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Abstract
Wood-Plastic Composites (WPCs) consist of wood particles and a thermoplastic matrix such as PE, PP and PVC. Among the thermoplastics, low density polyethylene is more favorable in the processing because of its uses as a Corrosion-resistant work surfaces and for Parts that need to be weldable and flexibility. WPCs are nowadays categorized as ‘‘green materials’’ due to the possible usage of recycled materials in their compositions and also their ability to be recycled.. The current study aims at  producing an environmentally friendly artiﬁcial wood for structural application, by recycling mixed plastic waste and wood waste .Mixed wood waste collected from local Palestinian carpentry were sieved into different sizes and then dried. The wood waste was then mixed manually with plastic waste in sacks and then the mixture was fed into the single screw extruder to insure good mixing at melting stage. The extruded  WPC  composite  was  then  thermally  pressed  into  sheets  using  thermal  press machine. The effect of the particle size and concentration of the wood waste on the mechanical, thermal and melt flow properties was then determined..The melt flow index, water absorption, modulus of elasticity (tensile) of the WPC samples produced were determined, and the results were compared with the recycled low density polyethylene (LDPE).  The  developed  wood  plastic  composites  exhibited  lower  ultimate  strength  and higher modules of elasticity than LDPE; the modules of elasticity increases with increasing the wood particle size. The melt flow index of the (WPC) products was much less than the recycled LDPE. Water absorption tests showed that the WPC absorbs a maximum of approximately 20% water which much better than any commercial wooden products. The crystallinity of the WPC was lower than recycled LDPE and was decreased with increasing

the wood concentration.
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Chapter One
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Introduction:
Our project focuses on developing a product that combines the properties of wood and plastic' especially the rigidity ' , which in turn meets the needs of the market and reduces the presence of huge amount of wood and plastic wastes . we applied on it different testing procedures particularly related to: -Water absorption Test -Melting flow index (MFI) - Differential scanning calorimeter (DSC) Test -Tensile strength test.

Plastic and wood wastes have been a main environmental concern. Plastic is the biggest Problem due to its high amount of waste generated, non biodegradability and the fastest Depletion of natural resources regarding its short life cycle, therefore increased amount of Material utilized in its production, and waste generated. The same applies to wood with lesser degree where it is depleting trees and forests and the wastes mainly are either burned or disposed; resulting in extra consumption, depletion, and pollution of nature.

Several Worldwide attempts have been adopted; especially in the developed countries, to take Advantage of these types of waste especially with the raised need for alternatives to virgin Materials. Wood plastic composite (WPC) is a product which could be obtained from plastic and wood.

WPC is a composite with a rapid growing usage consisting of a mixture of wood waste and polymeric material .Many trials of obtaining a WPC product were basically built on the concept of a Cradle to Cradle approach where the material is recycled at the end of its life cycle to produce a Cradle (new) product and thus close the loop and imitate the natural

ecosystem.
7

As a consequence, these minimize the solid waste content and conserve the natural resources. Therefore, costs, energy, and depletion of virgin materials are reduced. In addition, it assures the sustainability over the incoming years for future Generations' use.

WPC has become currently an important address of research that gained popularity over the last decade such as; Palm leave and plastic waste wood composite for out-door structures, by Mohammed A. Binhussain, Maher M. El-Tonsy [1] , Use of recycled plastics in wood plastic composites by SaeedKazemiNajafi[2], and The utilization of bamboo charcoal enhances wood  plastic  composites  with  excellent  mechanical  and  thermal  properties  by  Xiang Lia, Bingrong Leia, ZhidanLinb, LanghuanHuanga, ShaozaoTana[3].

This research focused on properties and advantages such as: High durability, Low maintenance, acceptable relative strength and stiffness, fewer prices Relative to other competing materials, and the fact that it is a natural resource.

Other  advantages  have  been  strength  points  including  the  resistance  in  opposition  to biological Deterioration especially for outdoor applications where untreated timber products are not Suitable, the high availability of fine particles of wood waste is a main point of attraction This guarantees sustainability, improved thermal and creep performance relative to Unfilled  plastics  where  It  can  be  produced  to  obtain  structural  building  applications Including: profiles, sheathings, decking, roof tiles, and window trims [4] .

On the other hand, WPCs are not nearly as stiff as solid wood; however, they are stiffer than unfilled plastics. In addition, they do not require special fasteners or design changes in Application as they perform like conventional wood [5].

As mentioned, the reasons for using WPC are many; however, there are other causes that

Enforced many countries to tend for using alternative sources to virgin materials. In addition
8

to the enforced environmental policies, the growth of environmental awareness led to a new orientation to use wasted natural materials for different applications and industries such as the automotive, packaging and construction industries [6].

