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Abstract:

A wood polymer composite additive includes at least one maleic anhydride grafted polymer
coupling agent, a second coupling agent that is at least one of a silane and siloxane, at least one
peroxide crosslinking agent; and an amine compound. A wood polymer composite includes the
additive, a thermoplastic polymer and cellulosic material. A wood polymer composite article is
formed by extruding the composite material.



WO 2021/086974 PCT/US2020/057752

WOOD POLYMER COMPOSITES AND ADDITIVE SYSTEMS THEREFOR

Technical Field
The present invention relates to wood polymer compaosites and in particular to
additive systems for use in wood polymer composites.

Background
Wood-polymer composites (WPC) including thermoplastic resins and cellulosic

filler materials such as wood flour have been conventionally known. WPCs are generally
formed by melt mixing thermoplastic resins, cellulosic materials and additives followed
by extrusion molding to form “synthetic lumber” and other ail-wood replacement
products. WPCs are processed into various shapes. Accordingly, they are widely used
to replace traditional wood products including building materials such as doors, frames,
window casings and the like, and for exterior applications such as decking, fencing and
the like. WPCs offer the advantages over aill-wood products, such as fitame resistance,
resistance to rot and insect attack and deterioration due to the effects of moisture and
UV light.

Summary
As described herein, the present invention is directed to the use of amine

compounds as additives to improve physical properties of wood polymer composites.

In one aspect, there is provided an additive system for wood polymer composites
that includes: at least one maleic anhydride grafted polymer coupling agent; at least one
coupling agent selected from silanes and siloxanes; at least one peroxide crosslinking
agent; and an amine compound.

In one embodiment, the amine compound of the additive is selected from among
amine functionalized compounds, aliphatic amines, and aromatic amines. Such amine
compounds include aliphatic diamines and aromatic diamines, primary amines,
secondary amines and tertiary amines. Non-limiting examples include ethylenediamine,
diethylenetriamine, trimethylenediamine, tetramethylenediamine, triethylene tetramine,
tris(2-aminoethyllamine, triethylenetetramine, pentamethylenediamine,
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hexamethyldiamine, heptamethylenediamineg, octamethylenediamine,
nonamethylenediamine, dodecamethylenediamine, undecanediamine,
aminoethyipiperazine (AEP), N,N'-Bis-(2-aminoethyl}piperazine) (bis-AEP), N-[{2-
aminoethyl}2-aminoethyl]piperazine) or piperazinoethylethylenediamine (PEEDA),
polyethyleneamine, melamine (2,4,6-triamino-1,3,5-triazine), urea, amine functionalized
silane and siloxane, fatty amines, and combinations of two or more thereof.

In one embodiment, the polymer of the maleic anhydride grafted polymer
coupling agent is selected from among polystyrene copolymers, polyvinyl chloride,
polyacrylate, polyurethane, ethylene vinyl acetate, polyester, styrene-ethylene-butylene-
styrene (SEBS), ethylene propylene diene monomer {EPDM), and copolymers thereof.

In one embodiment, the second coupling agent is selected from among amino
silane, epoxy silane, vinyl silane, methacryloxy silane, mercaptosilane, vinyl terminated
polyalkylsiloxane, vinyl terminated polyarylsiloxane, polyalkyl siloxane, and
polyarylsiloxane.

In one aspect, there is provided a wood polymer composite that includes: at feast
one thermoplastic polymer; a cellulosic fiber material; and an additive system including
at least one maleic anhydride grafied polymer coupling agent; at least one coupling
agent selected from silanes and siloxanes; at least one peroxide crosslinking agent; and
an amine compound.

In one embodiment, the thermoplastic polymer of the wood polymer composite
may be selected from among polyamides, polyesters, polystyrenes, polycarbonates,
polyvinylchloride, polyurethane, polyethers, polyolefins, and copolymers thereof. In a
preferred embodiment, the thermoplastic polymer comprises a polyolefin. In one
embodiment, the thermoplastic polymer includes recycled polymeric material.

