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MECHANICAL, THERMAL, MORPHOLOGICAL PROPERTIES AND
DECAY RESISTANCE OF FILLED HAZELNUT
HUSK POLYMER COMPOSITES

Miirsit Tufan®*, Selcuk Akbas', Tiirker Giile¢', Cihat Tas¢ioglu’, M. Hakki Alma’®

ABSTRACT

Four different formulations of natural fiber-polymer composites were fabricated from mixtures of
hazelnut (Corylus avellana) husk flour (HHF), polypropylene (PP) and high density polyethylene (HDPE).
Variables examined included polymer and coupling agent types. All formulations were compression
molded in a hot press for 3 minutes at 175 °C. The resulted specimens were tested for mechanical
properties according to ASTM D-790 and ASTM D-638. In addition, scanning electron microscopy
(SEM), thermogravimetry (TG) and Differential Scanning Calorimetry (DSC) analysis were performed to
characterize rheological properties of the fabricated composite. Furthermore, decay tests were performed
to determine degradation of hazelnut husk polymer matrices. Hazelnut husk polymer composites had
high mechanical properties for the tested formulations. The thermal studies showed that incorporation of
hazelnut husk into the polymer matrices used did not adversely affect the composite. The HDPE+50%
wood + 3% MAPE (HHF2) formulation showed the highest natural durability with only 3,47% and
4,60% mass losses against Trametes versicolor and Postia plecenta, respectively, while Scots pine solid
controls experienced around 32% mass loss under the same exposure condition.

Keywords: Corylus avellana, decay resistance, mechanical properties, Pinus sylvestris, polymer
composites, Postia plecenta, Trametes versicolor.

INTRODUCTION

The demand for natural and synthetic products has increased in parallel with the increasing world
population. Depending on the production processes of these products, substantial amount of waste
material has been generated, thus resulting in environmental pollution. As a result, utilization of renewable
resources gained importance (Wang and Zhu 2010). Lignocellulose is the most abundant and widely
utilized renewable material on earth (Mengeloglu and Karakus 2008). However, utilization of annual
plants became more practical in some countries, such as Turkey, which has very limited forest resources.
This provides a great deal of benefit to the economy of the country (Ashori 2009, Wang et al. 2009).

Polymer-composites can be made from wood and annual plant fiber or flours mixed with polymers
such as high density polyethylene (HDPE), polypropylene (PP) and polyvinyl chloride (PVC). The
resulting material have many applications because of their properties such as enhanced strength, stiffness,
creep, physical and mechanical properties and dimensional stability (Clemons 2002, Mengeloglu et al.
2000, Mengeloglu and Matuana 2003, Youngquist 1995). The market share of these products have grown
dramatically in Northern America and Europe by 18% and 14% during the last decade, respectively
(Wang and Wong 2007, Ashori 2008). Addition of lignocellulosic material offers many benefits to the
final product such as lower weight, decreased erosion of the manufacturing machinery, lower cost and
the absence of production of residue or toxic by-products when burnt. Thus lignocellulosic materials
are preferred as a filler in producing the polymer-composites (Ismail ef al. 2001, Matuana et al. 1998).
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Hazelnut (Corylus avellana) plantations cover 690000 hectares of land in Turkey. Nearly 70% of
the world hazelnut production is in Turkey and 660000 tons of nuts are produced annually. Accordingly,
every year about 260 thousand tons of hazelnut husk (outer leaves of hazelnut) waste is produced. This
waste is used for heating purposes in household (Kooperatgfcglgk Genel Midiirliigti 2013), but there
is limited information on hazelnut utilization. This study, investigated the utilization of this material as
a reinforcement material for composite manufacturing.

MATERIALS and METHODS

Materials

High density polyethylene (HDPE), Polypropylene (PP), hazelnut husk flour (HHF), maleic anhydrite
grafted polyethylene (MAPE) and polypropylene (MAPP) coupling agent were used as thermoplastic
matrix, organic filler and coupling agent, respectively. PE (SO 464) and PP (MH 418) homopolymer
were provided by Petrokimya Holding A.S. (PETKIM) and MAPE (PE MA 4351 GR) and MAPP (PP
MA 6452 TP) were provided by Clariant International Ltd. HH waste was supplied from Espiye, Giresun.
The experimental design of the study is presented in Table 1.