1.1 Market potential
The awaiting market for WPC is huge due to the high production of plastics and wood this constitutes a significant amount of solid waste which is mostly disposed not recovered [6]. Approximately one-half of all industrial materials used in the United States are wood based; thus, the finding that the WPC market is increasing is not a surprise [7]. The growth of WPC decking in the U.S. has started from less than 1 % in mid-90's to over 10% today with growth projected by several studies to reach 20% before the end of 2010[8].

In India, Plastic in municipal solid waste makes up to 9–12% by weight of the total in addition to other wastes which may contain much higher proportions of plastics [9]. Some attempts for plastic recovery resulted during 2004 in a recovery of almost 8.25 million tons (39% of total amount of plastics consumed) in Western Europe; 35,000 tons (13.48% of total imported virgin plastics) in New Zealand [10].While in 2005, the United States recycled around 5.7% of the total plastics generated [11]. In Brazil, some potential in recycling have been raised where around 15% of all plastics consumed are recycled and returned to industry

[12].
9

1.2 Applications
Advantages, desired properties, environmental regulations, and awareness have led to the Substitution of using conventional woods with the WPC. Its production is growing over Time due to its several applications [10].

Main motives include:
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   It can be molded in any particular mold with a variety of shapes and angles, so it can give any desired design [13].
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   It can be treated in the same manner as the conventional wood using the same cutting

and sawing equipment [9].
Therefore, it is easy to use any conventional wood workshop with WPC products which have proven to give the same functionality as conventional wood in many [4]. Various WPC products are available in the market substituting some of the conventional wood products such as outdoor deck floors [9].

It is also used for railings, fences, landscaping timbers, siding, park benches, molding and trim, window and door frames, panels and indoor furniture [9].

In addition, Wood plastic composites can also substitute neat plastics in applications where the need for an increase in stiffness is an addition; where the wood fiber elasticity is almost

40 times higher than that of polyethylene and the overall strength is approximately 20 times greater [14]. It has also higher thermal and creep performance compared to plastics and thus

could be used in many structural building applications [14]
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1.3 Advantage of WPC ingredients over other materials
The fact that WPC ingredients are mainly composed from wood and plastic has led to the Rapid worldwide growth of its production due to the high availability of non-utilized plastic and wood wastes.

Dividing the subject into two main sub-subjects, the plastic waste has the highest contribution regarding its huge available quantities which gives a strong advantage To WPC.

Therefore, the tendency towards recycling plastic instead of other options made it better for The sake of WPC production increase in the future. On the other hand, wood waste has a significant contribution to the total amount of waste especially that it comes from various Commercial, industrial, and residential activities; which could include scrap lumbers, pallets, Sawdust, tree stumps, branches, twigs, wooden crates and  pallets,  building  construction  and  Demolition,  furniture  manufacturing,  and many others. In addition, it is one of the main environmental concerns stated by many countries

1.4 Manufacturing
1.4.1WPC manufacturing techniques :
Various techniques were adopted in literature to manufacture WPC, however; the two main adopted techniques are extrusion and injection molding [15] .Typically, the extrusion process produces continuous linear profiles via forcing a melted thermoplastic through a die; on the other hand, the injection molding process produces three-dimensional items with minimizing the stages of post-manufacturing[15]. The manufacturing techniques adopted by Bengtsson

and Oksman 2006, were based on  drying wood flour at 100 C to reach a moisture content of
11
0.3%. The dried wood and plastic   granules were then fed to the cororating twin-screw extruder at temperatures varying from  165to 200 C [16]. A rectangular die was used at the extruder end and the extrudates were then cooled at ambient temperature. Silane was added during extrusion to enhance the product properties [16].

(Bengtsson and Oksman 2006), showed that adding silane resulted in superior increase in toughness, impact strength and creep properties in comparison to those without silane; However, The flexural modulus was lowerdivided the WPC manufacturing process into two main parts.The first part consisted   of compounding the material; using a twin-screw extruder[14].

The second part was to obtain  profiles via single-screw extruder or use injection molding to obtain a product resembling to wood.

