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Abstract

PP/wood flour composites were prepared in a wide range of compositions in an internal mixer at 180 �C, 50 rpm and 15 min. Inter-
facial adhesion was modified by the introduction of two maleinated polypropylenes (MAPP) with different molecular weights and func-
tionality. Wood content was changed between 0 and 70 wt%, while MAPP/wood ratio between 0 and 0.25. Compression molded plates
of 1 mm thickness were prepared for testing. Structure was characterized by X-ray diffraction and DSC measurements. Interfacial adhe-
sion was estimated quantitatively with model calculations. The results showed that the morphology of the components and that of the
composites does not change as a result of compounding and the wood flour used in these experiments does not nucleate PP. The most
important structural phenomena determining properties are the orientation of the anisotropic wood flour particles and their aggregation.
Both structural phenomena depend on processing conditions and on the dimensions of the product. Much larger improvement could be
achieved by the addition of a functionalized polymer in thicker samples than in thin specimens. MAPP has a maximum efficiency at
around 0.05–0.10 MAPP/wood ratio in the composites of this study due to the limited surface available for coupling. MAPP with larger
molecular weight and smaller functionality proved to be more advantageous in the improvement of composite strength, because it can
form larger number of entanglements per molecule than the small molecular weight compound. On the other hand, the smaller molecular
weight coupling agent decreases viscosity and improves processability considerably, thus optimization of composition is essential to
achieve maximum performance.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Recently the production and application of thermoplas-
tic polymers reinforced with wood flour and natural fibers
increased considerably [1,2]. Such materials offer significant
advantages, which justify their use. Wood flour is obtained
from natural resources, it is available in various forms in
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large quantities, light, cheap, and it can be added to com-
modity matrices in considerable amounts thus offering eco-
nomically advantageous solutions [1–4]. The main
drawbacks of such composites are their water sensitivity
and relatively poor dimensional stability, changing wood
fiber characteristics with origin and the time of the harvest,
and poor adhesion to basically all matrix polymers [4,5].

The main application area of wood flour filled compos-
ites is the building and automotive industry [1,3,6,7], but
they are also applied for packaging, for the preparation
of various household articles, furniture, office appliances
and other items [3,6]. In most of these applications they
are used as structural materials, where the load-bearing
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capacity of the dispersed component is crucial. This latter
is determined by the particle characteristics of the rein-
forcement and by interfacial adhesion [8–10]. In particulate
filled and short fiber reinforced composites the dominating
micromechanical deformation process is usually debonding
[11,12]. Voids are created under the effect of external load,
which easily merge to large cracks leading to catastrophic
failure. Debonding stress depends on particle size, on the
stiffness of the matrix and on interfacial adhesion [13–15].
Wood flour particles are large, thus they debond easily,
and the process can be hindered only by improved
adhesion.

Interfacial interactions are very weak in wood flour
filled composites, because the surface free energy of both
the filler and the polymer is very small [16–18]. As a conse-
quence adhesion must be improved practically always to
achieve acceptable properties. Various techniques are used
or at least tried for the improvement of interfacial adhesion
including the treatment of the wood with sodium hydrox-
ide [4,19,20], coupling with functional silanes [4], or the
coating of wood flour with stearic acid [21,22]. However,
polymers functionalized with maleic anhydride (MA) or
acrylic acid (AA) are introduced the most often into poly-
olefin composites [2–4,17,19–30]. The functional groups of
these polymers were shown to interact strongly or even
react chemically with the surface of wood [17,24,26], while
the long alkyl chains diffuse into the matrix making stress
transfer possible. The stiffness of the composites is not
influenced significantly by the presence of the functional-
ized polymer [3,17,27], but strength usually increases con-
siderably [2,3,17,19,27,28]. The tensile and flexural
strength of polymers usually decreases with increasing filler
content in the absence of coupling [2,19,28,31], but the cor-
relation can be turned around and considerable increase
can be achieved with the help of functionalized polymers.