In ane embodiment, the wood polymer composite further inciudes at least one
lubricant. The jubricant may be a metal-containing lubricant or a non-metal containing
lubricant. The lubricant may be selected from among polymer waxes, zinc stearate,
calcium stearate, magnesium stearate, potassium stearate, sodium stearate, ethylene
bis stearamide, ethylene bis cocoamide, oleamide, erucamide, stearamide, ethylene bis
lauramide, pentaerythiritol adipate stearate, and mixtures of two or more thereof. The
lubricant may be a solid lubricant selected from among graphene, graphite and boron.
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In one aspect there is provided a formed article comprising a wood polymer
composite that includes at least one thermoplastic polymer; a cellulosic fiber material;
and an additive system including at least one mateic anhydride grafted polymer coupling
agent; at least one coupling agent selected from silanes and siloxanes; at least one
peroxide crosslinking agent; and an amine compound. The formed article may be
formed by at least one of extrusion, injection molding, compression molding, thermo
forming and roto-molding.

In one aspect there is provided a method of making a wood polymer composite
article, the method including the steps of i} providing an additive system that includes at
least one maleic anhydride grafted polymer coupiing agent; at least one coupling agent
selected from silanes and siloxanes; at least one peroxide crosslinking agent; and an
amine compound, ii) melt mixing a cellulosic material, at least one thermopiastic
polymeric material and the additive system at a temperature sufficient to flow the
thermoplastic polymeric material, and iii} extruding through a die the wood polymer
composite.

Detailed Description

The inventors herein have developed additives to improve flex properties of
WPC, especially modulus of rupture (MOR). Several coupling agents such as silanes,
siloxanes, and maleic anhydride grafted polymers (MAH), in particular maleic anhydride
grafted polyolefin coupling agents, were evaluated. These coupling agents generally
improved flex properties, e.g., load at vield, modulus of rupture, flexural modulus {(MOE)
of WPC. However, the improvement was not sufficient or consistent, especially MOR.
The inventors discovered that adding an amine compound into a WPC formulation
having a graft copolymer MAH, silane and/or siloxane, and peroxide surprisingly
enhanced MOR. The amine compound acts as a reinforcement agent so that the
reactions of MAH, silane, siloxane, polyethylene, and wood flour were increased.

The wood polymer composite (WPC) in which the additive is used may include a
blend of cellulosic material and a thermopiastic polymeric resin. In one embodiment,
WPC may comprise one or more thermopiastic polymers, such as, for example,
polyamides, polyesters, polystyrenes, polycarbonates, polyoletins, such as high-density
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polyethylene (HDPE}, tow density polyethylene (LDPE}, linear low-density polyethylene
(LLDPE}), ultrahigh motecuiar weight polyethylene (UHMWPE), ultra-low-density
polyethylene (ULDPE), copolymers of ethylene and a second a-olefin monomer
including metallocene polyethylene (MPE}), ethylene/propylene copolymers,
terpolymers, such as ethylene propylene diene monomer (EPDM), and polypropylene
homo- and copolymers. Such thermoplastic polymers may also include polymers and
copolymers, such as polyvinyl chloride, polyviny! chloride vinyl acetate copolymers,
polyvinyl chioride n-butyl acrylate copolymers, chlorinated polyvinyl chloride,
polyurethanes, and polyethers. In addition, for economic and environmental reasons,
recycled plastics such as recycled LDPE, recycled HDPE, recycled PP may also be
used. For example, regrinds of HDPE from bottles and films may be used.

The cellulosic filler material may be derived from any cellulose source, including
wood/forest and agriculturai by-products. Thus, the cellulosic filler material may
comprise, for example, hard wood fiber, soft wood fiber, hemp, jute, rice hulls, wheat
straw, and combinations of two or more of these. Suitable wood products include fibers
or flours of woods including oak, pine, poplar, beeches, aspen, cedar, cottonwood,
maple, apple, cherry, mahogany, spruces, firs, and other woods. The form of the
cellulosic materials from wood sources may be sawdust, wood chips, wood flour, or the
like.

The WPC may additionally comprise conventional additives including plasticizers,
compatibilizers or coupling agents, flexomers, stabilizers, including viscosity stabilizers
and hydrolytic stabilizers, antioxidants, uliraviolet ray absorbers, anti-static agents,
dyes, pigments or other coloring agents, inorganic fillers, fire-retardants, lubricants,
reinforcing agents, such as glass fiber and flakes, foaming or blowing agents,
processing aids, antiblock agents, release agents, pest repellants, and/or mixtures
thereof.

