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ABSTRACT

echanical and physical properties of various weigh percentages (0% - 40%) of olive pomace flour (OPF)-

loaded linear low density polyethylene (LLDPE) in the presence of 0%, 5% and 10% coupling agent (C)
were formulated and studied. Extrusion and hot press processing techniques were used to fabricate OPF/LLDPE
composites. Tensile stress at yield increased by 20% with the increasing of the filler loading up to 20%; and
marginally increased in the presence of the C. Whereas, the decline in the tensile strain at yield of the polymer
composite improved with the increase in the C content. The modulus increased from 631 MPa for the neat LLDPE
to 680, 808 and 700 MPa for the composites filled by 5%, 10% and 20% filler content, respectively. Whereas, a
decrease in the given modulus (550 MPa) was observed at 40% filler loading. The modulus has shown a successive
improvement upon the addition of the C with values not less than 800 MPa. The impact strength decreased with
the increase in filler loading from 119 kJ/m? for the neat LLDPE to 81, 43, 27 and 16 kJ/m? for the 5%, 10%, 20%
and 40% OPF/LLDPE samples, respectively. On the contrary, 10% C addition improved the impact strength of the
composite by two folds in the case of 10 - 40% filler inclusion. The scanning electron microscopy (SEM) illustrations
proved the mechanical performance of various bio-composite formulations. Water absorption of the bio-composite
increased with the OPF loading, from 0.73% for the neat LLDPE to 2.6% for 40% OPF-filled polymer composite,
and decreased upon increasing the C content with an average of 1.4% for all composites. Formulated by mixing
cellulosic-based material OPF and LLDPE, the bio-composite demonstrated compatible physical properties and
can be used as an already available cellulosic filler for the bio-composite materials. Polyolefins J (2022) 9: 1-14
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INTRODUCTION

Lignocellulosic fiber is a biorenewable natural fiber.
Low cost, recyclability, and biodegradability of ligno-
cellulosic material are among many other advantages,
making it a good candidate in bio-composite manufac-
turing [1-3]. Flax, sisal, pine, hemp and other ligno-
cellulosic fibers are already known fillers in product
manufacturing based on green materials [4-6]. Agro
waste is considered as a resource of the natural fiber in
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producing the bio-composite material [7-9]. Lignocel-
lulosic-based polymer bio-composite suffers from their
sensitivity towards the moisture and water environment
that affected the whole performance of the material
[10-12]. Interfacial adhesion and poor chemical
resistance are also considered as the drawbacks of such
lignocellulosic-based polymeric bio-composite materials
[13-15]. Residues and by-products from the agricultural
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crops can aid as a source for power and developing
new bio-composite formulation [16-18]. Efforts on
reducing the negative impact of agro wastes on the
environment have increasingly developed in the recent
years [19-21]. Nowadays, processed agro waste is
considered as a competitive raw material in various
applications. For example, such material is used as
a filler in reinforcing thermoplastic polymers [22-
25]. Minimizing version polymer production and
consumption [26, 27], emerging new recycled mate-
rial, reducing wastes, manufacturing biodegradable
products [28, 29] and functioning clean technologies
are of the main concerns of states regulations that
guide industry and researchers in the recent decade.

Nanocomposites from corn starch/modified clay
films were prepared and studied. The antibacterial
activity was enhanced and the mechanical performance
was also increased due to the inclusion of the silver
metal ion modified zinc and copper-based clay
nanoparticle material [30, 31]. The developed starch/
nanoclay films are considered as a potential candidate
for use in food packaging application [32]. Similar results
were obtained when nanoparticles of silver, copper
oxide, and zinc oxide were incorporated separately
into both matrix of low-density polyethylene and
carboxymethyl cellulose to prepare active packaging
films [33, 34].

