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[bookmark: _Toc355566919]Abstract:

The aim of the current project is to study the possibility of compounding polyethylene using stone cutting solid waste (lime stone powder).  Solid stone cutting waste consist mainly of calcium carbonate and is usually disposed in open fields, roadside, sewage and agricultural land leading to several environmental and health problems to human and agriculture. Samples of slurries were collected and screened into different sizes. Then Polyethylene was compounded with the stone cutting waste using an extruder as hot mixing and the compounded product was formed as sheets.
The mechanical and thermal properties of the resulting sheets was examined and compared with the commercial products.
From the results, it was found that the melt flow index and tensile strength  increases with decreasing slurry concentration and particle size. Also the degree of crystallinity  increases with decreasing slurry concentration. However, modulus elastic increases with increasing slurry concentration and decreasing  particle size.
The max value of melt flow index, tensile strength and degree of crystallinity         (4.1 g/min),  (10.856 mpa) , (11%), respectively, was found at 30% concentration of 0.15mm slurry.The max elastic modulus (491.3266) was found at 60% concentration of 0.15mm slurry.
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[bookmark: _Toc355566922]1.1 Plastics

Plastics are an irreplaceable part of our everyday lives because it  has permeated every facet of human life. Plastics have enormous application. Plastic are influencing on various product ranging from agriculture and water consumption, building construction, communication, small and bulk packaging, education, medicine, transportation and defense [1].
Plastic is important to the modern world because of its basic properties, process ability and versatility. The use of additives and the addition of fillers which can enhance the intrinsic properties of plastic make the plastic versatility. That versatility comes from compensate for deficiencies, or the ability to introduce completely new properties not attainable in pure plastic materials [2]. Due to the contribution of plastic in humane lives and a tremendous range of properties exhibited by them,   there is a growing demand for plastic in modern life. Around 6% per annum the Plastic growth worldwide has been steady which is much  higher than the gross domestic product( GDP) growth rate of 3.3%. US$115 billion which accounting for about 7% of total chemical output value globally is  the output value of commodity, engineering and high performance polymers [1].
The terms polymer and polymeric material encompass very large, broad classes of compounds, both natural and synthetic, with a wide variety of properties. Polymers may be natural, such as cellulose or DNA, or synthetic such as nylon or polyethylene. Plastic is a common name for many synthetic polymer [3].
Petroleum, gases and coal are the main excellent sources in the manufacturing of feedstock s for plastics. From these basic sources come the feed stocks which called monomers [4]. Petroleum gas derivatives are among the most popular and economical in use today.
One of the more important feedstocks or starting materials for plastics, ethylene monomer, which is derived in a gaseous form from petroleum refinery gas, liquefied petroleum gases, or liquid hydrocarbons [4].
Polymers are molecules that consist of many repeating monomer units (monomers) in long chain, a large number of monomers are joined sequentially by chemical reaction called polymerization forming polymer [4].
Polymers are classified by the characteristics of the reactions by which they are formed into addition polymerization and Condensation polymerization [4].
In "addition polymerization", monomers added to one another in such a way that the polymeric product contains all the atoms of the starting monomer and their structure unchanged. Condensation polymerization in which polymers are made from monomers that have two different groups of atoms which can join together losing small molecules as by product. [4].
The structure and degree of polymerization of a given polymer determine its characteristics. The simplest polymer is a linear polymers. linear polymer is a single linear chain of monomers. Polyethylene  is  an example of a linear polymer. Branched polymers which are linear with side chains and can also be very long groups of repeating structure. When groups of units branch off from the long polymer chain the branched polymers obtained. Cross-linked polymers this polymer forms long chains, two or more chains either branched or linear  joined by side chains [4].

Plastics can be divided into two major categories:
1.Thermoset or thermosetting plastics:
Thermo set polymers have an effectively infinite molecular weight. Once cooled and hardened, these plastics retain their shapes and cannot return to their original form. They are hard and durable. Thermoset more rigid than thermoplastic. Examples include polyurethanes, polyesters, epoxy resins  and phenolic resins. 

2. Thermoplastics:
Is a type of plastic that can be  soften upon heating and return to their original form and have a smooth, hard finish when cooled [5]. 
Thermoplastic have high strength, are lightweight and have relatively low processing costs so it is well suited for many different types of uses. In addition, it's relatively easy to manufacture thermoplastic components quickly in high volumes with high precision. Sometimes engineers use thermoplastics instead of metals because of their much lighter weight[6].  Examples include polyethylene (PE), polypropylene (PP),polyvinyl chloride (PVC)  and polytetrafluoroethylene (PTFE) [6].

