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ABSTRACT

The use of wood-plastic composites has become widespread in various fields due to their specific
advantages. However, their use in manufacturing components is limited due to their weak mechanical
properties. In this research, the production method of microstructure composites was used for reinforcement,
in which poly(9,9-dioctylfluorene-alt-N-(4-sec-butylphenyl)-diphenylamine) (TFB) as the second phase
forms the morphology of nanocomposite in the main area of TFB under special process conditions with the
tension of the thread emerging from the extrusion orifice. In the second phase of production, the finished
parts are formed at a temperature below the melting temperature of phase to obtain the morphology of the
composite and the reinforcing effect. The main base is TFB which used as the second phase in an amount of
10% by weight. The proportion of wood particles and carbon fibers is corresponded by weight respectively.
It was found that the tensile strength increases with the increase in the draw ratio. The tensile strength of the
hybrid wood-plastic composite with TFB and PE also increased.
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INTRODUCTION

Wood plastic composites (WPCS) are a product that has evolved over the last 30 years, leading to an
increase in applications and a growing market share. WPCs are composite materials that contain a wood
component in the form of wood particles (wood flour) and a polymer matrix. WPCs are a group of
composite materials and products that consist of two separate main components. One of these materials is a
base that holds the different components together, binds them together and provides load transfer between
them [1]. Wood-polymer composites are materials in which wood is impregnated with monomers that are
then polymerized in the wood to adapt the material for specific applications. The resulting properties of
these materials from lightness and improved mechanical properties to greater sustainability have led to a
growing number of applications in areas such as building, construction and automotive. Another main
component is wood. Wood components can be of any shape and size and serve as a filler and reinforcement
for composite materials. Wood has advantages over conventional fillers such as lower cost, better strength-
to-weight ratio, lower density and can reduce the amount of polymer used. It can be used as a renewable
material. In recent years, the use of wood-plastic composites in various applications has increased and
expanded. Advantages of these composites [2]. They lie in the impermeability to water, moisture and
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insects, the possibility of using wood and plastic waste in the weight composition and their manufacture, the
possibility of recycling the composites themselves, the higher rigidity than plastic and nevertheless, the use
of these composites faces problems in the manufacture of structural parts such as pallets due to the weakness
of the mechanical properties of these composites [3]. In recent years, researchers in this field have focused
on improving the flexural properties of the ship, fatigue stress and creep at room temperature and higher
temperatures in terms of performance [4]. In this regard, the use of natural and unnatural reinforcing fibers
has been favored by some researchers. Among others, glass fibers, carbon fibers and cellulose fibers are
used together with wood fibers and introduced as hybrid composites. Another method is to use a different
polymer series that has higher mechanical properties. On the other hand, the polymer matrix is subject to the
limitation of the initial temperature of wood fiber degradation [5]; therefore, it is possible to use polymers
with a process temperature of less than 200 °C, which can be called such as TFB [6] that can be widely
used. In recent years, grades of this material have been introduced under the designations optical composites
with special properties. Its melting temperature is below and its strength is higher than that of counterpart
polymers [6]. Poly(9,9-dioctylfluorene-alt-N-(4-sec-butylphenyl)-diphenylamine) (TFB) is a triarylamine
based semiconductor with a band gap of 3.0 eV (HOMO and LUMO levels of 5.3 eV and 2.3 eV,
respectively) and a relatively high hole mobility of 2 x103 cm? V-1 s'1. High adhesion of TFB can be
useful to bonding with carbon fiber and woods [7]. Furthermore, TFB can be used as a co-supplement for
the fabrication of optical composites due to its insolubility, ionization energy value (—5.30 eV),
low photoemission binding energy of the valence bands/levels, its capacity in obtaining a sufficiently
smooth layer in the solid film substrate and its well-known thermal stabilization [5]. One of the limitations
of this kind of composites is its high cost, so its use with lower weight percentages in the composition of
materials can be considered. One of the methods of reinforcing the polymer base is the production of
microfiber composites. Under special process conditions, they are formed by applying cold or hot tension in
the opening of the extrusion in the formation of microfibers in the main area [8]. The formation of these
composites improves the mechanical properties of the produced composite material when properly
interacting and compatible with the background phase. Compared to conventional reinforcing fibers such as
glass fibers. Natural fibers have several advantages with this method. With this method, there are no
problems with the correct distribution of the reinforcing fibers. In addition, the fibers do not need to be
separated in the recycling phase and the recycling of microfiber composites is easier. Furthermore, no
special equipment is needed to produce these fiber composites. Koohestani et al [9] investigated the effects
of silane-modified fillers on the mechanical, thermal and rheological properties of wood-plastic composites.
The results show that the addition of 1% silane-modified minerals reduces the rigidity and increases the
ductility (up to 25%) of wood-polymer composites. Vinyl silane modified mineral fillers were more
effective in improving tensile and flexural strength and less beneficial for rheological behavior. Amine-
modified minerals had no negative effect on rheological behavior, although they significantly reduced the
rigidity of the composites. Both surface-modified minerals improved the thermal stability of wood-plastic
composites [9]. Kaboorani et al [10], the inclusion of more wood in the formulation of WPCs, which is
becoming more common (up to 80%), makes the issue even more problematic. Despite its importance, less
attention has been paid to this issue compared to mechanical properties. Any attempt to understand the role
of formulation design (wood and coupling fractions and particle size) can lead to appropriate formulation
design with regard to the application of WPCs and utilize our resources more efficiently. The main objective
of this study is to obtain information on the water sorption and diffusion properties of WPCs as a function of
formulation design. Each increase in wood content led to an increase in water absorption. Coupling agents
reduced the water absorption. Diffusion coefficients and thickness swelling were also influenced by wood
and coupling agent content and wood particle size. The highest diffusion coefficients and thickness swelling
were found for composites with high wood content and large particles. The investigation of the water
sorption process in WPCs showed that the process follows the kinetics and mechanisms described by Fick’s
law [10].