Lignocellulosic solid waste, which is generated
from the olive oil extraction process, is approximately
representing 35% of the whole olive fruit [35, 36].
Wastes from olive oil production were considered as
a serious environmental threat. A few decades ago
olive solid waste was used as a source of the thermal
energy by direct combustion. Later, over the past decade,
researchers performed various approaches to utilize
olive oil residue as a filler material in polymers [37-39].
Promising bio-composite material based on the
mentioned waste is developed and produced for some
polymeric materials. The use of the olive pomace
(OP) as a plastic filler was partially covered by some
researchers for certain types of polymers. OPF as a
filler material still needs further investigation using
other types of polymer matrices. Chemically modified
polymer additives, to reduce interfacial tension at the
polymer/filler boundaries, have shown successive
development on the commercial scale. Utilization of
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OPF as filler in several polymeric matrices was
introduced by many authors [40]. Polymer matrices
such as polylactic acid (PLA) [41-43], polypropylene
(PP) [44-46], polyvinyl chloride (PVC) [47], saturated
and unsaturated polyester [48, 49], epoxy resins [50-51],
chitosan [52-53], wheat gluten [54] and high density
polyethylene (HDPE) [55, 56] were studied and
reported. However, a lack of research on the utility of
other types of polymer materials is apparent and needs
more investigation. In this research, a bio-composite
material which contains OPF mixed with LLDPE was
formulated and investigated. The aim of this study
was to launch OPF/LLDPE bio-composite and to
investigate the effect of the natural filler loading on
its physical and mechanical properties. Marketable C
(Dow Chemical) was also used to assess its effect on
the filler/polymer interfacial adhesion.

EXPERIMENTAL

Materials

The homopolymer, LLDPE (SABIC® LLDPE
M500026), was used as the polymer matrix in the
composite material. This LLDPE has a narrow molecular
weight distribution with excellent flow properties, as
well as it is low temperature toughness grade and with
a melt flow index of 50 g/10 min. The coupling agent
(C) used in this study is under a trade name of Fusabond®
E 226 resin, which is an anhydride modified polyeth-
ylene, with 0.93 g/cm? density, 120°C melting point
and 290°C maximum processing temperature, was
kindly provided by Dupont Company. The present
modifier resin (C) is used to improve the surface adhesion
between the wood filler/polymer matrix phases. Olive
pomace was obtained from a local olive press plant
and used as a filler after some conditioning.

Methods

OPF Preparation

Residues of olive oil production process known as
olive pomace were obtained from the local press plant.
After olive oil extraction, the remaining skin, pulp,
and stone were the main components of the residue.
The obtained olive pomace was used without any
chemical modifications and dried at 105°C for 24 h.
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The resulting olive pomace was ground into the fine
flour. A Pulverisette 9 vibrating cub mill (Fritsch,
Germany) was used to grind OP, where the particle
mesh size was measured with a set of sieves with 70
mesh. Filler was dried in an oven at 105°C for 24 h to
adjust moisture.

Composite Processing

Prior to extrusion process, LLDPE and OPF were dried
at 105°C for 24 h. Polymer, filler and coupling agent
were mixed by using a twin screw extruder (TSE 20,
L/D: 40:1, diameter 22 mm) with the working
temperature range of 165°C - 185°C. The operating
screw speed and feed rate were 50 rpm and 1.5 kg/h,
respectively. Extruded LLDPE/OPF samples were
then compression molded using a digital hot (XH-
406B) press at 150°C.

The compression time was set at 30 s. Bio-composites
with OPF and C content varied from 0% to 40 % and
from 0% to 10%, respectively. The weight percentage of
each component in bio-composite material is summarized
in Table 1. Aluminum molds were used to prepare sample
sheets in a compression-molding machine (XH-406B).
Polymer bio-composite with predetermined formula-
tion was compression molded in the form of sheets with
dimensions of 30 x 20 x 2 mm. Standard dog-bone
specimens were sliced from OPF/LLDPE sheet to carry
out mechanical tensile test in agreement with ASTM
D-638/1V type. The impact strength test samples were
shaped in an aluminum mold with standard dimensions
of 63.5 x 6.4 x 12.7 mm.

Table 1. Formulation of the composites.

Weight Percent (%)
Sample Sample ID Coupli
No. P LLDPE | opF | ~°UPINd
Agent
1 100P+0F+0C 100 0 0
2 95P+5F+0C 95 5 0
3 90P+5F+5C 90 5 5
4 85P+5F+10C 85 5 10
5 90P+10F+0C 90 10 0
6 85P+10F+5C 85 10 5
7 80P+10F+10C 80 10 10
8 80P+20F+0C 80 20 0
9 75P+20F+5C 75 20 5
10 70P+20F+10C 70 20 10
1 60P+40F+0C 60 40 0
12 55P+40F+5C 55 40 5
13 50P+40F+10C 50 40 10
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Bulk Density
The bulk density of the dried OPF (80°C for 24 h)
was determined by using a high precision graduated

cylinder to measure the volume of exactly 50 g of OPF
filler.