Disadvantages of thermoplastics: 
Thermoplastics melt and some degrade in direct sunlight or under high U.V. light levels. Many materials have poor resistance to hydrocarbons, organic solvents, and highly polar solvents but others have excellent resistance to these materials. Thermoplastics suffer from creep which is when the material relaxes or weakens when exposed to long-term loading. Many thermoplastic materials, especially composites, tend to fracture rather than deform under high stress levels [7].

[bookmark: _Toc355566923]1.2 Polyethylene

Polyethylene is the most common type of plastic which is produced for industrial and commercial products [2,8]. More than 70% of the total plastics market are polyethylene [2]. Polyethylene is derived from either modifying natural gas (a methane, ethane, propane mix) or from the catalytic cracking of crude oil into gasoline. In a highly purified form, it is piped directly from the refinery to a separate polymerization plant. Here, under the right conditions of temperature, pressure and catalysis, the double bond of the ethylene monomer opens up and many monomers link up to form long chains [9].
Polyethylene is used extensively due to its unique combination of properties, flexibility, cost and ease of fabrication [8] .In addition, plastics based on the polyethylene  molecule are widespread because the compound has physical characteristics that are considered safe and useful in a range of environments. These traits include the fact that it remains flexible for an extended period of time while remaining inert and impervious to damage by most liquids. Since its softness and strength level can be easily adjusted and it can be dyed many colors. Moreover, polyethylene plastic is an inexpensive plastic material that is chemically resistant and can be very durable [9].The largest use for these polymers is in packaging material, shampoo bottles, milk container, toys, grocery bags,  medical products including prosthetic and used  for a variety of purposes in cosmetics as an abrasive, adhesive, binder or bulking agent, an emulsion stabilizer, a film former, an oral care agent, and as a non aqueous viscosity-increasing agent [8,9]. Polyethylene is also used for gas and water pipe applications [10].
Because of the difference in the degree and regularity of branching  there are three major classes of polyethylene, high-density polyethylene(HDPE),low-density polyethylene (LDPE), and linear low-density polyethylene (LLDPE) [7].
High-density Polyethylene  has very few branches whereas low-density Polyethylene  at irregular intervals is characterized by a larger branching with irregular branches . Low density polyethylene, on the other hand, is characterized by branches of regular length (two, four, or six carbon atoms) at regular intervals. The physical properties such as crystallinity and melting point of polyethylene  affected by these structural differences [7].

[bookmark: _Toc355566924]1.2.1 High density polyethylene :
It is one of the most popular plastic in the world. It is made from petroleum.  Depending on the production process high density is available in a range of flexibilities. It is less flexible than lower densities of polyethylene, but is stronger and tougher [9]. It has fewer side branches, giving it stronger intermolecular bonds and tensile strength [7,9].
Because of High density polyethylene's strength and durability it is often found in larger plastic items. It is used in the manufacture of such items as garbage bins, water pipes and detergent bottles. It is commonly used on golf courses to line ponds, as root barriers and to line industrial slurry ponds and it can be found in folding table and chair, storage sheds and snowboard rails and boxes. High density polyethylene is used to produce thicker pieces of plastic such as plumping, automotive fittings and storage containers [7,9].
 HDPE is used in many of applications where it is blended with lower density polyethylene in order to give them strength. Most plastic toys are made from HDPE. Polyethylene  is manufactured in billions of pounds per year [7,9].
As low density polyethylene, high density polyethylene can be recycled but some of its quality loses in the second time around [9].

[bookmark: _Toc355566925]1.2.2 Low density polyethylene:

LDPE is manufactured by free radical polymerization. It has less strength and exhibits more flexibility than high density polyethylene plastic. The product is not as puncture-proof as some of the higher densities of polythene, but its properties enable it to have thousands of everyday uses. It is used for  coating submarine cables,  Films or packaging materials such as garbage bags or sandwich bags. Dispensing bottles and various laboratory equipment. Containers, trays and food storage, cling–foil [6]. Recycling is possible with this particular form of plastic but it loses some of its quality the second time around [6].
There are two process to manufacture polyethylene which are usually categorized into "high pressure" and "low pressure" operations [4].

1.2.2.1 High pressure

Low-density polyethylene is produced via high pressure processes (either autoclave or tubular) [11].Ethylene gas could be converted into a white solid by heating it at very high pressures in the presence of minute quantities of oxygen.
The polymerization reaction which occurs is a random one, producing a wide distribution of molecule sizes. 
By controlling the reaction conditions, it is possible to select the average molecule size (or molecule weight) and the distribution of sizes around this average (molecular weight distribution). The chains are highly branched (at intervals of 20 – 50carbons).  Low density polyethylene has its single biggest use age in blown film.
1.2.2.2 Low pressure :

Low-pressure polyethylene processes are used in the production of linear low-density polyethylene (LLDPE) and high-density polyethylene (HDPE) [11].

