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Abstract

In this study, composite boards were produced using waste plastic furniture parts and
wood flour. Wood flour was used at rates of 0%, 15%, 30% and 45% in the preparation of
composite boards. Thus, 1 control and 3 composite groups were created. The boards are
produced in dimensions of 3.5x175x175 mm (thickness, width, length). Density, flexural
strength, flexural modulus, deformation at break, tensile strength, tensile modulus, elongation
at break, hardness tests and thermal gravimetric analysis (TGA) and differential scanning
calorimeter (DSC) analysis were performed on the produced composite boards. According to
the obtained data, it was determined that as the percentage of wood flour in the composite
groups increased compared to the control group, the values of flexural strength, deformation
at break, tensile strength and elongation at break decreased whereas the values of density,
hardness, flexural modulus and tensile modulus increased. According to the TGA and DSC
analysis results, it was understood that the waste plastic furniture parts were composed of
linear low density polyethylene (LLDPE) and polypropylene (PP) polymer materials, also the
decomposition temperature of the composite materials partially increased with the increase in
the percentage of wood flour.
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Plastik mobilya atiklari ve odun unu ile iiretilen kompozit malzemenin

secili bazi ozellikleri

Oz

Bu ¢alismada, atik plastik mobilya parcalari ve odun unu kullanilarak kompozit levhalar
iiretilmistir. Kompozit levhalarin hazirlanmasinda, %0, %15, %30 ve %45 oranlarinda odun
unu kullanilmistir. Boylece 1 kontrol ve 3 kompozit grubu olusturulmustur. Levhalar
3.5x175x175 mm (kalinlik, genislik, uzunluk) &lgiilerinde iiretilmistir. Uretilen kompozit
levhalarin yogunluk, egilme direnci, egilmede elastikiyet modiilii, kopmada deformasyon,
cekme direnci, ¢ekmede elastikiyet modiilii, kopmada uzama ve sertlik testleri ile termo
gravimetrik analiz (TGA) ve diferansiyel taramali kalorimetre (DSC) analizi yapilmistir. Elde
edilen verilere gore; kontrol grubuna gére kompozit gruplarindaki odun unu ytiizdesi arttik¢a
egilme direnci, kopmada deformasyon, c¢cekme direnci ve kopmada uzama degerlerinin
azaldigi, buna karsilik, yogunluk, sertlik, egilmede elastikiyet ve cekmede elastikiyet
degerlerinin artti1 belirlenmistir. TGA ve DSC analizi sonuglarina gore atik plastik mobilya
parcalariin dogrusal algak yogunluklu polietilen (DAYPE) ve polipropilen (PP) polimer
malzemelerden olustugu, ayrica odun unu oranmin artmasiyla kompozit malzemelerin
bozunma sicakliginin kismen arttig1 anlasilmistir.

Anahtar kelimeler: Atik plastik mobilya, kompozit malzeme, odun unu
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1 Introduction

Wooden material is a valuable material used in the production of furniture that meets
many needs such as sitting, sleeping and resting with the transition of human beings to a
settled life. Materials such as wood-based composites, metals, glass and plastic are also
widely used in furniture production with the increase in consumption after the Industrial
Revolution. Almost all of these materials can be reused. In particular, plastic materials are
among the materials that can be recycled and reused. In recent years, total furniture
production around the world has increased. One of the important reasons for this is that
consumers' furniture renewal times have decreased compared to the past. This has led to an
increase in the amount of waste furniture. Today, different methods such as recycling, reuse
and incineration are used to eliminate solid wastes.

In furniture production, solid wood, wood-based composite materials, metals, glass,
marble, textile products and plastic materials have been widely used from the past to present
(Bal and Kilavuz 2015). Metal, glass and plastic are materials that can be recycled and reused
among these materials. Plastic material is easier to recycle than other waste materials among
these materials and is one of the most collected materials for recycling among solid waste.