Moisture Content

10 g OPF samples with a mesh size of less than 70
were placed in an aluminum dish, weighted and then
dried in an oven at 103 £ 2°C for 48 h. Moisture content
was determined using Eqn (1):

Moisture content(%)=[(Wt._-Wt. )/Wt. ]x100 (D)

where, Wt. is the weight of the wet sample and Wt.
is the weight of the oven dried one.

Mechanical Analysis

The OPF-filled LLDPE samples were put down at
25°C and 15 % humidity for 48 h. Dog-bone shaped
specimens were prepared according to ISO 180 test
standard. Afterwards, a WDW-5 brand computer control
electrical universal testing machine, operating at a
rate of 2 mm/min, was used to evaluate and analyze
the tensile strength and the Young’s modulus of the
polymer composite. Izod impact strength of the
un-notched specimens was measured as stated in the
ASTM: D256 utilizing an FI-68 impact testing machine
of 3.5 m/s impact speed, and 2.270 kg hammer’s
weight. The mean value of at least 7 samples was reported
for each composite formulation.

SEM

The fractured surface micrographs of the composite
samples were taken by using scanning electron
microscopy (Quanta 600 SEM). The fractured surface
of specimens was made conductive by a sputtered thin
layer of gold/palladium alloy in vacuum.

Water uptake Test

The water uptake of the OPF/LLDPE bio-composite
was run as stated in the ASTM D570. Disk shaped
samples with 50 mm diameter and 3.2 mm thickness,
were oven dried at 50°C. Polymer bio-composite
specimens were soaked in distilled water at 23 °C for 1
day, then removed, wiped with a paper and weighted.
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The water absorption was recorded every day for 30
days, subsequently the water uptake was calculated by
using Eqn (2):

Water absorption(%)=[(W - W) / W]x100 )

where, W is the sample dry weight and W, is the
weight of the soaked specimen at any specific time t.

RESULTS AND DISCUSSION

OPF particle size
OPF was obtained using the Pulverisette 9 vibrating
cup mill. The ground olive pomace has an average
particle size below 200 pm. OPF sample was kept for
further inspection.

Density and Moisture Content Measurements of
OPF

The bulk density of OPF was measured to be 0.436 g/cnm?’,
and the moisture content was 2% for all filler specimens
used in the formulated bio-composites material.

Mechanical Characterization of Polymer Bio-com-
posites

Stress and Strain

The tensile stress variation of the OPF/LLDPE polymer
bio-composite as a function of the filler loading with
and without the Fusabond E226 coupling agent is
presented in Figure 1. The mean value of at least seven
specimens was measured for each bio-composite

formulation.
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Figure 1. Variation of the tensile stress at yield of the OPF /
LLDPE bio-composites with the filler and C content. P: poly-
mer % (LLDPE), F: filler % (OPF) and C: coupling agent %
(Fusabond E226).

For the filled polymer bio-composite, 5F, 10F and
20F samples with and without C, the tensile stress at
yield increased by 18% compared to that of the neat
LLDPE and decreased by 10 % at 40F loading level. A
marginal drop in the tensile stress at yield was noticed
as the filler load increased for SF, 10F and 20F samples.
The tensile stress at yield declined because of the filler
high load content (40F) in the LLDPE matrix compared
to that of the neat LLDPE. The inferior dispersion of
the OPF filler (40F) in the LLDPE matrix had influenced
the mechanical properties of the polymer biocomposite
compared to that of the neat polymer. The OPF granule
size and shape as well as their morphological charac-
teristics are considered to play a role in the obtained
mechanical performance [57]. A marginal increase
(1% - 2%) in the tensile stress at yield with the increase
in the % C was obtained, especially with low to inter-
mediate filler loading contents (5F, 10F, and 20F). On
the other hand, the inclusion of C raised the yield tensile
stress by 23% and 33% for samples with 40F+5C and
40F+10C, respectively, compared to the uncoupled
40F composite samples. The OPF, originally used
without any further chemical treatment, was apt to
interrelate  with the Fusabond E226 (C), which
sequentially enhanced the compatibility of the polymer/
filler interface at the higher loading level (40F).