1.5 Objecives:
The main objective of the present study was to utilize the recycled wood and plastics wastes into durable products that are recyclable and otherwise environmentally friendly. Wood- Plastic composite find new application fields such as indoor furniture as fences, siding, park benches, landscaping timbers, windows and door frames, ponds, pellets and many others. The use of plastic waste and wood waste in WPC helps to overcome disposal (through landfill) and burning hazardous material through incinerators and reduce the cost of environmental degradation  as  well  as  depleting  the  natural  resources  and  the  indirect  cost  of  health hazardous material . Mixed wood waste will be collected from local Palestinian carpentry, sieved into different sizes and then dried. The wood waste is then mixed manually with plastic waste in sacks and then the mixture is fed into the single screw extruder. The extruded WPC composite is then thermally pressed into sheets using thermal press machine. The effect of the particle size and concentration of the wood waste on the mechanical, thermal and melt

flow properties will be determined.
12

Chapter Two
13
Experimental Work Materials and Methods
2.1 Materials:
Recycled high density Polyethylene (LDPE), with viscosity from 0.93 g/cm3and melting point temperature (115 C) [16] ,was supplied by“LADAEN” factory. Mixed wood waste expect MDF waste, was collected from Carpentry. Olive waste with particle size 0.15 m obtained from Pounders, and Calcium carbonate (CaCO3), particle size equal 0.15 m was collected from Stone quarries and uses as additives .

2.2 Processes experimental settings
The processes start as shown in figure(2.1), by meshing the wood waste into  predetermined grades using sieves of sizes giving wood waste particles up to1.18 mm 0.6 mm 0.3 mm 0.15 mm and the pan  to obtain a homogeneous saw dust material. These five sizes were used as they gave highest flexural properties (strength and modulus) of the final product. The meshed wood waste is then taken to be dried in a furnace about24 hours to eliminate the moisture within wood waste particles up to almost 100%. The furnace temperature is set at 65 C.. After drying takes place, the wood waste is then mixed manually with plastic in sacks and then the mixes were fed into the single screw extruder. The calcium carbonate (CaCO3) is added as a mineral additive to enhance the properties of the final product. Three electric heaters are used at the beginning and end of the extruder. Temperatures were set at 200C for the first and

200C for the second heater and 200C for the third one. The resulted extradites are left to be cooled at room temperature then taken to the shredder to form small particles with identical dimensions which will make the paste formed from the last process more homogenous. Then, it is taken to the hydraulic compression molding machine to be pressed. A mold with specific

dimensions is used to satisfy the required application. Finally, trimming and cutting processes
14
into the exact specified dimensions are done to make the product ready for testing in accordance with the requirements of the testing standards.
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Figure (2.1): Illustrative process flow chart of WPC manufacturing

2.3 Experimental processes
2.3.1 Wood waste meshing
The wood waste utilized is formed from sawdust with fine particle sizes. This type of wood waste generally is a by-product of wood sawing.

The processes start as shown in figure (2.2),by meshing the wood waste into  predetermined grades using sieves of sizes giving wood waste particles up to 1.18 mm 0.6 mm 0.3 mm 0.15 mm and the pan  to obtain a homogeneous saw dust material. These six sizes were used as they gave highest flexural properties (strength and modulus). The five sieves were decided to

be used as they gave higher flexural strength and modulus.
15
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Figure (2.2): Meshing the wood waste
2.3.2 Wood waste drying
The dryer used was set at 65C to avoid wood waste burning. The meshed wood waste is left about 24 hours in the dryer to get rid of the moisture (see figure (2.3)). It was assured that the moisture was totally eliminated through a test that was done.
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Figure (2.3): Oven used to dry waste wood
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2.3.3 Extruding
Before feeding the extruder (single screw extruder), the plastic is mixed manually, with wood. The plastic used; which is LDPE with the range of 40 to 80 %, has the shape of small particles. This plastic waste obtained mainly from garbage plastic bags which are highly contaminated. The calcium carbonate (CaCO3) is used as a mineral additive; to enhance mechanical properties, with percentages varying from 0 to 5 percent by weight of the total. The mix is then being fed into the hopper of the extruder and the process starts as shown in figure (2.4).

Setting the three heaters at 200 C; for the first one, 200 C; for the second,  and the third one at

200C; the extradites are produced and the sample is accomplished and extradites obtained within about 17 min for a 1.5 kg used (see figure 4 and 5). Intuitively, a warm up period for the heaters of about an hour was a prerequisite. The temperatures’ settings were dependent mainly on the plastic utilized as it has major effects on the process and therefore the final product obtained.

[image: image7.png]



Figure (2.4): The hot extradites coming out of the extruder
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2.3.4 Shredding
Extradites (see figure (2.5)) are crushed in the shredder (see figure (2.6)) forming small particles with identical sizes.
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Figure (2.5): The final shape of the extradite
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Figure (2.6): The shredder adopted in crushing the extradite
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2.3.5 Compression molding
The hydraulic compression molding machine used consists of a hydraulic press with parallel platens which apply the pressure of high amount (see figure (2.7)). A pressure of 3bars and a temperature of 182 C are applied. The steel mold used is a custom made one with dimensions of 15* 10 * 0.5cm (see figure (2.8)) to accommodate the size required. A sample obtained after pressing is show in figure (2.9).
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Figure (2.7): The mold
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Figure (2.8): The thermal press apparatus
19
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Figure (2.9): The samples obtained after pressing

2.3.6 The final shape of the sample
Samples were cut to get the size required to be ready for the physical and mechanical properties test. The dimensions for each samples 8 * 2 cm.