Recycled plastic materials are used in different areas. In particular, wood plastic
composite (WPC) materials are widely used today as flooring, benches, picnic tables and
building exterior cladding (Stark and Matuana 2004; Smith and Wolcott 2006; Klyosov
2007). Scientific studies are carried out on recycled plastic materials. For example,
Mengeloglu and Karakus (2008) investigated the mechanical properties of recycled high
density polyethylene (rHDPE) composites obtained from wastewater pipes filled with
eucalyptus wood flour in their study. Miyahara et al., (2018) studied the preparation and
characterization of composite materials using plastic waste from hydrapulper from paper
industries extruded with sugar cane fiber residues. Ozkaya et al., (2021) determined the usage
possibilities of powder rubbers obtained from waste car tires in the production of laminated
veneer lumber (LVL) boards. Hukala et al., (2022) prepared and characterized the wood
polymer composites consisting of used polypropylene (PP) bottles and saw dust. Bekhta et al.,
(2017) manufactured and determined the properties of veneer overlaid flat pressed wood
plastic composite panels from recycled low density polyethylene (rLDPE), wood particles and
different kinds of veneer using various adhesives. Lyutty et al., (2018) experimented the
possibility of manufacture and properties of the lightweight flat pressed WPC using rLDPE,
expanded polystyrene and wood particles. Rahman et al., (2018) determined the physical,
mechanical and decay resistance of wood plastic composites produced from drinking water
bottles (PET bottles). Bal (2022a) produced and tested composite boards using recycled
polyethylene mixed with the used Tetra Pak® boxes and pine wood flour as fillers. Bal
(2023a) determined some properties of wood plastic composite materials produced with
recycled polyethylene, pine wood flour and glass flour.

As can be seen in previous studies, WPC material was produced from recycled plastic
materials and its technological properties were investigated. One of the important differences
between recycled plastic materials and pure plastic materials is the fillers and additives added
during the production stage. Due to these substances, the properties of the plastic change. In
this study, waste old plastic chairs and wood flour were mixed and a composite material was
obtained. However, during the production of plastic chairs, calcite, talc, stabilizer, pigment
etc. are added to the polymer material as a filler and its properties are changed. Therefore, it is
not possible to obtain a pure polymer by recycling it. It should be taken into consideration that
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calcite, talc, etc. fillers have a significant impact on the quality of products produced from
recycled waste polymers.

The aim of this study is to bring plastic chair waste into the economy by investigating
the potential of using plastic chair waste, which has completed its service life after long-term
use, in thermoplastic composite production. For this purpose, WPCs were produced by
mixing wood flour and waste plastic, and then some physical and mechanical properties of
WPCs were investigated.

2  Material and Method
2.1 Material

In this study, old and waste plastic chairs obtained from garbage were used as the
polymer matrix. According to the differential scanning calorimeter (DSC) analysis performed
in this study, it was understood that the polymer matrix contained polypropylene (PP) and
linear low density polyethylene (LLDPE). Pine (Pinus nigra) wood saw dust was obtained
from a timber workshop in Kahramanmaras city. Saw dust was sifted and 60 mesh size was
used as filler. No other additives or fillers are added to the mixture. The compositions of the
composites are given in Table 1. A control group and 3 experimental groups were created.

Table 1. Composition of the composites (wt%)

Control group Experimental groups
Content (%) Group 1 Group 2 Group 3 Group 4
Waste plastic 100 85 70 55
Wood flour 0 15 30 45

Waste chairs were cut into small pieces (Fig 1-A) and mixed with the wood flour filler
(Fig 1-B). Then, the blend was mixed with a single screw extruder at temperatures of 150,
165 and 175 °C. The mixture was taken as a thread from a 3 mm diameter nozzle at the exit of
the extruder and left to cool on a table (Fig 1-C). Then, this material was crushed and small
pellets were obtained (Fig 1-D). In order to obtain a homogeneous mixture, the material was
processed twice in the extruder. Then, these pellets were passed through the extruder again,
cooled on the table again and broken again to obtain small pellets in Fig. 1. These pellets were
placed in a metal mold and transferred between an electrical-heated hot press at a temperature
of 180 °C. Non-stick baking paper was used to prevent sticking. The pellets were heated and
melted over a period of 12 min. At the end of this duration, the melted composites were
removed from the hot press 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.

