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ABSTRACT

Wood industries are essentialindustries in which the economy of many countries, especially developing
countries, is based. Still, wood industries produce wood waste in large quantities, which must be used positively.
In Egypt, large amounts of wood waste are produced disposed of by burning, burial, dumping in rivers, lakes,
and canals, or burying in the soil. This waste is generally considered a national wealth. By recycling it, 30% of
theimported wood can be saved, which will benefit the national economy, theenvironment, and public health by
properly disposing of wood and plastic waste. Incorrect waste wood disposal in the environment impacts both
aquatic and terrestrial ecosystems. Burning discarded wood also emits greenhouse gases into the environment,
leading to various health problems.In this study, Wood Plastic Composites (WPCs) of the vast wood and plastic
wastesproduced from the wooden and plasticindustries.Thirteen differentmixes wereexperimented withand
subjected to mechanical and physical measurements.The mixture proportions containing nano-clay designated
and presented in this investigation.The wood and recycledplastichasedon polypropylene(PP)or
polyethylene(PE)have been obtainedas waste fromwood and plastic factories in industrialand urban
regions,DamiettaFurniture City,Egypt. The result analysis of the recycled polymer type effects on the
mechanical properties, virgin and recycled WPC (V-WPC and R-WPC) rely on wood flour (WF) and maleic
anhydride (MAPP or MAPE).
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. Introduction

Egypt is an economically developing country, but it depends onimporting raw materials to a large
extent. One of the essential industries in Egypt is the wood industry. Egypt imports 90% of natural and
manufactured wood fromabroad, and Egypt's imports of timber arrived according to the report issued by
CentralPackaging Agency, statistics for 2019 and 2020 reached $ 134 million, increasingannually by 9%, and
the wood industries produce vast quantities of wood waste suchas sawdust powder. And other wood waste and
wood industries in Egypt areessential industries that characterize many regions in Egypt, such as
DamiettaGovernorate and many industrial zones in Egypt, and the national project established in 2019, which is
the city of furniture in Egypt. Damietta and otherfederal projects. With the increase in the production of wood
products  resulting  fromtheenormousfactories  andsmallworkshops, largequantities  ofwoodand
plasticwastearebeingproducedfromthesemanydifferent industries.It is a national treasure if appropriately used
and sustainably. These wastes can be recycled,and the wood manufactured from them can be produced by
combining wooden andplastic wastes after processing them, which saves the state from importing natural
andmanufactured wood from abroad. Accurate furniture saves 30% of  wood
importsannually,andwoodandplasticwastemustbecollectedbyuniquemethodsandtreated before it is incorporated
into the manufacture of processed wood due to thedifferent properties and physical dimensions. Theproject’s
objective is to valorizebulky waste with modern innovative techniques, one of which being wood-plastic
composites. It is estimated that about nineteen million ton of furniture,upholstery, mattresses, textiles, and
plastic gardenwaste, in addition among others in eachyear in the European countries, end up in the waste, while
about 60% of which goes to landfills. Based on, the plastic materials from bulky waste are a loss of a vital
resource that can be exploited, and to contribute to the sustainable environment and the economy by the
greening strategy in Europe [1], WPCs were primarily producedwithmediumand low wood content.
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Plasticmaterials wasteis one ofthe major elementsof global municipal solid materials waste. It represents
promising rawmaterials from plastic/wood composites, mainly due to their large size and low cost. Recycled
plastics to manufacture fiber-reinforced recycled plastic material composites have been investigated. Woodwork
(WPCs) by several authors [2-3].Many researchers have discovered the capabilityofadditives to improve
adhesion and thus enhance mechanical properties, such as the flexuralandtensile strength of these composites[4-
5].The polymer, wood, and additives are the main factors that measure the mechanical and physical properties of
WPC.The wood surface modification and coupling agent enhance the polar wood and non-polar polymer mix
with WPC. Then, using compatibilizer during prepares WPC.The bonding between wood and polymer depends
on compatibilizers, including polar wood and non-polar groups [6-7].Bitin et al. [6] produced the WPC using
the disintegration method's wood waste of the medium density fiberboard (MDF). Chaharmali et al.,
determining water absorption as a physical measurement of WPCs. Nowadays, numerous building external
elements depend on natural fiber-plastic composites, which contain thermoplastic and polyethylene. These are
considered significant amounts in the wastes and high resistance to a severe environment.Many researchers are
interested in utilizing plastic waste as a by-product material [8]. The researchers obtained the recycled high-
density polyethylene from the post-consumer milk bottles was not vastly different from pure resin, thus could be
utilized for different applications [9].Recycled plastic is more economical than the source form. Also, the wood
waste is accumulated through the wood industry process, which is largely destined for landfills. The recycled
plastic includes waste polymers to prepare high-performance natural fiber elements. The recycled plastic
materials utilized for the WPCs manufactured have been studied by several authors [10-11].Some applications
include a parquet wood floor, wastepaper, flower vases, park benches, plastic lumbers, and picnic
tables.Hybridization is a suitable technique for producing natural fiber composites with high performance.
However, hybridization is defined as a material made using various fiber types in a standard
matrix.Hybridization of short fibers such as wood flour and fibers is available with different lengths and
diameters.