Table 1. Composition of the Polymer Composites evaluated in this study.

Composite Composition (mass/mass)
Group ID HS flour POlyI?(;:)Type Coupling( (A;)g)ent Type
(&2) HDPE PP MAPE MAPP
HDPE - 100 - - -
HHF1 50 50 - - -
HHF2 50 47 - 3 -
PP - - 100 - -
HHF3 50 e 50 - ;
HHF4 50 - 47 - 3

866



Mechanical, Thermal, Morpological...: Tufan et al. _865 - 874, 2015
f

METHODS

Preparation of compression molded polymer composites

The air dried HH was ground in a Willey mill pass to 60 and 80 mesh particle sizes and dried at
100° C. The HHF, polymers and coupling agent granulates were processed in a co-rotating single-screw
extruder (RONDOL 3212). The four barrel temperature zones of the extruder were controlled at 175
and 190 °C. The extruded strand passed through a water bath and was subsequently pelletized. Finally,
pellets were compression molded in a the hot press for 3 minutes at 175 °C and 10 MPa. The WPCs were
produced in dimensions of 150 mm in [length (L)] X 170 mm in [width (W)] x 5 mm in [thickness (T)].

Determination of Mechanical Properties

The properties of the manufactured composites were conducted in a climate-controlled testing
laboratory at 23 C° and 65 % RH. Flexural, tensile and impact properties were determined. The flexural
properties of the specimens with dimensions of 150(L) x 13(W) x 5(T) mm, modulus of rupture (MOR)
and modulus of elasticity (MOE), were measured in three-point bending test in accordance with ASTM
D 790. The tensile tests were performed according to ASTM D 638. The specimens were tested with a
crosshead speed of 5 mm/min. Dog-bone shape samples were used (type III) and all tests were performed
on Zwick 10KN Universal Testing Machine (Zwick Inc. Germany).Seven samples for each group were
tested.

Scanning Electron Microscopy

One sample of each material was dipped in liquid nitrogen and then fractured. The fractured surfaces
of tensile test specimens were studied using a JEAL scanning electron microscope (SEM) (JEAL/
NEOSCOPE JCM-5000) under an acceleration voltage of 10 kV. Two samples from each group were
selected. Different areas of selected examples were scanned. The samples were sputter coated with gold
to provide electrical conductivity.

Thermogravimetry and Differential Scanning Calorimetry

The extrusion pellets were grinded with a Willey mill prior to analysis. Thermo-gravimetric analysis
of the samples was done by using the PerkinElmer STA 6000 thermal analyzer. For the TGA test, samples
(3-5 mg) were heated in an aluminum pan up to 600 °C with the heating rate of 10 °C/min and kept at
this temperature for 2 min to monitor thermal history. Additionally, the melting behavior of the samples
was studied on a Differential Scanning Calorimeter (DSC) (PelkinElmer DSC 4000) in the temperature
range between 25 to 250 °C, at 10 °C/min heating rate under nitrogen with a 30 mL/min flow rate.

Decay Tests

Polymer composites (HHF1, HHF2, HHF3 and HHF4) and Scots pine (Pinus sylvestris L.) solid
wood specimens as controls samples were carried out according to European standard EN 113. Test
specimens of [20(L) x 20(W) x 5(T)] mm were dried at 101 + 3 °C for 48 hours and weighed to the
nearest 0,01 g to determine the initial weight (M,). One white rot fungus, Trametes versicolor L.Pilat
(Mad-697) and one brown rot fungi, Postia placenta (Fr.) M.J. Larsen & Lombard (Mad-698-R were
used for the decay tests. All test fungi were grown on a 4.8% malt extract agar. A mycelium plug of the
appropriate test fungus was transferred to the center of each Petri dish. The dishes were incubated at 24
+ 2 °C and 75% RH until the fungal mycelium reached the edges of the dishes. Six specimens of each
formulation were sterilized in an autoclave for 30 min at 121 °C and placed in the pre-inoculated Petri
dishes. Samples were placed on plastic screens in petri dishes so there is no direct contact between the
agar and specimen surfaces.
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At the end of the exposure time (16 weeks), the surfaces of the specimens were cleaned and weighed
immediately to determine post-decay weight of the samples. The specimens were then dried at 101 +
3 °C for 48 hours (M,) for the calculation of the mass loss. The percent mass loss (ML) was calculated

as follows,
ML(%) = [(M)]xloo
M

1

A set of Scots pine (Pinus sylvestris) specimens were also tested as a control against both fungi used
in this experiment.