We measured the thickness for all samples using a Venire to make some calculations for the tests. A final shape of the sample is show in figure (2.10).
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Figure (2.10): The final shape of the sample
20
2.4 Testing of physical and mechanical properties
2.4.1 Mechanical properties
Ultimate strength and modulus of elasticity of low density polyethylene (LDPE) and WPC

samples were measured using Testing Machine ST Series (Model Sinowon, China).
Thickness  of  WPC  samples  was  measured  using  electronic  calipers,  and  then  the  area calculated by the relation below:

Area of specimen= thickness of specimen × width

2.4.2Differential scanning calorimeter (DSC) t
The thermal properties including melting temperature and enthalpy of melting for WPC specimens and LDPE were measured using DSC (model pyrix-6,PerkinElmen, corporation U.K. samples were scanned by heating first from 20-200 C followed by cooling from 200-20

C and a rate of 10C/min. )

2.4.5 Water absorption Test
Specimens were put in oven at 85 C for 6 hr, after that the specimens weighted. Then places in boiling distilled water, all edge immersed. At the end of 30 ± 2 min, the specimens were removed  from  the  boiling  water  and  cooled  in  distilled  water  maintained  at  room temperature. After 15 ± 1 min, the specimens were removed from the water, and one at a time, all surface water was removed with a dry cloth.  The specimens  measured by re-

immersing the test specimens and re-weighing them at an interval of 30 ± 2 min.
21
After each of these intervals, the test specimens were removed from the water, cooled in distilled water, dried and weighed. The percentage of water absorption was calculated according to the following:

WA (%) =
Where W1; the weight of specimens before immersed

W2;  the weight of specimens after immersed

2.4.6 Melting flow index (MFI)
A small amount of the sample (around 4 to 5 grams) is taken in the specially designed MFI apparatus, and then the material is packed properly inside the extruder barrel to avoid formation of air pockets. After that it is preheated for a specified amount of time. 5 minutes at

190 C for polyethylene. After the preheating a specified weight 5 kg is introduced onto the piston. Finally the sample of the melt is taken after MFI is expressed as grams of polymer/10

minutes of flow time this test done by using MFI device(Model XH-408B Device ,china)
22

Chapter Three
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Result and discussion
3.1 melting flow index
The melt flow index (MFI) is a measure of molecular weight and Molecular weight distribution characteristics of plastics in industry. The plastics with higher MFI have shorter chains and therefore lower molecular weight and easier flow .The opposite is also true.

Noticed from figure (1.a)&(1.b)that the values of MFI becomes smaller when the concentration increases and reach it maximum at 0.15 with MFI value equal 1.10 g/10 min, for 30%concentration. Moreover recycled LDPE has the highest value because reach melting

point faster and flow easily, contrast to other specimens containing wood.
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Fig (3.1.1): (a) MFI of LDPE- wood Composites at different particle size of wood and same concentration (30%). (b) MFI diagram of LDPE- wood Composites at different particle size of wood and same concentration (40%).

Figures below clarify the relationship between particle sizes and the MFI values ,as shown when the size becomes a small  the values increase slightly but the values remains less than recycled LDPE due to bonds that formed among the recycled LDPE and wood particles and

this would lead to obstruct the particle to reach a melting point .
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Figure (3.1.2): (a) MFI of LDPE- wood Composites at same particle size (0.15mm) and different concentration of wood (b) MFI of LDPE- wood Composites at same particle size (0.3mm) and different concentration of wood.(c) MFI of LDPE- wood Composites at same

particle size (0.6mm) and different concentration of wood
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Concentration of CaCO3 will increase the value of MFI proportionally, as clearly shown on figure (3.13).

20% CaCO3 give high MFI value reach to 0.72 g/10 min compared with the value of 10% which equal 0.49 g/10 min but this value lower than the value of LDPE , that related to high interface at high concentration of CaCO3 and that increases the MFI value , concludes that

addition of CaCO3 improve the MFI .
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Figure(3.1.3):  MFI  of  LDPE-  CaCO3   Composites  at  same  particle  size  (0.15mm)  and different concentration.

When the 0.15 olive waste with different concentration (20%,50%,80% ) instead of wood the MFI values less than recycled LDPE but higher than  specimens contains wood, the reason of this result is weak interface , that lead to increase the MFI .

As figure (3.1.4)shows when the concentration of olive waste increase the MFI decreases gradually.
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Figure (3.1.4): MFI of LDPE- olive wood Composites at same particle size (0.15mm) and different concentration

3.2 Mechanical properties
Figures below presents the results of Tensile strength and Modules of elasticity tests on the specimens, the Modules of elasticity modulus was calculated based on the stress–strain curve slope at the initial strain range of 0.1% from stress–strain.

