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Abstract:

Composite materials are produced by combining two or more different components to form an
individual product with better properties. Manufactured new composite materials may provide better
performance than one component can provide by itself. Wood-plastic composites are manufactured by using
thermoplastics and annual plant waste. In this study, utilization of eggplant (solanum melongena) stalks as a
filler in manufacturing of injection molded PP based composites was investigated. For this purpose, neat
polypropylene test samples (control group) and eggplant stalks flour-filled thermoplastic composites with
different rates (7.5% 15% and 30%) were produced by using single-screw extruder and injection molding
machine. Maleic anhydride polypropylene (MAPP) was utilized as coupling agents. Paraffin wax was used as
a lubricant. Mechanical properties (tensile strength, flexural strength and impact strength) of produced
composites were determined according to ASTM D 638, ASTM D 790 and ASTM D 256 standards.
According to the statistical analysis, eggplant stalk flours had significant effect on tensile strength, tensile
modulus, flexural strength, flexural modulus, elongation at break properties and density values. However, it
had no significant effect on the impact strength properties. All produced composites provided standards
requirements.
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INTRODUCTION

The usage of lignocellulosic fibers as fillers in the manufacturing of thermoplastic-based composites
is increasing day by day. Moreover, the production of thermoplastic composites is a rapidly growing sector in
the wood-plastic composite industry. A large variety of lignocellulosic wastes (wood flour, agricultural wastes
etc.) and thermoplastic polymers such as polylactic acid (PLA), polyethylene (PE), and polypropylene (PP)
can be used in the manufacture of composites. The reasons for preference of lignocellulosic fibers in
thermoplastic composite are low cost, low density, no excessive wear during production, high specific
strength, abundant and easy degradation in the environment. These advantages make it attractive for the
usage of lignocellulosic materials in the production of thermoplastic composites (Bodirlu et al. 2009; Taj et al.
2007; Antich et al. 2006; Khalid et al. 2006, Georgopoulos et al. 2005; Renneckar 2004; Nair et al. 2001). In
the previous studies, it has reported that various lignocellulosic fibers such as maple and spruce wood fibers,
jute, hemp, kenaf, sisal fibers, rice husks, wheat straw have been used in the production of thermoplastic
composites (Poletto et al. 2011; Mengeloglu and Karakus 2008b; Mengeloglu and Kabakci 2008; Taj et al.
2007; Antich et al. 2006; Bengtsson and Oksman 2006; Digabel et al. 2004; Li and Matuana 2003). It has
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been determined that there is not enough study on the usage of eggplant stalks flour in the production of
polypropylene based thermoplastic composite and there is a gap in that area.

With 18 million tons of eggplant production, China is the world leader. Turkey is in 4th place with 790
thousand tons of production. This amount accounts for 2% of world eggplant production. 30,000 hectares of
eggplants are produced in Turkey (Topgu and Boyaci 2008). Eggplant is an annual plant species, dried plant
stalks are collected and plant seedling is repeated in certain periods every year.

It is reported that 56 million tons of agricultural wastes are occurred in Turkey. (Karayllmazlar et al.
2011). These agricultural wastes are generally burned in the field and cause environmental pollution and
reduce soil fertility (Copir 2007). It is thought that these wastes can be utilized as a filler in the composite
manufacturing. It is aimed to prevent environmental pollution and contribute to waste management.

OBJECTIVE

The main objective of this study was to determine how waste eggplant (solanum melongena) stalks
have effect on mechanical properties of PP based composites. For this purpose, polypropylene based
thermoplastic composites reinforced with waste eggplant stalk flour were produced. The mechanical
properties of the manufactured composites were determined and results were compared with the ASTM D
6622 standard.

EXPERIMENTAL
In this study, polypropylene based thermoplastic composites reinforced with waste eggplant stalk
flour were manufactured by injection molding method.

Material

Waste eggplant stalks were obtained from farmers in the Mediterranean region of Turkey. Waste
eggplant stalk flours were used as lignocellulosic filler. Polypropylene (PP) which obtained from PETKIM was
used as thermoplastic matrix. Maleic anhydrite grafted polypropylene ((MAPP) Licomont AR 504 by Clariant)
were utilized as coupling agents. Descriptions of coupling agents were given in Table 1. Paraffin wax
(K.130.1000) was used as a lubricant.

