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ABSTRACT: The effect of maleic anhydride-grafted hard
paraffin wax (MA-g-wax) and oxidized hard paraffin wax
(OxWax), as possible compatibilizers, on the morphology,
thermal and mechanical properties of LDPE/sisal fiber
composites were examined. The differential scanning calo-
rimetry (DSC) results show that sisal alone did not change
the crystallization behavior of LDPE, while the two waxes
influenced the crystallization behavior of LDPE in differ-
ent ways, whether mixed with LDPE alone or in the pres-
ence of sisal. The thermal properties seem to be
influenced by the fact that the waxes preferably crystallize
around the short sisal fibers, and by the fact that the two
waxes have different compatibilities with LDPE. The TGA
results show an increase in the thermal stability of the

blends in the presence of the two waxes, with LDPE/
OxWax showing a more significant improvement. The
presence of wax, however, reduced the thermal stability
of the LDPE/sisal/wax composites. The presence of
OxWax and MA-g-wax similarly influenced the tensile
properties of the composites. Both waxes similarly
improved the modulus of the compatibilized composites,
but in both cases the tensile strengths were worse, prob-
ably because of a fairly weak interaction between LDPE
and the respective waxes. VC 2011 Wiley Periodicals, Inc.
J Appl Polym Sci 123: 3627–3634, 2012
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INTRODUCTION

The incorporation of natural fibers into a polymer
commonly leads to significant changes in the me-
chanical properties of the composites. However, a
problem encountered when trying to combine natu-
ral fibers with thermoplastic materials like polyole-
fins is one of incompatibility due to the hydrophilic
nature of the natural fibers. Therefore, the use of a
compatibilizer or coupling agent, which alleviates
gross segregation and promotes adhesion, is neces-
sary to reduce the interfacial tension between the
hydrophobic polyolefins and the hydrophilic natural
fibers. The choice of compatibilizers or coupling
agents is critical for optimizing the dispersion and
properties of the polyolefins. Besides, a good compa-
tibilizer should provide stronger adhesion between
the natural fibers and the polymer, and form entan-
glements and/or segmental crystallization with the
polymeric matrix. The polymeric compatibilizer is
expected to be compatible with the matrix material,
as morphology has a significant effect on the poly-
mer properties.

Different techniques have been used to prepare
polyolefin/natural fiber composites. These techni-
ques include solution mixing, roll milling, melt mix-
ing, as well as injection and compression molding.1–12

The methods differ in terms of their operating princi-
ples and processing parameters, which may lead to
fairly different properties of the prepared composite
materials. Polyolefin/natural fiber composites were
generally pretreated on the surface of the fiber or
incorporated with surface modifiers to improve the
interfacial adhesion between the hydrophilic natural
fibers and the hydrophobic polyolefins. This can be
achieved by using treatments such as silane coupling
agents, compatibilizers, maleated polyolefins (maleic
anhydride grafted polypropylene or maleic anhy-
dride grafted polyethylene), as well as alkali and
radiation treatments.1,2,8,13

Many studies focused on the preparation and
morphology of non-treated composites. Colom et al.7

and Mengeloglu et al.15 focused on non-treated
HDPE/wood fiber composites. They found poor ad-
hesion between the non-polar HDPE matrix and the
polar wood fiber, and inadequate wetting of the
non-treated fibers within the HDPE matrix. They
related these to the presence of large numbers of
voids between the HDPE matrix and the wood fiber,
and fiber-pull-out producing holes with smooth
walls in the polymer matrix. The SEM results, in all
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cases, showed that non-treated fibers appeared to be
free of any matrix adhering to them.5 However, Li
et al.13,15 reported that some parts of the wood fiber
were covered with the polymer due to mechanical
interlocking. Herrera-Franco et al.,11 Albano et al.,4

and Mohanty et al.12 investigated composites based
on HDPE and henequen fiber, seaweed residues,
and jute fibers. The SEM results revealed poor inter-
facial adhesion between the components in the non-
treated composites due to poor interfacial adhesion.

