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Horizontal graining caused by the last element structure 
aligning horizontally which on end cuts show graining tight 
together and horizontal 
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Vertical Gain Embossed, and View 
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Horizontal Grain Planed, End View 
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Note when the graining turns and runs parallel to the surface when planed the effect is a more "burled" 
[look versus straight linear lines when the graining terminates more at a 90 deg angle to surface. You see 
!both of these types of effects in sawn lumber based upon grain orientation and surface cut. 
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64844-241641 

WOOD-GRAINED POLYMER SUBSTRATE 

This paper is a provisional patent application. 

FIELD OF THE DISCLOSURE 

[0001] The present disclosure relates to polymer composites and more 

particularly polymer composites that are used a wood substitute or replacement. 

BACKGROUND 

[0002] The decking industry has seen numerous product introductions 

classified as composite and alternative plastic lumber decking products 

introduced over the past decade. Composite decking typically comprises 50% 

wood fiber or particles and 50% polyethylene plastic to act as a binder to hold the 

wood particles together. This entire matrix is extruded into linear deck boards. 

(Trex® brand is one example). Due to undesirable qualities of this product many 

companies added a coextruded polymer cap layer around the exterior of the 

board, which has little or no wood fiber to protect the wood fiber/plastic matrix in 

the core from exposure and deterioration from environmental exposure. 

[0003] In recent years, as composite products have evolved, 

manufacturers have introduced several colors to the exterior coextruded layer to 

produce a surface which has varied color tones to emulate natural wood. This 

wood grain appearance is only skin deep and cutting or planing of the wood 

composite removes this coextruded cap layer to expose the standard 

homogenous core. 

[0004] The standard plastic extrusion process is designed to evenly mix all 

ingredients to produce consistent quality of product. Introducing multiple colors 

at the beginning of the extrusion process results in a homogeneous mixture of a 

single color. In order to create a wood grain appearance, the industry produced 

multiple color tones by utilizing color concentrates (streaker colors) that have 

carrier resins that melt at relatively high temperatures. By keeping the 

-1-
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temperature zones on the extrusion process at or near the temperatures of the 

melting point of the streaker colors, the streaker color concentrates would soften 

but not melt immediately whereby the streaker color concentrates would release 

color randomly and produce a streak effect on the surface of the co-extruded 

outer cap layer. The core of the board would still be a single homogenous color. 

[0005] The streak effect by using streaker color in the cap stock outer 

layer shows color variation that starts and stops within three to five inches due to 

the individual color pellet softening, streaking and then being consumed in a 

discrete area of the co-extruded outer layer. The final co-extruded decking 

products have varied color tones on the surface but the core of the product 

remains a single color as evident when the board is cut or planed. The typical 

use of color concentrate streakers that melt at higher temperatures work for co-

extrusion layers but are non-existent within the core, which are not acceptable to 

customers. 

SUMMARY 

[0006] The present disclosure may comprise one or more of the following 

features and combinations thereof. 

In illustrative embodiments, a high density polyethylene wood 

grained substrate includes a plurality of layers of different colors. The substrate 

is formed in to elongated boards and include a first set of polymer layers formed 

from a first high density polyethylene. The first set of polymer layers includes a 

first colorant. The substrate includes a second set of layers formed from a 

second high density polyethylene. The second set of polymer layers includes a 

second colorant that is darker than the first colorant. The first and second layers 

alternate within the substrate to form a wood grained appearance throughout the 

entire substrate. 

[0007] These and other features of the present disclosure will become 

more apparent from the following description of the illustrative embodiments. 

-2-
RPI1003
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Fig. 1 illustrates a sectional view through the extrusion process to 

manufacture the wood grain polymer board of the present disclosure; 

[0009] Fig. 2 is a perspective view of a first side of a mixer adapter to be 

used in the extrusion process having a mixer insert; 

[0010] Fig. 3 is a perspective view of a second side of the mixer adapter; 

[0011] Fig. 4 is a side elevational view of the mixer adapter; 

[0012] Fig. 5 is an end view of the mixer adapter; 

[0013] Fig. 6 is a perspective view of the mixer adapter with the mixer 

insert removed; 

[0014] Fig. 7 is a perspective view of the mixing element inserts used in 

connection with the static mixer; 