Figure 1. Waste plastic chair piece (A), Wood flour (B), The compound after extruder
process (C), Pellets (D)
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After pressing, the composite board was taken from the metal mold and thus a
composite board was obtained with the dimension of 3.5%175%175 mm
(thicknessxwidthxlength). Four composite boards were produced for each group. A total of 16
boards were produced for this present study (Fig. 2-A). 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 shapes of
each test sample prepared for the tensile test (Fig. 2-B) were shaped with a CNC router.
Flexural test samples were cut using a laboratory band saw in the dimensions of 3.5x20x90
mm (thicknessxwidthxlength).

Figure 2. Composite boards (A), Tensile test samples (B), Flexural test samples (C)
2.2 Method
2.2.1 Mechanical properties

Flexural tests were performed according to ASTM D790-15 (2016). Flexural tests were
conducted using a three-point bending test procedure on a universal testing machine (UTM)
(Fig 3). 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 or test samples were broken. The amount of deformation at the end
of the test is called deformation in break or deformation in bending. This value shows the
deformation ability of the material against bending.

Figure 3. Testing device (UTM) for flexural and tensile tests

Tensile tests were conducted according to ASTM D638-22 (2022) on dog-bone-shaped
test samples (Type-I) as described in ASTM D638-22 (2022). The distance between grips was
115 mm and the preload was 50 N. 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.
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Hardness tests were performed according to ASTM D2240-15 (2021) on a Shore D test
device. The density of the test samples was determined according to ASTM 790 (2020) by
dividing the weight of the test sample by its volume in water.

2.2.2 Thermal properties

Thermogravimetric analysis (TGA) was performed using a Shimadzu TGA-50 in
flowing nitrogen gas at a heating rate of 10 °C/min. The examined temperature range was
between 40 °C and 600 °C. The weights of all samples were approximately 10 mg.
Differential scanning calorimetry (DSC) was performed using a Shimadzu DSC-60
differential scanning calorimeter in flowing nitrogen gas at a heating rate of 10 °C/min. The
scanned temperature range was between 30 °C and 200 °C. The weights of all samples were
approximately 10 mg.

3 Results and Discussion

The results of density obtained from tests are given in Table 2. When the data given in
the table is examined, it can be seen that the smallest density value was determined in the
control group (983 kg/m’) and the largest density value was determined in group 4 (1070
kg/m?). The density value of the composite material also increased as the amount of filler
increased compared to the control group. Differences between groups are statistically
significant. Similar results were found in previous studies (Matuana and Stark 2015;
Mengeloglu et al., 2015; Cavus 2020; Bal 2022a-b).

Table 2. Density values, ANOVA p values and Duncan test results of composite groups

Density

(kg/m?) Group 1 Group 2 Group 3 Group 4 p values
X 983A 10028 1045C 1070D n <0.001
ss 8.6 12.4 6.7 10.5

Flexural test result values, ANOVA p values and Duncan test results were showed in
Table 3. As can be seen in the table, the highest flexural strength value was determined in the
control group and the smallest flexural strength value was determined in group 4. Differences
between groups are statistically significant (p<0.001). As the amount of filler in the composite
increased, the bending strength value decreased. Flexural strength is the ability of a composite
material to stay together when it is bending. Wood flour used as a filler negatively affects the
cohesion strength. In previous studies, it has been determined that bending strength decreases
as the amount of filler increases regardless of the polymer material used (Berger and Stark
1997; Mengeloglu and Karakus 2008; Ozmen et al., 2014; Matuana and Stark 2015;
Mengeloglu et al., 2015; Altuntas et al., 2017; Narlioglu et al., 2018a; Bal 2022a-b).

The flexural modulus of the composites was opposite to the flexural strength values.
The smallest flexural modulus value was obtained in the group 1 and the largest value in
group 4. As the amount of filler in the composite material increased, the flexural modulus also
increased. Differences between groups are statistically significant (p<0.001). Flexural
modulus indicates how well a composite material resists the bending deformation. Flexural
modulus of wood is higher than polymers. Therefore, flexural modulus of the composite
material increases as the wood filler increases. Similar results reported in previous studies
(Berger and Stark 1997; Mengeloglu and Karakus 2008; Mengeloglu et al., 2015; Altuntas et
al., 2017; Narlioglu et al., 2018b; Bal 2022a-b).
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Deformation at break values obtained from the flexural test was also given in Table 3.
The highest deformation at break value was determined from group 1 and the smallest values
were obtained from group 4. The differences between groups were significant (p<<0.001).
Deformation at break values shows the deformation ability of the composite material under
bending force. High deformation at break values shows that the material is ductile. In
contrast, low deformation at break values shows that the material is brittle. Accordingly,
group 1 test samples are more ductile compared to other groups. Similar results were reported
about deformation at break values by Fiore et al., (2014) and Bal (2022b).

