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Abstract

Wood flour is the most common filler used in the production of wood plastic composite
(WPC) materials. In scientific studies on this subject, wood flours obtained from different
trees and fillers obtained from different annual plants are used. In addition, some mineral-
based fillers are also used in materials made of plastic. In this study, a low-density
polyethylene polymer obtained from recycling was used as the matrix. Larch wood flour and
glass flour obtained by grinding soft drink bottles were used as fillers. Composite boards were
produced using 60% polymer as the matrix, along with wood flour and glass flour in varying
proportions. The density, flexural strength, flexural modulus, tensile strength, tensile
modulus, elongation at break, and hardness values of the produced composites were
determined. Based on the data obtained, the density increased with the addition of wood flour
and glass flour as fillers, and the density-increasing effect of the glass flour was higher than
that of the wood flour. Compared to the control samples, it was determined that the bending
strength and elongation at break of the experimental groups decreased, and the flexural
modulus and tensile modulus increased in the experimental samples using wood flour and
glass flour.
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Polietilen, odun unu ve cam unu ile Gretilen odun plastik kompozit

malzemelerin baz 6zellikleri iizerine karsilastirmah bir cahisma

Oz

Odun plastik kompozit (OPK) malzemelerin (retiminde dolgu maddesi olarak
cogunlukla odun unu kullanilmaktadir. Bu konuda yapilan bilimsel ¢alismalarda da farkli
agaclardan elde edilen odun unlar ve degisik yillik bitkilerden elde edilen dolgu maddeleri
kullanilmaktadir. Ayrica, bazi mineral esasli dolgu maddeleri de plastikten dretilen
malzemelerde kullanilmaktadir. Bu c¢alismada, geri doniisiimden elde edilen diislik
yogunluklu polietilen polimer matris olarak kullanilmistir. Dolgu maddesi olarak Karagam
odun unu ve kullanilmis mesrubat siselerinin Ogiitiillmesi ile elde edilen cam unu
kullanilmigtir. Kompozit levhalarda polimer matris %60 oraninda ve odun unu ve cam unu ise
degisen oranlarda kullanilmistir. Uretilen kompozitlerin; yogunluk, egilme direnci, egilmede
elastikiyet modull, cekme direnci, gekmede elastikiyet moduli, kopmada uzama ve Shore D
sertlik degerleri belirlenmistir. Elde edilen verilere gore; odun unu ve cam ununun dolgu
maddesi olarak eklenmesi ile yogunlugun artti§1 ve cam ununun yogunlugu artirict etkisinin
daha fazla oldugu belirlenmistir. Kontrol 6rneklerine kiyasla, odun unu ve cam ununun
kullanildig1 deney orneklerinde, egilme direncinin ve kopmada uzama miktarinin azaldigi,
egilmede ve ¢cekmede elastikiyet modilunin artigi belirlenmistir.
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1 Introduction

There have been many studies on wood-plastic composites. The majority of these have
attempted to determine the properties of composite materials produced using a polymer
matrix and one or more fillers in a lignocellulosic structure. For example, Stark and Matuana
(2004) conducted a Fourier-transform infrared spectroscopic analysis and attempted to
determine the mechanical properties and photodegradation of composite boards produced
using wood flour (Ponderosa pine), high-density polyethylene and wax after aging tests.
Ndiaye et al. (2011) determined the bending strengths of composite materials produced using
pine wood flour (0%, 5%, 25%, and 50%), and polypropylene. Altuntas et al. (2017)
evaluated the mechanical properties of a composite material produced with Scotch pine wood
flour and high-density polyethylene. Mengeloglu and Cavus (2020) investigated the effects of
teak wood flour and rice husk as fillers. Narlioglu et al. (2018) investigated some mechanical
properties of composite boards produced using pine wood flour and polypropylene.

Some mineral materials have also been used as fillers in the production of plastic
composites. For example, Dindar et al. (2016) studied the effects of marble flour and wood
flour contents on the technological properties of thermoplastic composites, and they reported
that although the mechanical properties of the composites decreased with an increase in the
marble-powder content, the water absorption of the composites significantly decreased. The
physical, mechanical, and thermal properties of wood/zeolite/plastic hybrid composites were
investigated by Kaymaker et al. (2017), and they reported that the flexural and tensile
properties of the wood plastic composites decreased with increasing zeolite content.
Kaymake1 (2019) investigated the effect of titanium dioxide on some properties of wood-
plastic nano-composites, and noted that the flexural and tensile properties of the composites
increased with the TiO2 content.

