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Abstract

This work investigated the mechanical properties of wood polymer
composites (WPCs), which were made using recycled high
density polyethylene (HDPE) and sawdust waste. Degraded HDPE
was used as a coupling agent. Different blends of virgin (vPE) and
recycled (rPE) poly ethylene's with various ratio (100/0, 75/25,
50/50, 25/75 and 0/100) were prepared in order to be used as
matrices. PE blends and composites were prepared by melt-mixing
technique using mini twin-extruder. Mechanical properties such as
ultimate tensile strength (UTS), impact strength and Shore hardness
were determined for vPE, rPE, PE blends and PE composites. The
mechanical properties of PE blends and composites were mainly
depended on the composition of its matrices. Presences of degraded
HDPE as a coupling agent played an important role on the
mechanical properties of WPCs. Increasing the rPE content in the
blend composition displayed decrease in the UTS and impact
strength properties. The incorporation of only sawdust into VPE, rPE
and PE blends matrices caused reduction in UTS and impact
strength properties and an increase in Shore hardness. UTS, impact
strength and Shore hardness for all WPCs were improved when 5%
degraded PE was added. UTS and Shore hardness for composites
with 5% degraded PE were higher than that of its matrices. The
properties of PE composites were better than that of PE blends,
which suggesting that using rPE to attain blends with vPE and then
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making composites appears to be more preferable than making only
PE blends.

Key words: recycled polyethylene, coupling agent, mechanical
properties, sawdust.
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Introduction

The use of solid waste and recycled materials is becoming
increasingly and vitally important. The utilization of recycled
materials has become a key factor in making the world sustainable
in the future. Recycling of waste materials saves natural resources,
saves energy, reduces solid waste, reduces air and water pollutants
and reduces greenhouse gases. There are a wide range of materials
that can be recycled. These consist of obvious materials, including
plastic, paper, glass, wood and metal. Plastics are the most
commonly recycled materials in many countries. This is because the
vast majorities of plastics waste are disposed of in non-
environmentally friendly ways, resulting in polluted oceans,
overextended landfills and ecological damage. Moreover, plastics
waste can take hundreds of years to biodegrade. Recycling is the
reprocessing of plastic waste into new and useful products.

There is lot of scope to utilize the plastic waste in combination
with other materials towards improvement of recycling of plastics
[1]. For example, the use of recycled and waste plastics has been
considered for producing wood plastic composites (WPCs). WPCs
are very promising and sustainable green material to achieve
durability without using toxic chemicals. It was originally
discovered in Italy in 1970s, and popularized in North America in
1990s [2]. The term WPCs refers to any composites that contain
plant fiber and plastics. In fact, WPCs support the use of both
recycled plastics and wood [3]. When compared with individual
materials, WPCs may also offer more better properties, consistent
performance, lower production costs, and create an avenue for the
utilization of renewable resources [4]. In this trend, intensive
researches have focused on the utilization of waste materials in the
development of WPCs [5-9]. The majority of researches conducted
on the field of WPCs clearly revealed that the recycled plastic and
wood wastes can be used as a potential raw material to make
composite products that can replace plastics in many applications,
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which contributing to circular economy and provide the above-
mentioned benefits of recycling of waste materials. It is important
to declare that recycled plastics of good quality would cost 60-70%
of the price of virgin plastics but this value drops as properties are
compromised from repeated recycling [10]. Only 14-18% of plastic
waste is formally recycled, as a global average, and the percentage
is much lower in some countries [11]. This indicates that the
recycling rates of plastics in worldwide are too low. However,
recycling only part of the solution to the plastic pollution crisis not
a complete solution.

In this work, the mechanical properties of WPCs made with
completely waste materials were investigated. These composites
were made from sawdust waste and recycled polyethylene (PE) as
well as degraded PE as coupling agent. From the knowledge and
information related to polymer composites in most of the literature,
the fabrication of WPCs from sawdust waste and recycled PE would
technically feasible; however, the use of degraded PE like coupling
agents could further enhance the properties of WPCs. For example,
degraded PE was used successfully as a coupling agent in the
production of WPCs [12-13].