A number of studies reported on LDPE reinforced
with natural fibers. Torres et al.16 and Joseph et al.17

used sisal fiber, whereas Kaci et al.18 used oil husk
flour to reinforce LDPE. The composites were pre-
pared through compression molding, melt mixing,
and solution mixing. The SEM results in all the stud-
ies showed relatively large gaps, fiber pull out and
no coating on the surfaces of the fibers. Oksman
et al.19 and Freire et al.20 used wood fibers to rein-
force an LDPE matrix. In both cases the composites
were prepared through injection molding. Again the
SEM results in all cases showed poor interfacial ad-
hesion between the wood fibers and the LDPE
matrix.

Coupled polyolefin/natural fiber composites
showed improved properties related to the morphol-
ogy. The coupling was done on either the fiber sur-
face or through polymer treatment. These provided
enhanced interfacial adhesion between the polymer
matrix and the fiber, good fiber dispersion within
the matrix, and good fiber coating by the polymer.
The degree of interfacial adhesion of the composite
components was shown to depend largely on the
chemical nature of the chosen coupling agent.21 Vari-
ous coupling agents such as wax, silane, organosi-
lanes, maleic anhydride, maleic anhydride grafted
polyolefins, acrylic acid grafted polyolefins, organic
peroxides, ethylene-vinyl alcohol copolymers, and
poly(ethylene-co-vinyl acetate) were used to enhance
the compatibility between the natural fibers and the
polyolefins.2,22–28 Through the application of these
coupling agents good compatibility and interfacial
adhesion between the polyolefin matrices and the
various natural fibers were achieved. The SEM
results generally showed the absence of gaps
between the fibers and the matrices, reduction in
fiber pull-out resulting in small voids and few cav-
ities, improved fiber dispersion in the polymer mat-
rices, good fiber covering by the polymers and less
fiber agglomeration.

The incorporation of natural fibers into a polymer
is known to cause substantial changes in the me-
chanical properties of the composites. The quality of
the fiber–matrix interface is important for the appli-
cation of natural fibers as reinforcement for poly-
mers. Because the fibers and matrices are chemically
different, strong adhesion at their interfaces is

needed for an effective stress transfer and bond dis-
tribution throughout the interface. The mechanism
of reinforcement is dependent on the stress transfer
between the matrix material and the embedded
fiber. In particular, the fiber–matrix interfacial shear
strength is one of the important parameters in con-
trolling the toughness and the strength of a compos-
ite material. Its value is particularly dependent on
fiber surface treatment, modification of the matrix,
and other factors affecting the properties of the
fiber–matrix interface.17,29–32

EXPERIMENTAL

Materials

Oxidized Fischer-Tropsch paraffin wax (OxWax) is
an oxidized straight-hydrocarbon chain paraffin wax
with an average molar mass of 660 g mol�1, a den-
sity of 0.95 g cm�3 (solid), and 0.82 cm�3 (liquid) at
25 and 110�C respectively, and a melting point of
96�C. It has a thermal decomposition temperature of
about 250�C, C/O ratio of 18.8 : 1, and a flash point
of � 185�C. A hard Fischer-Tropsch paraffin wax
(Tm ¼ 90�C, q ¼ 0.94 g cm�3, average Mw ¼ 785 g
mol�1) was used to prepare the maleic anhydride
(MA) grafted wax (MA-g-wax). Both waxes were
supplied by Sasol Wax, Sasolburg, South Africa. The
MA grafting of the wax is described in a previous
paper from our group.33 The Fourier-transform
infrared (FTIR) spectra in Figure 1 confirm the pres-
ence of functional groups on the chains of MA-g-
wax. The wavenumbers of interest are 1704 cm�1

(characteristic of carbonyl from carboxylic dimmer
acids) and 1745 cm�1 (characteristic of five-mem-
bered cyclic anhydride carbonyls).34

Figure 1 FTIR spectra for an unmodified Fischer-Tropsch
wax, and the same wax grafted with 5 wt % MA. [Color
figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]
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The low-density polyethylene (LDPE) was sup-
plied in pellet form by Sasol Polymers, Johannes-
burg, South Africa. It has an MFI of 7.0 g/10 min
(ASTM D-1238), a melting point of 106�C, an aver-
age molar mass of 96,000 g mol�1, and a density of
0.918 g cm�3. Sisal fiber was obtained from the
National Sisal Marketing Committee in
Pietermaritzburg.

