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ABSTRACT: The thermal sensitivity, nucleating ability,
and nonisothermal crystallization of high-density polyethyl-
ene (HDPE) with different wood fillers during wood/HDPE
melt processing were investigated with thermogravimetric
analysis and differential scanning calorimetry. The results
showed that the wood degraded at a lower temperature than
HDPE. The thermal decomposition behavior was similar
across wood species. The most remarkable dissimilarities
were observed between wood and bark in the decomposition
rate around a processing temperature of 300�C and in the
peak temperature location for cellulose degradation. The
higher degradation rate for bark was explained by the devo-
latilization of extractives and the degradation of lignin, which
were present in higher amounts in pine bark. The nucleating

ability for various wood fillers was evaluated with the crys-
talline weight fraction, crystal conversion, crystallization half-
time, and crystallization temperature of the HDPE matrix.
The nucleation activity improved with the addition of wood
particles to the HDPE matrix. However, no effect of wood
species on the crystal conversion was found. For composites
based on semicrystalline matrix polymers, the crystal conver-
sion may be an important factor in determining the stiffness
and fracture behavior. VVC 2009 Wiley Periodicals, Inc. J Appl
Polym Sci 113: 593–600, 2009
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INTRODUCTION

A common and key limitation to the use of natural
fibers in composites is thermal degradation. Knowl-
edge of the appropriate and/or maximum process-
ing temperature is therefore critical for the
development of thermosetting and thermoplastic
composites. It is known that thermal treatment leads
to a variety of physical1 and chemical2–5 changes in
wood. Christiansen6 reported that overdrying wood
reduces bonding to phenol–formaldehyde adhesives.
He described three inactivation mechanisms involv-
ing physical responses to overdrying: (1) exudation
of extractives to the surface, which lowers wettabil-
ity by coating the surface; (2) reorientation of wood
surface molecules, which reduces wettability, or

bonding sites; and (3) irreversible closure of large

micropores in cell walls. Sernek et al.7 attributed sur-

face inactivation to the concentration of nonpolar

substances, hydrophobic extractives, and volatile

organic compounds on wood surfaces during the

drying process at temperatures above 160�C.
Various analytical methods can be used to assess

the thermal degradation of wood. Thermogravimet-
ric analysis (TGA) and differential scanning calorim-
etry (DSC) are two useful methods. Thermal stability
is difficult to assess because of the composite nature
of wood, which is a mixture of hemicelluloses, cellu-
lose, and lignin. Wood also contains extractives,
which play a determinant role in the development of
wood properties, despite their low concentration.
Thermal degradation of natural fibers can be
described as a two-stage process: the first stage in
the temperature range of 220–280�C and the second
stage in the range of 280–300�C. Hemicelluloses
degrade in the low temperature range, and cellulose
degrades in the high temperature range.8–10 Ramiah8

studied thermal degradation in different cellulose,
hemicellulose, and lignin samples. Results calculated
from static and dynamic TGA indicated that the
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activation energy for thermal degradation for the
three components was in the range of 151–251, 63–
109, and 54–80 kJ/mol, respectively. Orfão et al.11

investigated the thermogravimetric behavior of
cellulose, xylan, and lignin in inert and oxidizing
atmospheres. They concluded that the cellulose
decomposition rates became measurable at about
225�C in both air and nitrogen, whereas xylan began
decomposing at lower temperatures (160�C). How-
ever, fractions corresponding to the low-temperature
decomposition of cellulose and hemicelluloses were
essentially the same in both gases: 0.80 and 0.71,
respectively. Of the three wood components, lignin
began decomposing at the lowest temperature
(110�C). Nevertheless, pyrolysis occurred in an exten-
sive temperature range (up to almost 900�C) at rela-
tively low rates.8,11 Similar behavior was reported by
Mészáros et al.12 but in the temperature range of 200–
600�C. Moreover, the weight-loss profile of lignin
depends on the isolation method, the initial degree of
condensation,13 and wood species.14 Fenner and Lep-
hardt15 applied Fourier transform infrared/evolved
gas analysis to analyze the volatile compounds
formed during the thermal decomposition of kraft
pine lignin. They established a number of degrada-
tion schemes involving various side reactions. Briefly,
they noted that the initial degradation of kraft lignin
occurred from 120 to 300�C from bond fragmentation
in the phenyl propane side chains, as evidenced by
the formation of formic acid, formaldehyde, carbon
dioxide, water, and sulfur dioxide. The presence of
sulfur dioxide supports the argument that sulfur
from the kraft pulping process was incorporated into
the lignin structure in the form of sulfoxide and/or
sulfone linkages. They observed that 50% of the initial
weight was lost in the temperature range of 300–
480�C at a heating rate of 6�C/min. Methanol, 2-
methoxyphenol (guaiacol), and 2-methoxy-4-alkyl-
substituted phenol were the most apparent compo-
nents evolving in this region, indicating fragmenta-
tion of the major chain linkages between the
monomeric phenol units in the lignin structure.

