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Abstract
Research on wood flour-filled propylene has pri-

marily focused on one species of wood flour and one
or two broad particle-size distributions. The effects
of species and particle size need to be examined to
fully exploit the use of wood flour as a filler. Our study
focused on the effects of particle size on the proper-
ties of polypropylene filled with 40 percent (by
weight) wood flour. Eight wood flours were investi-
gated: four screened wood flours with discrete, nar-
row particle-size distributions and four commercially
available wood flours. Particle size did not affect
specific gravity but it did affect other properties. Melt
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flow index, heat deflection temperature, and notched
impact energy increased with increasing particle size,

whereas unnotched impact energy decreased. Mold
shrinkage decreased for particles smaller than about
0.25 mm. Flexural and tensile modulus and strength
increased with increasing particle size.

Introduction
The use of scrap-wood-derived fillers for thermo-

plastics has become more accepted by the plastics
industry in recent years. Wood-derived fillers have
several advantages over their inorganic counterparts
such as lower density and lower volumetric cost. They
are also less abrasive to processing equipment and are
derived from a renewable resource. To facilitate the
use of wood-derived fillers, the USDA Forest Service,
Forest Products Laboratory supplied injection mold-
ers with precompounded pellets (2). In a Forest
Products Laboratory research study polypropylene
filled with three inorganic fillers commonly used by
the plastics industry (talc, calcium carbonate, and
fiberglass) was compared to polypropylene filled with



wood flour or wood fiber derived from demolition
wood (3). The results suggest that wood-derived
fillers do have a place in the filler market. The per-
formance characteristics of plastics with wood fillers
were generally similar to those of talc-filled plastics.

One of the most commonly used wood-derived
fillers is wood flour. Wood flour is commercially
produced from postindustrial sources such as planer
shavings and sawdust. The scrap wood is selected for
species purity and then ground to specific particle-
size distributions, which are typically fairly large.

The two main variables that distinguish wood flour
are species and mesh size. Berger and Stark examined
the effects of species on the properties of wood flour
reinforced thermoplastics (1). Myers et al. found that
mesh size affected the properties of polypropylene
filled with nominal 20- and 40-mesh wood flour (4).
Zaini et al. also reported changes on the basis of
particle size in a study of four sizes of oil palm wood
flour used as a filler in different concentrations of
polypropylene (5). However, the latter two papers
report conflicting trends for flexural and tensile data.

Commercially produced wood flour has a specific
but broad particle distribution. Typical commercial
grades include a mixture of particle sizes because
extra screening to narrow the particle size distribu-
tion generally results in a more expensive product. As

a result, a comparison of mesh sizes from a commer-
cial supplier of wood flour results in an overlap of
particle sizes. Because of this size overlap, it is difficult
to characterize properties based on specific particle
sizes using commercial wood flour, particularly at
larger mesh sizes (smaller particle sizes).

In this study we examined four discrete, narrow
size distributions of wood flour particles and com-
pared them to four mesh sizes of commercially pro-
duced wood flour.

Experimental

Materials
To obtain a narrow particle-size distribution, pon-

derosa pine (Pinus ponderosa) wood flour particles
were screened to designated sizes by American Wood
Fibers, Schofield, Wisconsin (Table 1). American
Wood Fibers also supplied the commercial grades of
ponderosa pine wood flour (Table 2). For the wood
flour codes, S designates screened particle-size distri-
butions and C designates commercial particle-size
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distributions. The commercial grades of 2020,4020,
8020, and 12020 correspond to 20-, 40-, 80-, and
120-mesh ponderosa pine. Figure 1 compares the

particle size ranges screened to the commercial wood
flours. This figure demonstrates the discreteness of
size ranges for the screened wood flours and the
overlap of size ranges for the commercial wood flours.

An injection-molding grade of homopolymer poly-
propylene, Fortilene 3907, was supplied by Solvay
Polymers, Inc., Deer Park, Texas. This material has a
melt index of 36.5 g/10 min. For all tests, polypropy-
lene was filled with 40 percent by weight wood flour.

Sample preparation
The wood flour and polypropylene were dry-

blended and then compounded using a 32-mm Davis
Standard (Pawcatuck, Conn.) corotating intermesh-
ing twin-screw extruder. The screw is segmented

with a 32:1 length-to-diameter ratio. Eight electri-
cally heated and water-cooled barrel sections provide
the temperature control. The temperature profile for
all the samples was consistent, and the barrels were
vented to a vacuum at the fourth and seventh sections.
The melt temperature was kept under 190°C to

prevent degradation of the wood flour. Feed rates
were varied for each material to maintain output

between 18 and 21 kg/hr. The extrudate was cooled

in a water trough and pelletized. The resulting pellets
were dried at 105°C before being injection-molded
into ASTM test specimens. All the materials were
molded in a 33-ton Cincinnati Milacron (Batavia,
Ohio) reciprocating screw injection molder under
the same conditions.

Testing
The tests were conducted using ASTM standards

for plastics (Table 3). Each test was run with five
replicates. Melt index tests were conducted at 190°C

because the standard test temperature (230°C) is well
above the thermal degradation point of wood.

Specific gravity values are estimates that were ob-
tained by weighing five flexural specimens together
and dividing by the combined volume. The volume
was calculated by multiplying average length by aver-

age width and then by the combined thickness.
Particle characteristics were examined using an

optical microscope, and the impact fracture surfaces
of selected specimens were examined with a scanning
electron microscope. The fractured surfaces were
coated with gold for examination.