Contradictory information is available about the effect
of the amount of functionalized polymer on composite
properties. Some sources claim that tensile and flexural
strength as well as impact resistance pass through a maxi-
mum as a function of the amount of functionalized poly-
mer [32], but most research groups do not study this
question, but apply the coupling compound in a fixed
amount related to the mass of the wood [21,29]. Similarly,
the effect of the characteristics, i.e. molecular weight and
degree of functionalization, of the compatibilizer on com-
posite properties is not completely clear. Several authors
claim that larger molecular weight and smaller functional
group content are more advantageous than the opposite
[17,23]. Their conclusions are based on the measurement
of tensile strength and interfacial shear strength, but the
number of such studies is limited and most of them do
not offer a satisfactory explanation for the effect of these
factors on composite properties.

In previous papers we presented the effect of various fac-
tors on the deformation and failure of wood flour filled PP
composites [31,33]. We found that the dominating micro-
mechanical deformation mechanism is debonding in these
materials, indeed. A more detailed study revealed that
besides debonding, other deformation processes, like the
disintegration of aggregates and the fracture of wood par-
ticles also occur during the failure of the composites [31]. In
accordance with literature information, interfacial adhe-
sion plays a crucial role in the determination of composite
properties and the introduction of functionalized polymer
considerably influences strength. However, up to now we
have not investigated the effect of the amount and proper-
ties of the functionalized polymer. As a consequence, the
main goal of this study was to determine the strength of
interfacial interaction quantitatively both in the presence
and absence of functionalized polymers and to define the
influence of MAPP characteristics on the properties of
PP/wood composites.

2. Experimental

The polymer used as matrix in the experiments was the
Tipplen K948 grade block copolymer (ethylene content: 8–
11%, density: 0.9 g/cm3, MFR: 45 g/10 min at 230 �C and
21.6 N) produced by TVK, Hungary. The Filtracel EFC
1000 grade wood flour was obtained from J. Rettenmaier
and Söhne Gmbh, Germany. This particular grade is pro-
duced from soft wood and its average particle size is
around 210 lm. Two maleinated polypropylenes with con-
siderably different properties were added to the composites
in order to improve properties. Licomont AR 504 (Clariant
GmbH, Germany) is a low molecular weight (Mn = 3500 g/
mol) polymer with high maleic anhydride content
(3.5 wt%). On the other hand, the Orevac CA 100 polymer
(Atofina, France) has a much lower functionality
(1.0 wt%), but larger molecular weight (Mn = 25,000 g/
mol). The wood flour content of the composites changed
between 0 and 70 wt% and MAPP/wood ratio varied from
0 to 0.25 in 0.05 steps.

The components were homogenized in a Brabender W
350 E internal mixer of 350 cm3 nominal volume at
180 �C and 50 rpm for 15 min. The homogenized material
was compression molded into 1 mm thick plates at
180 �C using a Wickert WLP 800/4/2.5 machine with
1 min preheating and 5 min molding time at 150 bar. Spec-
imens cut from the plates were used for tensile testing and
morphological characterization.

The average particle size and the size distribution of the
filler were determined using a Malvern 2000 laser diffrac-
tion particle analyzer equipped with a Sirocco 2000 sam-
pling unit. The crystalline structure of the components
was characterized by X-ray diffraction (XRD) using a Phil-
lips PW 1830/PW 1050 equipment with CuKa radiation at
40 kV and 35 mA anode excitation. Melting and crystalli-
zation characteristics of PP were determined by differential
scanning calorimetry (DSC) using the DSC 30 cell of a
Mettler TA 4000 instrument in the temperature range from
30 to 220 �C. Two heating and cooling runs were carried
out in nitrogen atmosphere on about 10 mg samples with
heating and cooling rates of 10 �C/min. Characteristic val-