Table 1

Descriptions of the coupling agent used in this study

Descriptions Licomont AR 504 (MAPP)

Appearance Yellowish fine grain

Softening point 156°C

Acid value 41 mg KOH/g

Density at 23°C 0.91 g/cm®

Viscosity at 140 °C | 800 mPa.s

Method
Preparation of lignocellulosic filler material

Eggplant stalks obtained from the farmers in the Mediterranean region were granulated into flour
form with Wiley Mill. Since the dimensions of the filler materials have important effects on the performance of
the produced compsoites, the lignocellulosic flours screened and retained on 60 mesh-size screen (0.25mm)
and 100 mesh-size screen (0.142mm), were used in this study. The classified fillers were dried in oven at
103°C (£2) for 24 hours. It is important to use lignocellulosic fillers as a dried material in the manufacturing of
polymer-based composites.

Manufacturing of polymer composites

The experimental design of the study was presented Table 2. Depending on the formulation PP,
eggplant stalk flours (ESF), MAPP and paraffin wax were dry-mixed in a high-intensity mixer (900-1000
rounds per minute) to produce a homogeneous blend. These blends were compounded in a single-screw
extruder at 40rpm screw speed in the temperatures (barrel to die) of 170-175-180-185-190°C. Extruded
samples were cooled in water pool and then granulated into pellets. The pellets were dried in oven at 103°C
(x2) for 24 hours (until moisture content reached approximately 0%). Dried pellets were injection moulded
with 102kg/cmz injection pressure and 80mm/s injection speed to produce the test samples. The temperature
used for injection moulded samples using an HDX-88 injection moulding machine was 180-200°C from feed
zone to die zone. After manufacturing, all tests samples were conditioned in a climatic room with the
temperature of 20°C and the relative humidity of 65%.
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Table 2
Manufacturing schedule of composites (%)
Group Polypropylene Eﬁgf:grztEgtFa)lk MAPP Wax
ID (%) (%) (%) (%)
El 100 0 0 0
E2 87.5 7.5 3 2
E3 80 15 3 2
E4 65 30 3 2

Testing of polymer composites

Testing of the samples was conducted in a climate-controlled testing laboratory. Densities were
measured by a water displacement technique according to the ASTM D 792 standard. Tensile, flexural,
impact strengths, were determined according to ASTM D 638 (5.0mm/min), ASTM D 790 (2.0mm/min) and
ASTM D 256, respectively. Ten samples for each group were tested. Flexural and tensile testing were
performed on Zwick 10KN while a HIT5,5P by Zwick™ was used for impact property testing on notched
samples. The notches were added using a Polytest notching cutter by RayRan™.

Data analysis

The data of produced samples were analyzed by using Design Expert® Version 7.0.3. statistical
program. ANOVA test was used to determine the effects of the factors.

RESULTS AND DISCUSSION

PP based eggplant stalk flour (ESF) filled composites were produced in the density range of 0.88-
1.00g/cm®. The interaction graph of density was shown in Fig 1.

Design-Expen® Software
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Density (g/cm3)
X1 = A:Filler Amount (%)

“7 Fig. 1.
Interaction graphs of density.
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When the interaction graph of density was examined, a slight increasing was observed in density
values with the addition of ESF into the polymer matrix. However, this increasing wasn't statistically
significant (P = 0.0918). In addition, the mechanical test results of the produced composite samples were
summarized in Table 3.

Table 3
Mechanical properties of polymer composites

ID Tensile Tensile Elongation | Flexural Flexural | Impact

Strength Modulus at Break Strength | Modulus | Strength
(MPa) (MPa) (%) (MPa) (MPa) (9/m)
E1 27.82 495.24 460 42.36 1129.48 16.91
(0.42)* (19.73) (0.96) (25.56) (2.73)
E2 25.13 568.04 14.3 45.17 1202.62 17.84
(0.34) (17.46) (0.87) (0.49 (49.90) (3.14)
E3 24.90 669.87 9.35 47.31 1751.82 20.61
(0.30) (23.66) (0.41) (0.58) (23.43) (4.54)
E4 24.33 792.82 5.21 48.16 2253.10 16.05
(0.45) (29.04) (0.28) (1.19) (89.11) (2.88)

* Values in parenthesis are standard deviations.
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The interaction graphs of tensile, flexural and impact strength test samples were given in Fig. 2-4,
respectively. The tensile properties included tensile strength, tensile modulus and elongation at break. The
interaction graphs of tensile strength, tensile modulus and elongation at break were given in Figs. 2a, 2b and
2c, respectively.
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One Factor One Factor

Tensie Moduus (MPa)

XK1= A Fillor Amount (%) L}

]

)
o
B
%
P

Tensle Modulus (MPa)

A Filler Amaunt (%)

(@) (b)

A Filler Amaount (%)

Design-Expen® Sofware One Factor

B (%

1= & Fiber Amount (%)

A Filler Amaount (%)
- ©
Fig. 2.
Interaction graphs of tensile properties:
a - tensile strength; b - tensile modulus; c - elongation at break.