3.2.1 Tensile strength
Figure (3.2.1.a) & figure (3.2.1.b) shows the relationship between particles size and ultimate strength at 30%, 40% concentrations.   Noticed   from figures that when the concentrations decreases   the tensile strength increase slightly to reach it max at 0.6 mm with ultimate strength 6.729 MPa

This behavior can be explained  depending  on good adhesion  between the particles of wood and  recycled  LDPE  particles  ,when  the  concentration  decreases  ,as  result  of  that  the

crosslinking becomes stronger  , and leads to enhance the ultimate strength and increases.
28
Besides, recycled LDPE has the highest value of ultimate strength and equals 11.727 MPa. Figures  (3.2.1.a) clearly shows that (0.3mm particle size) at 30%concentration didn’t show same trend as 0.6mm &0.15mm, which may be related to strong adhesion between particles

due to homogenous mixing between LPDE and wood particles in specimen.
14
12                   
10
8
6
4
2
0



Tensile strength

recycled LDPE       0.15 mm             0.3 mm              0.6 mm

30% concentration
(a)
14
12                   
10
8
6
4
2
0



Tensile strength

recycled LDPE       0.15 mm             0.3 mm              0.6 mm

40% concentration

(b)

Figure (3.2.1): (a) ultimate Strength diagram of LDPE- wood Composites at different particle size of wood and same concentration (30%). (b) ultimate strength diagram of LDPE- wood

Composites at different particle size of wood and same concentration (40%).
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Figures (3.2.2. a, b and c) shows the effect of particles size at different concentrations on ultimate strength .as can be seen  from figures, all sizes of particles have the same behavior which is when sizes of wood increases, the ultimate strength decreases to reach its minimum ultimate  strength  which  equals  2.142  MPa  for  0.15mm  at  60%concentration  and  the maximum equals 7.553 MPa for 0.3 mm at 30% concentration.

Difference of ultimate strength values as particles of wood change from 0.15mm-0.6mm that increases by 1.17 MPa related to strong bonding between the LPDE and the particle of wood and this contributes the tensile strength. Therefore, it is noticed that 0.3 mm and recycled

LDPE have the same behavior in concentrations case.
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Figure (3.2.2): (a) ultimate strength diagram of LDPE- wood Composites at same particle size (0.15mm) and different concentration of wood (b) ultimate strength diagram of LDPE- wood Composites at same particle size (0.3mm) and different concentration of wood.(c) ultimate strength diagram of LDPE- wood Composites at same particle size (0.6mm) and

different concentration of wood
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Figure (3.2.3) shows the effect of 0.15 mm (with olive waste) at different concentration (20%, 50%, and 80%) on stress value and found that increases concentration of olive waste lead to increases ultimate strength.

Specimen with 80% has highest tensile value and equal to 6.9114 MPa and then becomes decreases by almost half to reach 3.984 MPa at 50%, but 20% has thumping trend, due to homogenous mixing in the extruder which cause robust bonding.

Increasing of stress as the concentration increase, due to strong crosslinking between the LDPE and the olive waste particles and that lead to improve the ultimate strength, but still lower than the value of recycled LDPE, which have strong crosslinking.
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Figure (3.2.3) ultimate strength diagram of LDPE- olive wood Composites at same particle size (0.15mm) and different concentration

As shown in figure (3.2.4) the effect of particles size (0.15 with CaCO3) on ultimate strength, the value decrease as the amount of CaCO3 increase.
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For 10% the value of ultimate strength is 6.827MPa and decrease by 2.56 MPa to reach of

4.260MPa at 20%. The reason of this result is that CaCO3  particles contribute to make the bond between the LPDE and wood particles weaker and that lead to decrease the tensile strength.

In addition, recycled LDPE still has the highest value of ultimate strength comparing with when the CaCO3uses , this related to its strong crosslinking.
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Figure (3.2.4): ultimate strength diagram of LDPE- CaCO3 Composites at same particle size

(0.15mm) and different concentration

3.2.2 Modules of elasticity
The effects of particle size of wood on the elastic modulus of LDPE- wood composites are shown in figure (1.a). It is clearly shown that elasticity modulus (E)at same wood concentration, gives a changeable value of E with increasing the particle size. While the value of recycled LDPE was small 261.8077MPa but the maximum value of E for concentration

30% and 40% is 400 MPa and 316 MPa, so as the wood improve the properties of plastics.
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Figure (3.2.5): (a) Elastic modulus diagram of LDPE- wood Composites at different particle size of wood and same concentration (30%). (b) Elastic modulus diagram of LDPE- wood Composites at different particle size of wood and same concentration (40%).