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

Property Group1l Group 2 Group 3 Group 4 p values
Flexural Strength X 44.0D 38.4C 33.3B 30.7A p <0.001
2
N/mm s 26 1.9 1.2 0.8
Flexural Modulus X 1487A 1674B 2118C 2298D p <0.001
N/mm?
ss 100 105 87 166
Deformation at break X 15.4C 9.9B 6.5A 5.2A p <0.001
mm ss 3.9 1.0 0.7 0.4

Table 4 shows the tensile strength, tensile modulus and elongation at break values as
well as the Duncan test results and ANOVA p values. Tensile strength values decreased as the
filler content in the composite material increased as seen in Table 4. The tensile strength of
the control group was 17.5 N/mm? and that of group 4 was 12.1 N/mm?. The differences
among groups (group 1, group 2 and group 3) were statistically different (p<0.001). The
effect of wood flour as a filler was negative on the tensile strength. Similar results were
obtained for elongation at break. On the contrary, the effect of wood flour was positive on the
tensile modulus. Tensile modulus increased as the filler content increased. The tensile
modulus of group 1 was 451 N/mm?* and tensile modulus of group 4 was 598 N/mm?’. The
differences between group 4 and other groups were significant. But, there is no difference
among group 1, 2 and 3. Similar results were obtained in previous studies on WPC materials
filled with wood flour (Mengeloglu and Karakus 2008; Atar et al. 2016; Cavus 2020; Bal
2022a-b).

Table 4.Tensile test data, ANOVA p values, Duncan test results

Property Group 1 Group 2 Group 3 Group 4 p values
Tensile Strength X 17.5C 15.3B 13.2A 12.1A p<0.001
N 2
o s 3.0 1.4 0.5 0.9
Tensile Modulus X 451A 455A 472A 598B p<0.001
N/mm?
SS 54 30 93 82
Elongation at break X 47C 4.5C 358 2. 6A n<(0.001
mm s 1.3 0.8 0.6 0.4

Shore D hardness test values, ANOVA p values and Duncan test results were given in
Table 5. When the table was analyzed, it can be seen that hardness increased with increasing
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wood flour content. There is a statistically significant (p<0.001) difference between the
control group and the experimental groups but the difference between group 3 and group 4 is
insignificant. Wood is a harder material than plastic. Therefore, the hardness of the composite

material increases as the amount of wood flour in the composite material increases (Cavus
and Mengeloglu 2017; Cavus 2020; Bal 2022; Bal 2023a-b; Narlioglu 2021).

Table 5. Hardness test data, ANOVA p values, Duncan test results

Hardness Group 1 Group 2 Group 3 Group 4 p values
X 72.82A 75.10B 76.13C 76.34C p <0.001
ss 1.00 0.56 0.74 0.78

DSC curves and DSC analysis result values of the composites are given in Figure 4 and
Table 6, respectively. According to Table 6 and Figure 4, it is understood that the waste
plastic furniture parts are produced from 2 polymer materials. When the melting and enthalpy
temperatures of the polymers are examined, it is understood that the material in the polymer is
polypropylene (PP) and linear low density polyethylene (LLDPE). When Figure 4 is
examined, it is understood that the material that melts at 159 °C is PP. Additionally, it was
determined that the material that melts at 121 °C is LLDP polymer (Li, 2019; Dikobe 2010;
Golebiewski 2007).