Methods

The fibers were cut into � 9 mm lengths using a
pair of scissors. The fibers were soaked in petroleum
ether for 6 h to remove fatty impurities. To ensure
easy blending of the fibers and the LDPE, the fibers
were washed thoroughly with warm distilled water
to remove petroleum ether traces,35 allowed to air
dry at room temperature for at least 4 days and then
put in an oven at 60�C for 24 h.

The blends and composites were prepared by
weighing according to the desired ratios (Table I) to
make up a total mass of 37 g, the mass required to
thoroughly mix the different components. The sam-
ples were initially mixed in a Brabender Plastograph
at 160�C at a screw speed of 15 rpm for 25 min. The
samples were then melt pressed at 160�C for 10 min
at a pressure of 50 bar into 1-mm-thick sheets.

The differential scanning calorimeter (DSC) used
is a Perkin Elmer Pyris-1 DSC from Waltham, MA.
Analyses were performed under flowing nitrogen
(20 mL min�1). The instument was calibrated using
the onset temparatures of melting of indium and
zinc standards, as well as the melting enthalpy of in-
dium. Nearly 5–10 mg samples were sealed in alu-
minium pans, heated from 0 to 160�C at a heating
rate of 10�C min�1, and cooled at the same rate to
0�C. For the second scan, the samples were heated
and cooled under the same conditions. The onset
and peak temperatures of melting and crystalliza-
tion, as well as the melting and crystallization
enthalpies were determined from the second scan.

The thermogravimetric analyzer (TGA) used is a
Perkin Elmer TGA7 from Waltham, MA. Analyses
were performed under flowing nitrogen at a flow

rate of 20 mL min�1. Samples (5–10 mg) were heated
from 25 to 600�C at 20�C min�1.
A Hounsfield H5KS universal testing machine

from Redhill, United Kingdom was used for the ten-
sile analysis of the samples. The dumbbell samples
were stretched at a speed of 50 mm min�1 under a
cell load of 2500 N. The gauge length was 24 mm,
the thickness was 1.0 6 0.1 mm and the width was
4.8 mm. The final mechanical properties were eval-
uated from five different measurements.
SEM analyses were carried out in a JEOL WIN-

SEM-6400 scanning electron microscope from Tokyo,
Japan. The probe size was 114.98 nm, the probe cur-
rent 0.02 nA, the noise reduction 64 Fr and the AC
voltage 5.0 keV. The surfaces of the samples were
sputter-coated with gold.

RESULTS AND DISCUSSION

The SEM pictures, at two different magnifications,
of a fractured surface of an OxWax modified com-
posite at 30% sisal content are illustrated in Figure
2. Although Figure 2(a) shows evidence of fiber
pull-out from the LDPE/OxWax matrix, there is
also clear evidence of fiber bending, fiber fracture,
and intimate contact between the fiber and the
matrix. It also seems as if the fiber may be cov-
ered by the wax [also see area indicated by arrow
in Fig. 2(b)].
The reported DSC heating curves were taken from

the second heating scan to eliminate the thermal his-
tory. The values of the melting peak temperatures,
as well as the experimental and calculated enthal-
pies, are summarized in Table II. The measured
melting enthalpies (DHm

obs) were compared with the
calculated values (DHcalc

m ). The DHcalc
m values were

determined from the melting enthalpies of pure
LDPE and pure wax, and the weight fractions of
LDPE and wax in the respective blend composites
according to the additive rule in Eq. (1). Here we
assume sisal fiber to have no effect on the LDPE and
wax crystallization behavior.