[0015] Fig. 8 is an end view of a wood plank showing horizontal graining 

wherein the grain lines are close together; 

[0016] Fig. 9 is a top view of the wood plank of Fig. 8 without embossing 

or planing of the surface; 

[0017] Fig. 10 is an end view of another example of a wood plank showing 

horizontal grain lines wherein the grain lines are close together; 

[0018] Fig. 11 is a top view of the wood plank of Fig. 10 with embossing of 

the surface without planing; 

[0019] Fig. 12 is an end view of a wood plank showing vertical graining 

wherein the grain lines are spaced apart; 

[0020] Fig. 13 is a top view of the wood plank of Fig. 12 without embossing 

or planing of the surface; 

[0021] Fig. 14 is an end view of a wood plank showing vertical graining 

wherein the grain lines are spaced apart; 

[0022] Fig. 15 is a top view of the wood plank of Fig. 14 with embossing of 

the surface without planing; 

-3-
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[0023] Fig. 16 is an end view of a wood plank showing horizontal graining 

wherein the grain lines are close together; 

[0024] Fig. 17 is a top view of a wood plank showing burling effects from 

horizontal graining moving parallel to the cut surface as a result of planing the 

surface; 

[0025] Fig. 18 is an end view of a wood plank showing vertical graining 

wherein the grain lines are spaced apart; and 

[0026] Fig. 19 is a top view showing linear graining and burled graining 

effects from planing the surface of the board. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0027] For the purposes of promoting an understanding of the principles of 

the disclosure, reference will now be made to a number of illustrative 

embodiments illustrated in the drawings and specific language will be used to 

describe the same. 

[0028] An illustrative wood grained polymer substrate 10 is preferably 

made from a polyethylene based recycled materials, as shown in Figs. 8-19, 

using the process shown in Fig. 1. The wood grained polymer substrate 10 can 

be used to make polymer lumber products. Most of these products are shipped 

to customers that design and build a multitude of end products, such as furniture, 

and they can fabricate the products using polymer substrate 10 as they typically 

would use actual wood. 

[0029] Fabrication using polymer substrate 10 could include drilling, 

routing, and cutting to build multi-component products such as outdoor furniture, 

such as adirondack chairs and park benches, for example. The polymer 

substrate 10 is preferably void of wood or other organic fibers. Polymer 

substrate 10 is preferably made from a high density polyethylene (HDPE) and 

includes additives such as UV inhibitors, foaming agents, and color concentrates 

to produce the desired polymer substrate 10. 

-4-
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[0030] The present disclosure is directed to a polymer substrate 10 that 

includes a multi-tone wood grain effect that runs throughout the entire substrate 

(cross section) as well as on the surface 12 so that when removal of material 

occurs, through planing or cutting, the multi-tone wood grain effect remains both 

on the surface 12 as well as with the exposed core 14, as shown in Figs. 8-11, 

for example. The exposed core 14 as well as the remaining surface 12 reveals a 

multi-tone color effect as well as long linear continuous lines of graining 16. 

[0031] The polymer substrate 10 of the present disclosure includes 

continuous linear lines of color wood grain patterns 16 particularly within the core 

14 and exposed core surfaces 12 to emulate wood rings or graining, as shown in 

Figs. 8-19. Polymer substrate 10 is made using the process illustrated in Fig. 1. 

First extruder 18 is adapted to extrude first polymer 20 which is blended with the 

main base color. The first polymer 20 forms the lighter portions of polymer 

substrate 10. First polymer 20 is the base color resin and includes associated 

additives such as foam, UV stabilizers, and color concentrate for high density 

polyethylene extrusions. 

[0032] Second extruder 22 extrudes second polymer 24, which is blended 

with the accent color used to form wood grain patterns 16, as shown in Fig. 1. 

Colorant for second polymer 24 is chosen to complement the blended color of 

first polymer 20 which will remain distinctive in the final extrusion but first and 

second polymers 20, 24 have the potential to partially intermix to produce shade 

and combinations of color which are identified as polymer A/B blend(s) 23. 