The tensile strain at yield marginally decreased
(10%) as the filler loading increased (5%- 40%), as
seen in Figure 2. The interfacial adhesion between the
hydrophilic lignocelluloses OPF and the hydropho-
bic LLDPE matrix is apparently compatible due to
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Figure 2. Variation of the tensile strain at yield of the OPF/
LLDPE bio-composites with the filler and coupling agent
content. P: polymer % (LLDPE), F: filler % (OPF) and C:
coupling agent % (Fusabond E226).
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Tensile stress at rupure (MPa)
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Figure 3. Variation of the tensile stress at rupture of the
OPF/LLDPE bio-composites with and without the filler and
coupling agent content. P: polymer % (LLDPE), F: filler %
(OPF) and C: coupling agent % (Fusabond E226).

the stress transfer between the two phases present in
the polymer bio-composite. Fusabond E226 is used to
enhance the interfacial adhesion between the OPF and
LLDPE polymer bio-composite [58]. C with 5% and
10% contents improved the compatibility between the
OPF filler and the LLDPE matrix, therefore improving
the bio-composite mechanical properties.

The tensile stress at rupture marginally decreased
with the filler content increase for the uncoupled
biocomposite samples as shown in Figure 3. Nevertheless,
addition of 5% and 10% C to the OPF/LLDPE bio-
composite reduced the tensile stress at rupture by 35%
and 60 %, respectively. The tensile strain at rupture for
the uncoupled polymer bio-composites (5F, 10F, 20F,
and 40F) decreased with the OPF content increase by
46%, 53%, 67% and 80%, respectively (Figure 4).
Whereas, the addition of 5% and 10% C to the bio-
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Figure 4. Variation of the tensile strain at rupture of the
OPF/LLDPE composites with and without the filler and cou-
pling agent content. P: polymer % (LLDPE), F: filler % (OPF)
and C: coupling agent % (Fusabond E226).
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Figure 5. Tensile stress at rupture of the 5% OPF/LLDPE
bio-composite as a function of the coupling agent loading. P:
polymer % (LLDPE), F: filler % (OPF) and C: coupling agent
% (Fusabond E226).

composite material improved the tensile strain at rupture
by approximately 20% to 60%, respectively. A decrease
in the tensile stress at rupture (Figure 5) and an increase
in tensile strain at rupture (Figure 6) in existence of C
could be interpreted by the role of softening behavior
played by C within the filler/polymer matrix.

Modulus of Elasticity

The tensile modulus of the OPF/LLDPE specimens
was evaluated in tensile test. The alteration of the tensile
modulus with the OPF content of the bio-composites
formulations is shown in Figure 7. The tensile modulus
of the uncoupled specimens increased at low filler
content (5F, 10F, 20F) followed by a decrease at high
level filler loading (40F) which may be attributed to
OPF agglomeration phenomenon. The bio-composites
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Figure 6. Tensile strain at rupture of the 5% OPF / LLDPE
bio-composite as a function of the coupling agent loading. P:
polymer % (LLDPE), F: filler % (OPF) and C: coupling agent
% (Fusabond E226).
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Figure 7. Variation of the tensile modulus of the OPF/LLDPE
bio-composites with and without the filler and coupling agent
content. P: polymer % (LLDPE), F: filler % (OPF) and C:
coupling agent %.

with 5%, 10%, and 20% OPF content have proven a
better modulus compared to that of the neat LLDPE.
The dispersion nature at low OPF filler content (5%,
10%, and 20% OPF) is the probable cause for the
improvement in modulus [59]. For the high filler loading
content (40F), the modulus of elasticity decreased by
12% compared to that of the neat polymer. The use of
5% and 10% C did not enhance the modulus of elasticity
for low filler content (SF+5C and S5F+10C). The
addition of 5% C to bio-composites of higher filler
content (10F, 20F, and 40F) boosted the modulus values
by 3%, 20%, and 25%, respectively. Whereas, the
addition of 10% C to the mentioned filler loading
increased the modulus values by 6%, 24%, and 45%,
respectively. The addition of Fusabond E226 to the
filler /polymer bio-composite seems to play a crucial
role in improving the interfacial adhesion of the resulted
OPF/LLDPE polymer bio-composite.
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Figure 8. Effect of the OPF content on the impact strength
of the OPF/LLDPE composite. P: polymer % (LLDPE), F:
filler % (OPF).

Bio-composite composition (wt%)
Figure 9. Coupling agent effect on the impact strength of
the 5 % OPF/LLDPE bio-composite, F: filler % (OPF) and C:
coupling agent %.

Izod Impact Strength (un-notched)

The impact strength is the amount of energy neces-
sary to propagate a fracture in material. It depends on
particular elements including fiber and matrix strength
and other factors such as bonding strength, fiber dis-
tribution, and geometry. Figure 8 represents measured
values of the impact strengths of the OPF/LLDPE
polymer bio-composite.