The initial discovery of LDPE was an accident. So was the discovery of HDPE in 1952.Researchers in Germany and Italy had succeeded in making a new aluminum based catalyst which permitted the polymerization of ethylene at much lower pressures than the ICI (imperial chemical industries) process.

The polyethylene product of this process was found to be much stiffer than any previous with a density range of about 0.940 - 0.970gcm-3. The increased stiffness and density were found to be due to a much lower level of chain branching. The new HDPE was found to be composed of very straight chains of ethylene with a much narrower distribution of molecular weights (or chain lengths) and a potentially very high average chain length. In the late 1950's, DuPont Canada first applied the low pressure process to the production of LLDPE. LLDPE is made by copolymerising with a small amount of another monomer, typically butene, hexene or octene.
[bookmark: _Toc355566926]
1.3 Plastic compounding

[bookmark: _Toc355301997]The production of plastics consists of many important process steps, which are needed to generate a homogeneous application-specific plastic compound from a number of different raw materials. The polymers used in plastics are generally harmless. However, they are rarely used in pure form. In almost all commercial plastics, they are "compounded" with monomeric ingredients to improve their processing and end-use performance. So the first step in most plastic fabrication procedures is compounding [12].
Compounding offers a quick, easy and low-cost alternative to discover new grades of plastics[13]. The two most common base polymers used in the plastic compounding process are polyethylene and polypropylene [14]. 
Plastic compounding typically involves several basic steps, while the process is different in each facility depending on the product being produced [14].
 In general, the compounding process for any application includes basically two main steps; hot mixing of the polymer and additives to form homogenous mixture in a form of granules or pellets which are then fed into an extruder to shape them into the desired shape. The aforementioned steps are discussed in more details in the following sections.

[bookmark: _Toc355566927]1.3.1 Hot mixing

[bookmark: _Toc355301999][bookmark: _Toc355566928]Plastic Compounding consists of preparing plastic formulations by mixing base plastic resin with additives in a molten state to produce  desired plastics that is more effective, uniform and also to be used in varied applications [13,14].The plastic resins are supplied to the hot mixer as cylindrical pellets (several millimeters in diameter and length), as flakes, powders, viscous liquids, solutions, and suspensions [15].

1.3.2 Plastic extrusion manufacturing

The manufacturing of plastic with specialized shapes is usually accomplished using an extrusion process (see figure1.1) [16]. Plastic extrusion manufacturing: is a process for converting plastic materials from solid to liquid states and reconstituting them as finished components [17]. A wide variety of items, including piping, wire insulation, plastic sheeting, adhesive tape and window frames include extrusion as part of their manufacturing processes [18]. First, raw materials in the form of small plastic pellets are gravity fed from a hopper into a jacketed screw. Typically, the raw plastics which are in bead form are mixed with colorants and other additives (in either liquid or pellet form) before the extrusion process begins [19]. Hopper rests on top of the barrel which is a heated hollow steel cylinder. An auger-type screw rotates inside of the barrel [16]. 
The rotating screw (normally turning at up to 120 rpm) forces the plastic beads forward into the barrel which is heated to the desired melt temperature of the molten plastic (which can range from 200 °C to 275 °C depending on the polymer) [19]. After the plastic is melted, the rotating screw continues to act as a pump and forces the molten plastic through a die. Once the melted plastic exits the die, it is shaped like the finished product. Next, it is pulled through some sort of cooling apparatus, which usually cools with air or water. Once cool, the product can be rolled up, cut into sections, packaged, or can go on to secondary operations [16].



[image: ]
Figure (1.1): Extrusion process.
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Figure (2.1): The main parts of extruder.

[bookmark: _Toc355566929]1.4 Additives :
Additives which are used may be classified as reinforcing fiber, fillers, colorant, coupling agent, stabilizers, (halogen stabilizers, antioxidants, ultraviolet absorbers, and biological preservatives); processing aids (lubricants, others, and flow controls); flame retardants; peroxides; and anti stats. Additives and modifiers may result in plastic with a particular color, texture, strength, and so on [20].
[bookmark: _Toc355566930]1.4.1Fibers ( reinforcement )

Fibers are frequently added to plastic materials to improve their rigidity, strength,
[bookmark: _Toc355566931]toughness, and dimensional stability. The most common reinforcement in plastics is glass fibers, which is usually used in gloves, ointments, and masks manufacturing because it is irritating. Another type of fibers is asbestos which are  offer the advantages of low cost plus heat and flame resistance. On the other hand they have been recognized as a serious lung hazard in recent years, and the industry is currently working on improving health safeguards in manufacturing. Once incorporated in the plastic, they are believed to be harmless [17].