Figures (3.2.6.a, b, and c) show effect of particle sizes (0.15, 0.3, 0.6 mm) with different concentration on E, as clearly shows the relation is opposites, where the values of E increase slightly to reach 399.364 MPa for 0.3 mm at 30% concentration .  Recycled LDPE has low E

comparing with the other particles sizes with wood.
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This relation can be explained depending on surface contact between the particles sizes of wood and recycled LDPE particles, when the particles size become bigger leads to increase

of surface contacting between particles in specimen .
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Figure (3.2.6) : (a) Elastic modulus diagram of LDPE- wood Composites at same particle size (0.15mm) and different concentration of wood (b)Elastic modulus diagram of LDPE- wood Composites at same particle size (0.3mm) and different concentration of wood.(c) Elastic modulus diagram of LDPE- wood Composites at same particle size (0.6mm) and different concentration of wood.

Figure (3.2.7) show the effect of particles size (0.15mm with olive waste) on E .The 100% concentration of LDPE show small value of E   262 MPa comparing with specimens that contain  olive  waste  therefore  the  olive  waste  improve  surface  contact  and  this  lead  to increases the E

The increases of concentration to 80% that lead to increase E to reach value 570.682MPa and this because of high surface contact but when the concentration decrease to 20% the E

decrease to 288.2844 MPa.
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Figure (3.2.7): Elastic modulus diagram of LDPE- olive waste Composites at same particle size (0.15mm) and different concentration.

Figure (3.2.8) clearly show inverse relationship between particle size (0.15 mm with CaCO3) with concentration (10% and 20%), as the concentration increase the E decreases. this value expected due to reprocessing of polymer, that lead to better adhesion between particles and more restriction to deformation capacity of the specimen in the elastic zone and increasing modulus. Recycle LDPE has E small comparing with others specimens.

When the concentration of CaCO3  10% the E have high value of 385.319MPa while when concentration reach 20% the E decrease to 281.345MPa. Due to Poor surface contact between

particles in specimen.
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Figure (3.2.8) : Elastic modulus diagram of LDPE- CaCO3 Composites at same particle size

(0.15mm) and different concentration

3.3 Thermal properties
Effect of concentration of wood on Crystallinity; clearly show in figures (1-3) when the percentages of wood increase degree of Crystallinity decrease due to crosslinking between Particles that effect on Crystallinity negatively.

In general  in recycle plastic the amount of Crystallinity less than in virgin plastic , that can be related to crosslinking which take place in plastic during exposure to thermo- or photo- oxidation because the Crystallinity of polymer decrease with increase the crosslinking

it clearly shown that the Crystallinity affected by the concentration of wood . the degree of crystallinity increasing with  decreasing  the concentration of wood to reach 14.31% at 30/70 wt/wt wood/LDPE while the lowest value was 0.52 % of 60/40 wt/wt wood/LDPE. The

highest value was for recycle LDPE 24.56%.
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Figures (3.1,3.2 and 3.3) presents the DSC heating results for recycle LDPE, particle size

0.15 mm at different concentration. Tm value increase from 111.19 (Co) to 111.67 (Co) with increasing  the  concentration  30%  to  60%  due  to  crosslinking,  notice  that  the  value  of enthalpy peak was increasing with decreasing the concentrations.
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Figure (3.3.1): DSC result for recycle LDPE
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Figure (3.3.2): DSC result for particle size 0.15 at 30% concentration of wood
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Figure(3.3.3):DSC result for particle size 0.15 at 60 % concentration of wood

The degree of LDPE Crystallinity in the WPC samples and melting temperature presented in table (3.1) was determined by DSC by the following equation:

XC =              .

Where Xc:Crystallinity for the polymer

ΔHm: enthalpy for polymer in specimen in J/g

ΔHref: enthalpy for LPDE polymer which equal 293 J/g

Table (3.1): Crystallinity for recycled LDPE and different concentrations for 0.15 mm
	Concentrations
	Tm(Co)
	∆H J/g
	Crystallinity

(100%)

	Recycle LDPE
	112.38
	71.9608
	24.56

	30/70 wt/wt wood/LDPE
	111.19
	59.9057
	14.31

	60/40 wt/wt wood/LDPE
	111.67
	3.8710
	0.52


3.4 Water absorption Test
Water absorption is one of the most important characteristics of WPC exposed to environmental  conditions  that  determine their  ultimate applications.  Water absorption  in composites can be mainly ascribed to the presences of hydrogen bonding sites in the WPCs and the gaps at the interface.

noticed that the specimens have large particle size have less water absorption content.