The un-notched impact resistance of the uncoupled
bio-composite samples decreased as the filler loading
increased. Moreover, both the energy absorbed by the
samples and their toughness decreased. It is observed
that the OPF filler loading has an adverse effect on
the impact of the OPF/LLDPE bio-composite. Inclusion
of the OPF content up to 5%, 10%, 20% and 40%
decreased the impact strength of the bio-composites
by 32%, 64%, 77%, and 86%, respectively. The addition
of the C to the filled polymer matrix improved the
impact toughness of the polymer bio-composite due
to the coupling effect which interconnected both the
filler and polymer phases. The constructive outcome
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Figure 10. Variation of the impact strength of the OPF/LL-

DPE bio-composites with and without the filler and coupling

agent content. F: filler % (OPF) and C: coupling agent %.
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of the C addition on the impact behavior is shown in
Figure 9. The addition of 5% and 10% C to 5% OPF/
LLDPE bio-composite resulted in an increase in the
impact strength on the order of 12% and 34%, respec-
tively [60].

The collective impact strength behavior of the
various filler and C percentages of the different OPF/
LLDPE bio-composite formulations is summarized in
Figure 10. The impact strength showed both a decrease
and an increase trend upon increasing the percent of
the filler and of the C, respectively. The poor filler
dispersion resulted in the formation of the agglomerates
which may induce non-uniform stress transfer thus
decrease the impact strength of the polymer bio-composite
on the filler addition [61, 62]. Whereas, the addition
of the C reduced the possibility of the filler particles
agglomerates and enhanced the impact strength of the
coupled OPF/LLDPE bio-composite samples [63].

Fractured Surface Morphology
The OPF filler used has an irregular particle shape
with a particle size below 200 um. The fractured
surfaces of the neat LLDPE polymer and the filled
polymer bio-composites were examined with SEM.
Fractured surface of the neat LLDPE with 1500x and
4000x magnifications are shown in Figure 11 with
homogeneous polymer surface and well-defined mor-
phologies.

The morphology of the OPF/LLDPE bio-composite
(Figure 12) is slightly different from that of the neat
LLDPE. When the OPF loading level increased from

NS, S Dk
lag |Spot| Det |Live
11.3 mm|1500x| 6.0 |[ETD

10% to 40% as shown in Figure 12 (B, C, D), the
polymer bio-composite matrix pullout was decreased,
respectively. The weak interfacial adhesion between
the polymer and filler interfaces upon increasing filler
loading level was noticed. The presence of both empty
cavities and filled spaces within the polymer bio-
composite is clear and showed an ease in debonding
during the fracture process. The less pullout in the polymer
bio-composite fractured surface upon increasing filler
loading level is in good agreement with the inferior
tensile behavior when compared to that of unfilled
LLDPE polymer [64].

The interfacial adhesion between the OPF and LLDPE
polymer matrix was enhanced by using 5% and 10%
C. The addition of 5% C to 5% OPF-filled polymer
bio-composite is shown in Figure 13. Various modifi-
cations at (A: 95x, B: 534x, C: 2252x, and D: 5242x)
were used to shed light on the development of interfacial
adhesion between the neat LLDPE polymer and the
OPF filler in the polymer bio-composite matrix. An
oval predominant OPF filler shape was found in the
polymer bio-composite matrix. Figure 13 C shows the
interfacial adhesion between the polymer and filler
interface. The phase morphology changes upon 5%
C addition is in a good agreement with the increase
in the impact strength and the strain at rupture of the
polymer bio-composite.

The inclusion of 10% C to 5% OPF-filled LLDPE
polymer bio-composite is shown in Figure 14 at various
magnification levels (A:136x, B: 542x, C: 2393x, and
D: 3829x). The development of C effect on the inter-

e ' Y v, 2 »
WD Mag |Spot Det Live 20.0pm:

11.2 mm 4000x 5.0 ETD!

(b)

Figure 11. SEM of the fractured surfaces of the neat LLDPE at 1500x and 4000x magpnifications.
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Figure 12. SEM of the fractured surfaces of the OPF/LLDPE bio-composite at various filler loading levels (a) 5, (b) 10, (c) 20,

and (d) 40 wt. %.

facial adhesion is clearly shown in Figure 14 (C, D),
where polymer flow veins adhere well to the surface
of the OPF filler. Polymer bio-composite pullout
behavior at this point is in good matching with the
increase in strain at rupture and the impact strength
data presented in previous stress-strain mechanical
behavior of the present polymer bio-composite.

