the

subistrate with minfeal wear and fear.

(3067 Tn aceordance with one aspeet, the present mvention relates 1o a method for
coating a substrate, vomprised of the steps of pressuee embossing a patiern into the substrate;

base-coating the substraie with a base coating; applying an under-indexed contrasting agent
{p the embossed pattern of the substate costed with the base coating; and costing the
substrate applied with the wnder-indexed contrasting agent with an over-indexed coating,

[0608] In scvordance with another aspect, the present invention relates 10 a method for

-~

coating an arsmatic pelyurethane substrale, comyprising the steps of sanding the aromatic
polyvurethane substraie (o create porosity via the opening of closed cells of the polyurethane:
pressure embossing a patiem fnto the subsirale; basc-coating the substrale with a pluwal-

component coating; applyiag an under-indexed contrasting agent to the substrate and

SUBSTITUTE SHEET (RULE 26)
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subsequently removing excess contrasting agent, thereby leaving contrasting agent in the embossed

pattern; and final-coating with an over-indexed clear coating.

[0009] In accordance with still another aspect, the present invention relates to a method for coating a
substrate, comprising the steps of pressure embossing a pattern into the substrate; base-coating the
substrate with a plural-component coating; applying a contrasting agent to the embossed pattern of the
substrate, the contrasting agent comprising a plural component coating that does not have any catalyst,
cross-linker, or hardening agent incorporated therein; and final-coating with a clear coating, the clear
coating comprising a plural component coating that has an excess of catalyst, cross-linker, or hardening

agent incorporated therein.

[0009A] Various embodiments of the claimed invention relate to a method for coating a substrate, the
method comprising: pressure embossing a pattern into the substrate to form a patterned substrate having
an embossed pattern; coating the patterned substrate with a base coating to form a coated substrate;
applying an under-indexed contrasting agent to the embossed pattern of the coated substrate and
removing excess under-indexed contrasting agent to form a contrasting agent coated substrate with a
portion of the under-indexed contrasting agent remaining in the embossed pattern, the under-indexed
contrasting agent comprising a plural component paint that does not contain a catalyst, a cross-linker, or a

hardening agent; and coating the contrasting agent coated substrate with an over-indexed coating.

[0010] These and other features of the invention will become more apparent through the following

summary, drawings, and description of the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
[0011] Figure 1 1s a flow chart of a coating process of an embodiment of the present invention;
[0012] Figure 2 depicts a flat-line spray booth set-up used in the present invention;

[0013] Figure 3 depicts a flat-line embossing wheel used to create a three-dimensional wood grain

appearance in the present invention;

[0014] Figure 4 depicts a flat-line grain enhancer, which performs denibbing of the substrate, followed by
spraying of a contrast agent, followed by reverse roll-coating of excess contrast agent from the surface of

substrate;

Date Regue/Date Received 2021-05-27
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[0015] Figure 5 depicts a contrast flash oven, used to prepare contrast for clear-coating; and

[0016] Figures 6A- 6D depict four different configurations used to coat a substrate.

DETAILED DESCRIPTION OF THE INVENTION

[0017] The following definitions describe some of the technical terms used throughout the

description, but are not intended to be limiting.

[0018] Base coat - a base coat on the substrate; in a preferred embodiment, a fully hiding,

fully pigmented, plural component coating.

3a
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[6819] Contrast agent — a coating conirasting with the base coat on the substrate; in &

eferred smhodinett, 3 tanslucent un-catalyzed coating used to eohance the look of the

embossed woed grain,

201 Clear-Coat — a coating covering the contrast agens and the base coal on the substrate;
in & preferrad embodiment, an abrasion-resictant, non-pigmented, over-indexed plaral
conponent coating,

{0021} Denibhing - a process fo which niba are removed frow the Suished surface of the
substrate; for example, this can he thought of as light sanding with a flap wheel on all
surfaces, exeluding the botton portion of the substrate that is on the conveyor,

[{H122] Embess - to mold, deform, or carve in reliof) ae applicable o this method, a pre-
molded embossing wheel is used to indenl the negative image of wood-grain on the suriace
of the deformable substrate.