Inorganic fillers may be included in the cellulosic filler material. Examples of
suitable inorganic filiers include talc, mica, kaolin, calcium carbonate, sodium carbonate,
barium sulfate, zeolite, fly ash, clay, zinc borate, sodium borate, sodium tetraborate,
potassium carbonate, glass fibers, carbon fibers, and combinations thereof.
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The WPC may contain one or more lubricants. Lubricants are particularly
suitable for applications where the WPC is processed by extrusion, injection molding,
compression molding, vacuum forming, roto-molding, thermo molding or other
processing techniques. Lubricants are used for improving processing which include
reducing process torque, pressure, and temperature during the extrusion process
resulting in increased throughput, improved dispersion, and eliminating edge tear on the
WPC surface.

Examples of such lubricants include polymer waxes, metal stearates such as
zinc stearate, calcium stearate, magnesium stearate, potassium stearate and sodium
stearate, stearic acid derivatives including ethylene bis stearamide, ethylene bis
cocoamide, oleamide, erucamide, stearamide, ethylene bis lauramide and esters such
as pentaerythiritol adipate stearate, and mixtures of two or more thereof. In WPGC
formulations containing polyolefins, ethylene bis stearamide (EBS) and metal soaps or
non-metal soaps may be used. The lubricant may be a solid lubricant, such as
graphene, graphite and/or boron. in one embodiment, the WPC composition contains
less than 10% by weight of lubricant.

A coupling agent is a compound capable of reacting with and binding to both a
reinforcing filler and a resin matrix of a composite material. Polyolefins are generaily
non-polar, while celiulosic fibers are polar, owing to the presence of hydroxyl groups on
cellulose units. Suitable coupling agents contain both polar and non-polar moieties.
Useful coupling agents herein include modified polyolefins, depending on the
thermoplastic material used in the wood polymer blend. A modified polyethylene is
typically used in a polyethylene-wood compasite; while a modified polypropylene is
typically used in a polypropylene-wood composite.

Coupling agents may include maleic anhydride graft copolymers. Maleic
anhydride-grafted polymers (maleated polymers) are polymeric materials in which
maleic anhydride is reacted with an existing polymer, often under free-radical
conditions, to form anhydride groups appended to the polymer chain. They include
maleic anhydride grafted polyethylene, maleic anhydride grafted polypropylene, maleic
anhydride grafted styrene-ethylene-butene-styrene triblock copolymer, maleic anhydride
grafted polybutadiene, maleic anhydride grafted polyvinyi chloride, maleic anhydride
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grafted polyacrylate, maleic anhydride grafted polyurethane, maleic anhydride grafted
ethylene vinyl acetate, maleic anhydride grafted polyester, maleic anhydride grafted
ethylene propylene diene monomer (EPDM)}, and copolymers thereof.

In addition to a maleic anhydride graft copolymer coupling agent, the WPC
additive may include a second coupling agent that is a silane or siloxane coupling
agent. Examples of such coupling agents include amino silane, epoxy silane, vinyl
silane, methacryloxy silane, mercaptosilane, vinyltrimethoxysilane, vinyl-triethoxysilane,
vinyl tris(B-methoxyethoxy)silane, vinyltriacetylsilane, y-methacryl-
oxypropyltrimethoxysilane, B-(3,4-epoxycyclohexyl)ethylmethoxysilane, y-glucid-
oxypropyltrimethoxsilane, y-glucidoxypropylmethyldimethoxysilane, y-glucidoxy-
propylmethyldiethoxysilane, y-glucidoxypropylethyldimethoxysilane, y-glucidoxy-
propylethyldiethoxysilane, N-B-(aminoethyl)aminopropylirimethoxysilane, N-B-
(aminoethyl)aminopropyltriethoxysilane, N-B-(aminoethylyaminopropylmethyl-
dimethoxysilane, N-B-(aminoethylyaminopropylethyldimethoxysilane, N-B-(aminoethyl)-
aminopropylethyldiethoxysilane, y-aminopropyltriethoxysilane, N-phenyl-y-amino-
propyltrimethoxysilane, y-(N-(B-methacryloxyethyl}-N,N-dimethylammonium-
(chloride))propylmethoxysilane, y-mercaptopropyltrimethoxysilane, y-mercaptopropyl-
triethoxysilane, vinyl terminated polyalkylsiloxane, vinyl terminated polyarylsiloxane,
polyalkyl siloxane, and polyarylsiloxane.