Fairbridge et al.16 studied the thermogravimetric
behavior of jack pine bark degradation. They noted
that the major weight loss began at 180�C. It reached
70% of the initial sample weight. Inorganic ions are
known to greatly influence the thermal degradation
of polysaccharides17 as well as lignin.18 Mészáros
et al.12 associated differences in thermal degradation
behavior between wood and bark with the chemical
composition in terms of the inorganic ion content.
Because bark has significantly higher mineral matter
content than wood, bark pyrolysis showed the
lowest decomposition temperature.

Fiber degradation during processing may adversely
affect the mechanical properties of composites for two
main reasons: (1) it changes the fiber structure,

adversely affecting the mechanical properties (namely
its resilience), and (2) volatile degradation products
usually create microvoids across the interface that act
as critical flaws and lead to extensive debonding and
failure of the material under service.19 In addition, nat-
ural fiber degradation generally affects the organolep-
tic properties of wood-based composites, such as odor
and color.20,21 Gonzalez and Myers22 studied the effect
of thermal degradation on the mechanical properties
of wood/polymer composites. They observed that,
although mechanical properties generally deteriorated
as a result of thermal degradation of wood flour,
toughness and bending strength were more affected.
Wang et al.20 and Lu et al.23 suggested a suitable com-
bination of processing variables to limit the thermal
degradation of wood fillers. Furthermore, a short com-
pounding time, an appropriate mixing temperature,
and a moderate rotation speed improved the com-
pounding quality of modified blends and the dynamic
mechanical properties of the resultant composites.23

It is well known that the presence of a solid sur-
face in contact with semicrystalline polymers during
crystallization from the melt induces heterogeneous
nucleation. The process comprises two major events:
nucleation and crystal growth.24–26 For composites
based on semicrystalline matrix polymers, crystallin-
ity is an important factor in determining the stiffness
and fracture behavior of crystallized matrix poly-
mers.27 Crystallinity depends on processing parame-
ters such as the crystallization temperature (Tc),
cooling rate, nucleation density, annealing time, and
fiber type.28,29 As defined by Billon et al.,30 trans-
crystallization is a nucleation-controlled process that
occurs under quiescent conditions in a semicrystal-
line polymer in contact with other materials (e.g.,
fibers). With high heterogeneous nucleation ability
of the surface, lateral extension is encumbered, and
nucleation growth is therefore strained in one direc-
tion, that is, perpendicular to the fiber surface.28,29 A
transcrystalline layer then forms at the fiber/matrix
interface. Several researchers have concluded that
transcrystalline layer formation improves the interfa-
cial strength and mechanical properties.31,32 How-
ever, no effect or even a negative effect on interfacial
and mechanical properties has been reported in
other studies.33 Wang and Liu28 and Thomason and
Van Rooyen29 found that transcrystallization
depends on the fiber type and Tc. Fiber surface
microroughness appears to be an important factor in
the morphology of the transcrystalline layer and the
ability of the fiber to induce it.31

A variety of experimental techniques can be used
to investigate the crystallization mechanism under
isothermal and nonisothermal conditions. The most
common are DSC and optical microscopy.
This work is part of a complete investigation of

the effect of wood variability on the properties of

594 BOUAFIF ET AL.

Journal of Applied Polymer Science DOI 10.1002/app



wood–plastic composite materials. The first main
objective was to assess the thermal stability of wood
during high-density polyethylene (HDPE) melt proc-
essing. Thermal sensitivities of various wood types
and species were also compared. The second objec-
tive was to determine the efficiency of wood fillers
as nucleating agents with nonisothermal analysis.

EXPERIMENTAL

Materials

Five wood particle types were investigated for ther-
mal stability: eastern white cedar (Thuya occidentalis)
particles, with sapwood particles and heartwood
particles treated separately; jack pine (Pinus banksi-
ana) particles, which were divided into wood and
bark particles; and black spruce (Picea mariana) par-
ticles. All lignocellulosic materials were obtained
from a softwood sawmill located in Abitibi-Temis-
caming in western Quebec, Canada. Wood sawdust
and bark shavings were ground in a hammer mill
and sieved into several size groups.