{80231 Flash - henting the substraie just enough to remove some of the volatile cotpoengnts
of a coating, thereby partially drying the coating.

10924] Over-indexed eomting ~ for example, a plural component paint that has an excess of
catalyst, crosa-linker, or hardening agent ineorporated therein,

13025] Post-base-cont — anything ocourring to the substrate after the subsirate has had the
hase coat applied.

[(626) Pre-base-coat ~ anything ocowring to the subsirate before the substvate has had the
base coat applied.

[0027] Substrate - a base material; in 2 proferved example, materials comprised of more than
50%: closed-cell aromatic polyurethane.

0028 Under-indesed coating -~ for example, a plaral component paint that does not have
any catalyst, cross-linker, or hardening agent incorporated therein,

129 Wet on wet application - application of the coating in wihich a first base coat
is not cured, and a sseond base coat is applied divectly on top of the wei Tirst base coat.

10030] Wet un dey apphication - application of the coaling in which the first base coat 18
fallv cured, and the scomnd base coat is applied directly on top of the flly cured first base
coat, which is then cured as well.

[31] A method has been devised, ihrough expedmentation and testing, for coating
subsirate 10, such as a substrate formed of avomatic polyurethane, which allows for the use of
the substeate in exterior applications. The various sfeps are shown in Figure 1

[0032] Step 81 of the method deseribed herein is {o sand the subsirate i order 10 yemove any

smootht portions of the subsirate, particularly whea foreed of womatic polyurethane. In g

.,
P
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praferred enbodiment, the substrate is in the shape of lumber of any desired size, and can be
shaped by any known process for & particular maferial. The sanding process opens up the
closed colis located at the surface of the substrate creating a rough secface.  This vough
surface is ased to promote the mechanieal adhesion of the coating to the substaie. The
ssnding should be sufficient enough o promole adhesion, but not so aggressive as o affect
any type of filler that may be wsed for the production of the substrate, (eneral sanding
methods as woll 85 known mechanieal sending machines can be exeployed in this step of the
PrOCESa,

[0833] Step 82 of the method deseribed hereln ie 1o clean the sanded substrate 10, As ig
apparent to those of ordinary skill in the area of coatings, all dust must be removed belors
coating. This is accomplished through forced air and/or vacuuming the excess dust from the
subsirate using known methods and apparatuses.

[0034] Step §3 of the mothod described hereln is to coat the substrate 10 with a folly hiding
laver of buse coat,  The coating system can utilize a thermal owe two-component

polyutcihase based sysiem.  Preferably, the similarities between the chemistries of the
substrate and that of the base coating promote excellent adhesion to the sanded substrate
The base coating can contain three components: palnt, hardener and thinner. These three
composients ¢an be combined in specific mix rvativs W the following rapges 36/1/1.3
{paint/hardener/thinuer).  All coatings wilived are based on the same chemistries and
therefore have excellent inter-coat adhesion, The base coat contains Inorganie pigments that
allow the coating to be fully hiding; therefors, the base coat provides the main UV-protection
s it blocks excess UV vadiation from reaching the subsiraie beneath.  In addition, the
materials used in the invention are not Hmited to those disclosed herein, Furthermore, the
coating waterials are not Hiofted as long as they can achieve deaired results, such as sbrasion
resislance, UV and weather resistance, and @ wood-like appearance. The base coat is applied
15 the substeate using air-assisted airless spray equipment on a flat line conveyor system. The
coating of the substrate yiay be accomplished 1o two ways,