ANOVA (analysis of variance) were performed for tensile properties results of manufactured
composite samples. According to ANOVA test, Eggplant stalk flours (ESF) rate had statistically significant
effect on tensile strength (P<0.0001). Tensile strength was significantly reduced with addition of ESF. It is
thought that the most important reason of decline is lack of harmony between polymer matrix and
lignocellulosic fillers (Balatinecz ve Woodhams 1993; Matuana ve Mengeloglu 2002).

To mention of tensile modulus, rise of ESF loading significantly increased the tensile modulus for
composites (P<0.0001). Similar results for other wood flours filled polymer composites were also reported
(Averous et al. 2000; Wang et al. 2003; Qiu et al. 2004; Mengeloglu et al. 2007). Lignocellulosic fillers have
higher modulus than polymers. This is one of the advantages of the lignocellulosic fillers compare to
polymer. That advantage leads to have higher modulus for wood plastic composites than unfilled polymer
(Mengeloglu and Karakus 2008a). This can be explained by the rule of mixture (Matuana and Balatinecz
1998; Mengeloglu and Karakus 2008a).

ESF had statistically significant effect on elongation at break values (P<0.0001). With the addition of
ESF, a decreasing in elongation at break was observed. Addition of the eggplant stalk flour into the PP
polymer matrix, made the composites harder and more brittle. That was the reason why elongation at break
values was reduced.

The flexural properties included flexural strength and flexural modulus. The interaction graphs of
flexural strength and flexural modulus were shown in Figures 3a and 3b, respectively.
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Fig. 3.
Interaction graphs of flexural properties:
a - flexural strength; b - flexural modulus.

Eggplant stalk flours (ESF) rate had statistically significant effect on flexural strength (P<0.0001). An
increasing was determined in flexural strength with the loading of ESF. To mention on flexural modulus, a
significant increase was observed like tensile modulus (P<0.0001). Eggplant stalks have a higher modulus
values than plastic materials (Hornsby et al. 1997). For this reason, when added to the polymer matrix, it
increased the modulus values.

Results of the manufactured thermoplastic composites are compared with ASTM D 6662 (2001)
standards. This standard is a standard for determining what the flexural strength values of polyolefin-based
plastic lumber decking boards should be. Standard requirements are minimum 6.9MPa for flexural strength
and 340MPa for flexural modulus. In this study, flexural strength values of the manufactured composites
were found between 44.53-49.71MPa. All the produced composites were reached standard requirements. To
mention on flexural modulus values, the results of the entire composite produced with ESF were determined
between 1123-2453MPa. In parallel with flexural strength properties, all the produced composites were
satisfied 340MPa which requested from ASTM D 6662 (2001) standard.

The interaction graph of impact strength was given in Fig. 4. According to these results, eggplant
stalk flour ratio did not have statistically significant effect on impact strength (P=0.0918).
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Fig. 4.
Interaction graphs of impact strength.

CONCLUSIONS
Polypropylene (PP) based polymer composites filled with different ratios of eggplant stalk flour were
successfully manufactured by injection molding method. Density and mechanical results of manufactured
composites were determined. According to results the following conclusions were reached,;
v The eggplant stalk flour was significantly effective on the tensile strength and
elongation at break properties of polypropylene based thermoplastic composites, with the
increase of ESF rate in the composite, these properties were decreased.
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v" In contrast to tensile strength and elongation at break, with the addition of ESF, flexural
strength, flexural modulus and tensile modulus values were improved. This increase was
statistically significant.

v" A decline was determined on the impact strength with the rise of ESF rate into the
composites. However, this decrease was not statistically significant.

v" All produced composites in this study provided flexural strength and flexural modulus values
well over required ASTM D 6662 (2001) standards.

As a result, eggplant stalk flours were utilized as filler in the manufacturing of PP based composites.
The utilization of these wastes in the production of thermoplastic composite materials might provide a new
source of income for farmers. In addition, it might help to prevent from environmental pollution and reduce in
soil fertility caused by burning of this kind of annual agricultural waste in the field.
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