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Abstract

Wood has long been used by the plastics industry
asinexpensive filler to increase strength and stiffness
of thermoplastic or to reduce raw material costs.
During the late 1980s, researchers and industries be-
gan investigating high filler levels and coupling
agents to encourage interaction between the wood
and thermoplastic components. An improved so-
phistication in processing and formulations led to
development of wood-plastic composites (WPC)
that exhibit synergistic material properties. Wood-
plastic composites consist primarily of wood and
thermoplastic polymers. Traditionally, the materials
have been viewed as a wood fiber or particle rein-
forcing a continuous thermoplastic matrix. There-
fore, WPC development has followed previous work
on synthetic fibers and fillers such as glass, carbon,
boron, aramid, and mineral fillers. Like their syn-
thetic counterparts, WPC researchers have sought
enhanced strength, stiffness, creep, and thermal sta-
bility. However, the commercial success of these
emerging materials has been primarily by the prom-
ise of improved moisture performance, recycled and
waste material utilization, and efficiency in product
and process design. The goal of this paper is to pro-
vide an overview of the technology for producing
wood plastic composites. This overview will address

Wolcott

Englund

commercialization, material selection, and produc-
tion methods.

Commercialization of Wood-Plastic
Composites

The science regarding wood plastic composites
(WPC) is focused primarily on the chemical interac-
tion between the dissimilar material components.
Although this issue is of strong importance, the lack
of resolution has not limited commercialization of
this material class. Instead, the material and product
development has progressed on two fronts, property
and process improvements.

Property Advantages

Despite the recent success of traditional engi-
neered wood products, their susceptibility to water
adsorption, thickness swell, and bio-deterioration
has limited use in exposed environments. Methods
to overcome the hygroscopic nature of wood range
from plastic overlays to chemical treatments aimed
at limiting hydrogen-bonding sites. Although these
methods have provided some resistance to water ad-
sorption and thickness swell, their effectiveness is
limited. Prevention of bio-deterioration has histori-
cally been accomplished using impregnated fungi-
cides and insecticides. The addition of thermoplas-
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tics to wood composites has a significant influence
on the water absorption of the material (Deaner et
al. 1996; Laver 1996). However, little research has
addressed the ability for material and product design
to influence the durability of wood-based materials.

When compared to solid thermoplastics, WPCs
exhibit different mechanical and physical properties.
Strength and stiffness are generally influenced with
increased levels of wood fillers dependent on the
materials and processing methods. Higher concen-
trations of wood filler impart a natural resistance to
ultraviolet degradation. Under some conditions,
wood fillers can also increase the melt or softening
temperature of the thermoplastic, which allows for
expanded serviceability.

Processing Advantages

With the exception of molded door skins, tradi-
tional wood composite products are flat pressed to
produce prismatic elements. Any shaping of the ma-
terial occurs in secondary manufacturing steps and
typically involves machining and assembly steps that
are waste and labor intensive. The extrusion pro-
cesses utilized to produce commercial wood-plastic
composites have concentrated on producing highly
contoured linear parts (Laver 1996; Puppin 1999).
This technique provides definite material cost and
process advantages by alleviating many post-manu-
facturing steps that add costs to the final product.

Wood-thermoplastic composites have many pro-
cessing advantages when compared with synthetic
and mineral-filled thermoplastics. Wood fibers pro-
vide a sufficient reinforcement at a much lower cost
than synthetic fibers, while the composite product
density is much lower than synthetic and mineral
filled thermoplastics. When synthetic and mineral
fillers are used, machine wear and damage of pro-
cessing equipment is much higher than with wood
fillers. Fiber damage during processing is greatly re-
duced when wood is utilized, which allows for recy-
cling production waste without compromising
quality.

General Disadvantages

Disadvantages can also be found with WPCs
when contrasted with solid thermoplastics and syn-
thetic and mineral-filled plastics. Water adsorption
and thickness swell is higher with WPCs, which is
virtually nonexistent with solid polymers. Interfacial
adhesion is very limited with wood and thermoplas-
tics. The polar nature of wood and the non-polar in-
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fluence of thermoplastics require coupling agents or
surface activating methods to promote adhesion.
Dispersing fibers throughout the matrix can be diffi-
cult not only with wood filler, but also with many
other types of fillers. However, dispersing agents and
proper mixing techniques have been found to effec-
tively distribute the filler throughout the matrix.

Raw Materials

Wood

In the plastics industry, fillers can be classified
into two major groups, particulate and fibrous.
Particulates are generally classified as fillers or rein-
forcing fillers if interphase adhesion is high. Parti-
culates have dimensions that are approximately
equal in all directions and can be any shape. Fibers
are considered reinforcing because they bear a ma-
jority of the load applied and their length is much
greater than the cross-sectional dimension (Manson
and Sperling 1976; Matthews and Rawlings 1994).
Fillers or particles can be used to increase mechani-
cal properties; however, they are more commonly
used as extenders to lower polymer use. Fibers are
explicitly added to increase stiffness and strength of
the composite. For WPCs, the wood is generally in
the form of a short fiber, particle, or flour. These
small sizes integrate well into the processing tech-
niques utilized by the plastics industry. Many species
are used in commercial production with pine, ma-
ple, and oak being the most common. Currently, the
species selection appears to be influenced more by
availability than engineering.