The interfacial adhesion between the filler/polymer
phases was improved upon the addition of C, which
crucially decreased the tension at the material interface,
and thus, allowed the formation of the compatible
composite phase boundaries that finally affected the
mechanical properties of the polymer bio-composite.
Good surrounding and sticking of the OPF filler to the
LLDPE polymer matrix caused enhancement of the
strain at rupture and the impact strength compared with
those of the uncoupled polymer bio-composites [65].

Water Absorption

Composites formulated using wood fillers are normally
susceptible to water. The mechanical performance of
the wood composites is unfavorably affected by water
surroundings. The apolar nature and low interfacial
adherence of the filler to the polymer reduce the
mechanical performance of the polymer composite.
The water uptake % as a function of the contact time at
varying OPF and C loadings is apparent in Figure 15.
The water uptake % raised slightly and gradually and
then slowed down after about 25 days of immersion in
water environment.

The usage of the OPF in polyolefin matrix LLDPE
increased water absorption as demonstrated in Figure
15. Water uptake % decreased with the addition of C
to polymer bio-composite due to the decrease in
hydrophilic nature of the lignocellulosic content of the
composite material [66]. Bio-composites with C of 5%

Polyolefins Journal, Vol. 9, No. 1 (2022)
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Figure 13. SEM of the fractured surfaces of the OPF / LLDPE bio-composite with 5% OPF and 5% C at different magnifications

(a) 95x, (b) 534x, (c) 2252x, and (d) 5242x.

(w) and 10% ( A ) demonstrated a decline in the water
uptake from about 38% to 52%, respectively, when
compared to the uncoupled polymer bio-composites
(®). The presence of C in the polymer bio-composite
resulted in better interfacial adhesion between the
two phases of LLDPE polymer and OPF filler. As a
result, water sensitivity of the polymer bio-composite
reduced with the C inclusion.

CONCLUSIONS

Bio-composite material containing OPF spread in the
LLDPE matrix was formulated and investigated. The
effect of the OPF at various loading levels with and
without using C was investigated. Mechanical, mor-
phological, and water uptake properties of OPF-filled
LLDPE bio-composite are discussed herein. The OPF/

Polyolefins Journal, Vol. 9, No. 1 (2022)

LLDPE bio-composites with 5, 10, 20, and 40 wt.% OPF
were mixed and processed in an extruder and a hot press
machine. Manufacturing of the LLDPE bio-composites
with certain OPF loading level was performed in a
single stage extrusion process where the OPF, C, and
LLDPE are directly delivered into the extruder. The
variation of the filler and C loading levels resulted in
varying properties of the product. For bio-composites,
tensile stress at yield increased by 20% and the stress
at rupture decreased by 20%, showed competitive
tensile stress values compared to that of the neat LLDPE
and of the uncoupled low filled polymer samples
(<40% F). The addition of C to OPF-filled polymer
resulted in decreasing the tensile stress at rupture
and increasing the tensile strain at rupture. Young’s
modulus of the bio-composites less than 40 % OPF
increased upon inclusion of both filler and C. Impact
strength of the OPF/LLDPE bio-composite decreased
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Figure 14. SEM of the fractured surfaces of the OPF/LLDPE bio-composite with 5% OPF and 10% C at different magnifications

(a) 136x, (b) 542x, (c) 2393x, and (d) 3829x.

with the filler loading and increased with the C addition.
The OPF/LLDPE poor phase compatibility is a real
challenge in introducing a competitive polymer bio-
composite with acceptable mechanical performance.
Morphologically, the polymer bio-composite samples
showed the necessity of using C to reduce the interfacial
surface tension and to enhance the compatibility
between the two different phase boundaries. The
decrease in mechanical performance could be stopped
and improved on using proportional quantities of C.
Water uptake raised with filler loading and diminished
on addition of C which is in good agreement with
mechanical performance outputs.

Poor interfacial adhesion between the cellulosic fillers
and non-polar olefin polymers is the main obstacle in
producing mechanically competitive bio-composite
material. Efforts to overcome such a problem have
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been partially met for some filler/polymer matrices,
yet improvement in decreasing interfacial surface tension

s+ 100PHOF+H0C
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Figure 15. Water absorption of the OPF / LLDPE bio-com-
posite vs. time.

Polyolefins Journal, Vol. 9, No. 1 (2022)



Banat R. et al.

IPPI

between incompatible phases needs more investigation.
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