The inventors herein have discovered that adding an amine compound into a
WPC formulation having a grafted copolymer MAH, silane or sifoxane coupling agent,
and peroxide surprisingly enhanced MOR. Amine compounding worked as an additive
agent so that the reactions of MAH, silane, siloxane, polyethylene, and wood flour were
increased.

Suitable amine compounds include, for example, amine compounds and amine
functionalized compounds, including, aliphatic and aromatic amines, ethylenediamine,
diethylenetriamine, trimethylenediamine, tetramethylenediamine, triethylene tetramine,
tris(2-aminoethylyamine, triethylenetetramine, pentamethylenediamine,
hexamethyldiamine, heptamethylenediamine, octamethylenediamine,
nonamethylenediamine, dodecamethylenediamine, undecanediamine,
aminosethylpiperazine (AEP), N,N'-Bis-(2-aminoethyl)piperazine) (bis-AEP}), N-[(2-
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Aminoethyl)2-aminoethyl]piperazine), piperazinoethylethylenediamine (PEEDA),
polyethyleneamine, polyamines, melamine (2,4,6-triamino-1,3,5-triazine), urea, amine
functionalized silane and siloxane, fatty amines, and combinations of two or more
thereof.

Graft copolymer MAHSs, peroxide and/or silane coupling agents have been
commonly used to improve physical properties of WPC. However, they did not provide
sufficient and/or consistent physical properties. Incorporating an amine compound with
a formulation that included MAH, silane and dicumyl peroxide {DCP) enhanced the
physical propetties of the WPC further, especially MOR. The amine compound worked
to improve the reinforcement of the WPC material.

An additive system of the present disclosure includes at least one amine
compound, at least one maieic anhydride grafted polymer coupling agent, a least one
silane or siloxane coupling agent and at least one peroxide crosslinking agent.

The new additives can be used for enhancing physical properties of the plastic
products. Products can be WPC, automobile, indoor/outdoor applications, filled
compounds, wire/cable, fiber, any plastic application where reinforcement/enhancing
physical properties is needed.

In one embodiment of the invention, the wood polymer composite includes: 20-
80% by weight of the at least one thermoplastic polymer; 20-80% by weight of
cellulosic material; and 0.1-10% by weight of the additive system including a maleic
anhydride grafted polymer coupling agent, a silane or siloxane coupling agent, a
peroxide crosslinking agent and an amine.

In one embodiment of the invention, the wood polymer composite of includes: 20-
75% by weight of the at least one thermoplastic polymer; 20-75% by weight of
cellulosic material; 0.2-10% by weight of the at least one lubricant; and 0.1-10% by
weight of the additive system including a maleic anhydride grafted polymer coupling
agent, a silane or siloxane coupling agent, a peroxide crosslinking agent and an amine.

EXAMPLES
Group A - Examples 1-5: High density polyethylene and non-metal lubricant.
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The WPC formulations were of Table 1 were extruded using a Leistritz 27mm
twin screw extruder. Temperature profiles, feed rate, and screw speed were set for
170°C in all 9 zones, 5kg/hr and 80RPM, respectively. All extruded samples were
compressed molded using a Carver Laboratory Press at 200 °C. Three point bending
test was performed using a Instron (Instron 4201) to measure flex properties. Span
distance and head speed were 2inch and 0.5 inch/min, respectively. The amounts given
in Table 1 are parts by weight. Example 1 is the control and Examples 2 and 3 are
comparative examples.