For the crystalline investigation, HDPE (Goodfel-
low Corp., Oakdale, PA) was used as the polyolefin
matrix. It is a semicrystalline material (typically 70–
80%) with a density of 0.95, a melt index of 9.0 g/10
min, and a melting point of 135�C. An ethylene/ma-
leic anhydride copolymer (MAPE; A-C 575A), sup-
plied by Honeywell (Minneapolis, MN), was used as
the coupling agent at a 2 wt % concentration to
improve compatibility between the wood filler and
thermoplastic matrix. It had a specific gravity of 0.92
and a melting point of 104–107�C.

Wood particles (48–100 mesh) were compounded
into pellets at a 45 wt % concentration with HDPE
with a Coperion (Stuttgart, Germany) ZSK 25 WLE
corotating twin-screw extruder. The barrel tempera-
tures of the four zones were 180, 180, 180, and 190�C
from the feeding zone to the die zone. The screw
speed was 240 rpm, and vacuum venting (�40 kPa)
was applied to minimize volatile extractives. The
residence time was 240 s, and the material feed rate
was 15 kg/h. Finally, the extrudate was air-cooled
and pelletized into pellets with a nominal size of 5
mm. The obtained pellets were used to study the
crystallization behavior of HDPE and to assess the
nucleating ability of the wood filler.

Methods

TGA

Thermal stability was determined with the standard
test method for compositional analysis by thermog-
ravimetry (ASTM E 1131-98). A TA Instruments (New
Castle, DE) SDT 2960 simultaneous thermogravimetry/
differential thermal analysis apparatus with 0.1-lg
weight sensitivity was used for the thermogravimetric

tests. Samples were tested in a nitrogen environment.
Before the measurements, nitrogen was purged for 10
min to establish an inert environment. The sample mass
was 15 � 3 mg. Nonisothermal degradation was then
carried out at a 10�C/min heating rate to a final temper-
ature of 600�C.

DSC

Crystallization properties were investigated with a
Mettler–Toledo DSC 822e differential scanning calo-
rimeter (Mettler-Toledo SAS, Viroflay, France). The
thermal program used to determine the melting and
crystallization behavior was inspired by the ASTM
D 3418-03 standard test method, and it is given in
Figure 1. In stage I, samples were heated from room
temperature to 200�C at a rate of 10�C/min under a
nitrogen atmosphere and held there for 10 min
(stage II). In stage III, samples were cooled to room
temperature at a cooling rate of 5�C/min. In stage
IV, samples were reheated from room temperature
to 200�C at a heating rate of 10�C/min and held
there for 10 min to destroy any residual nuclei (stage
V). Finally, samples were cooled at a cooling rate of
5�C/min (stage VI), during which the crystallization
behavior of the composite materials was recorded. A
typical curve for the experimental measurements of
HDPE melting and crystallization is presented in
Figure 1.
If the cooling rate is known, the temperature can

be transformed into crystallization time t, and the
relative crystallinity or crystal conversion at time t
[vc(t)] can be calculated with the following equation:

vðtÞ ¼
R t
0 dHc=dtð Þdt

R1
0 dHc=dtð Þdt (1)

where dHc is the enthalpy of crystallization mea-
sured during infinitesimal time lapse dt. The t and

Figure 1 Thermal program and typical curve of experimen-
tal measurements of neat HDPE melting and crystallization.
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1 limits are the elapsed time during and at the end
of the crystallization process, respectively. Several
parameters from the experimental measurements of
DSC exotherms are defined as follows:

• t0 and T0 are the onset time and onset tempera-
ture of crystallization, respectively, measured at
the beginning of the primary crystallization
stage.

• te and Te are the time and temperature required
for primary crystallization.

• Dt (i.e., te � t0) is the broadness of the transition.

The crystallization half-time (t1/2), or the time
required to convert 50% of the crystallizable mate-
rial, was obtained from a plot of vc(t) against t. T½

was the corresponding temperature.

RESULTS AND DISCUSSION

Analysis of thermal sensitivity

Weight losses (%) and time derivatives of the weight
[differential thermogravimetry (DTG)] in an inert
atmosphere are reported in Figure 2 as functions of
temperature for the wood and polymer matrix (HDPE).