In some previous studies, glass flour obtained from waste glass was used as filler in
plastic composites. For example, Sadik et al. (2021) evaluated the remarkable mechanical and
thermal properties of high-density polyethylene/waste glass flour composite, and they
reported that the tensile properties decreased as the waste glass powder percentage increased.
Bhaskar et al. (2021) investigated the tensile and flexural strengths of a glass-flour-reinforced
polymer composite, and noted that using 40% crystal powder filler by volume resulted in the
maximum tensile strength, whereas the maximum flexural and impact strengths were
achieved with 30% and 20% volume fractions, respectively. Heriyanto et al. (2018)
investigated some of the mechanical properties of a polypropylene composite filled with
sawdust and glass powder. They reported that the flexural strength decreased as the sawdust
decreased and glass powder increased. Karunanayake (2007) evaluated the effects of glass
powder on some of the mechanical properties of some engineering thermoplastics. According
to the data obtained as a result of the study, it was reported that the density and flexural
modulus increased, and the flexural strength and impact strength decreased, with an increase
in the glass powder. Kristiawan (2022) evaluated the effects of glass powder additive on
some mechanical properties of recycled polypropylene filaments, and reported that the
ultimate tensile strength and Young’s modulus of rPP-based specimens with 10% glass
powder additive showed increases of 38% and 42% compared to PP specimens, respectively.

To the best of the author’s knowledge, there has been no adequate study on the effects
of glass flour on the properties of recycled low-density polyethylene composites. Therefore,
the aim of this study was to investigate the effects of wood flour and glass flour as filler
materials on some of the properties of a polymer composite produced from recycled low-
density polyethylene.
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2 Material and Method
2.1 Material

In this study, recycled polyethylene was used to produce wood plastic composites.
Polyethylene in granular form was obtained from Vepsan (Kahramanmaras, Tiirkiye). Pine
wood flour with a 40-mesh dimension was used as a filler material. Drink bottles collected
from domestic use were used for glass flour. The bottles were smashed with a hammer into
small pieces, ground with a grinder, and used as a filler material. The compositions of the
composites are given in Table 1. Group 2, which contained 40% wood flour, and group 6,
which contained 40% glass flour, were created to compare the effects of wood flour and glass
flour on mechanical properties. Groups 3, 4, and 5 were formed to detect changes in the
mechanical properties.
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Figure 1. Recycled polyethylene (A), pine wood flour (B), waste glass flour (C)

The pine wood flour and waste glass flour were dried at 103 £ 2 °C. The wood flour,
glass flour, and polyethylene were then mixed to obtain a homogenous blend before
processing in the extruder. Then, the blend was mixed with a single screw extruder at
temperatures of 160, 175, and 190 °C. The extruded compound was taken in a filament form
from the barrel exit with a nozzle diameter of 3 mm. The extruded compound in a filament
form was cooled in the air on a table. The cooled filament was cut into pellets, and these
pellets were remixed with the extruder at temperatures of 160, 175, and 190 °C. The extruded
compound in a filament form was recooled in the air on a table. The cooled filament was recut
into pellets. These pellets were placed in a metal mold and transferred between electrical-
heated metal plates at a temperature of 190 + 5 °C. Non-stick baking paper (wax paper) was
used to prevent sticking. The compound was heated, and melted over a period of 17 min. No
pressure was applied during this procedure. At the end of this duration, the melted compound
was removed from the heater with the metal mold and immediately placed in a cold press. A
total of 2.5 kg/cm? of pressure was applied in the cold press for 5 min. After pressing, the
formed compound was taken from the metal mold, and a composite board was thus obtained
with the dimension of 3.5 x 175 x 175 mm? (thickness x width x length). Four composite
boards were produced for each group. A total of 24 boards were produced for this present
study. Test samples were prepared from these boards. Four test samples were cut from each
board for each test. Sixteen test specimens were prepared for each test. Test samples were cut
using a laboratory band saw. The edges of each test sample prepared for the tensile test were
shaped with a CNC router. The compositions of the composites are given in Table 1. Group 2
containing 40% wood flour and group 6 containing 40% glass flour were created to compare
the effects of wood flour and glass flour on mechanical properties. Group 3, group 4, and
group 5 were formed to detect the change in mechanical properties.
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Table 1. Composition of the Composites (wt%)