Statistical Analysis

The mechanical and decay data were subjected to an analysis of variance (ANOVA). All means
were compared using Duncan’s multiple comparison test at o = 0,05 using a SPSS statistical program
(SPSS 19. 2010).

RESULTS

Mechanical Properties

Flexural and tensile strength, flexural and tensile modulus, elongation at break values of HHF-HDPE
composites are shown Table 2. Flexural and tensile strength, elongation at break values decreased with
the addition of HHF in the composites. Flexural and tensile strength values increased by 52% and 54%
respectively, when a coupling agent was added but elongation at break value did not change significantly.

Flexural and tensile modulus values increased 35% and 23% respectively, while strength properties
decreased when HFF was added to composite.

Table 2. Mechanical properties of HHF filled HDPE and PP composites.

Flexural Flexural Tensile Strength | Tensile Modulus .
Group ID Elongation at
Strength (MPa) | Modulus (GPa) (MPa) (GPa) Break (%)
HDPE 31,43 ¢ 1,3a 21,72 ¢ 0,39a 15,63 b
(0,59) (0,02) (2,90) (0,18) (0,45)
HHF1 19,21 a 1,7b 10,65 a 1,3b 287a
(0,42) (0,07) (1,03) (0,19) (0,38)
HHF2 2924b 23¢c 16,46 b 1,6 ¢ 242 a
(1,01) 0,2) (2,68) (0,18) (0,25)
PP 3222 ¢ 0,96 a 2387 ¢ 0,38a 14,10 b
(3,0D) (0,08) (1,44) (0,02) (2,65)
HHF3 20,48 a 23b 10,65 a 1,3b 1,71 a
(3,94) (0,22) (1,06) 0,21) (0,20)
HHF4 2842 b 2,5b 15,90 b 1,4b 1,97 a
(2,43) (0,29) (2,81) (0,24) (0,26)
Note:

-The values in parenthesis are standard deviations.
-Each value is the average of seven samples tested.
-Groups with the same letters in a column indicate no difference statistically (p < 0,05).

Table 2 shows the mechanical properties of the HHF-PP composites. Strength and elongation break
values decreased with addition of HHF in composites composed of both HHF-HDPE and PP (Table 2).
The Coupling agent addition to the HHF-PP composites improved flexural and tensile strength values
by 38% and 49%, respectively.

868



,

All HHF-PP composites had higher modules values than that of PP composite group. Flexural and
tensile modulus values increased sharply with addition of HHF in to composites. Flexural modulus,
tensile modulus and elongation at break values increased slightly with the addition of a coupling agent
in HHF filled PP composites, but the differences not significant (p<0,05). It is well known that the
mechanical properties of composites depend on mainly interaction between lignocellulosic filler and
the thermoplastic materials. Because plastics are hydrophobic substances that are not compatible with
hydrophilic lignocellulosics, resulting poor adhesion between plastic and HHF in composites (Sanadi
et al. 1994). One way to improve this to incorporate a coupling agent as an additive. The addition of
coupling agent improved the strength properties of all groups in this study. Similar results reported by
the others (Mengeloglu et al. 2007, Kord 2012, Basiji et al. 2010, Yang et al. 2007, Li and Matuana
2003, Gallagher and McDonald 2013).

Surface adhesion was improved by the addition of 3% MAPE in treatments HHF2 and HHF4 (Figures
1 and 2). Wood particles were well dispersed in the polymer matrix (Figures 1 and 2). Indicating, good
encapsulation of the lignocellulosic matrix. However some pulled-out fibers could still be observed in
the polymer composites.