Fig. 1. SEM micrograph showing the particle characteristics of the wood
flour used in the study.
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Fig. 2. XRD traces recorded on the components and on some composites:
(a) wood flour, (b) PP, (c) composite with 10 wt% and (d) with 70 wt%
wood; no MAPP was added.
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ues derived from the second heating and cooling run were
used for evaluation. Changes in the viscosity of the melt
were followed by the determination of melt flow rate
(MFR) using a Zwick 4105 instrument. The measurements
were done at 190 �C with 5 kg weight. Mechanical proper-
ties were characterized by tensile testing using an Instron
5566 apparatus at 23 �C and 50% relative humidity. Sam-
ples were conditioned for 48 h in this atmosphere before
testing. Stiffness (E) was determined at 0.5 mm/min cross-
head speed and 60 mm gauge length. Tensile strength (r),
and elongation-at-break (e) were calculated from force vs.
deformation traces recorded on the same specimens at
5 mm/min cross-head speed. The structure of the compos-
ites was studied by scanning electron microscopy (SEM) on
fracture surfaces created at liquid nitrogen temperature.
Micrographs were taken from the broken surfaces using a
JEOL 5500 LV equipment.

3. Results and discussion

A large number of factors influence the properties of
wood flour filled polymers. The particle size and size distri-
bution of the wood, its aspect ratio and attrition during
processing, the molecular weight and functionality of the
maleinated polymer all play an important role in the deter-
mination of composite properties. Composition is deter-
mined by wood flour and MAPP content. Wood was
shown to modify the crystalline structure of PP and to
induce transcrystallization [30]. The orientation, orienta-
tion distribution and possible aggregation of wood parti-
cles all add to the structural variety of such composites.
Finally, interfacial adhesion is determined by the presence
or absence of MAPP, but also by its functionality, since
larger maleic ahydride content was claimed to lead to
stronger interaction and decreased impact resistance [25].
It is impossible to consider all these factors in one paper,
thus although we mention most of them, we focus our
attention on composition, interaction and MAPP
properties.

3.1. Structure

We can obtain some idea about the particle characteristics
of the wood flour used in our composites from Fig. 1.
According to the micrograph, the particles are anisotropic
and their average aspect ratio is around 7. Their size covers
a wide range from several microns to several millimeters.
According to the results of particle size analysis, the average
size of this particular wood flour is around 210 lm. This
value must be treated with caution, because anisotropy
biases somewhat the results of the laser diffraction measure-
ments. However, the knowledge of the magnitude of particle
size is of real importance for us, since large particles debond
easily under the effect of external load [13–15]. Already very
small loads induce the separation of the interfaces at 500–
1000 lm size. Extensive debonding leads to the decrease of
strength with increasing filler content [9,12].
Cellulose is a crystalline material. Processing at high
temperatures may change its structure and properties. On
the other hand, cellulose fibers, as well as processing condi-
tions may also influence the crystalline structure of the
matrix polymer [28,29]. Wide angle X-ray diffraction was
used for the detection of changes in the crystalline structure
of both the wood and the PP matrix. The XRD traces of
the components and that of two composites containing dif-
ferent amounts of wood flour are presented in Fig. 2. The
XRD trace recorded on the wood flour is characteristic for
the cellulose I form [34,35] and it does not change during
compounding. Our PP block copolymer crystallizes in the
a-form. The possible presence of the b modification was
checked by comparing the recorded pattern to that of a
sample crystallized entirely in this form [36]; no trace of
the b modification could be found either in the neat poly-
mer or in the composites. Compounding did not change
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Fig. 4. Effect of wood content and the type of MAPP on the stiffness of
PP/wood composites. MAPP/wood ratio: 0.1. Symbols: (n) no MAPP,
(h) Orevac CA 100, (s) Licomont AR 504.
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the crystal modification of PP, and the addition of func-
tionalized polymers did hot have any effect on crystalline
morphology either.