Control group Experimental groups

Content (%) Group 1 Group2 Group 3 Group 4 Group 5 Group 6

Polyethylene 100 60 60 60 60 60

Wood flour 0 0 10 20 30 40

Glass flour 0 40 30 20 10 0
2.2 Method

Flexural, tensile, and hardness tests were performed according to ASTM D790-15
(2016), ASTM D638-22 (2022), and ASTM D2240-15 (2021), respectively. Flexural tests
were conducted using a three-point bending test procedure on an electromechanical universal
testing machine (Natek 10kN). The span length was 56 mm. The support span-to-depth ratio
was 16:1. The preload was 5 N and the test speed was 2 mm/min. The test was ended when
the load decreased to 80% of the maximum load. Tensile tests were conducted on dog-bone-
shaped test samples (Type I) as described in ASTM D638-22 (2022). The distance between
grips was 115 mm, the preload was 5 N, and the test speed was 5 mm/min. The test was ended
when the test sample broke or the load decreased to 80% of the maximum load. At the end of
the test, the elongation was noted as the elongation at break. Hardness tests were performed
on a Shore D test device, model LD-J loyka.

The SPSS statistical package program was used. The data were analyzed using a one-
way analysis of variance (ANOVA), and significant differences among groups were
determined by the Duncan multiple range test.

3 Results and Discussion

The data obtained from density, ANOVA, and Duncan tests are given in Table 2. When
the density values given in the table were examined, it was determined that the density of the
control group (group 1) was 920 kg/m3, and the densities of the test samples in the
experimental groups, which used wood and glass flour fillers, were significantly higher than
that of the control group. In addition, the effect of glass flour on the density was greater than
the effect of wood flour. The highest density was measured in group 6, which was filled with
40% glass flour. Similar results were reported by Karunanayake (2007) and Heriyanto et al.
(2018). According to Heriyanto et al. (2018), this was because the addition of small particles
of glass flour filler provided better compaction of the larger wood flour. When the Duncan
test results given for the density values in the table were examined, it was determined that
there was a statistically significant difference (P < 0.001) between groups 1, 2, 3, 4, and 5, but
this increase was not statistically significant between groups 5 and 6. In previous studies on
wood plastic composite materials, similar results were obtained regarding the density values
(Heriyanto et al., 2018; Atar et al., 2021; Friedrich 2021; Bal 2022).

Table 2. Density values, ANOVA P-values, and Duncan test results

Groupl Group2 Group3 Group4 Group5 Group6 P values
X 920A* 1034B 1088C 1126D 1162E 1166E P <0.001
SsS 4.2 9.5 8.9 12.0 9.6 134

X: mean value, ss: standard deviation, and *: lowest value, with different letters (*a, b, c)
indicating significant differences in Duncan test results

73



Bal, Furniture and Wooden Material Research Journal, 6 (1), 70-79

The flexural strength and modulus of elasticity data for the obtained composite material
are given in Table 2. As the percentage of wood flour decreased and the percentage of glass
flour increased, some mechanical properties increased while others decreased. It is known that
the mechanical properties of many composite materials generally increase with the density.
However, this is not the case for every mechanical property of wood-plastic composite
materials. As listed in Table 2, the flexural strength first increased and then decreased as the
amount of wood flour decreased and glass flour increased. The highest flexural strength was
determined in the control group.

The flexural strength of the control group was 17.4 N/mm?. The lowest flexural strength
was 12.7 N/mm? in group 6 with 40% glass flour. The flexural strengths of all the
experimental (groups 2, 3, 4, 5, and 6) test samples were lower than that of the control group
(group 1) (P < 0.001). When the flexural strengths of groups 2 and 6 were compared, it was
determined that group 2 filled with wood flour had a higher flexural strength. Similar results
reported by Heriyanto et al. (2018) were related to the effects of wood flour and glass flour.
According to Tabari et al. (2011) and Heriyanto et al. (2018), this was because a weak
interfacial region leads to delamination of the particulates during flexural testing and reduces
the efficiency of the stress transfer along the matrixes.

The flexural modulus was measured as 351 N/mm? in the control group, which was the
lowest value. The highest was 741 N/mm? in group 4 (filled with 20% wood flour and 20%
glass flour). In general, as the percentage of wood flour decreased and that of the glass flour
increased, the flexural modulus first increased and then decreased. Comparing the flexural
modulus values of group 2 filled with 40% wood flour and group 6 filled with 40% glass flour
showed that group 2 had a higher flexural strength. Compared to the control group, the
flexural modulus values of the experimental groups were higher. The difference was
statistically significant (P < 0.001).