{0038] The first coating method will be defined as wet on dry application of (rst and second
Dase coats. The first base cont is applied via aly assisted sirless spray methods, The spray
booth 20 used to perform this step is shown in Fig, 2, The subateate 10 rides along a Jat-line
gonveyor (not shinwm through a typical spray booth set-up 20 where the substrate receives its
first base coal. An example of the spray booth 20 that can be used is one fabricated to
accommodaie three air assisted airless spray heads 27 in order fo coat the three-dimensional

profifes of the substrate, The frst base coat {s then cross-transfiried o an oven conveyer (ot

R
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shown)., The subsirate is then fully cured by waintaining the surface temperature of the
substeate at approximately 235°F over the course of approximately 810 minutes throngh a
natural gas fired oven 30 fabricated to accommodate substrates that can reach lengths of 24
foet, The second base coat, it dosired, i3 then appHed the same way as the first base coat. The
substrate then teavels through anothar curing phase,

[3036] The sconnd coating method will be defined as & wet on wet application of the two
base coats. The fivst base coat is applicd via air assisted airless sproy methods in a frat spray
hootl 20, The subsieate rides along the flat-line conveyor through another typical spray
bouth 207, and the seeond base coat is then applied the same way as the first base coat. The
subsirale then travels through the curing oven 30 deseribed above to be fully cured, This
coating method only requires one curing phase, whereas the fiest eoating method described
above mquims two curing phases.  This second coating method leads to 2 very similar
appearauee 2s the previously described metbod; however, the second base coat does not
remain as close 1o the swfage as it does in the fivst coating method, leading to a shightly less
wriform appearance than that obiained in the fiest coating method.

18037] The first coating method tends to give the substzate a stightly more uniform and even
coating bocanse the secand base coat can more readily veside closer to the surface of the
substrate when applied to a previousty cwed first base coat. The second coating method s
deseribed as a more cconomical alternative o the first coating method ag a cwring step s
removed from the process, and as a potential method 16 add diversity to the substrate, leading
tor s move wood-like appearance.

[0038] Step 84 of the method described herein s 1o create a wond grain appesrance ou the
surfce of the substrate. Due to the deformability of the sobstrate, particularly when aromatic
urethane is used, a prossure embossing wheel s used to indent the surface of the substrate,
leaving a woed grain emboss. This is depieted in Figure 3, in which emboss whesl 42 of

ambossing maching 40 has a negative image of wood-grain and the substrate 10 rides atong 2

flai-line conveyor (ot shown),  For the preforad substrate, aromatie polywethane, this
procass is done only with pressure; no heat is invelved. A flame-hardened seamless stoel
rolier 42 engraved with the negative intage of a wood grafn patters 43 is used to indont the

5

qurface of the substrate, depicted in Figure 3. As the subsirate rides along the fat-hse roller

aven

pomveyor, the embossing whes! 42 rotuies 30 as o puli the substrate theough the provess

i

LI

while deformding the surface using pressure. The enlarged portions of Figore 3 depiel a
schematic of the surface of the substrate pre-ereboss 10+1 and post-embosa -2, The darker
greas indicate the areas in which the surface is depressed fo crate the wood-grain emboss

b
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pattern 12, The embossing of the substrate can ccowr before or atler base-coating, the former
belng shown on the left side of Figure 1 using dashed lines wheve siep 84 i followed by step
$3. The coating esed must be flexibie cvough to deform with the substzate withest incurting
damage ot pointe of potential failure, The embossing wheel 42 has o lengih at least as wide
a5 the base material.

39] If the substrae is base-costed prior {0 embossing, the embosssd pattern will be
minimally doeper upon starting the next process, thereby making the contrast agent pool more
within the grain pattem, leading to a slightly darker wood grain appeacance. If the substrate
is embossed prior o base-coating the base coat caw G1 in a small portion of the grain pattern,

ightly

RN I

iheroby making the contrast agent pool foss within the grain patter, leading

lighter wood grain appearanee.