DHcalc
m ¼ DHm;PEwPE þ DHm;www

TABLE I
Compositions of Samples Investigated in this Study

LDPE/
MA-g-wax

blends (w/w)
LDPE/OxWax
blends (w/w)

LDPE/sisal/
MA-g-wax

composites (w/w)

LDPE/sisal/
OxWax

composites (w/w)

LDPE/sisal
composites

(w/w)

100/0/0 100/0/0 100/0/0 100/0/0 100/0/0
95/5 95/5 85/10/5 85/20/5 90/10
90/10 90/10 80/10/10 80/10/10 80/20

– – 75/20/5 75/20/5 70/30
– – 70/20/10 70/20/10 –
– – 65/30/5 65/30/5 –
– – 60/30/10 60/30/10 –

PROPERTIES OF LDPE/SISAL FIBER COMPOSITES 3629

Journal of Applied Polymer Science DOI 10.1002/app



where DHm,PE, DHm,w, DHcalc
m are the specific enthal-

pies of melting of PE, wax, and blends, and wPE, ww

are the mass fractions of PE and wax in the blends.
The melting temperature and enthalpy values for

pure LDPE and the LDPE/sisal composites with dif-
ferent sisal contents are summarized in Table II.
Only one endothermic peak was observed around
the melting temperature of LDPE. Generally, there
was no change in melting peak temperature with
increasing fiber content. The presence of sisal fiber
also does not seem to influence the melting enthalpy
of the composites, which can be seen from the
observed and calculated melting enthalpy values,
which were almost the same within experimental
error. As expected, the measured enthalpy values
decrease, because only LDPE melts, and there are
decreasing amounts of LDPE in the samples with
increasing sisal content. The fact that there are no
changes in the melting temperature, and that the
observed and calculated melting enthalpies are
almost the same, is an indication that the fiber had
very little influence on the crystallization mechanism
of LDPE.

The DSC heating curves of the LDPE/OxWax and
LDPE/MA-g-wax blends are not shown, but the
melting temperature and enthalpy values are sum-
marized in Table II. The neat OxWax shows two
well-defined separate peaks at 73 and 96�C, and the
neat MA-g-wax shows peaks at 79 and 105�C. Luyt
and Krupa36 reported that the multiple endothermic
peaks of hard paraffin waxes were due to the melt-
ing of different molar mass fractions. Only one
endothermic peak was seen for the 5% OxWax con-
taining blend, indicating miscibility of LDPE and
OxWax at this wax content. However, in the case of
the 10% OxWax blend there was an additional peak
around the wax melting temperature. This could be
attributed to the partial immiscibility of OxWax and
LDPE at higher wax contents. The presence of
OxWax reduces the melting temperature of LDPE,
with relatively no change as the OxWax content
increases. It seems as if the molten wax has an influ-
ence on the crystal growth mechanism of LDPE dur-
ing controlled cooling. The introduction of OxWax
in LDPE has no significant effect on the melting en-
thalpy of the blends, probably because the pure wax

Figure 2 SEM micrographs for 65/30/5 w/w LDPE/si-
sal/OxWax composites at (a) 100� and (b) 1000�
magnification.