Similar results were obtained in previous studies on the flexural properties of wood-
plastic composite materials. For example, Ayrilmis, and Jarusombuti (2011) reported that the
flexural strength tended to increase as the amount of wood flour increased and then decreased
again, while the flexural modulus increased as the amount of wood flour increased.
Mengeloglu and Karakus (2008) reported that as the wood flour ratio of wood plastic
composites produced with eucalyptus wood flour and recycled high-density polyethylene
increased, the flexural strength decreased and the flexural modulus increased. Altuntag et al.
(2017) reported that as the percentage of wood flour increased, the flexural strength
decreased, but the flexural modulus increased. Cavus (2020) determined that as the wood
flour percentage of a wood-plastic composite material produced using mahogany wood and
polypropylene increased, the flexural strength and flexural modulus increased.

Table 3. Flexural test data, ANOVA P values, and Duncan test results

Groupl Group2 Group3 Group4 Group5 Group6 P values
X 17.4D 14.4B 15.4C 15.9C 15.4C 12.7A*  P<0.001

Flexural Strength

N/mm? ss 05 1.0 0.8 08 06 1.1
Flexural Modulus X 351A*  686C  703CD 741D 696CD  531B  P<0.001
N/mm? ss 22 86 85 67 39 37

X: mean value, ss: standard deviation, and *: lowest value, with different letters (*A, B, C) indicating
significant differences in Duncan test results
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The load—deformation graphs obtained during the flexural tests of the test specimens
belonging to groups 1, 2, and 6 are shown in Fig. 1. These graphs show that the amount of
deformation in bending is approximately 20 mm in group 1, where it is the highest. The
smallest of approximately 16 mm was obtained in group 2. It was approximately 19 mm in
the test samples of group 6. It has been reported that materials showing large areas under the
load—deformation graphs produced by flexural tests are more flexible and have higher
deformation ability than those showing smaller areas (Ors and Keskin 2001).
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Figure 2. Load—deformation curves from flexural tests (group 1, group 2, and group6)

The tensile strength, tensile modulus, and elongation at break data are given in Table 3.
The highest tensile strength was determined to be 10.1 N/mm? in group 1 and the lowest was
5.7 N/mm? in group 2. The tensile strengths of all the experimental groups (groups 2, 3, 4, 5,
and 6) were smaller than that of the control group (group 1). Similar results were reported by
Sadik et al. (2021) and Karunanayake (2007). The tensile strengths of the experimental
groups increased as the percentage of wood flour decreased and the percentage of glass flour
increased. The difference was statistically significant (P < 0.001). According to the Duncan
tests, there was no statistical difference between the tensile strengths of groups 5 and 6. The
smallest tensile modulus was 139 N/mm? in group 1, and the highest was 332 N/mm? in group
3. In contrast to the tensile strength, the tensile modulus values of all the experimental groups
(groups 2, 3, 4, 5, and 6) were greater than that of the control group. The difference was
statistically significant (P < 0.001). According to the Duncan test results, there was no
difference between groups 4, 5, and 6. The elongation at break was 219% in group 1, which
was the highest, and 4.5% in group 3, which was the lowest. The elongation at break values of
all experimental groups (groups 2, 3, 4, 5, and 6) were smaller than that of the control group.
Similar results related to plastic composites filled with glass flour were reported by Sadik et
al. (2021) and Karunanayake (2007). The difference was statistically significant (P < 0.001).
However, the difference between the Duncan test results for the experimental groups was
insignificant. The elongation at break of group 6 was greater than the elongation at break of
group 2. Similar results have been reported for the tensile strength, tensile modulus, and
elongation at break in previous studies on wood plastic composites. Mengeloglu and Karakus
(2008) determined that as the wood flour ratio of wood—plastic composites produced using
eucalyptus wood flour and recycled high-density polyethylene increased, the tensile strength
and elongation at break values decreased, and the tensile modulus increased. Similar results
were obtained in the study conducted by Atar et al. (2016) using eggplant stalks as filler. In
the study conducted by Altuntas et al. (2017), it was determined that as the percentage of
Scotch pine wood flour increased, the tensile strength decreased and the tensile modulus
increased. Akbas et al. (2013) determined that both the tensile strength and tensile modulus
decreased with an increase in the filling percentage in their study using hazelnut flour. Cavus
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(2020) reported that as the wood flour percentage of a wood-plastic composite material
produced using mahogany wood and polypropylene increased, the tensile modulus increased,
but the tensile strength and elongation at break decreased. Similar results were obtained in the
studies by Cavus and Mengeloglu (2017) and Kismet (2015). It can be said that the reasons
that these studies obtained different results are related to the characteristics of the filler and
polymer used.