[0033] In illustrative embodiments and by way of example, first polymer 20 

could be white in color and second polymer 24 could be black in color. When 

blended according to the present disclosure, areas that intermix showing shades 

of gray are defined as polymer A/B blend 23. One or more accent color 

extruders can be used to add additional accent colored resins into the first 

polymer 20. The process described herein can also be applied to a co-extruded 

cap layer independent of the core profile. 

-5-
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[0034] Mixer Adapter 25 is coupled to first extruder 18 by securing mixer 

adapter 25 to adapter plate 26 by use of fasteners, such as bolts, as shown in 

Figs. 1-6. Mixer adapter 25 is configured to initiate the intermixing of first and 

second polymers 20, 24. Mixer adapter 25 is positioned downstream from 

extruders 18, 22 and includes a first face 28 and a second face 30. First face 28 

includes a series of first apertures 32 that pass through mixer adapter 25 to 

second face 30 and permit first polymer 20 to flow through from first face 28 to 

second face 30. 

[0035] Mixer adapter 25 includes a mixer adapter insert 27 a passageway 

33 that is coupled to second extruder 22 at a first end 34 and is in fluid 

communication with a set of second apertures 36 near a second end 38, as 

shown in Figs. 2-6. Second face 30 includes first and second apertures 32, 36 

that are arranged so that first and second polymers 20, 24 are extruded together. 

Mixer adapter 25 is coupled to a reducer 39, which reduces the cross section of 

the combined extrusions, as shown in Fig. 1. A slot is machined out of the mixer 

adapter 25 to allow a mixer adapter 25 with to slide into place and be located on 

the centerline of extrusion process. 

[0036] Openings 32 in mixer adapter 25 are machined over the entire 

depth to restrict and channel first polymer 20 to exit the mixer adapter 25 and 

enter the reducer 39 as depicted in Fig. 1. Mixer adapter 25 has a bored 

passageway 32 to connect to second extruder 22 allowing second polymer 24 to 

flow into mixer adapter 25, as shown in Figs 4-6. 

[0037] Mixer adapter 25 has a second set of machined openings 36 which 

start at the mid depth distance, exit the mixer adapter 25 and enters reducer 39, 

as shown in Figs. 1-6. This arrangement allows second polymer 24, which is the 

accent color to exit the mixer adapter simultaneously with first Polymer 20 in a 

defined geometric relationship and proportional flow rate. 

[0038] Mixer adapter 25 permits the ability to design a variety of patterns 

and flow rates of first and second polymers 20, 24 to associate with different 

-6-
RPI1003

Page 19 of 32



64844-241641 

profile sizes and well as different linear graining and streaking aesthetics by 

changing the number and size of the openings 32, 36. Reducer 39 is a cavity 

which accepts 100% of the combination of first and second polymer 20, 24 and 

reduces the cross sectional area in order to build pressure, and further initiates 

the intermixing of the first and second polymers 20, 24 and to prepare the flow 

channel to enter the static mixer 40 and element insert 41 of element inserts 41-

47 at the entry point, as shown in Fig. 1 and Fig. 7. 

[0039] Static mixer 40 with element inserts 41-47 is a barrel with a 

cylindrical bored cavity which allows multiple element inserts 41-47 to be aligned 

against each other longitudinally to cut, redirect and split the total combination of 

polymer flow emanating from reducer 39, as shown in Figs. 1 and 7. Element 

inserts 41-47 can be of different designs and fit together in a variety of 

orientations to vary the wood grain patterns 16 of polymer substrate 10. Different 

style static mixers can be used to create different grain patters. Preferably 

helical static mixers are used as shown in Fig. 7. For illustrative purposes, six 

static element inserts are shown 41-46. While seven element inserts are 

preferred, it is contemplated that any number of element inserts can be used to 

vary the grain pattern formed in the polymer. The design, orientation and 

number of element inserts 41-47 play a key role in determining the linear graining 

and streaking aesthetics for a particular profile size and shape. 

[0040] With each successive element insert the intermixing of first polymer 

20 and second polymer 24 increases the amount of linear graining between the 

two polymers as well as promote the polymer A/B blending 23 which produces 

multiple color combinations between the two colors as depicted in Fig. 7. The 

combined polymer exiting element insert 47 enters expander 48, as shown in Fig. 