TABLE II
DSC Results for LDPE, LDPE/MA-g-wax, and LDPE/
OxWax Blends, as Well as LDPE/Sisal, LDPE/Sisal/MA-g-

Wax, and LDPE/Sisal/OxWax Composites

Sample w/w Tp,m/
�C DHobs

m /J g�1 DHcalc
m /J g�1

LDPE
100/0 110.3 53.6 –
LDPE/sisal
90/10 109.4 49.0 48.2
80/20 110.0 43.7 42.9
70/30 110.0 38.5 37.5
LDPE/OxWax
95/5 103.5 52.3 53.8
90/10 103.8 52.6 54.0
0/100 75.2a 96.5b 57.3 –
LDPE/MA-g-wax
95/5 109.0 49.6 57.0
90/10 109.2 52.8 60.3
0/100 105.3a 73.0b 120.9 –
LDPE/sisal/OxWax
85/10/5 104.5 50.4 48.4
80/10/10 104.4 49.0 48.6
75/20/5 104.0 41.1 43.1
70/20/10 104.5 32.9 43.2
65/30/5 104.9 25.9 37.7
60/30/10 105.0 24.8 37.9
LDPE/sisal/MA-g-wax
85/10/5 109.0 55.5 51.6
80/10/10 109.0 45.9 55.0
75/20/5 109.9 43.4 46.2
70/20/10 109.4 39.3 49.6
65/30/5/ 110.5 36.3 40.0
60/30/10 109.7 31.8 38.2

Tp,m, DHobs
m , and DHcalc

m are the melting peak tempera-
ture, observed melting enthalpy, calculated melting en-
thalpy. a and b indicate temperatures of two peak maxima
in double wax melting peaks.
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has a similar melting enthalpy than LDPE. The melt-
ing behavior of the LDPE/MA-g-wax blends is simi-
lar to that of pure LDPE, which suggests possible
co-crystallization of PE and wax chains. MA-g-wax
has a much higher melting enthalpy than pure
LDPE (Table II). The observed melting enthalpy
values of the blends are lower than the calculated
values. This shows that the presence of MA-g-wax
lowered the crystallinity of the blends. This is prob-
ably the result of the better interaction between
LDPE and MA-g-wax, which led to better miscibility
between these two components, and as a conse-
quence there were fewer wax crystals in the amor-
phous phase of the LDPE.

The DSC heating curves of LDPE/sisal/OxWax
and LDPE/sisal/MA-g-wax composites are respec-
tively shown in Figures 3 and 4. There is only one
endothermic peak around the melting temperature
of LDPE. The melting peak temperatures for the
LDPE/sisal/OxWax composites are lower than that
of pure LDPE (Fig. 3 and Table II). Although the
exact influence of wax on the crystallization behav-
ior of polyethylenes is still unclear, the lower melt-
ing temperatures of these samples are probably
caused by a change in the crystallization behavior of
LDPE in the presence of molten wax. The observed
and calculated melting enthalpy values are almost
the same for the 10% fiber containing samples, while
the differences between the observed and calculated
values become bigger with increasing fiber content.
This may be the result of the complete coverage of
the fibers by OxWax at the lower fiber content,
which led to the fibers having little influence on the
LDPE crystallization behavior. The increase in differ-
ences between the observed and calculated values is
difficult to explain, because a reduction in sample
crystallinity in the presence of sisal fiber and func-

tionalized wax may be the result of several factors:
(i) the extent to which the wax crystallizes around
the cellulosic fibers; (ii) the extent to which the wax
co-crystallizes with LDPE; (iii) the extent to which
the wax crystallizes separately in the amorphous
phase of LDPE. It can be seen in Figure 4 that the
melting peak temperatures of the composites in the
presence of MA-g-wax remained fairly constant
within experimental error with increasing sisal and
MA-g-wax contents. Similar to the OxWax composite
systems, the experimentally observed melting
enthalpies of the LDPE/sisal/MA-g-wax are lower
than the calculated enthalpies for all the investigated
wax contents, except for the 85/10/5 w/w LDPE/si-
sal/MA-g-wax sample. Similar to the blends, this
may be the result of the better miscibility of MA-g-
wax with the LDPE matrix.
The TGA curves of LDPE, as well as its respective

blends and composites, are shown in Figure 5. Both

Figure 3 DSC heating curves of pure LDPE and LDPE/
sisal/OxWax composites.

Figure 4 DSC heating curves of pure LDPE and LDPE/
sisal/MA-g-wax composites.