Cellulose was shown to nucleate PP and induce trans-
crystallinity [28,30,37,38]. Nucleation results in decreased
spherulite size, while increased crystallization temperature
leads to higher crystallinity and thicker lamellae [39]. These
changes lead to an increase in the stiffness of the polymer
matrix [40]. The crystallization temperature of PP is pre-
sented in Fig. 3 as a function of wood flour content. Rather
surprisingly, crystallization temperature decreases with
increasing wood flour content and does not increase as
some literature information predicts [28–30]. Obviously,
wood flour does not nucleate the polymer used in the study,
but some other factor leads to the decrease of crystalliza-
tion temperature. We selected this grade of polymer to
obtain good processability (MFI) and impact resistance
(block copolymer) for the final product. However, the
additive package contained talc as nucleating agent. Talc
must interact with the wood flour, or the functionalized
polymer may encapsulate it, thus it loses its nucleation
effect. Interaction with the wood is surprising, but very
probable, since crystallization temperature decreases also
in the absence of a functionalized polymer. We may con-
clude from these results that the crystalline structure of
either the polymer or that of the reinforcing wood flour
is not influenced significantly by compounding or by the
incorporation of a functionalized polymer.

3.2. Properties

Young’s modulus of the PP/wood composites prepared
is plotted as a function of composition in Fig. 4. MAPP/
wood ratio was 0.1 in these composites. Stiffness increases
from about 1.4 GPa to about 4.0 GPa, i.e. wood particles
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Fig. 3. Changing crystallization temperature of PP with increasing wood
flour content. MAPP/wood ratio: 0.2. Symbols: (n) no MAPP, (h)
Orevac CA 100, (s) Licomont AR 504.
exerted the expected reinforcing effect. Stiffness is com-
pletely independent of the presence or absence and also
of the amount of the functionalized polymer (not shown).
This result agrees well with some literature sources claim-
ing that the presence of maleinated PP does not influence
stiffness [3,17,27], although others found some effect on
flexural modulus [17,27]. Literature references and our pre-
vious experience also showed that stiffness is less sensitive
to changes in interfacial interactions than properties mea-
sured at larger deformations [41]. We may safely conclude,
though, that some of the wood fibers orientate parallel to
the direction of load and orientation is very similar in all
composites.

As expected, much larger differences are observed in the
composition dependence of the tensile strength of the com-
posites (Fig. 5) than in stiffness. Reinforcement is observed
in all cases due to the proper orientation of the wood par-
ticles, but its extent differs considerably in the three sets of
composites. Neat wood has the smallest reinforcing effect.
The maleinated PP with the larger functionality and smal-
ler molecular weight improves strength only slightly, while
composites containing the Orevac CA 100 grade have con-
siderably larger strength. The use of functionalized poly-
mers with larger functionality was claimed to be more
beneficial in PP/wood composites before, based on the rea-
soning that larger number of MA groups would result in
stronger interaction and decreased impact resistance
[2,25]. One may wonder here about the definition of the
strength of interaction, though.