In agreement with previous findings,22,34 wood
decomposes at lower temperatures than HDPE. The
initial weight loss is due to water loss occurring
from 60 to 110�C. The thermal decomposition of
HDPE can be described by a single-step reaction
occurring at 420�C. This simple thermal behavior
can be explained by the very homogeneous structure
of the thermoplastic, which decomposes in ethylene
monomers. On the other hand, wood decomposition
curves show two main reaction zones corresponding
to (1) devolatilization of materials, with maximum
devolatilization rate at about 330–360�C, and (2)
decomposition of the produced char, which is char-
acterized by lower rates. The latter will not be con-
sidered here because our main objective is to clarify
the thermal stability of wood fillers during the melt
processing of wood–plastic composites. A clear dis-
tinction between these two reaction zones was not
possible for bark, most likely because of slower
decomposition rates over a broader temperature
range of the main components (extractives and lig-
nin). In addition, the main DTG peak corresponds to
cellulose decomposition, whereas the shoulder at a
lower temperature (ca. 300�C) can be attributed
mainly to hemicellulose decomposition.12 Lignin
decomposes at a lower rate in a wide temperature
range (200–600�C).35

Because the temperature intervals of component
decomposition partially overlap, the DTG curves
were deconvoluted into four partial curves by an
approximation of the experimental curve with mixed

Lorentzian/Gaussian line shapes corresponding to
the degradation of extractives, hemicelluloses, cellu-
loses, and lignin. Corresponding peaks for each
region were taken from the literature. Degradation
rate characteristics of each component were
respected when fitting parameters were defined. For
example, lignin starts decomposing at the lowest
temperature (110�C) and degrades over an extensive
temperature range (up to almost 600�C) at relatively
low rates.8 It was therefore expected that the full
width at half-maximum would be very large.
Examples of DTG deconvolution of jack pine

wood and bark are shown in Figure 3, whereas Ta-
ble I summarizes the main characteristic parameters
of the regions obtained for the various fillers: the
start of extractive, hemicellulose, cellulose, and lig-
nin decomposition is associated with Te,onset, Th,onset,
Tc,onset, and Tl,onset, respectively, whereas the sub-
script ‘‘offset’’ designates the end of the decomposi-
tion process for each component. The peak
temperature is indicated by the subscript ‘‘peak.’’
Decomposition is very similar across wood spe-

cies, and the most remarkable feature is the dissimi-
larity in DTG characteristics between wood and
bark, that is, the decomposition rate around 200�C
and the location of peak cellulose decomposition. It
is noteworthy that bark decomposition not only

Figure 2 (a) Weight losses and (b) time derivatives of the
weight (DTG) in a nitrogen environment for different
wood species and bark.
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starts at a lower temperature but also proceeds at a
higher rate. This higher bark decomposition rate can
be explained by the devolatilization of extractives
and the degradation of lignin, both of which are
present in greater concentrations in pine bark.
Because these compounds are mixtures of a variety
of chemical components, they thermally degrade
over a large range of temperatures. Furthermore,
bark contains a large amount of highly volatile com-
pounds, including alcohols, simple phenolics, fatty

acids, and furans, which are characterized by a
higher kinetic devolatilization rate in lower tempera-
ture ranges.36,37 Other findings support the idea that
differences in thermal degradation behavior between
wood and bark can be attributed to the chemical
composition in terms of the inorganic ion content.38

Because bark has significantly higher mineral matter
content than wood, bark pyrolysis shows the lowest
decomposition temperature.12 Branca et al.36 con-
firmed that the kinetic degradation of biomaterials
depends on the presence of high-molecular-weight
components. Hence, an absolute maximum of degra-
dation at high temperatures cannot be achieved with
extractives that are less polymerized than cellulose.
Although the DTG peak maximums are in agree-

ment with previous findings, the start of hemicellu-
lose decomposition (onset temperature) and the end
of cellulose decomposition (offset temperature) show
dissimilarities, mainly because of the deconvolution
method. Mészáros et al.12 determined the onset tem-
perature of hemicellulose decomposition and the
offset temperature of cellulose decomposition by
extrapolation of the DTG curves. However, their
method would be inappropriate in the current study
because in most cases, hemicellulose subpeaks are
overlapped by cellulose decomposition.