Turku et al [11] investigated the processability of plastic waste from the construction industry, especially the
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“light” fraction, and of mixed plastic waste (MPW) available in local landfills. We found that the tensile
strength properties of plastic compounds molded from recycled materials were higher than those of
commercially available LDPE. In the present study, recycled plastic blends are used as a matrix for the
production of natural fiber composites. The composites were tested for a wide range of mechanical
properties (flexural strength, tensile strength, impact strength and hardness) and wettability. It was found
that the strength of the composites was worse than that of the reference, which was made from untreated
low-density polyethylene; the hardness was comparable and the stiffness was higher than that of the
reference. The wettability of the reference was the lowest of the composites tested [11]. Martins et al [12]
investigated the production of composites materials based on a selected grade of high density polyethylene
(HDPE), pine sawdust (residues from a local furniture industry) and a coupling agent of PE-g-MA. The
objective of this study focused on a specific application developed by a team of architects: an innovative
shading system consisting of roller shutter elements to be produced by extrusion. The optimization of the
composites materials began with a thorough characterization of the raw materials, and the compounds were
produced with variable amounts of coupling agent after an analysis of the effects of the concentration of
pine sawdust in the polymer matrix. Torque rheometry was used to determine the most suitable viscosities
for extrusion processing [12]. In this study, the PE and TFB for the first time as a reinforcement was used
and the matrix was considered for chipboard waste wood and comprehensive investigations were fully
studied.

EXPERIMENTAL
Materials

In this study, chipboard waste with a filter fineness of 60 micrometers, commercially available TFB (Ossila)
and heavy polyethylene PE100 were used. Before the particle board waste and polymers were used, the
particle board waste was humidified in a dryer at a temperature of 100 °C for 2 hours. In this research, Extro
LD-40 25-0 and mm L=1000 mm or Coperion technical specifications are used to mix polymers and
chipboard in two parallel rotations. The temperature in the different sections of the extruder for mixing TFB
and PE was 200 °C in the first section, 280 °C in the second section, 250 °C in the third section and 200 °C
in the fourth section, and the speed of the extruder was 50 rpm. A plastic injection molding machine with a
pressure of 100 tons and 150 grams was used to produce the samples. A plastic injection mold according to
the ASTM D638 standard with a length of 10 mm, a width of 10 mm and a thickness of 5 mm was used to
produce the standard tensile specimens. The tensile tests were carried out with the STM. The capacity of the
dynamometer used was 15 kilonewtons and the tensile speed of the specimens was set at 5 mm/min. The
phase series was confirmed by X-ray diffraction (XRD) and a Philips XRD diffractometer with Cuy,
radiation at 40 KV, 30 mA, a step size of 0.05° (26) and a scan rate of 1°%/min and X’Pert software was used
for qualitative analysis and report of width diffraction peaks (rad, B) at full width half maximum (FWHM) in
different 20 values according to the situation of peaks (Version 4.9.0). Absorption spectra were also
registered using AvaSpec-ULS2048XL-EVO and AvaSoft 8. Further, the chemical structure of TFB is
shown in Fig. 1.

o000}

Fig. 1. The chemical structure of TFB [13]
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In addition, the Table | shows the weight percentages of samples and the content of compositions are
recorded.