Il.  Materials and Methods

Figure (1) shows aswood waste was reached from Furniture City, Damietta Governorate, and the
national furniture project in Egypt. The waste was sawdust from sawing andpolishing wood during thin furniture
and wooden architecturalartifacts.

Sifting with a diagonal vibrating screen was used to select the wood fibers. Meshes 16-30 (i.e., 1.2-0.6
mm), 30-50 (i.e., 0.6-0.3 mm), 50-100 (i.e., 0.3-0.15 mm), and more than mesh 100 (i.e., 0.15 mm) were used
to separate fiber into four different sizes. (75, 225, 450, and 900 mm, respectively) were the average length
dimensions. The wood fibers were then separated, air-dried for a few days, anddried again at 102°C for 24 hours
to reduce the moisture content to less than 3%.

Figure (2) shows asRecycled polyethylene was obtained from plastic waste from one of the

nationalfactories(Al-SafaFactory)to recycle plasticwaste processed togethigher quality plastic grades. The
treatment included scaling, washing, fixing, metalfracture removal, re-grinding, and dust removal.
Table (1) lists the recycled polymers offered by the VEC, which are classified by melt flow indicators (high,
medium, or low MFI), polymer type (PP, PE, or mixed PO), and field of application (garden part) (PPFGF) or
artificial grass (LLDPEgrass). PPFGF is made of 10.7% by weight as filler. A local plastic recycling company
supplied the waste polymer polypropylene (PP) in pelletswith amelt flowindex of 8g/10 min(230°C2160 g)and a
densityof 0.92g/cm3.

Maleic anhydride grafted polypropylene (MAPP) with a density of 0.91 g/cm® was obtained from (Aldrich
Chemical Company). At 190°C, it has a molecular weight of 9100 and a Brookfield viscosity of 40,000 cP.

The nano-clay material was obtained from the Center for Structural Research andStudies in Cairo, with some
mechanical and physical properties of the samples [16-20].

*Corresponding Author: Hassan Hamoudaa 28 | Page



""Study of the properties of wood manufactured from wood waste"

Finesawdust RecycledPP Mixingmachine
Mixturepressuremachine
Fig.2.Generalmanufacturingprocessforwoodmanufacturedfromwoodand plasticwaste.

Fig.3.Applications.

1. Casting and sample processing

After gathering the sawdust, it is drying in an oven-dry at 100 °C, where the drying rate is a slow drying system.
Then the sawdust has analyzed using sieve analysis as shows Figure (4). Table (1) shows the typical
polypropylene, Nano clear, and formaldehyde quantities. The dimensions of the wooden mold were 50 cm in
length, 12 ¢cm in width, and 22 mm inthickness. The mixture is cast and placed underthepiston by thermal-
hydraulicpressureforfive minutes at 200 bars.
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2. Mixing process

Figure (5) as shows Polyethylene (PE) and polypropylene (PP) formulations are mixed at 170 °C and 190 °C,
respectively (Table 1). The mix sequence was as follows: first, add polymers to the mix; second, add sawdust
and mix for 11 minutes.

N,

ol 2
Fig.5.Recycledpolypropylene.

3. Preparation of the specimens

After the mixing process, the specimens were performed after being pressed using a hydraulic pressure machine
to reduce the voids inside the samples. The specimen nominal dimension was 20 mm thickness, 120 mm width,
and 500 mm length.Melamine was added to the outer surfaces on three samples of each type of mixture to
increase its efficiency in bearing(A). Also, an outer layer of natural peelextractedfrom thepeonytreewasadded
for comparisonwith theotheraddition of melamine(B).