Experimental work

Material

Recycled HDPE (rHDPE) were collected from local recycling
storehouse located in Zawia, Libya. rHDPE were washed multiple
times before chopped and used. Virgin HDPE (vHDPE) were
purchased for Assahra Co & Ltd (Turkey). The melt flow rate (MFI)
and density values of vHDPE were ~ 1 g/10 min (ISO 1133, 190 °C,
2.16 Kg) and 0.941-0.959 g/cm? (1SO 1183), respectively). rHDPE
and VHDPE were used as a matrix separately and as a blend.
Degraded HDPE was used as a coupling agent. Degraded HDPE
was obtained by exposing the rHDPE in air oven for a period of 60
days at 100 °C.

Sawdust was collected from a local carpentry shop located in Zawia,
Libya and used as a reinforcing filler. Sawdust can be considered as
a mixture of different wood types. Sawdust was sieved to remove
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the impurities and passed through different sieves size to get particle
size of ~212 pm.

Blend preparation
rHDPE/VHDPE blends with varying ratio (25/75 (named B1 as
shown in Table 1), 50/50 (named B2 as shown in Table 1), and 75/25
(named B3 as shown in Table 1)), were prepared by melt-mixing
technique using mini twin-extruder (Haake mini CTW twin screw)
with average screw speed of 90 rpm., and the barrel temperatures
set on 200 °C.
Composite preparation

Before composite preparation, sawdust was oven dried for 24 h
at 90 °C. Composites were prepared by mixing individually rHDPE,
VvHDPE and rHDPE/VHDPE blends with sawdust (30%) and
degraded HDPE (0 and 5%) using rotor ultra-centrifugal mill ZM
200. The final mixing was carried out using Haake mini CTW, twin
screw with average screw speed of 90 rpm. and the barrel
temperatures of 200 °C. The extruded materials were cooled in air
and then granules to small pieces. All specimens for Tensile
strength, impact strength and Shore hardness were prepared using
injection molding (Explore 12ml). The prepared composites and
their abbreviations are shown in Table 1.

Table 1. Abbreviations and compositions of the composite used in this
study.

N° Composite Blend Sawdust, Coupling

code composition, % % agent, %
1 vPE 100 0 0
2 vPE30 70 30 0
3 vPE30/5 65 30 5
4 Bl 100 0 0
5 B1/30 70 30 0
6 B1/30/5 65 30 5
7 B2 100 0 0
8 B2/30 70 30 0
9 B2/30/5 65 30 5
10 B3 100 0 0
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11 B3/30 70 30 0
12 B3/30/5 65 30 5
13 rPE 100 0 0
14 rPE30 70 30 0
15 rPE30/5 65 30 5

Characterization

Determination of mechanical properties

The ultimate tensile strength (UTS) was determined using Shimadzu
universal testing machine. Tensile test was performed at room
temperature. Four specimens (73mm x 4mm x 2mm) were tested for
each sample. The charpy impact test was carried out to determine
the impact strength of the rHDPE, vHDPE and all composite
materials using (CEAST Resil Impactor tester), with impact energy
of 15 J. The specimens for impact test were prepared and notched
according to ISO 179. Five specimens were tested for rHDPE,
VHDPE and each composite. The hardness of molded HDPE, LDPE
and their blends were determined using a Shore D durometer
(RayRan) in accordance with ISO 868:2003. Hardness value for
each sample is an average of 10 measurements.

Results and discussion

Mechanical properties results

UTS, impact strength and shore hardness results are shown in Table
2. It is important to note that the standard deviations are given in
parentheses next to the values of the mechanical properties. In
general, the UTS and impact strength of vPE were greater than the
that of rPE and PE blends. As expected, increasing the content of
rPE in the blend composition displayed decrease in the UTS and
impact strength properties of vPE. As can be seen in Table 2,
blending vPE with rPE did not produce significant changes in Shore
hardness. These results, however, indicate that the incorporation of
rPE into the vPE matrix did not cause any improvement in the UTS,
impact strength and shore hardness properties. In general, recycled
polymers tend to have weaker mechanical properties than their
virgin counterparts, since they may suffer degradation from heat,
mechanical stress, oxidation or ultraviolet radiation during their
lifetime and reprocessing [14]. Even polymers with short lifetimes
are susceptible to degradation [15].
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Table 2. Mechanical properties of VPE, rPE, PE blends and PE
composites.

o Composite Ultimate tensile Impact Shore
N strength,
code strength, MPa KJ.m?2 hardness