Thermoplastics

The two major classes of polymers, thermoplastic,
and thermosets, can be differentiated by their re-
sponse to temperature. Thermosetting polymers
polymerize and increase stiffness with an initial
increased temperature. In contrast, thermoplastics
repeatedly soften or melt with increasing tempera-
ture. The structure and morphology of the polymer
chains can further differentiate thermoplastics.

Thermoplastic polymers exhibit both amorphous
and semi-crystalline morphologies. Amorphous
polymers consist of randomly configured molecular
chains, such as polystyrene (PS) and polyvinyl chlo-
ride (PVC). Other polymers, such as polyethylene
(PE) and polypropylene (PP), exhibit varying
degrees of crystallinity, which dominate the physical
and mechanical properties. A regular order of mole-
cular chains with sufficient intermolecular bonds to



prevent disorder from thermal energy is necessary to
form a three-dimensional crystalline lattice (Rosen
1993). Temperature influences crystalline polymers
somewhat differently than amorphous polymers.
The crystalline region of the polymer undergoes a
first order, melt phase transition with increasing
temperature (Sperling 1986). Amorphous polymers
do not exhibit a true melt phase, but may soften toa
point of viscous flow similar to melting.

There are a variety of thermoplastics available for
composite manufacturing although only a few can
be used for WPCs. The primary selection criteria for
a thermoplastic used in WPCs is a melting or soften-
ing temperature less than the thermal degradation
temperature of wood (=210°C). This thermal crite-
rion restricts selection to the class of polymers
known as polyolephins. Commonly used thermo-
plastics having softening or melting temperatures
that are suitable for WPC processing include poly-
styrene (PS), low- and high-density polyethylene
(LDPE and HDPE), polypropylene (PP), and polyvi-
nyl chloride (PVC) (Fig. 1). Polyethylene is one of
the most commonly used thermoplastics compris-
ing up to 75 percent of total plastic waste (Mustafa
and Balatinecz 1996). ,

For polyolephins, either virgin or recycled plastics
are commercially available in the form of pellets,
powder, flakes, or films. Recovered products such as
milk jugs, battery casing, film stock, and plastic
shopping bags can be utilized as raw materials.
Although low cost recovered products are often
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Figure 1.—Processing temperatures for com-
monly used thermoplastics.

difficult to control, the source of recycled material is
limited sorting technologies (Mustafa and Bala-
tinecz 1996).

Properties of Wood-Plastic Composites

Wood-plastic composites exhibit hybrid proper-
ties of wood and plastic. In general,addingwood toa
thermoplastic matrix increases the mechanical pro-
perties and thermal stability when compared to the
solid thermoplastics. Conversely, the thermoplastic
component can present moisture barriers to the
wood elements, decreasing the water adsorption and
swelling characteristics as compared to wood and
traditional wood composites.

Mechanical Properties

A number of studies have addressed the influence
wood fibers have on the tensile properties of various
thermoplastics. The mechanical properties of the
virgin polymers differ; Figures 2 and 3 show plots of
relative strength and stiffness, respectively. The
tensile strength of twin-screw extruded samples of
PP, recycled HDPE, and PS gradually decreased with
the addition of wood fibers (Fig. 2). In contrast, the
tensile modulus increased with fiber addition (Fig.
3). Fiber additions greater than 5 percent are
ineffective for a polystyrene matrix (Liang et al.
1994). The behavior of PP was similar to that of PS;
however, modulus reached a maximum with a 30
percent wood fiber percentage (Takase and Shiraishi
1989). The addition of wood fiber was more effective
for increasing the modulus of recycled HDPE-wood
fiber composites over a range of 0 to 60 percent
loading (Yam et al. 1990). In contrast to the PP and
PS, the addition of wood to HDPE did not appear to
reach a maximum at any point.

Moisture Properties

Adding wood to a thermoplastic matrix will
inevitably cause an increase in moisture uptake. The
moisture content of the wood filler during process-
ing is generally below 1 percent, therefore any filler
exposed on the surface will absorb the surrounding
water vapor and obtain an equilibrium moisture
content (EMC).Klason et al. (1984) exposed molded
PP-wood flour composites to a 50 percent relative
humidity (RH) at 23°C for 150 days and observed an
equilibrium moisture content (EMC) of 1.6 percent
ata filler loading of 60 percent. The EMC dropped as
the flour percentage decreased. When the same
samples were subjected to a water soak test,an 8 to10
percent moisture content for flour percentages
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