Results and discussion
Table 4 provides the specific gravity, melt index,

mold shrinkage, and heat deflection properties of
composites made from wood flour-reinforced poly-

propylene. Results of tests for impact, tensile, and
flexural properties are shown in Table 5. Each table
includes the values for unfilled polypropylene as well
as the average coefficient of variation (COV) for one
standard deviation for each property

Tests on composite properties
Results of tests on composites made with screened

wood flours are shown in Figures 2 to 6. Data on
properties are plotted against average particle size,
data points are labeled with the wood flour codes

(Table 1), and error bars represent one standard
deviation. Tests on composites made with commer-
cial wood flours (Figs. 7 to 9) showed the same trends
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as those for composites made with screened flours
and thus will not be discussed here.

Specific gravity. —Specific gravity was not affected
by differences in particle size of the wood flour. One

explanation is that during processing the wood flour
is compressed to the maximum density that can be
sustained by the cell walls. Since this phenomenon is
not dependent on particle size, the overall specific

gravity is likewise not dependent on particle size.
Melt index. —The test on melt index was con-

ducted at 190°C instead of the 230°C typically used
for polypropylene. The lower temperature was cho-
sen to prevent thermal degradation of the wood flour.
The melt index data demonstrate that as particle size
increased, the melt index increased for the range of
wood flours examined. As particle size increased, the
volume of unfilled regions within the polymer in-
creased, resulting in greater flow mobility for the
polymer and higher melt index values.

Mold shrinkage. —Figure 2 shows the mold
shrinkage characteristics as a function of average par-

ticle size for the wood flours with narrow particle size
distributions. The error bars represent one standard
deviation for five replicate specimens. As particle size
increased from 0.05 to 0.2 mm, the percentage of
mold shrinkage decreased. The percentage of mold
shrinkage continued to decrease slightly for an aver-
age particle size of 0.2 to 0.34 mm. However, the
percentage of mold shrinkage increased with increas-
ing particle size for an average particle size of 0.34 to

0.50 mm.

Heat deflection. —Although the heat deflection
temperature initially did not appear to follow any
discernible trend, comparison of the screened flour
composites with the commercial flour composites
suggests that the heat deflection temperature in-
creased with increasing particle size (Table 4). In
previous work on 40-mesh ponderosa-pine-filled
polypropylene at 40 percent by weight, the heat
deflection temperature was 90°C (3). In another
study, the heat deflection temperature was 85°C for
similar material (1). These results seem to indicate
that the value obtained for S-35 is low and that heat
deflection temperature increases with increasing par-
ticle size.
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Impact strength. —Figures 3 and 4 show the ef-
fects of particle size on notched and unnotched im-

pact strength, respectively. Generally notched impact
strength is a measure of crack propagation, while
unnotched impact strength is a measure of both crack
initiation and propagation. For the range of particle
sizes examined, as particle size increased, notched
impact strength increased (Fig. 3). This result was
expected because the crack propagates at the weaker
wood-polymer interface as well as through the poly-

mer. Because cracks travel around the wood particles,
the fracture surface area increases with increasing

particle size. As a result, more energy is required to
fracture the impact specimen with larger particles.
The reverse is true for unnotched impact strength

(Fig. 4). As particle size increased, unnotched impact
strength decreased, mainly as a result of crack initia-
tion. The larger particle sizes provide higher stress
concentrations where a crack can be initiated more
easily (i. e., less energy is required to initiate the crack,
which overshadows the higher energy needed to
propagate the crack).

previously reported data for wood flour-filled poly-
propylene demonstrated that notched impact energy
increases with increasing particle size, Zaini et al. (5)
investigated the effects of several mesh sizes of oil
palm wood flour on the properties of polypropylene
filled at 20, 30, 40, and 50 percent by weight. Be-
tween 230 and 60 mesh, notched impact strength
increased with increasing particle size. Myers et al.
(4) also found that notched impact energy increased
with increasing particle size in examining the effects
of 40- and 20-mesh sizes on polypropylene filled with
45 percent and 55 percent by weight wood flour.

Tensile strength. —Maximum tensile strength (MTS)
increased with increasing particle size until particle
size reached approximately 0.25 mm, at which point
MTS decreased (Fig. 5). This result corresponds well
with reported data. Zaini et al. (5) reported increas-
ing MTS with increasing particle size-for polypropy-
lene filled with 230- to 60-mesh oil palm wood flour.
Myers et al. (4) reported decreasing MTS with in-
creasing particle size for 40- to 20-mesh wood flour-
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filled polypropylene.
Tensile modulus of elasticity (MOE) and tensile

elongation exhibited trends similar to those for MTS
(Table 5). The values for these properties increased
with increasing particle size up to a particle size of



approximately 0.25mm, at which point the proper-
ties began to decrease.

Flexural strength. —Like the tensile properties,
flexural MOE appeared to increase with increasing
particle size and then decreased at an average particle
size of about 0.25 mm (Fig. 6). These results also
correspond with previously reported data. Zaini et al.
(5) reported an increase in flexural modulus with
increasing particle size for composites made with
230- to 60-mesh oil palm wood flour, and Myers et
al. (4) reported decreasing flexural MOE with in-
creasing particle size for polypropylene filled with 40-
to 20-mesh wood flour.

Maximum flexural strength exhibited the same
trends as those for flexural MOE, MTS, tensile MOE,
and percentage of tensile elongation. Maximum
flexural strength increased with increasing particle
size when average particle size was smaller than about
0.25 mm; for particles larger than 0.25 mm, maxi-
mum flexural strength decreased.

Scanning electron microscopy
A scanning electron microscope was used to exam-

ine the impact fracture surfaces of polypropylene
filled with wood flour at 40 percent by weight to
determine if there were any defects in
ites, such as voids or poor dispersion

the compos-
of the wood
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