1 VvPE 56.05 (1.4) 52.6 (5.3) 60.05 (6.6)
2 VvPE30 39.04 (1.5) 14.5 (0.6) 62.20 (8.9)
3 VvPE30/5 65.74 (2.1) 16.9 (3.5) 63.75 (7.5)
4 B1 35.17 (1.1) 21.4 (5.5) 61.40 (4.6)
5 B1/30 32.10 (0.1) 13.1 (0.4) 61.40 (12.6)
6 B1/30/5 50.44 (1.6) 15.0 (0.6) 61.90 (13.5)
7 B2 28.88 (2.8) 20.8 (1.7) 60.60 (4.9)
8 B2/30 27.78 (0.9) 18.4 (1.1) 62.95 (14.8)
9 B2/30/5 29.16 (0.8) 20.3 (1.6) 63.15 (7.8)
10 B3 26.92 (0.6) 20.2 (0.6) 60.60 (11.9)
11 B3/30 25.90 (0.5) 19.1 (0.2) 62.40 (11.7)
12 B3/30/5 28.15 (0.6) 19.6 (1.1) 64.70 (9.2)
13 rPE 35.27 (2.2) 42.2 (1.0 61.95 (7.6)
14 rPE30 34.84 (1.4) 23.0 (0.6) 64.40 (12.4)
15 rPE30/5 37.82 (2.2) 24.3 (1.1) 65.75 (12.5)

The incorporation of only sawdust to vPE, rPE and PE blends
matrices caused reduction in UTS and impact strength properties.
Indeed, this can be attributed to the weak interfacial adhesion caused
by the low compatibility between hydrophobic PE and hydrophilic
wood fiber. The low compatibility between the two components
caused in poor stress transfer from the vPE or rPE or their blends to
filler, results in composites with lower mechanical properties [14].
According to Ezenkwa et. al. [17] weak fiber-matrix compatibility
causes weak interfacial adhesion resulting in decreased composite
tensile strength, elongation at break and impact strength. On the
other hand, incorporation of only sawdust to vPE, rPE and PE blends
matrices resulted an increase in Shore hardness. The increase in
hardness can be due to the reinforcement effect of the filler. This
happened because when the wood sawdust incorporated into
polymer matrix would conduct in a reduction of plasticity and
flexibility of the polymer chains, consequently the composite
become more rigid [18].
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UTS, impact strength and Shore hardness for all the composites
were improved when 5% degraded PE was added as a coupling
agent (in comparison to composites without coupling agent). This
means that using degraded PE as a coupling agent could improve
the adhesion between hydrophobic polymer matrices (VPE, rPE and
all the blends) and hydrophilic wood fiber (sawdust), which confirm
previously published results [12-13]. As it be seen in Table 2 and
Figures 1 and 2, UTS and Shore hardness for composites with 5%
degraded PE were higher than that of its original matrices. For
example, VPE30/5 (composite with 30% saw sawdust and 5%
coupling agent) exhibited higher UTS and Shore hardness than that
of VPE. The same trend was observed by rPE composites and
composites made with PE blends.

rPE30/5 ] T T 37.82
rPE30 [T 34.84
rPE (D 3527
B.3/30/5 | 28.15
B.3/30 [T 25.9
B.3 [T 26.92
B.2/30/5 [T 29.16
B.2/30 [T 27.78
B.2 [T 28.88
B.1/30/5 [T D 5044
B.1/30 | 32. 1
B.1 [ 35.17
VPE30/5 [T 65. 74
VPE30 (I D 3904
VPE [T D 5605
LA L L B R B BN B BELENLIN L L

0 10 20 30 40 50 60 70
Ultimate tensile strength, MPa

Composite type

Figure 1. Ultimate tensile strength of vPE, rPE, PE blends and PE
composites.
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Figure 2. Shore hardness of vPE, rPE, PE blends and PE composites.

On the other hand, although the impact properties of all composites
were improved by the addition of 5% degraded PE as a coupling
agent, the impact strength values of these composites still lower than
that of its original matrices. In other words, the impact strength
values of vPE30/5, B1/30/5, B2/30/5, B3/30/5, rPE30/5 were higher
than that of vPE30, B1/30, B2/30, B3/30, rPE30, respectively. The
impact strength values of later mentioned composites were lower
than that of VPE, rPE and their blends, as shown in Figure 3.
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Figure 3. Impact strength of vPE, rPE, PE blends and PE composites.