Table 1
Control
1 2 3 4 5
Wood flour 50 50 50 50 50
HDPE 30 30 30 30 30
Inorganic filler 15 15 15 15 15
Non-metal Lubricant 5 5 5 5 5
Maleic anhydride grafted polyolefin 1 1 1 1
Organosilane+ Dicumyl peroxide 0.14 0.14 0.14
Melamine 1
Urea 05
Table 2
Test Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5
Load @ vyield {Ib) 32.5 35.5 48.8 52.9 51.4
Modulus of Rupture (MOR, psi) 4433 5333 5669 6157 6118
Modulus of Elongation (MOE, psi) 713000 [ 751000 | 576000 | 671000 | 699000

As shown in Table 2, MORs of inventive Examples 4 and 5 were 35% higher
than that of Example 1 (control} that does not contain coupling agents and even 8%
higher than that of Comparative Example 3.

Group B — Examples 6-9: High density polyethylene and a metal-containing lubricant.

The WPC formulations were extruded using a Leistritz 27mm twin screw
extruder. Temperature profiles, feed rate, and screw speed were set for 170°C in all 9
Zones, Skg/hr and 80RPM, respectively. All extruded samples were compressed
molded using a Carver Laboratory Press at 200 °C. Three point bending test was
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performed using a Instron (Instron 4201) to measure flex properties. Span distance and
head speed were 2inch and 0.5 inch/min, respectively. The amounts given in Table 3
are parts by weight. Example 6 is the control and Examples 7 and 8 are comparative

examples.
Table 3
Examples
Components Control 6 7 8 9
Wood flour 50 50 50 50
HDPE 30 30 30 30
Inorganic filler 15 15 15 15
Metal Lubricant 5 5 5 5
Maleic anhydride grafted polyolefin 1 1 1
Organosilane + Dicumyl peroxide 0.14 0.14
Urea 0.5
Table 4
Test Ex. 6 Ex. 7 Ex. 8 Ex. 9
Load @ yield (Ib) 39.6 40.8 448 49.7
Modulus of Rupture (MOR, psi) 5221 5353 5726 6142
Modulus of Elongation (MOE, (psi) 833000 820000 829000 | 784000

As can be seen in Table 4, MOR of Example 9 showed 17% enhancement
compared to Control Example 6.

Group C — Examples 10-12: Low density polyethylene and non-metal lubricant.

The WPC formulations were extruded using an Leistritz 27mm twin screw
extruder. Temperature profiles, feed rate, and screw speed were set for 170°C in all 9
Zones, 5kg/hr and 80RPM, respectively. All extruded samples were compressed
molded using a Carver Laboratory Press at 200 °C. Three point bending test was
performed using a Instron (Instron 4201) to measure flex properties. Span distance and
head speed were 2inch and 0.5 inch/min, respectively. The amounts given in Table 5
are parts by weight. Example 10 is the control and Example 11 is a comparative
example.
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Table 5
Examples
Components Control 10 11 12
Wood flour 50 50 50
LDPE 305 30.5 30.5
Inorganic filler 15 15 15
Non-metal lubricant 4.5 4.5 4.5
Maleic anhydride grafted
polyolefin 2 2
Organosilane + Dicumyl
peroxide 0.14 0.14
Melamine 1
Table 6
Test Ex. 10 Ex. 11 Ex. 12
Load @ yield (Ib} 18 22.2 27.4
Meodulus of Rupture (MOR, psi) 2268 3447 3812
Modulus of Elongation {MOE, psi) 302000 361000 466000

As can be seen in Table 6, MOR of Example 12 showed 68% enhancement

compared to Control Example 10.

Group D — Examples 13-15: Water Absorption: High density polyethylene and non-metal

lubricant.

The WPC formulations were extruded using a Leistritz 27mm twin screw

extruder. Temperature profiles, feed rate, and screw speed were set for 170°C in all 9

Zones, 5kg/hr and 80RPM, respectively. All extruded samples were compressed

molded using a Carver Laboratory Press at 200 °C. Three point bending test was

performed using an Instron (Instron 4201) to measure flex properties. Span distance

and head speed were 2 inch and 0.5 inch/min, respectively. The amounts given in Table

7 are parts by weight. Example 13 is the control and Example 14 is a comparative

example.