We can also observe a maximum in strength as a func-
tion of wood flour content, which is difficult to explain
without further analysis and study. It may result from
changes in the orientation of the wood flour fibers with
increasing filler content. Orientation was shown to depend
on composition in PP/talc composites [42]. Decreased ori-
entation was observed at larger filler content due to the
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Fig. 5. Tensile strength of PP/wood composites plotted as a function of
wood flour content. Effect of MAPP characteristics. MAPP/wood ratio:
0.1. Symbols: (n) no MAPP, (h) Orevac CA 100, (s) Licomont AR 504,
1 mm thickness; (m) no MAPP, 4 mm thick sample.
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Fig. 6. Influence of filler content and the properties of MAPP on the
deformability of PP/wood composites. MAPP/wood ratio and symbols
are the same as in Fig. 5.
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Fig. 7. Effect of MAPP type and content on the tensile strength of PP/
wood composites at 70 wt% wood flour loading. Symbols: (h) Orevac CA
100, (s) Licomont AR 504.
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physical interaction of the particles, what may occur also in
our wood composites. However, the practically linear cor-
relation between Young’s modulus and wood content con-
tradicts this explanation (see Fig. 4); stiffness should also
exhibit a maximum if orientation changes considerably.
The aggregation of wood flour particles was observed at
high filler content [31,32]. The probability of the formation
of aggregates increases with increasing wood flour content
and strength decreases with increasing number and size of
the aggregates. The maximum appears at the same compo-
sition, thus aggregation depends on composition, while the
value of the maximum is determined by adhesion and the
load carried by the wood flour particles. The tensile
strength of composite samples with 4 mm thickness and
not containing any MAPP is also plotted in the figure for
comparison. Strength decreases continuously with increas-
ing wood content in this case indicating strong differences
in the average orientation of the particles. A sharper
decrease is observed in strength at the largest wood content
showing considerable aggregation. Although these com-
posites were prepared with a different matrix polymer, we
believe that processing conditions and part dimensions
determine the structure and properties of the composites.

The elongation-at-break values of the composites are
plotted against wood flour content in Fig. 6 at the same
MAPP/wood ratio as before. The two functionalized poly-
mers have different effect on this property as well, i.e. they
influence the deformation and failure of the composites
slightly differently. This difference may result from the dis-
similar strength of interaction as claimed by some sources
[25] or some other factors influencing stress transfer
between the polymer and the reinforcing fibers. It is inter-
esting to note that the deformability of composites contain-
ing the neat wood flour and of those prepared with the
small molecular weight coupling agent is very similar,
although interfacial adhesion must be different in the two
cases.

All mechanical properties presented above were deter-
mined at the same MAPP/wood ratio of 0.1; we have not
discussed the effect of this variable practically at all. One
of the reasons was that the dependence of mechanical prop-
erties on wood flour content is very similar at all MAPP/
wood ratios, i.e. continuous increase of stiffness, maximum
in strength and decreasing deformability with increasing
wood content. This statement is confirmed by Fig. 7, in
which the tensile strength of PP/wood composites is pre-
sented as a function of MAPP/wood ratio at 70 wt% wood
content. The MAPP with the larger molecular weight
increases strength already at 0.05 MAPP/wood ratio, and
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Fig. 9. Aggregation of wood particles at high wood content (70 wt%) in
PP/wood composites; no MAPP.
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further addition of the functionalized polymer does not
change strength. The small molecular weight coupling
agent also increases strength, but the correlation exhibits
a maximum in agreement with published results [23]. The
maximum is reached at 0.05–0.10 MAPP/wood ratio also
in this case; this is the optimum amount of coupling agent
in the combination of polymer, wood flour and processing
conditions used in our experiments.

3.3. Interfacial adhesion, reinforcement

The strength of interfacial adhesion can be expressed
quantitatively by a simple model developed earlier for the
description of the composition dependence of the tensile
yield stress and tensile strength of particulate filled com-
posites [8,9,43]. According to the model, tensile strength
is determined by several factors, i.e.

rT ¼ rT0k
n 1� u

1þ 2:5u
expðBuÞ ð1Þ

where rT and rT0 are the true tensile strength (rT = rk, and
k = L/L0) of the composite and the matrix, respectively, k is
relative elongation, n accounts for to the strain hardening of
the matrix, u is the volume fraction of wood in the compos-
ite, while B is a parameter expressing the load-bearing capac-
ity of the filler. The term rT takes into account changing
specimen dimensions during deformation, while kn the in-
crease of strength due to strain hardening. The term
(1 � u)/(1 + 2.5u) expresses the effective load-bearing
cross-section of the matrix and exp(Bu) is related to interfa-
cial adhesion. In the case of PP/wood flour composites the
effect of elongation, i.e. kn, can be neglected because of the
small, far less than 100% elongation of the composites. Eq.
(1) can be rearranged and expressed in linear form [8,9]:

ln rTred ¼ ln
rT

kn
1þ 2:5u

1� u
¼ ln rT0 þ Bu ð2Þ

i.e. the plot of lnrTred against filler content should result in
a straight line with a slope of B, which is a measure of the
load carried by the filler and depends on interfacial
adhesion.