[0940] Siep 88 of the method described hersin is {0 promote inter-coat adhesion and fow of
a contrast agent into the emboss pattern. The base~coated substeate i preferably sent through
a commercially available denibbing systers 60 that wiilizes 100-220 grit Hap sanders 62 0
denib ail surfaces of the substrate to be coated, as shown in Figure 4 This provess can
remove nibs within the base-coated substrate 1o create a better surface for the remainder of
the coating. The denibbed substrate is cleansd with forced afr and vacuum (not shown} to
remove particulates that may interfere with fnter-cont adhesion.

[0041] Step 86 of the method deseribed herein is 0 apply a darker translucent coating,
known as the contrast agent, (0 the embossed pattern of the substrate shown in Figure 4. The
contrast agent Is 2 non-catalyzed coating thal is greatly reduced in viscosity, to between 12-
460 centistokes, to allow for flow of the coating into the emboased pattern. The contrast agent
is lightly sprayed onto the entire surface of the base-coated substrate using a single air
aasisted airless spray gun 72 with a large spray fan patlern (o completely saturate the surface
of the substrate.  The subsiraie is tamferred via conveyor (not shown) ‘thmugh Gl
comrmercially-available, down-draft spray booth 70,

[0042] Tn Step 87, the excess conteast agent is vemoved via & self-clzaning commercially
available reverse roll-coater §0 outfitted with a 50 duwometer rubber voll 82 as shown in
Figure 4. A clesning volier 84 can remove the recovered contrasting agent from the roll §2
for yewse, This pertion of the process leaves the majotity of the contrasting agent 14 in the
ermbossed patiern 12 while removing the remaining contrast agent from the surface of the
subsirate as shown in the enlarged mage of the substrate 103,

10643 In the foregoing description, the denibber 60, spray booth 70 and reverse roll-onater

80 can be positioned at a single station 50,
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{0044] The subsiraie, in Ntep 88, then travels on the fat line convevor systern (nol shown)
through a natural gas fired contrast flash oven 90 fabricated to it over the conveyor system.
The substrate spends approximately 5-10 seconds at 163-180°F undementh the flash oven;
this allows enough time for the conirast to be partially dried v prepatation for clsay coating.

The flash-off of excess solvents within the comtrast agent allows the coating to reroain within

the grain pattern duriag clear-coating (deseribed later). A fully wet contrast agent can easily
be washed out of the grafo patiswn by the clear-coat, leading to o muoddled surface appearance,

which does not highlight the wood giain embossed pattern.
{(045] Step 89 of the method described herein 18 o apply an over-indexed clear coat 10 the
aubsteate. The clear coat is based on the sume chemisiries as both the base coats and contrast
agent; it, however, doss not conaln pigment and s completely transparent and therefore

mindmally contributes to the UV provection of the wnderlying substrate,  The clear coat

)

provides abrasion resistance as well as luster v sirate. The applcation of the olear-

coat goes directly on top of t ha*‘@}t}"ﬂ}'ﬁfi@d contrast agent, The clear coat is applied via ar
assisted airdess spray equipment 100 on a fat Hoe conveyor systewn,  The eoating IS then
thermally cured in oven 130, The over-indexed elear coat allows the w-catalyzed contrast
agent to fully cuve as well,
[3046] While the foregoing description describes performing the various steps in a particnlar
order, that grder is not limdting. Several possible configurations ave shown in Figores 6A -
603, Fach process described below begins with sanding of the substrate to promete adhesion
{0047] 1) Pre-emboss, wet on dry application of coating, shown in Figore 6A.