CA 03156391 2022- 4-27

10



WO 2021/086974 PCT/US2020/057752

Table 7
Examples
Component Control 13 14 15
Wood flour 50 50 50
HDPE 305 305 30.5
Inorganic filler 15 15 15
Non-metal Lubricant 4.5 4.5 4.5
Maleic anhydride grafted polyolefin 0.5 0.5
QOrganosilane+ Dicumyl peroxide 0.14
Melamine 0.15
Table 8
Test Ex. 13 Ex. 14 Ex. 15
Load @ yield (Ib} 33.7 40.4 51.4
Meodulus of Rupture (MOR, psi) 4774 4938 6234
Modulus of Elongation {MOE, psi} 668K 577K 637K

To conduct a water absorption test, the extruded samples were cut into 3 inch
long segments. The samples were placed into a water batch at 50 °C. The weight gain
was measured at 1 day, 4 days, 7 days, 14 days, 21 days, 28 days and 70 days. The
Figure is a graph showing the resulis of the water absorption test.

Example 15 showed 30% improvement in MOR and a 40% reduction in water
absorption at 7 days and 14 days compared to Example 13. The control group
(Example 13) was saturated in 21 days. However, after 70 days, water absorption of
Example 15 was still increased.

Examples 16-19: Ethylene diamine containing additive

The formulations were extruded using a Leistritz 27mm twin screw extruder.
Temperature profiles, feed rate, and screw speed were set for 170°C in all 9 Zones,
5kg/hr and 80RPM, respectively. All extruded samples were cut and crystallized
ovemight for the flex test. To evaluate flex properties of WPC samples, three point
bending test was performed using an Instron (Instron 4201). Span distance and head
speed were 2 inch and 0.5 inch/min, respectively. The amounts given in Table 9 are
parts by weight. Examples 16 was used as a control and Example 17 is comparative.

11

CA 03156391 2022- 4-27



WO 2021/086974 PCT/US2020/057752

Table 9
WPC Formulations
Examples
Control 17 18 19
Components 16
Wood flour 50 50 50 50
Recycled palyolefin 32 32 31 30
Inorganic filler 15 15 15 15
Metal Lubricant 3 2.82 2.26 2.83
Maleic anhydride grafted polyolefin 1.33 1.67
Organosilane + Dicumyl peroxide 0.11 0.09 012
Ethylene diamine 0.25 0.32
Table 10
Test resulis
Test Ex. 16 | Ex. 17 Ex. 18 Ex. 19
Load @ yield (Ib) 36.8 40.8 48.4 48.9
Modulus of Rupture (MOR, psi) 4002 4376 5062 5093
Modulus of Elongation (MOE, psi) | 574000 [ 562000 | 575000 582000

As can be seen in Table 10, MOR of Examples 18 and 19 showed an
enhancement of 26% and 27%, respectively, compared to Control Example 16.

Although the invention has been shown and described with respect to a certain
embodiment or embodiments, it is obvious that equivalent alterations and modifications
will occur to others skilled in the art upon the reading and understanding of this
specification and the annexed drawings. In particular regard to the various functions
performed by the above described elements (components, assemblies, devices,
compositions, etc.), the terms (including a reference to a “means”) used to describe
such elements are intended to correspond, unless otherwise indicated, to any element
which performs the specified function of the described element (i.e., that is functionally
equivalent), even though not structurally equivalent to the disclosed structure which
performs the function in the herein illustrated exemplary embodiment or embodiments of
the invention. In addition, while a particular feature of the invention may have been
described above with respect to only one or more of several illustrated embodiments,
such feature may be combined with one or more other features of the other

12
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embodiments, as may be desired and advantageous for any given or particular
application.

13
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THE CLAIMS

1. An additive system for wood polymer composites comprising:
at least one maleic anhydride grafted polymer coupling agent;
at least one second coupling agent selected from among silane and siloxane;
at least one peroxide crosslinking agent; and
an amine compound.

2. The additive system of claim 1, wheregin the maleic anhydride grafted polymer is
a maleic anhydride grafted polyolefin.

3. The additive system of claim 1, wherein the polymer of the maleic anhydride
grafted polymer is selected from the group consisting of polystyrene copolymers,
polyvinyl chioride, polyacrylate, polyurethane, ethylene vinyl acetate, polyester, styrene-
ethylene-butylene-styrene (SEBS), ethylene propylene diene monomer (EPDM), and
copolymers thereof.