The composition dependence of tensile strength is plot-
ted in the linear form of Eq. (2) in Fig. 8 for composites
with 0.10 MAPP/wood ratio. We obtain straight lines in
all three cases with different slopes indicating different rel-
ative load carried by the filler. The fit of the lines is rela-
tively good considering the standard deviation of the
measurement. The smallest B value is determined for the
composites containing the neat wood, which agrees well
with the expectations. Both MAPP coupling agents
improve adhesion, but in a different extent. The smaller
value obtained for Licomont AR 504 contradicts the expla-
nation that larger maleic anhydride content results in
stronger interaction [25]. The largest B value of 3.67 was
obtained for the composites containing the larger molecu-
lar weight coupling agent, it is the most efficient in transfer-
ring stress and improving strength.
The strength of the composites with the largest wood
content deviates slightly from the straight line. Such devia-
tions usually indicate the influence of structural effects. In
the present case we may assume the occurrence of aggrega-
tion. At large wood flour content particles touch each
other, form larger bundles, which fall apart relatively easily
under the effect of external load. The strength of the 4 mm
thick plates mentioned earlier is significantly smaller and
the deviation from the straight line is larger indicating
the strong effect of processing conditions and structure.
In the 1 mm thick plates fibers align much more in the
plane of the plate than in the thicker sample and larger
shear stresses developing during compression molding
result in less aggregation. The presence of aggregates was
also confirmed by SEM micrographs taken from the frac-
ture surface of composites with the largest filler content
(Fig. 9). Although large wood content complicates analy-
sis, the presence of aggregates is clear in the micrograph.
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The extent of reinforcement, i.e. parameter B, was deter-
mined at each MAPP/wood ratio studied. We obtain basi-
cally the same correlation as in the case of strength (see
Fig. 10), which supports our earlier statement that the com-
position dependence of all properties is very similar inde-
pendently of the amount of functionalized polymer
added. The relative load carried by the wood flour
increases up to 0.05 or 0.10 MAPP/wood ratio, levels off
for Orevac CA 100, and shows a maximum for Licomont
AR 504. These results prove again that interfacial adhesion
is an important factor in the determination of composite
properties, the amount of functionalized polymer has an
optimum and that processing conditions and the resulting
structure also affects strongly the performance of the
composites.