Table 3. Tensile test data for composites, ANOVA P-values, and Duncan test results

Groupl Grup2 Grup3 Grup4 Grup5 Group6 P values

Tensile Strength X 10.1D 5.7A* 6.0B 6.1B 6.6C 6.6C P<0.001
N/mm?

s 0.7 0.3 05 0.4 0.4 0.3
Tensile Modulus X 139A  233B 332D  310C  292C  289C P<0.001
N/mm? s 30 29 34 25 24 39
Elongationat  x 219B  47A  45A  57A  92A  294A P<0.001
%) s 93.6 0.8 0.6 1.0 25 11.1

X: mean value, ss: standard deviation, and *: lowest value, with different letters (*A, B, C)
indicating significant differences in the Duncan test results

Stress—strain graphs were produced using the data obtained during the tensile tests.
These graphs are given in Figure 2. It can be seen that there are very important differences
between the graph of group 1, which is the control group, and the other graphs. The
elongation at break was measured as 219% in the control group. In group 2, a very rapid
decrease in the elongation at break occurred. The smallest elongation at break was measured
as 4.7% in group 2. It is thought that the elongation at break decreased because of the
weakening of the internal adhesion of the polymer matrix due to the filler.
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Figure 2. Stress-strain curves of tensile tests of the group 1, 2 and 6

The Shore D hardness values of the composites produced in this study are given in
Table 4. The hardness values of all the experimental groups were greater than that of the
control group. The Shore D hardness of group 2 was higher than that of group 6. The
differences among groups were significant (P < 0.01). As the percentage of wood flour in the
composite material decreased and the percentage of glass flour increased, the hardness value
decreased. In fact, glass is a harder material than wood. However, the amount of wood flour
added to the composite as a weight percentage was much greater than the amount of glass
flour. Therefore, as the wood flour in the composite decreased, the hardness decreased.
Similar results have been reported in previous studies. Cavus (2020) determined that the
Shore D hardness value increased as the percentage of wood flour increased in wood—plastic
composite materials produced with mahogany wood and polypropylene. Similar results were
obtained in the study by Cavus and Mengeloglu (2017) and in the study by Mengeloglu and
Cavus (2020), in which teak wood flour and rice husk were used as fillers.
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The hardness value increased with increasing filler material. In general, with the
addition of lignocellulosic or mineral-based filler to the composite, the density of the
produced composite material also increased. As a natural consequence of this, the hardness
value increased. However, it cannot be generalized that all of the mechanical properties and
modulus of elasticity of wood-plastic composite materials increase with the density. There
was no such claim in previous studies. In this study and previous studies on similar subjects,
the increase in the density of the wood-plastic material caused an increase in the static
hardness value. However, some other mechanical properties such as the tensile strength and
elongation at break decreased.

Table 4. Hardness test data for composites, ANOVA P-values, and Duncan test results

Groupl Group2 Group3 Group4 Group5 Group6 P values

X 48.3A*  56.9E 58.6F 55.5D 54.0C 51.6B P <0.001

SS 1.2 0.7 0.5 0.5 11 0.7

X: mean value, ss: standard deviation, and *: lowest value, with different letters (*A, B, C) indicating
significant differences in the Duncan test results

4  Conclusions

In this study, the effects of wood flour and glass flour as filler materials on the some
properties of a polymer composite produced from recycled low-density polyethylene were
investigated comparatively. According to the data obtained, the following conclusions can be
made.

e In this study, composite materials were successfully produced using wood flour and
glass flour as fillers, along with recycled polyethylene.

e The flexural strength, tensile strength, and elongation at break values of the produced
composites decreased with the addition of filler, whereas the bending and tensile
modules increased.

e The flexural strength and flexural modulus of group 2, which used 40% wood flour,
were higher than those of group 6, which used 40% glass flour.

e The tensile strength, tensile modulus, and elongation at break of group 2, which used
40% wood flour, were lower than those of group 6, which used 40% glass flour.

e It was determined that the hardness values of all experimental groups were greater than
that of the control group. Because the volume of wood flour added to the composite was
much higher than that of glass flour, the wood flour produced a greater increase in the
hardness than the glass flour.

e Considering the flexural and tensile test results, it can be said that wood flour and glass
flour should be used in equal amounts in a wood—polymer composite.
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