Tablel. Shows the typical polypropylene, Nano Clay, and formaldehyde quantities.

Code Fiber p.p Fiber Agenttoheating Nano clay

Woodenwastes Polypropylene cellulose Ureaformaldehyde Nc

Gl 50% 50% 0% 0% 0%
G2 45% 50% 5% 0% 0%
G3 40% 50% 10% 0% 0%
G4 50% 47.5% 0% 2.5% 0%
GH 50% 45% 0% 5% 0%
G6| 45% 47.5 5% 2.5% 0%
G7 45% 475 5% 5% 0%
G8 40% 47% 10% 2.5% 0%
G9 40% 45% 10% 5% 0%
G10 50% 44.5% 0% 2.5% 0%
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G1]] 50% 42% 0% 5% 3%
G12) 45% 44.5% 5% 2.5% 3%
G13 45% 42% 5% 5% 3%
4, Mechanical tests

Tensile, flexural, and impact tests were carried out as part of this investigation, according to ASTM
standards D 638, D 790, and D 256. An Instron Universal machine test (model 1186) was used to perform
tensile and bending tests at 1.5 and 2 mm/min. All tests were performed at room temperature (25°C) and
constant relative humidity65%).Six samples have been experimentedwith for each mix.Five specimens for each
mix were tested in flexural by a three-point bending testwith dimensions mentioned previously accordingto
ASTM D790 [13]. The specimens were maintained at 20°C and 65 percent relative humidity for three days to
minimize residual processing stresses. Each specimen's dimensions, such as length, width, and thickness, were
examined before testing. A computer-controlled MTS 858 Mini Bionix system was used to conduct a three-
point bending test with a span of 50 mm. The crosshead's speed setup is 1.3 mm/min. The data is recording
using a computer-controlled acquisition.

5. Mechanical Properties

The type and rate of polymer recycling, molecular weight, and processing conditions all influence the
mechanical properties of recycled polymers. Filters and additives of various types are also included in recycled
polymers. In addition, the style, shape, and many filters and additives used each affected the mechanical
properties of recycled polymers. During the recycling process, mixing different types of incompatible polymers
hurts the polymers' mechanical characteristics. The quality and integration of products made from recycled
polymers rely heavily on classifying plastic waste by source. The mechanical findings of this study describe the
impacts of the previously specified parameters on the mechanical properties, water absorption properties, and
density of recycled WPCs, followed by a comparison analysis.

51 Compressive strength

Figure (6) shows the effect of the sawdust ratios with recycled propylene on the strength by about
23%,and improving the bond strengthbetween glyccellulose filler and the matrix polymer due to using material
enhancing the bond. The tensile strength and modulus are noticeably developing with adding MAPP to the
mixand mixing with the high ratio of bonding agents. The effective ratio of thebonding agent is 5% wt.,which
increase the tensile strength due to improvingthe chemical bond between the fiber and PP polymer chains, as
shown in Figure (6).

The results demonstrated that altering the fiber surface improves the compatibility of a hydrophobic
polymer with hydrophilic cellulose fibers. The tensile modulus trended in the same direction as the tensile
strength trend.

Two factors increase the compression properties, the pressure coefficient of melamine and peel
installation and using3%nano-clay[17],asshowninFigure (6). The compression properties are significantly
increased due to cellulose, formaldehyde, and nanoclear portions. Table (2) present the stress results.

Table.2Compressive strength results forsamplesmeasuring50*12*2 cm.

Code Group(A)MPa Group(B) MPa
Gl 0.30 0.20
G2 0.35 0.30
G3 0.40 0.35
G4 0.45 0.40
G5 0.50 0.45
G6 0.44 0.35
G7 0.50 0.42
G8 0.45 0.39
G9 0.50 0.45
G10 0.47 0.35
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G11 0.55 0.48
G12 0.62 0.58
G13 0.68 0.59

Compressive strength(MPa)

0.8

0.7

0.6
0.5
0.4
0.3
0.2
0.1

0

G2 G3 G4 G5 G6 G7 G8 G9 G110

G1 Gll G12 G13

B Group (A) MPa  m Group (B) MPa

_4:'. e 3
Fig.6 Compressive strength results forsamplesmeasuring50* 12*2cm.