1. Expander 48 is a cavity that accepts 100% of the combination of first and 

second polymers 20, 24 and A/B blend(s) 23 from the exit of the static mixer 40 

with element Inserts 41-47 and direct the total combination of polymer flow into 

the entry of a die 50. 

-7-
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[0041] The Die is designed to spread and shape the molten polymer 

combination exiting from the Mixer with Element Inserts into the final profile 

shape, as shown in Fig. 1. The total aggregate of molten polymer combinations 

of "A", "B" and A/B blending exits the die and enters tooling with the similar 

dimension of the die exit to begin cooling and forming the final product. Finished 

product surface can be further enhanced by embossing techniques applied to the 

surface of the polymer substrate 10. Further, the surface 12 can be planed away 

to expose the wood grain pattern 16 below the surface 12 of the polymer 

substrate 10. 

[0042] Variations in wood grain patterns are shown in Figs. 9-19. 

Depending upon the arrangement of the element structures of the static mixer, 

various patterns can be produced. Figs. 8 and 10 illustrate a horizontal wavy 

long grain in cross section of the board caused by the last element of the static 

mixer aligning horizontally. The horizontal cross sections are shown having a 

tight grain pattern. Figs. 12 and 14 on the other hand illustrate vertical graining 

caused by the last element of the static mixer aligning vertically, which on end 

cuts shows graining in a vertical orientation and spread out, with graining that is 

not as tight as the horizontal graining of Figs. 8 and 10. Graining can also be 

seen on the top surface of the board if the top layer of the board is planed by a 

few thousands of an inch to expose the graining beneath the surface as shown in 

Figs. 17 and 19. Fig. 17 illustrates burling effects from horizontal graining 

moving parallel to the cut surface. Fig. 19 illustrates linear graining effects from 

vertical moving parallel to the cut surface. 

[0043] While the disclosure has been illustrated and described in detail in 

the foregoing drawings and description, the same is to be considered as 

exemplary and not restrictive in character, it being understood that only 

illustrative embodiments thereof have been shown and described and that all 

changes and modifications that come within the spirit of the disclosure are 

desired to be protected. 
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What is claimed is: 

1. A high density polyethylene wood grained substrate having a 

plurality of layers of different colors comprising: 

a first set of polymer layers formed from a first high density 

polyethylene including a first colorant; 

a second set of layers formed from a second high density 

polyethylene having a second colorant that is darker than the first colorant; 

wherein the first and second layers alternate within the substrate to 

form a wood grained appearance throughout the entire substrate. 

2. The high density polyethylene wood grained substrate of 

claim 1, wherein the outer surface is planed to expose the alternating first and 

second layers that form the wood grain appearance. 

3. The high density polyethylene wood grained substrate of 

claim 2, wherein the first high density polyethylene includes UV inhibitors, and 

foaming agents. 

4. The high density polyethylene wood grained substrate of 

claim 3, wherein the second high density polyethylene includes UV inhibitors, 

and foaming agents. 

5. The high density polyethylene wood grained substrate of 

claim 1, wherein the substrate is in the form of a board having a polygonal cross 

section. 

6. The high density polyethylene wood grained substrate of 

claim 5, wherein the grain is in the form a plurality of closely oriented horizontal 

wavy lines across a width of an end of the board when viewed from an end of the 

board. 

7. The high density polyethylene wood grained substrate of 

claim 5, wherein the grain is in the form of a plurality of spaced apart vertical 

wavy lines across a width of an end of the board when viewed from an end of the 

board. 
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8. The high density polyethylene wood grained substrate of 

claim 5, wherein the polygon is selected from the group consisting of rectangular 

and square. 

9. The high density polyethylene wood grained substrate of 

claim 8, wherein the grain has a burling effect when the top surface of the board 

is planed to remove a portion of the surface of the board. 
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ABSTRACT OF THE DISCLOSURE 

A high density polyethylene wood grained substrate includes a 

plurality of layers of different colors. The substrate is formed in to elongated 

boards and include a first set of polymer layers formed from a first high density 

polyethylene. The first set of polymer layers includes a first colorant. The 

substrate includes a second set of layers formed from a second high density 

polyethylene. The second set of polymer layers includes a second colorant that 

is darker than the first colorant. The first and second layers alternate within the 

substrate to form a wood grained appearance throughout the entire substrate. 

CHDS01 975450v1 
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