It is important to know that recycled polymers are matched with
potential products based on their strengths and weaknesses [14]. The
utilization of rPE for producing WPCs, which conducted in this
study has provided critical insight in finding their recyclability
potential and their suitability to be used again. Looking closer at the
results in Figure 4, the properties of PE composites were better than
that of PE blends. This may suggest that using rPE to attain blends
with VPE and then make composites appears to be more preferable
than making only PE blends. Generally, recycled plastics must have
the appropriate processing characteristics and mechanical properties
to be reprocessed into the desired application [19].
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Figure 4. Comparison of the properties of PE blends and composites.

As it is well known, recycling plastic wastes may conserves energy,
reduces pollution, and conserves natural resources. The same
concepts may be applied on the utilization of sawdust, although it is
green waste. The utilization of sawdust in many sectors of industry
greatly improve the environment and economy. It should be
considered as a material with a lot of promise. This is because
sawdust could be put to useful agricultural, building and chemical
uses. Sawdust is therefore no longer a waste material but an
industrial material of use [20]. Moreover, the utilization of degraded
plastics as a coupling agent in the flied of WPCs definitely provides
more environmental and economical benefits to the production of
these composites. However, these composites could be applicable
for applications such as furniture, consumer goods sectors, in
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addition to other potential areas such as automotive, construction,
and building.

Conclusion

This study investigated the mechanical properties of WPCs based
on recycled and virgin HDPE using sawdust as a reinforcement and
degraded PE as a coupling agent. The mechanical properties of
composites were compared to those of vPE, rPE and VPE/rPE
blends. The results indicated that the fabrication of WPCs from
sawdust and HDPE waste was technically feasible; however, the use
of degraded HDPE as a coupling agents could be further enhanced
the properties of WPCs. The following conclusions can be drawn
under the light of above results:

UTS and impact strength of vPE were greater than the that
of rPE and PE blends. Increasing the content of rPE in the
blend composition displayed decrease in the UTS and
impact strength properties of vPE.

Blending vPE with rPE did not produce significant changes
in Shore hardness compared to single vPE or rPE.

The incorporation of only sawdust to vPE, rPE and PE
blends matrices caused reduction in UTS and impact
strength properties due to the weak interfacial adhesion
caused by the low compatibility between hydrophobic PE
and hydrophilic wood fiber. On the other hand, Shore
hardness were increased by the incorporation of only
sawdust.

UTS, impact strength and Shore hardness for all the
composites were improved when 5% degraded PE was
added as a coupling agent.

UTS and Shore hardness for composites with 5% degraded
PE were higher than that of its original matrices.

The properties of PE composites were better than that of PE
blends, which suggesting that using rPE to attain blends with
VPE and then making composites appears to be more
preferable than making only PE blends.

12
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e Studies in field of the utilization of recycled plastics must be
directed to provide outcomes help to allow scientists and
industrial to expect the properties and performance of the
materials which produced from the available plastic wastes.
This is because recycled plastics must have the appropriate
processing characteristics and mechanical properties to be
reprocessed into the desired application.

Acknowledgement

The authors would like to thank industrial research center in

Libya for providing Shimadzu universal testing machine to

perform tensile tests.

References

[1] Arun Kumar A., Murugesh Shivashankar, Suman Majumder,
2017, Plastic solid waste utilization technologies, A Review,
IOP Conf. Series: Materials Science and Engineering, 263, 1-
13.

[2] Alireza Ashori, 2008, Wood—plastic composites as promising
green-composites for automotive industries!, Review Paper,
Bioresource Technology, 99, 4661-4667.

[3] Kévin Candelier, Atilla Atli, Jérébme Alteyrac, 2019, Termite
and decay resistance of bioplast-spruce green wood-plastic
composites, European Journal of Wood and Wood Products,
77, 157-169.

[4] Schwarzkopf M.J., Burnard M.D., 2016, Wood-Plastic
Composites—Performance and Environmental Impacts. In:
Kutnar A., Muthu S. (eds) Environmental Impacts of
Traditional and Innovative Forest-based Bioproducts.
Environmental Footprints and Eco-design of Products and
Processes. Springer, Singapore.

[5] Basalp, D., Tihminlioglu, F., Sofuoglu, S.C., Fikret Inall
Aysun Sofuoglu, 2020, Utilization of Municipal Plastic and
Wood Waste in Industrial Manufacturing of Wood Plastic
Composites. Waste Biomass, 11, 5419-5430.

[6] Anna Keskisaari, Timo Karki, 2018, The use of waste materials
in wood-plastic composites and their impact on the profitability

13 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall



28 ) 3y ol 330 U

International Science and
Smtermtonst s i Tontmelogs Srerend

;ﬁﬁﬂﬂi‘i%ﬁ%ﬂ Volume 28 STJ%

of the product, Resources, Conservation & Recycling, 134,
257-261.