4, The additive system of any one of the preceding claims, wherein the amine
compound is selected from the group consisting of amine functionalized compounds,
aliphatic amines, aromatic amines, aliphatic diamines, aromatic diamines, primary
amines, secondary amines and tertiary amines.

5. The additive system of any one of the preceding claims, wherein the amine
compound is selected from the group consisting of ethylenediamine, diethylenetriamine,
trimethylenediamine, tetramethylenediamine, triethylene tetramine, tris(2-
aminoethyllamine, triethylenetetramine, pentamethylenediamine, hexamethyldiamine,
heptamethylenediamine, octamethylenediamine, nonamethylenediamine,
dodecamethylenediamine, undecanediamine, aminoethylpiperazine, N,N'-Bis-(2-
aminoethyl}piperazine), N-[(2-Aminoethyl}2-aminoethyl]piperazine),
piperazinoethylethylenediamine, polyethyleneamine, melamine (2,4,6-triamino-1,3,5-

14
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triazine), urea, amine functionalized silane and siloxane, fatty amines, and combinations
of two or more thereof.

6. The additive system of any one of the preceding claims, wherein the second
coupling agent is selected from the group consisting of amino silane, epoxy silane, vinyl
silane, methacryloxy silane, mercaptosilane, vinyl terminated polyalkylsiloxane, vinyl
terminated polyarylsiloxane, polyalkyl siloxane, and polyarylsiloxane.

7. A wood polymer composite comprising:
at least one thermoplastic polymer;
a cellutosic fiber material; and
the additive system claim 1.

8. The wood polymer composite of claim 7, wherein the thermoplastic polymer is
selected from polyamides, polyesters, polystyrenes, polycarbonates, polyolefins,
polyvinyl chioride, polyurethanes, and polyethers.

9. The wood polymer compaosite of claim 7, wherein the thermoplastic polymer
comprises a polyolefin.

10. The wood polymer compaosite of claim 7, wherein the thermoplastic polymer
comprises recycled polymeric material.

11.  The wood polymer composite of any one of ¢laims 7 to 10, wherein the
composite further comprises at least one lubricant.

12. The wood polymer composite of claim 11, wherein lubricant is selected from
among polymer waxes, zinc stearate, calcium stearate, magnesium stearate, potassium
stearate, sodium stearate, ethylene bis stearamide, ethylene bis cocoamide, olemide,
erucamide, steramide, ethylene bis lauramide, pentaerythiritol adipate stearate, and
mixtures of two or more thereof.
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13. The wood polymer composite of claim 11, wherein the lubricant is a solid
lubricant selected from among graphene, graphite and boron.

14. The wood polymer composite of any one of claims 7 to 13, further comprising at
least one organic filler.

15.  The wood polymer composite of claim 14, wherein the at least one inorganic filler
is selected from among talc, calcium carbonate, potassium carbonate, barium sulfate,
zeolite, fly ash, clay, zinc borate, sodium borate, sodium tetraborate, glass fiber and
carbon fiber.

16. The wood polymer compasite of claim 7, wherein the composite comprises:
20-80% by weight of the at least one thermoplastic polymer;
20-80% by weight of cellulosic material; and
0.1-10% by weight of the additive system.

17.  The wood polymer composite of claim 7, wherein the composite comprises:
20-75% by weight of the at least one thermoplastic polymer;
20-75% by weight of cellulosic material;
0.2-10% by weight of the at least one lubricant; and
0.1-10% by weight of the additive system.

18. A formed article comprising the wood polymer composite of any one of claims 7
to 17.

19.  The formed article of claim 18, where the article is formed by at ieast one of
extrusion, injection molding, compression molding, thermo forming and roto-molding.

20. A method of making a wood polymer composite article, the method comprising
providing the additive system of any one of claims 1 {0 6, melt mixing a celiulosic
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material, at least one thermoplastic polymeric material and the additive system at a
temperature sufficient to flow the thermoplastic polymeric material, and extruding
through a die the wood poiymer compaosite.
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