Crystallinity and nucleating ability analysis

Crystallization parameters obtained from DSC exo-
therms are summarized in Table II. The values of
the crystalline weight fraction [vc] were obtained
with the following relationship:

vc ð%Þ ¼ DHf

DH0
f

� 100

w
(2)

where DHf and DHf
0 are the enthalpy of fusion (DSC

endotherm) of the samples and the enthalpy of 100%
crystalline HDPE, respectively, and w is the mass

Figure 3 Global and component decomposition rates for
(a) jack pine wood and (b) bark at a heating rate of 10�C/
min as measured and predicted by a mixed Lorentzian/
Gaussian model.

TABLE I
Thermal Decomposition Parameters of the Wood Components

Component Temperature (�C)
Eastern white

cedar (sapwood)
Eastern white

cedar (heartwood)
Jack
pine Black spruce

Bark (jack
pine)

Extractives Te,onset 174 178 171 168 183
Te,peak 254 251 260 254 250
Te,offset 348 351 350 346 340

Hemicelluloses Th,onset 198 201 196 196 200
Th,peak 291 293 298 302 292
Th,offset 382 384 382 386 390

Celluloses Tc,onset 281 282 284 278 255
Tc,peak 363 361 360 362 338
Tc,offset 428 430 423 431 470

Lignin Tl,onset 115 115 112 110 115
Tl,peak 397 392 391 394 407
Tl,offset >600 >600 >600 >600 >600

Decomposition rate around 200�C (%/min) 0.25 0.22 0.21 0.18 0.46
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fraction of HDPE in the composite. DSC analysis of
pure HDPE reveals a relatively high crystallinity
(217.69 J/g or 75.59% crystallinity if the enthalpy of
100% crystalline polyethylene is taken to be 288 J/
g39). Figure 4 depicts the crystallization exotherms of
HDPE and its various blends at a cooling rate of
5�C/min. The overall crystallization process of a
semicrystalline polymer is usually divided into two
main phases: primary crystallization and secondary
crystallization. Primary crystallization is the macro-
scopic expansion of the degree of crystallinity as a
result of two consecutive microscopic mechanisms:
nucleation and subsequent crystal growth. Second-
ary crystallization mainly involves the crystallization
of lateral and interfibrillar chains.

As depicted in Figure 4, all obtained exotherms
show a dominant sharp exothermic peak at higher
temperatures, which is followed by a shallow tail at
lower temperatures. According to Figure 4 and Table
II, the addition of wood particles to HDPE results in
an increase in Tc and vc of the HDPE matrix. This is
due to the nucleating ability of wood particles in the
crystallization of HDPE. In fact, during nonisother-
mal crystallization, the heterogeneous nucleation
activity of wood shifts the DSC exothermic peak to-

ward a higher temperature, depending on the wood
particle type. The highest increase in Tc (� 6�C) was
found with the HDPE/black spruce wood particle
composites in comparison with neat HDPE, and the
lowest increase was observed with HDPE/jack pine
composites. Consequently, it can be argued that
wood particles act as heterogeneous nucleation
agents for HDPE. Moreover, Table II shows that the
crystallinity of pure HDPE is slightly increased by
the addition of wood particles.
The highest crystallinity was obtained with

HDPE/jack pine composites (77.4%). However, the
effect is not clear when bark particles are added.
Similar findings have been reported by many
researchers. Joseph et al.27 observed an increase in
the crystallinity and Tc after the addition of sisal
fibers to a polypropylene matrix. Recently, Bory-
siak40 reported a strong increase in Tc (5–9

�C) when
pine or beech wood fibers were added to a polypro-
pylene matrix. Furthermore, it has been reported
that the crystallinity and Tc of the polymer phase is
further increased by filler content.41

The overall crystallization time (Dtc) of HDPE
decreased with the addition of wood particles, from
2.08 min for neat HDPE to 1.65 min for HDPE/jack

TABLE II
Nonisothermal Parameters for HDPE and Various Wood Particle/HDPE Composites Determined from DSC Exotherms

Crystallization
parameter Neat HDPE

HDPE/jack
pine

HDPE/black
spruce

HDPE/eastern
white cedar HDPE/bark

T0 (
�C) 119.60 122.73 122.19 122.05 122.32

t0 (min) 6,27 5.47 5.64 5.68 5.57
Tc (

�C) 115.70 119.63 121.01 120.61 120.87
tc (min) 6.94 6.26 5.97 6.05 6.22
Te (

�C) 108.27 113.69 115.13 113.87 115.06
te (min) 8.35 7.12 7.04 7.27 7.05
Dtc (min) 2.08 1.65 1.4 1.59 1.48
T1/2 (

�C) 112.49 117.80 118.75 118.09 118.57
t1/2 (min) 7.53 6.6 6.45 6.47 6.55
vc (%) 75.59 77.36 76.15 75.97 74.60

Figure 4 Crystallization exotherms of HDPE and its
blends at a cooling rate of 5�C/min.