From figure (3.4.1) show the effect of particles size 0.15 mm with concentration (30%, 40%,

50%,  and  60%)  on  water  absorption  percentage.  The  60%  have  high  value  of  water absorption 0.409%. The reason for increase percentage of water absorption when there a small particles and high ratio of wood that LDPE is not large enough to cover the surface of wood particles completely due to large contents of wood particles, it would result in creating gaps between wood particles and LDPE and weaker interfacial bonding .
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Figure (3.4.1): relationship between the particles size (0.15mm) and percentage of water absorption

From figure (3.4.2) show the relationship between particle size 0.3mm and water absorption increase percentage of water absorption when there with 0.3mm and high ratio of wood it would result in creating gaps between wood particles and  LDPE and weaker interfacial bonding so the high ratio of wood 40% have high value 0.215 percentage while the small ratio of wood have less value 0.125 percentage.
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Figure (3.4.2): relationship between the particles size (0.3) and percentage of water absorption

Figure (3.4.3) clearly shows the relationship between particles size 0.6mm with concentration

(30%, 40%) and percentage of water absorption.

the ratio of 40% wood have high value 0.234 percentage comparing with ratio 30% wood with value 0.177 percentage according to creating large spaces  between wood particles and LDPE and weaker interfacial bonding.

25.00%
20.00%


Percentage of water absorption

15.00%

10.00%

5.00%

0.00%


30:70                                40:60
0.6

Figure (3.4.3): relationship between the particles size (0.6) and percentage of water

absorption
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Conclusions
The ultimate goal of our project was to develop technology to convert recycled wood and plastics wastes into durable products that are recyclable and otherwise environmentally friendly. The use of plastic waste and wood waste in WPC helps to overcome disposal (through landfill) and burning hazardous material through incinerators and reduce the cost of environmental degradation as well as depleting the natural resources and the indirect cost of health hazardous material.

Mixed wood waste collected from local Palestinian carpentry were sieved into different sizes and then dried. The wood waste was then mixed manually with plastic waste in sacks and then the mixture was fed into the single screw extruder to insure good mixing at melting stage. The extruded WPC composite was then thermally pressed into sheets using thermal press machine. The effect of the particle size and concentration of the wood waste on the mechanical, thermal and melt flow properties was then determined..The melt flow index, water absorption, modulus of elasticity (tensile) of the WPC samples produced were determined, and the results were compared with the recycled low density polyethylene (LDPE).  The  developed  wood  plastic  composites  exhibited  lower  ultimate  strength  and higher modules of elasticity than LDPE; the modules of elasticity increases with increasing the wood particle size. The melt flow index of the (WPC) products was much less than the recycled LDPE. Water absorption tests showed that the WPC absorbs a maximum of approximately 20% water which much better than any commercial wooden products. The crystallinity of the WPC was lower than recycled LDPE and was decreased with increasing

the wood concentration.
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Appendices
Table 1: mechanical properties for particle size 0.15 at different concentrations

	Size of particles(mm)
	Concentratio n of wood
	Maximum Tensile strength

(MPa)
	Maximum Tensile modules

(MPa)

	0.15
	30%
	4.737
	225.686

	
	
	6.035
	268.780

	
	
	5.877
	287.896

	Average
	
	5.550±0.708
	260.787 ±31.865

	
	40%
	3.290
	209.207

	
	
	6.322
	423.596

	
	
	4.435
	297.954

	
	
	4.541
	271.455

	Average
	
	4.647±1.084
	300.553±90.068

	
	50%
	3.172
	211.539

	
	
	2.281
	163.717

	Average
	
	2.727±0.630
	187.628±33.815

	
	60%
	2.159
	162.691

	
	
	2.125
	145.387

	Average
	
	2.142532±0.023
	154.039±12.235


Table 2: mechanical properties for particle size 0.15 at different concentrations of olive waste
	Size of particles(mm)
	Concentratio n of wood
	Maximum Tensile strength

(MPa)
	Maximum Tensile modules

(MPa)

	0.15
	20%
	3.860
	271.860

	
	
	3.970
	246.894

	
	
	4.872
	346.092

	Average
	
	4.234636±0.555
	288.284±51.600

	
	50%
	2.785
	153.256

	
	
	4.110
	233.319

	
	
	5.056
	297.762

	Average
	
	3.984±1.141
	288.112±72.393


Table 3: mechanical properties for particle size 0.15mm wood at different concentration of

CaCO3
	Size of particles(mm)
	Concentratio n of wood
	Maximum Tensile strength

(MPa)
	Maximum Tensile modules

(MPa)

	0.15
	10%
	5.110
	408.530

	
	
	7.591
	435.589

	
	
	7.780
	311.812

	Average
	
	6.827±1.489
	385.310±65.073

	
	20%
	6.438
	358.372

	
	