[7] Lan-Ting Chang and Feng-Cheng Chang, 2018, Sound
absorption properties of wood plastic composites made of
recycled materials, 7th World Convention on Waste Recycling
and Reuse, May 16-17, Tokyo, Japan.

[8] Saeed Kazemi Najafi, Elham Hamidinia, Mehdi Tajvidi, 2006,
Mechanical properties of composites from sawdust and
recycled plastics, 100, 5, 5, 3641-3645.

[9] Saeed Kazemi Najafi, 2013, Use of recycled plastics in wood
plastic composites - a review, Waste Management 33, 9, 1898-
1905.

[10] Merrington, A., 2017, Recycling of Plastics. In Applied
Plastics Engineering Handbook, 2nd ed.; Kutz, M., Ed.;
William Andrew Publishing: Norwich, NY, USA, 167-189.

[11] World Economic Forum, 2020, Plastics, the Circular
Economy and Global Trade, Switzerland.

[12] Anour Shebani, A.J. van Reenen, Martina Meincken, 2013,
The use of degraded LLDPE as a compatibilizer in wood-
LLDPE composites, Conference: 13th Euro-Japanese
Symposium on Composite Materials, France, November 4-5.

[13] S.S. Ndlovu, AJ. van Reenen, A.S. Luyt, 2013, LDPE-
wood composites utilizing degraded LDPE as compatibilizer,
Composites Part A: Applied Science and Manufacturing, 51,
80-88.

[14] Franco-Urquiza, E.A.; Camacho, N.; Maspoch, M.L., 2017,
Tensile properties of LDPE/electrical cable waste blends
prepared by melt nextrusion process, 74, 578, 2017, 147-153.

[15] Laurens Delva, Karen Van Kets, Maja Kuzmanovi¢, Ruben
Demets, Sara Hubo, Nicolas Mys, Steven De Meester, 2019,
Mechanical recycling of polymers for dummies, an
introductory review, Capture - Plastics to Resource.

[16] Matheus Poletto, 2017, Mechanical, dynamic mechanical
and morphological properties of composites based on recycled
polystyrene filled with wood flour waste, Maderas. Ciencia y
tecnologia, 19, 433-442.

14 Copyright © ISTJ L gine aoball (3 gia
A g glall 4 gal) Alaall


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Najafi%2C+Saeed+Kazemi
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Hamidinia%2C+Elham
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Tajvidi%2C+Mehdi
https://onlinelibrary.wiley.com/toc/10974628/2006/100/5
https://www.semanticscholar.org/author/S.-Kazemi-Najafi/21721212
https://www.sciencedirect.com/science/journal/0956053X
https://www.sciencedirect.com/science/journal/0956053X/33/9
https://www.researchgate.net/profile/Anour-Shebani
https://www.researchgate.net/profile/Martina-Meincken
https://raco.cat/index.php/afinidad/issue/view/24988

International Science and 28 ) Ryl p glll A0 g
mtrmtiomet Sk ek oo e

;ﬁﬁﬂﬂi‘ﬁéﬂ%?ﬁﬂ\ Volume 28 STJ%

[17] Obinna Emmanue Ezenkwa, Azman Hassan, Sani Amril
Samsudin, 2021, Tensile and Impact Properties of Rice Husk
Filled EthyleneAcrylic Ester Maleic Anhydride Compatibilized
Polypropylene Composites, Chemical Engineering
Transactions, 83, 511-516.

[18] Ahmed, K.; Nizami, S.S., Raza, N.Z., Mahmood, 2013, K.
Effect of micro-sized marble sludge on physical properties of
natural rubber composites. Chemical Industry & Chemical
Engineering Quarterly, 19, 281-293.

[19] Ruben Demets, Karen Van Kets, Sophie Huysveld, Jo
Dewulf, Steven De Meester, Kim Ragaert, 2021, Addressing
the complex challenge of understanding and quantifying
substitutability for recycled plastics, Resources, Conservation
& Recycling, 174, 1-13.

[20] Bichene O. A. and Trough D. M., 2014, Recycling Sawdust
Waste for Construction Purposes - Solution for Disposal
Problems, Journal of Resourcefulness and Distinction, 8, 1, 1-
6.

15 Copyright © ISTJ Ak sine qolall (3 s
Al 5 o glall 4 sall dlsall