64,1 emboss

BA.2- base coat |

HA.3- cure oven

6A.4- base coat 2

SA.5- cure oven

6A.5- denib, contrast agent, reverse roll-coat

6A. 7 contrast Bash oven

6.8~ clear coat

6A.5- cure oven
[0048] ) Post-emboss, wet on dey application of conting, shown i Figure 68,

6B, 1- base coat 1

6B.2- cure oven

65,3~ base coat 2
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68.4- cure oven
68.3- embuoss
68.6- denib, contrast agent, reverse roli-coat
o177~ contrast fash oven
673.8- clear coat
61,9 qure oven
[B049] 3) Pre-emboss, wet on wet application of coating, shown in Figure 6C.
60, 1- emboss

6.2~ hase coat |

65C.4- cure oven

5.5~ dondb, contrast agent, reverse roll-coat
A6 conteast flash oven

A7 clear coat

6.8 cure oven

10058} 43 Post-emboss, wet on wet application of coating, shown in Figurs 513,

Oy

5131~ base cost

H13.2~ base coat d

6133 qure oven

612.4- craboss

613, 5- denib, contrast agent, roverse roll-coat
613,06~ contrast flash oven

5137~ clear cont

6138« cure oven

18051] In cach of the fovegoing configurations, the conveying system is not shown, The
comveying system can be cotprised of a single conveying system fnchiding belts and roflers,
for example, for moving the base material through the various stations; individuad
conveyanee systems roodified for sach station; or two or more conveyanse systems, each for
moving the substrate material through one or more stalions comprising the whole system. In
the event thet one or more conveying mechanisas are used, a controller, such as a suitably
programmed microprocessor, can he wsed to control the vavious speeds of comveyance.

Differences in reguired conveying speeds belween the various stations can be controlled by
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the controller. Altermatively, the wubstrate waterials can be moved mamsally or by other
means from station to station,

{6032] Control of the varions stations can be coordinated with the conveyance control using
the controtier described above or one or more additiona] contrellers or sub-controllers.

J00%3] Thus, there has been shown and desoribed a new and usefil method and system for
craating wood-like substrates,  Although this invention has been exemplified for purposes of
ilustration and deseription by veference 10 corfain specifie embodiments, it will be apparent
io those skilled in the avl that various medifications, alierations, and equivalents of the

ilhusteated examples are possible.

i
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WHAT IS CLAIMED IS:

1. A method for coating a substrate, the method comprising:

pressure embossing a pattern into the substrate to form a patterned substrate having an
embossed pattern;

coating the patterned substrate with a base coating to form a coated substrate;

applying an under-indexed contrasting agent to the embossed pattern of the coated
substrate and removing excess under-indexed contrasting agent to form a contrasting agent
coated substrate with a portion of the under-indexed contrasting agent remaining in the embossed
pattern, the under-indexed contrasting agent comprising a plural component paint that does not
contain a catalyst, a cross-linker, or a hardening agent; and

coating the contrasting agent coated substrate with an over-indexed coating.

2. The method of claim 1, wherein the substrate is mechanically embossed after coating the

patterned substrate with the base coating.

3. The method of claim 1, wherein the substrate is mechanically embossed prior to coating

the patterned substrate with the base coating.

4. The method of claim 1, 2, or 3, wherein the substrate comprises an aromatic
polyurethane.
5. The method of claim 4, further sanding the substrate prior to coating the patterned

substrate with the base coating to create porosity to promote mechanical adhesion.

6. The method of any one of claims 1 to 5, wherein the excess under-indexed contrasting

agent is removed by reverse roll-coating.

7. The method of any one of claims 1 to 6, wherein the embossed pattern comprises a wood

grain pattern.

11
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8. The method of any one of claims 1 to 7, wherein the over-indexed coating comprises an

abrasion-resistant clear coating.
9. The method of any one of claims 1 to 8, wherein the under-indexed contrasting agent is
partially dried before coating the contrasting agent coated substrate with the over-indexed

coating.

10.  The method of any one of claims 1 to 9, wherein the over-indexed coating comprises a

plural component paint comprising an excess of a catalyst, a cross-linker, or a hardening agent.

11.  The method of any one of claims 1 to 10, wherein the base coating comprises a fully

pigmented, plural component coating.

12.  The method of any one of claims 1 to 11, wherein the base coating comprises a thermal

cure two-component polyurethane based system.

12
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