	3.106
	238.895

	
	
	3.235
	246.766

	Average
	
	4.260±1.887
	281.345±66.824


Table 4: mechanical properties for particle size 0.3mm wood at different concentrations
	Size of particles(mm)
	Concentratio n of wood
	Maximum Tensile strength

(MPa)
	Maximum Tensile modules

(MPa)

	0.3
	30%
	7.557
	388.514

	
	
	7.371
	409.011

	
	
	7.732
	400.568

	Average
	
	7.553±0.180
	399.364±10.301

	
	40%
	4.923
	278.678

	
	
	2.527
	147.100

	
	
	7.400
	356.505

	Average
	
	4.950±2.437
	360.761±105.845


Table 5: mechanical properties for particle size 0.6mm wood at different concentrations

	Size of particles(mm)
	Concentratio n of wood
	Maximum Tensile strength

(MPa)
	Maximum Tensile modules

(MPa)

	0.6
	30%
	7.448
	458.354

	
	
	5.642
	317.019

	
	
	7.071
	398.951

	Average
	
	6.720±0.952
	391.441±70.966

	
	40%
	4.870
	273.990

	
	
	4.863
	258.384

	
	
	7.662
	417.501

	Average
	
	5.798±1.614
	316.625±87.708


Table 6: mechanical properties for particles size wood at same concentration 30%.
	Size of particles(mm)
	Concentratio n of wood
	Maximum Tensile strength

(MPa)
	Maximum Tensile modules

(MPa)

	0.15
	30%
	4.737
	225.686

	
	
	6.035
	268.780

	
	
	5.877
	287.896

	Average
	
	5.5501±0.708
	260.787±31.865

	0.3
	30%
	7.557
	388.514

	
	
	7.371
	409.0111

	
	
	7.732
	400.568

	Average
	
	7.553±0.180
	399.364±10.301

	0.6
	30%
	7.448
	458.354

	
	
	5.642
	317.019

	Average
	
	7.071
	398.951

	
	
	6.720±0.952
	391.441±70.966
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Table 7: mechanical properties for particles size wood at same concentration 40%

	Size of particles(mm)
	Concentratio n of wood
	Maximum Tensile strength

(MPa)
	Maximum Tensile modules

(MPa)

	0.15
	40%
	3.290
	209.207

	
	
	6.322
	423.596

	
	
	4.435
	297.954

	Average
	
	4.541
	271.455

	
	
	4.647±1.084
	300.553±90.068

	0.3
	40%
	4.923
	278.678

	
	
	2.527
	147.100

	
	
	7.400
	356.505

	Average
	
	4.950±2.437
	260.761±105.845

	0.6
	40%
	4.870
	273.990

	
	
	4.863
	258.384

	Average
	
	7.662
	417.501

	
	
	5.798±1.614
	316.625±87.708


Table 8: mechanical properties for recycled LDPE

	Recycle LDPE
	Concentratio n of wood
	Maximum Tensile strength

(MPa)
	Maximum Tensile modules

(MPa)

	
	0%
	11.87698
	280.9714

	
	
	11.57731
	242.644

	Average
	
	11.727±0.211
	261.807±27.101


Table 9: MFI values for 0.15 mm Olive waste Particle size at different concentrations
	Particle sizes(mm)
	Concentrations of olive waste
	MFI (g/10 mins)

	0.15
	20%
	1

	
	50%
	0.88

	
	80%
	0.76
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	Table 10: MFI values for wood Particle size with CaCO3 at different concentrations

Particle sizes(mm)                  Concentrations of CaCO3                              MFI (g/10 mins)

0.15                                               10%                                               0.49

20%

0.72

Table 11: MFI values for wood Particle sizes at different concentrations

Particle sizes(mm)              Concentrations of wood                MFI (g/10 mins)

0.15                                         30%                                         1.10

40%                                         0.44

50%                                         0.28

60%                                         0.26

0.3                                          30%                                         1.08

40%                                         0.40

0.6                                          30%                                         0.91

40%                                         0.35

Table 12: water absorption for different sizes and at different concentrations

	
	size of particles(mm)
	Weight before immersion (g)
	Weight after immersion(g)
	Concentrations of wood
	Percentage of water absorption
	

	
	0.15
	2.01
	2.57
	30%
	27.8%
	

	
	
	1.50
	2.04
	40%
	36.0%
	

	
	
	2.89
	3.93
	50%
	35.98
	

	
	
	3.30
	4.64
	60%
	40.90%
	

	
	0.3
	1.78
	2
	30%
	12.5%
	

	
	
	2.83
	3.44
	40%
	21.5%
	

	
	0.6
	2.14
	2.52
	30%
	17.7%
	

	
	
	1.80
	2
	40%
	11.1%
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