5.2 Flexural strength

Figure (7) shows the flexural strength and modulus of the mixes. The highest flexural strength of pure
PP is between 11.3 and 3.13 MPa, whereas the lowest flexural strength is 2.3 MPa. For MAPP, MCC, and NC,
the flexural properties of the mixes differ wildly.The mix MCCshowedthehigheststrengthandflexural
moduluscompared with a purePP mix,asshowninFigure (7).Flexural strength wasperformedondifferentmixture
samples and divided into two groups. Group (A) had a higherbendingcoefficientthangroup(B).It can be noticed
that each mixture of cellulose, formaldehyde, and nanoparticles had higher bending stress than poor mixtures of
these materials. Theexternal melamine layer significantly affected the bending stress compared to the
compression stress.The bending stress of mixes gl11, g12, and g13 were higher than the samples
containingcellulose and formaldehyde g1,g2, and g3. Figure(7) indicates that the flexural strength improve,
components’sense and proportions, as shown in Table (3).

Table 3.Flexural strength results for samples measuring 50 * 12 * 2 cm.

Code Group(A)MPa Group(B) MPa
Gl 3.13 2.3
G2 39 3.13
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G3 55 3.9

G4 4.7 3.75
G5 4.7 3.3

G6 7.8 7.2

G7 8.12 7.5

G8 8.75 8.12
G9 9.4 9.2
G10 9.1 8.4
Gl11 10.8 9.4
G12 10.9 10.2
G13 113 10.8
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Fig.7 Flexural strength results forsamplesmeasuring50* 12*2cm.

6. Water absorption and density of WPCs compounds

WPCs samples water absorption (wt%) and thickness swelling (%) have been selected by measuring thickness
dimension and the mass weight according to Eq. (1). The WPCs samples were submerged in water at room
temperature for 24 h after drying four times. Then, the wet specimens are extracted and then measured.

Where,Wj is dry mass andW,, is wet mass of samples, respectively. The same equations were used to determine
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thickness swelling (%) instead of mass values. A helium pycnometer was used to determine the density of WF
(Quantochrome Instruments, Ultrapycnometer 1000). The software "Pycwin Version 1.10" was used to calculate
the average theoretical density of WF with standard deviation. The true densityofWFwas foundas 1.5637 +
0.0024 g/cm3. The results show that the mixtures containing nano-clay (g11,912, and g13) have less water
absorption. Furthermore, the samples (g1:g6) containing high ratios of mulch had revealedanti-puffiness,as
presented inTable(4) and Figure (8).

Table 4. Water absorbency test results for samples measuring 50 * 12 * 2 cm.

Code Weightbeforetesting (g) Weightaftertesting (g) Absorptionratio (g)
Gl 0.275 0.455 0.180
G2 0.250 0.400 0.150
G3 0.245 0.375 0.130
G4 0.285 0.445 0.160
G5 0.295 0.445 0.150
G6 0.278 0.418 0.140
G7 0.269 0.369 0.100
G8 0.255 0.395 0.140
G9 0.240 0.390 0.150
G10 0.250 0.400 0.145
Gl1 0.310 0.380 0.070
G12 0.315 0.395 0.080
G13 0.310 0.410 0.100

7. Density of wood made from waste and propylene

Samples were prepared with 12.5 x 12,5 x 2.5 cm dimensions and weighed on a digital weight scale. The
samples were from the following models (G1, G5, G10, and G13). After dried, the samples' weights ranged
between 0.225 and 0.320 kg, and the average density was 675 kg/m®.

I Absorptionratio(g)
- Weight after testing

(g)Weightbeforetesting(
[ ]
g)

Gl G2 G3 G4 G5 G6 G7 G8 GY G10G11G12G13

Fig.8 Water absorption percentage in grams.
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I11.  Conclusions
The following conclusions were obtained based on the results of this investigation:-

1. The mixture of sawdust with propylene enhanced the cohesion of the samples. The high proportion of
propylene improves the compression resistance.

2. The high ratio of urea-formaldehydeis developing the compression strength.

3. Also, nano-clay material significantly improved compression properties, water absorption, and
workability.

4. It can be observed that the wood containing sawdust and propylene shows excellent hardness and

cohesion when cutting.This property makes it good in fine works likeproducing delicate home furniture such as
wooden libraries and tables.

5. Sawdust and propylene can manufacture wooden boards.Nano-clay reduces permeability and water

absorption.Moreover, secondarily using these boards with natural wood in wood industries.

6. This type of timber is not compatible with tensile and flexural strength due to its weak resistance.
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