Figure 5 TGA curves of LDPE and its different blends
and composites used in this study.
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LDPE/wax blends show better thermal stability than
pure LDPE, despite the fact that the unmixed waxes
start decomposing at lower temperatures than the
pure LDPE (curves not presented). The reason for this
is not immediately obvious, but factors that could con-
tribute to this improvement in thermal stability are: (i)
protection of the wax chains from the applied heat by
the weak thermally conductive and thermally more
stable polymer chains, and (ii) inhibition of the diffu-
sion of degradation products through the molten
blend, probably because of interaction with the func-
tional groups on the wax chains. The decomposition
of LDPE as well as the LDPE/OxWax and LDPE/
MA-g-wax blends seems to occur in one step, while
there clearly are several degradation steps for the
LDPE/sisal and LDPE/sisal/wax composites. The
step starting at about 100�C for the LDPE/sisal com-
posite is due to the vaporization of moisture from the
fiber. The other steps for this composite are due to the
thermal depolymerization of hemicellulose and the
cleavage of the glycosidic linkages in cellulose, as well
as the further breakdown of the decomposition prod-
ucts of the second step, leading to the formation of
char. The last step will be the decomposition of LDPE.
The TGA curves for the LDPE/sisal/wax composites
have shapes similar to that of the LDPE/sisal compos-
ite, but the LDPE/sisal/wax composites seem to de-
grade faster between 270 and 470�C. This is probably
the result of the thermally less stable wax chains that
interact more strongly with the fiber and that crystal-
lized around the fiber. There does not seem to be a dif-
ference between the thermal stabilities of the compo-
sites containing the two different waxes.

The stress at break and tensile modulus of all the
samples are shown as function of sisal content in

Figures 6–9. The effect of OxWax and MA-g-wax
content on the stress at break is shown in Figures 6
and 7. Samples prepared in the absence of wax
show an increase in stress at break for 10 and 20%
sisal, with the 20% containing sample showing a
maximum value (Fig. 6). Vilaseca et al.37 investi-
gated the composite system of PP and abaca strands
in the absence and presence of maleated polypropyl-
ene. They found that the tensile strength at break of
the untreated composites increased remarkably with
increasing abaca content. They associated this behav-
ior with the mechanical anchoring between the fiber
and the matrix, and to the diffusion of the polymer
into the fiber. Possible reasons for the decline in

Figure 6 Stress at break as function of sisal content for
the LDPE/sisal/OxWax composites. [Color figure can be
viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Figure 7 Stress at break as function of sisal content for
the LDPE/sisal/MA-g-wax composites. [Color figure can
be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Figure 8 Young’s modulus as function of sisal content
for the LDPE/sisal/OxWax composites. [Color figure can
be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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stress at break at high fiber content are: (i) poor inter-
facial adhesion, which promotes microcrack forma-
tion at the interface as well as non-uniform stress
transfer because of fiber agglomeration (fiber–fiber
contact which results in fiber damage) within the
LDPE matrix, and (ii) an increase in the number of
voids in the composites that serve as local areas for
crack initiation.38 For both the 5 and 10% OxWax con-
taining samples there is an observable decrease in
tensile strength at break with increasing sisal fiber
content up to about 15% fiber, with an increase at
higher sisal fiber contents (Fig. 6). The initial decrease
is probably because (a) at lower fiber contents the
fiber is completely covered by wax, and (b) there
seems to be a weaker interaction between LDPE and
the wax. At higher fiber contents there is not enough
wax to completely cover the fibers, and there may be
better interaction between the LDPE and the fibers
because of mechanical interlocking. This will lead to
better stress transfer and increasing tensile strength.
Figure 7 shows the stress at break for the MA-g-wax
containing samples. Generally the tensile strength at
break increases with an increase in sisal content. This
could be a consequence of MA-g-wax having a higher
affinity for LDPE and, because the wax was concen-
trated around the fiber, there is a higher affinity
between LDPE and the wax-covered filler.