Vac-High PC-Std. 10 kV x 300 — 00 M
Figure 1. SEM images showing good surface Figure 2. SEM images showing good surface
adhesion HDPE composites (magnification x adhesion PP composites (magnification x 300
300 and scale bar 100um). and scale bar 100um).

Thermogravemetric analysis (TGA) and Differential Scanning Calorimetry (DSC)

The results of TGA analysis are shown in Figure 3. Degradation of all polymer composites
first decomposition temperature peak started at around 220 °C, which is similar to the degradation
temperature of lignocellulosic materials, hemicellulose, cellulose and lignin. Degradation temperatures
are approximately 180 °C, 210 °C and 200 °C, respectively (Xu et al. 2006, Canetti ef al. 2006, Sain
and Panthapulakkal 2006). Second decomposition temperature peak gives the highest decomposition
temperature at 480 °C. It is known that HDPE degrades at around this temperature (Tascioglu ez al. 2014 ).
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Figure 3. TGA results of HHF filled HDPE and PP polymer composites.

The DSC results of HHF filled HDPE and PP polymer composites are presented in Figure 4. Melting
temperature were around HHF1 and HHF2 130 °C while HHF3 and HHF4 170 °C. Also we know that
melting point of virgin HDPE and PP are around 130 °C and 175 °C respectively (Klyosov 2007, Moreno
etal 2013).
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Figure 4. DSC results of HHF filled HDPE and PP polymer composites.
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Decay Test

Table 3 summarizes the results of decay test of polymer composites and solid wood control specimens.

Table 3. Mean mass loss (%) of polymer composites after a 16-week exposure to decay fungi.

Group ID T. versicolor Post-decay P. Placenta | Post-decay MC
MC (%) (%)
HHF1 7,59 (1,36) a 10,88 (1,57) 7,33 (0,69) a 8,81 (1,60)
HHF2 3,47(033)a | 5,51(0,83) | 4,60(0,87)a 4,57 (0,53)
HHF3 6,96 (1,22) a 8,01 (1,43) 5,72(0,12) a 3,26 (0,63)
HHF4 7,62 (0,65) a 7,73 (1,66) 5,59 (0,67) a 3,30 (0,52)
Scots pine control | 32,55(9,42)b | 41,32(5,21) | 31,99 (7,29)b 36,84 (6,11)

Note:

-The value in parenthesis is the standard deviation.

-Each value is the average of six samples tested.

-Groups with same letters in column indicate that there is no statistical difference (p < 0,05).

Mass losses produced by the white and brown rot fungi were 31,99% and 32,55%; for control wood
blocks, respectively, indicating that conditions were favorable for aggressive fungal attack. None of
the weight losses exceeded 8% for the white and brown rot fungi exposed to polymer composites. The
smallest mass loss has been found for white rot and brown rot 3,47% - 4,60% respectively (HHF2) with
added 3% coupling agent. Results indicate that mass loss rate was decreased approximately at 45% by
using coupling agent for HDPE while that statistically not significant for all polymer composites.

Previously literature suggests mass loss range between 3% and 6% for the same formulation (50/50)
WPCs tested against white rot in accordance with related standards (Tascioglu et al. 2013, Verhey et
al. 2001, Schirp and Wolcott 2005). Kartal ef al. 2011, has found same results for decay rate for brown
rot fungus (7. palustris ) (Kartal et al. 2013). Result shows that polymer composite has resistance to
decay despite good fungal colonization on the composite surfaces. Similar results were reported by other
authors (H’ng ef al. 2011, Khavkine et al. 2001).
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CONCLUSIONS
The following conclusions were obtained from this research:

All of the polymer composites had good mechanical properties that met the minimum flexural strength
of 6,9 MPa and flexural modulus of 0,34Gpa. The results indicate that HHF can be successfully used as
an alternative filler material in wood-plastic composite production.

During the manufacturing of polymer composite melting point and the degradation temperature of the
filler have great importance. Based on the TGA and DSC analysis during the manufacturing of polymer
composite extruder temperature should be over 130 °C and 170 °C for HDPE and PP respectively and
should be less than 220 °C to prevent the HHF from degrading.
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