3.4. Deformation and failure mechanism; other aspects

The results presented in the previous sections proved
that an optimum exists in MAPP/wood ratio. We also
saw that the characteristics of MAPP influence the
mechanical properties of the composites. The evaluation
of primary results did not offer an unambiguous explana-
tion for these observations, thus we need further analysis
in order to resolve these questions. Papers published in
the literature showed that strong interaction, in most cases
chemical bonds form between the active –OH groups of
cellulose and the functionalized polymer [24,26]. However,
the number of available groups depends on the size of the
wood particles, which is relatively large compared to usual
mineral fillers. The specific surface area of the wood flour
used in these experiments is only 1.3 m2/g. The limited sur-
face area of the filler explains the fact that all properties
approach a constant value as a function of MAPP content.
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Fig. 10. Effect of MAPP properties on stress transfer and on the load-
bearing capacity of the filler in PP/wood composites. Symbols: (h) Orevac
CA 100, (s) Licomont AR 504.
The larger molecular weight functionalized polymer
proved to be more efficient in improving stress transfer
than its smaller molecular mass counterpart in spite of its
lower functionality. Decreased impact strength of PP/wood
composites was explained with the stronger interfacial
adhesion and rigidity created by the larger functionality
of MAPP used [25]. If we define the strength of adhesion
by the strength of the covalent bonds formed, it must be
the same for all MAPP coupling agents. A larger number
of bonds may form on a unit surface of the wood in the
case of larger functionality and this could lead to better
stress transfer, but this was contradicted by our results.
However, the filler/coupling agent interaction is only one
side of the interphase forming in these composites and we
must consider also the coupling agent/polymer interface.
Large functionality leads to more reactions with the wood
and shorter free chains, which cannot entangle with the
polymer as efficiently as longer molecules. This leads to
smaller deformability of the interphase, and of the entire
composite. This effect is demonstrated well by Fig. 11 pre-
senting the stress vs. elongation traces of three composites
containing 50 wt% wood flour at 0.1 MAPP/wood ratio.
The composite containing the high molecular weight cou-
pling agent deforms more than twice as much as the other
two composites. The smaller strength of the neat composite
is caused by the easy debonding of the fibers leading to the
free deformation of the matrix afterwards, until the voids
merge to catastrophic cracks. The small molecular weight
MAPP creates the same interfacial adhesion as the other
compound, but it results in the lowest deformability. At
high MAPP content, the smaller number of entanglements
per molecule decreases also the deformability of the matrix
and not only that of the interphase, which leads to prema-
ture failure and smaller strength.

Although the larger molecular weight MAPP with smal-
ler functionality improves interfacial adhesion more effi-
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Fig. 11. Stress vs. elongation traces of PP/wood composites containing
50 wt% wood flour at 0.10 MAPP/wood ratio: (a) no MAPP, (b)
Licomont AR 504, (c) Orevac CA 100.
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ciently than the other compound used, there are other
aspects of composite preparation which merit some consid-
erations. The viscosity of PP/wood composites increases
dramatically at large wood contents. As a consequence,
processability deteriorates leading to low productivity
and bad surface quality. The molecular weight of the func-
tional polymer can influence the rheological properties of
the composites considerably. This is demonstrated clearly
by Fig. 12 presenting the melt flow rate of PP/wood com-
posites with 70 wt% filler content plotted as a function of
MAPP/wood ratio. MFR remains practically the same at
a very low value when the high molecular weight coupling
agent is used, but increases very rapidly with MAPP con-
tent when Licomont is added. The effect becomes stronger
with increasing wood flour content. Obviously, optimiza-
tion of properties is needed to achieve simultaneously good
load-bearing capacity of the reinforcement and acceptable
processability of the composite.

4. Conclusions

The study of PP/wood flour composites in a wide range
of wood content and relative amount of MAPP used as cou-
pling agent showed that the morphology of the components
and that of the composites does not change as a result of
compounding. The wood flour used in these experiments
does not nucleate PP. The most important structural phe-
nomena determining properties are the orientation of the
anisotropic wood flour particles and their aggregation.
Results obtained on specimens with various thicknesses
proved that both phenomena depend on processing condi-
tions and on the dimensions of the product. Much larger
improvement could be achieved by the addition of function-
alized polymer in thicker samples than for thinner speci-
mens. The amount of MAPP has a maximum efficiency at
around 0.05–0.10 MAPP/wood ratio in the composites of
this study. The introduction of further amount of function-
alized polymer is superfluous because of the limited surface
available for coupling. MAPP with larger molecular weight
and smaller functionality proved to be more advantageous
in the improvement of composite strength, because it can
form larger number of entanglements per molecule than
the small molecular weight coupling agent. The quantitative
determination of reinforcement proved that more entangle-
ments lead to increased deformability and to larger load-
bearing capacity of the wood fibers. On the other hand,
the smaller molecular weight coupling agent decreases vis-
cosity and improves processability considerably, thus opti-
mization of composition is essential to achieve maximum
performance.
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