Table I. The ingredients values of nanocomposites

PE, |[TFB,
Sample|chipboard wood, (%owt.) (@6wt)| (Yowt))

1 90 5 5
2 88 5 7
3 85 5 10

All variables of the plastic injection process, including temperature, injection pressure, injection time,
storage pressure, storage time and material loading, are considered constant in the production of all samples.

RESULT AND DISCUSSIONS

X-ray diffraction

X-ray diffraction (XRD) technique was used to analyze qualitatively and semi-quantitatively solid crystal
deposits in wood treated with some preservatives. The XRD study of the composites showed that the
amorphous phases dominate. X-ray amorphous materials lack long-range crystallographic order and produce
broad with low intensities in XRD patterns. This approach enables the quantification of amorphous and
crystalline materials and the characterization of the amorphous component, including properties such as
centre of mass and width of the amorphous component. In fact, there are some sharp peaks showing that the
composites are amorphous-crystalline and the accumulation of particles in some parts has led to nucleation
and growth. According to X-pert software and also other closer investigations, the main amorphous peak is
in the plane (002), which can be directly attributed to the wood composition. Furthermore, no additional
peaks were observed due to the purity of the ingredients in this type of composite. It was noteworthy that as
the TFB content increased to 10 wt.%, the intensity decreased, which is directly related to the chemical
structures and the bonding between the free radicals of PE and TFB with wood [14].
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Fig. 2. X-ray diffraction of composites

UV analysis

The absorption spectrum of composite material 3, consisting of particleboard (85 wt.%) /PE (5 wt.%) /TFB
(10 wt.%), is shown in Fig. 3. The weakly visible spectrum at approx. 420 nm is directly related to the
presence of TFB and the maximum wavelength at approx. 210 nm is attributed to the m- o* transition, while
the broad band at approx. 590 nm is attributed to intermolecular charge transfer (ICT) [15].
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Fig. 3. Absorption spectra of composite 3
Mechanical properties

According to Fig. 4, the tensile strength of pure sample 1 is 13.11 MPa, and with the addition of TFB
particles, the strength has changed significantly, and the presence of TFB in the area has increased the
strength by 8.02 times. The ship strength of samples 2 and 3 is 21.13 and 23.92 MPa, respectively. As the
TFB content increased, the overall strength increased. With an increase in TFB content at a yield ratio of
85:10, similar to the changes in ship strength, there is no effect on the young modulus, and with an increase
in the stretch ratio during the process, the elastic modulus increased.
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Fig. 4. Tensile strength of composites

The diagram of the displacement force resulting from the tensile test for different composite specimens in
the presence of TFB and wood particles as well as a combination of these materials is shown in Fig. 5.
According to Fig. 5, the addition of TFB resulted in a force of 1105 N and the elongation was higher than
the other materials. The reason for this is due to the chemical structure of TFB, which has free radicals for
bonding, and as the TFB content increased, the particle size was increased when the intensity of the peaks in
the XRD pattern was reduced, and these properties led to an increase in stability and strength [16].
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Fig. 5. Diagram of displacement force of composites and the effect of adding TFB particles
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CONCLUSIONS

In this study, the mechanical properties of composites made of wood and TFB were investigated in the
presence of TFB/PE/wood particles and by plastic injection molding. In order to investigate the effect of
TFB micro fibrillation in PE, it was produced in the first stage and in the extrusion process with three
different aspect ratios. The addition of TFB in weight percent of a constant PE base at a draw ratio similar to
the tensile strength results did not change the modulus of elasticity, and as the draw ratio was increased in
the extrusion process, the modulus of elasticity of the samples increased. The presence of wood/TFB
particles improved the additive effect, and the elastic modulus increased at different stretching ratios. The
study of the effect of the addition of polymeric carbon components and wood particles on the tensile
strength showed that the wood particles did not change the strength of the vessel and the addition of 10%
TFB increased the tensile strength by 23.92%. Finally, the cumulative effect of TFB, wood particles and
constant PE content can be seen in the samples, and in the sample with 10 wt.% TFB, the reduction in
elongation at break and increase in modulus of elasticity is also visible.
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