Figures 8 and 9 show the effect of fiber and wax
contents on the Young’s modulus values of the sam-
ples. For all the composites there is a general
increase in Young’s modulus with increasing sisal
content. Generally, the presence of solid filler
increases the Young’s modulus of composites. The
modulus values for the OxWax containing samples
are significantly higher than those of the composites
prepared in the absence of wax, and this difference

becomes bigger with increasing sisal content. This
can be attributed to the higher degree of crystallinity
of the OxWax, as can be seen from the DSC results
(Table II), and to better stress transfer because of
better wetting of the fibers in the presence of
OxWax. However, differences in the OxWax content
do not show much influence on the modulus values
(Fig. 8). In the case of the MA-g-wax containing
composites (Fig. 9), the Young’s modulus increased
with both increasing sisal and wax contents, and the
differences are also bigger at higher sisal contents.
In this case the high modulus could be related to the
higher miscibility of MA-g-wax with LDPE, as well

Figure 9 Young’s modulus as function of sisal content in
the LDPE/sisal/MA-g-wax composites. [Color figure can
be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Figure 10 Elongation at break as function of sisal content
for the LDPE/sisal/OxWax composites. [Color figure can
be viewed in the online issue, which is available at
wileyonlinelibrary.com.]

Figure 11 Elongation at break as function of sisal content
for the LDPE/sisal/MA-g-wax composites. [Color figure
can be viewed in the online issue, which is available at
wileyonlinelibrary.com.]
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as to the wax more effectively covering the sisal
fiber at low fiber contents.

The effect of OxWax and MA-g-wax contents on
the elongation at break are shown in Figures 10 and
11. In Figure 10 it can be seen that the elongation at
break decreases with increasing sisal content. This
indicates that the presence of fiber in the matrix
reduces the ability of the sample to deform by
restricting the mobility of the polymer chains, even in
the presence of OxWax. Figure 11 shows a general
decrease in elongation at break with an increase in
sisal fiber content. This is normal for polymers con-
taining rigid fillers, because the fillers act as defect
centers that give rise to reduced stress transfer. The
presence of OxWax considerably reduced the elonga-
tion at break, while the presence of MA-g-wax only
slightly reduced the elongation at break. In the case
of MA-g-wax, this could be associated with a better
interaction between the polymer and the MA-g-wax
and therefore better stress transfer. The OxWax
behaved differently due to the crystallization of the
wax in the amorphous phase of the LDPE, and which
formed defect centers in the polymer matrix.

CONCLUSIONS

The purpose of the study was to investigate the effect
of functionalized waxes, OxWax and MA-g-wax, as
compatibilizers on the morphology and properties of
LDPE/sisal composites. SEM observations could not
conclusively confirm better interaction between the
sisal fiber and the LDPE/wax matrix, although there
were indications of preferable crystallization of the
wax on the surfaces of the sisal fibers.

The differential scanning calorimetry (DSC) results
showed that sisal alone did not change the melting
or crystallization behavior of LDPE, while the two
waxes influenced the melting and crystallization
behavior of LDPE in different ways, whether mixed
with LDPE alone or in the presence of sisal. The
thermal properties seem to be influenced by the fact
that the waxes preferably crystallize around the
short sisal fibers, and by the fact that the two waxes
have different compatibilities with LDPE. The TGA
results showed an increase in the thermal stability of
the LDPE/wax blends for both waxes, with LDPE/
OxWax showing a more significant improvement.
The thermal stabilities of the composites were domi-
nated by the low thermal stability of the natural
fiber, but the presence of wax further reduced the
thermal stabilities of the composites, with both
waxes showing similar influence.

The presence of OxWax and MA-g-wax similarly
influenced the tensile properties of the composites.
Both waxes improved the modulus of the compatibi-
lized composites, but in both cases the tensile

strengths were worse, probably because of a fairly
weak interaction between LDPE and the respective
waxes.
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