DsSC
mwW
20-
group_1
group_2
15 group_3
group_4

10-

—

-5
100

40 50 60 70 80 90 100 110 120 130 140 150 160 170
Temp [C]

Figure 4. DSC curves of composites

It is understood that the melting temperature of LLDPE increases up to 2 °C as the
amount of wood in the material increases. When Table 6 is examined, it is understood that the
crystallization temperature of LLDPE varies between 107.6-110.2 °C. It has been understood
that enthalpy values generally increase as the amount of wood in the composite increases. The
enthalpy regions of LLDPE and PP are intertwined in Figure 4. In a study, it was stated that
the enthalpies of polymers overlap each other in the DSC curve due to rapid cooling (Fonseca
1998). The DSC cooling curves of the groups are shown in Figure 4. The crystallinity degrees
of the polymers are very close to each other in the composites. Therefore, crystallinity levels
may be intertwined. The most likely reason for the formation of a single crystallization peak
is that the polymer mixture was cooled at a relatively high rate of 10 °C min™ (Dikobe ve
Luyt, 2010).
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Table 6. DSC analysis results of composites

LLDPE PP Meltin LLDPE PP LLDPE PP
Samoles Melting Tem :ral ¢ gr Crystallization Crystallization Crystallization Crystallization
pie Temperature el()° 0) u Temperature  Temperature Enthalpy Enthalpy

O CO O (J/g) (J/g)
Group 1 121.7 159.0 107.60 116.4 1.8 64.6
Group 2 122.7 159.5 110.2 115.5 1.41 51.8
Group 3 123.7 159.3 109.8 115.0 1.41 38.6
Group 4 123.7 159.4 108.2 115.7 1.35 40.4

TGA and derivative thermal gravimetric analysis (DTGA) curves of composites were
given in Figure 5. According to the TGA curves, it was understood that the degradation of
composite samples with added wood occurred in 3 regions. According to the TGA curve, it
was understood that wood first started to decompose at 235°C, PP at 370°C and LLDPE at
448°C. It was concluded that the lignocellulosic material was degraded in the first stage in the
TGA curve and the plastic material was degraded in the second and 3rd regions. Based on a
comparison with the control group, it appears that there are 2 different polymer materials
within the composite material. It has been observed that polymer material decomposes
between 350-500°C especially. Wood added to composites is thought to decompose in the
temperature range of 200 °C to 350°C. In a study, it was stated that the composites containing
PP, LLDPE and wood had two degradation stages. First, it was understood that the wood in
the composite had deteriorated. Depolymerization of lignocellulose occurred between 275°C
and 350°C (Dikobe and Luyt 2010). When group 1 is examined in the TGA curves, it is
understood that the amount of substance remaining at 600 °C is approximately 12%. It is
known that calcium carbonate is generally used as a filling material in the production of
plastic chairs (Xanthos 2005; Srivabut et al., 2021; Aliev et al., 2023). It can be said that an
inorganic substance was added to the production of the plastic chair used in this study.
Additionally, the amount of remaining matter also increased at 600 °C when wood was added
to the composites.

T(zA DrTGA
2% mg/min
4 0.50
100 TGA
90r
0.00
80T D7ea
70r
60- 1-050
50 ——— Group1 TGA
—— Group 1 DrTGA 1-1.00
40r Group_2 TGA
300 T Group_2 DrTGA
—— Group_3 TGA 150
20- — Group_3 DITGA 1
—— Group_4 TGA
10— Group_4 DrTGA
1-2.00
-0-

100 150 200 250 300 350 400 450 500 550 600
Temp [C]

Figure 5. TGA curves of composites.
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4 Conclusion

In this study, the composite material was successfully produced using waste plastic
furniture parts and wood flour, and, some properties of composite material were investigated.
According to the obtained data, the following results can be said;

e The density value of the composite material also increased as the amount of filler
increased compared to the control group. Differences between groups are statistically
significant.

e The flexural strength and deformation at break decreased as the amount of filler in the
composite material increased but flexural modulus increased.

e Tensile strength and elongation at break decreased with increasing wood flour but
tensile modulus increased.

e Significant increases in the hardness of the composites were observed as a result of
adding wood flour to the plastic matrix compared to the control group.

e According to the thermal analysis results, it was seen that the waste plastic furniture
parts consisted of two different polymers (LLDPE and PP).

e [t was observed that the thermal decomposition temperature of composite materials
increased partially due to the increase in the wood flour ratio in the composite.

e It has been observed that the strength values obtained in this study meet the minimum
strength values required for the usage areas of polyolefin-based plastic lumber products
specified in ASTM D 6662.

e The composite materials produced in this study can be used in some application areas
where high rigidity is required (e.g. flooring, automobile trims) in addition to
application areas that require low strength (e.g. exterior cladding, door-window frames).
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