Figure 5 Relative crystal conversion of the HDPE poly-
mer and its corresponding blends.
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pine particles, and reached 1.4 min when black
spruce particles were added.

The presence of wood particles affects not only
the degree of HDPE crystallinity but also the crystal
conversion kinetics. Figure 5 shows the variation in
the measured crystal conversion of HDPE with vari-
ous wood fillers. All the crystal conversion curves
have a similar sigmoidal shape. The curvature tails
in the upper part of the plot are due to the second-
ary phase of the crystallization process. Differences
in the crystal conversion kinetics between pure
HDPE and its blends are evident during the primary
stage of the crystallization process only: crystal con-
version increases for HDPE filled with wood par-
ticles. This can also be explained by the nucleating
ability of wood particles. However, the wood par-
ticles show similar effects on crystal conversion, and
the differences in the crystal conversion values are
insufficient to allow adequate discrimination
between composites.

t1/2 of HDPE, a useful parameter for comparing
the nucleating ability of wood fillers, decreases in
comparison with that of pure HDPE (Table II). The
decline in t1/2 has been estimated to be around 1
min, depending on the wood type. Borysiak40 con-
cluded that the lower the t1/2 values are, the higher
the nucleating efficiency is.

In summary, it can be concluded that the nuclea-
tion ability is improved when wood particles are
added to the HDPE matrix. The nucleating efficiency
of a filler is considered a critical factor in polymer
processing. Composite materials with high nucleat-
ing ability require a shorter injection-molding time.40

Although previous findings are generally in good
agreement with our results, a few reports differ.
Mucha and Krölikowski42 compared the nucleating
efficiency of various organic (wood flour and chito-
san) and inorganic (carbon black and nanoclay par-
ticles) fillers in isotactic polypropylene (iPP). They
concluded that the presence of chitosan or wood
flour hinders the diffusion of iPP macromolecules in
the crystallization process and disrupts the creation
of the iPP spherulitic structure. Consequently, fur-
ther investigations are needed to clarify the role of
wood surface chemistry in the nucleation activity
and crystallization kinetics of polymers. Moreover, it
is widely known that polymer nucleation in the
presence of substrates is not straightforward; it
requires a thorough knowledge of the chemical com-
position and topography of the surface filler.
Mathew et al.43 examined how the size, chemical
composition, and surface topography of cellulosic
materials (microcrystalline cellulose, cellulose fibers,
and wood flour) affect poly(lactic acid) crystalliza-
tion. Using DSC and optical microscopy, they found
that microcrystalline cellulose and wood flour had
better nucleating ability than cellulose fibers. On the

other hand, Borysiak and Doczekalska44 reported
that the crystal conversion of iPP was highly altered
by a chemical treatment of the filler surface, with
potential consequences for the wood’s nucleation
ability. Their observations indicated that improved
interaction between the pine wood and polymeric
matrix caused a decrease in the nucleation proper-
ties of fillers and iPP crystallization.

CONCLUSIONS

The main devolatilization stage of wood fillers
occurs at temperatures lower than that of HDPE.
Compared to the decomposition of wood, bark
decomposition begins at a lower temperature and is
processed at a higher rate. Dissimilarities between
wood and bark thermal decomposition have been
attributed to higher extractive, lignin, and inorganic
ion contents. Consequently, the HDPE melt process
influences bark filler decomposition more than wood
filler decomposition.
The nucleating activity for various wood fillers

has been evaluated with vc, t1/2, and Tc of the HDPE
matrix. The nucleation ability has been improved by
the addition of wood particles to the HDPE matrix.
Wood particles have shown only a slight effect on
crystal conversion, and the differences in crystal con-
version were insufficient to adequately discriminate
between the composites. Finally, given the ambiguity
in the nature of the interaction between the polymer
and the wood surfaces, which determines the orien-
tation of crystalline HDPE, further investigations are
recommended, mainly with X-ray diffraction (wide-
angle X-ray diffraction and small-angle X-ray
scattering).

The authors are grateful to A. Adnot for scientific
contributions.
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