1.4.2 Filler (CaCO3):

One of the most common inorganic mineral powders which used in plastics manufacturing is filler. Filler is  added to improve processing, rigidity, dimensional stability, hiding power, and costs. They do not bring any new health hazards into the plastics industry, as common natural powders [17]. There are a number of different fillers that can be added to polymers which may be classified as either inert or active [19]. Inert fillers increases the volume of the material inexpensively without adding any beneficial features.  They will also usually reduce the cost of the compound as they are generally cheaper than the base polymer [18]. Inert fillers that are most commonly used include calcium carbonate, talc and barium sulphate [2].
Active fillers include glass and carbon .The purpose of using these  fillers is to improve the physical properties of the material, to  increases the tensile strength of the base material [18,19].

Several studies showed that,  as the filler loading increases, the flexural strength, flexural modulus and tensile strength increases. Whereas impact strength and percent elongation decreased. Also, flexural strength, flexural modulus and tensile strength increases with decreasing the particle size [19].

Calcium carbonate (CaCO3) is one of the most popular mineral fillers used in the plastics industry [21]. Calcium carbonate CaCO3 has many properties which make it a very strong alternative to be considered as filler. For examples calcium carbonate  has a high chemical purity, which eliminates a negative catalytic effect on the aging of polymers. In addition, it can be used to reduce consumption of expensive abrasive pigments such as titanium dioxide because it has high whiteness and low refractive index. On the other hand, CaCO3 is very well suited for the manufacture of colorful products and it is low cost. Another advantage CaCO3 is  low abrasiveness, which contributes to low wear of machine parts such as extruder screws and cylinders [22]. Researchers have reported that the Izod impact toughness of HDPE could be improved, depending on the size and loading of CaCO3utilized [23]. Other researchers showed that the toughness of high-density polyethylene filled with calcium carbonate particles is highly influenced by the processing conditions of manufacturing the specimens [25].
It was found also that CaCO3 particles with an average size of 0.7 μm improved Izod impact energy of polypropylene[24].Several studies also have demonstrated that promotion of CaCO3-polymer interaction would improve the tensile  properties and has been achieved by surface treatment of CaCO3 with coupling agents [24].
Fabricated PE nano composite with 70% improved Young’s modulus compared to virgin PE. The creep behavior of PE nano-composites reinforced with different nano sized calcium carbonate depends strongly on the calcium carbonate content. One study showed that the best creep resistance of PE nano composites can be achieved at 10% of calcium carbonate incorporation in the composite. It is found  that then anodized calcium carbonate has a significant effect on crystallinity, melting point, and heat of melting of HDPE. Additionally, calcium carbonate could have a significant effect on rheological behavior of HDPE. Moreover, decreasing CaCO3 particle size from micro to nano could affect the barrier properties of the composite [26].


[bookmark: _Toc355566932]1.4.3 Coupling Agents

Coupling agents are added to apply a surface treatment to bond fibers and fillers more firmly together, where they are so different from organic polymers. These will improve strength and water resistance. The most common are reactive organosilanes, such as vinyl or aminoalkyltriethoxysilanes. Another type often used is methacrylatochromic chloride. They are usually applied to the inorganic surface
[bookmark: _Toc355566933]before compounding and sometimes it is added directly during compounding. Concentrations are generally small [17].



1.4.4 Plasticizers

[bookmark: _Toc355566934]Plasticizers are high-molecular-weight monomeric liquids. It is added to some types of plastics to improve their process ability, and particularly their flexibility and softness. They are generally used in concentrations of 20-50% or more of the total plastic composition [17].


1.4.5 Colorants

A wide variety of  colors are used in plastics because conventional materials are post colored on their surface. Most colorants are inorganic pigments. Titanium dioxide is by far the most common,
[bookmark: _Toc355566935]It used for its high whiteness and hiding power. Iron oxides are second most common. More specialized pigments based on cadmium, chromium, and molybdenum are coming under increasing critical examination for toxicity, in both FDA and toy applications. There are many types of organic colors, both incompatible pigments and compatible dyes, are used in plastic [17].


1.4.6 Stabilizers
A small quantities of stabilizers added to  organic polymers  to improve its' stability. There are several major classes. For examples halogen stabilizers, barium-cadmium-zinc-epoxy-phosphite, lead compounds and organotin compounds [17].

1.4.6.1 Antioxidants

Organic Polymers are exposed to the atmospheric oxidation, in order to retard the oxidative reactions some additives are added in order to reach the stability state.The most familiar are butylatedhydroxytoluene (BHT), and other hindered phenols and also sulfide dimmers which were approved by FDA, on the other hand aromatic amines are less accepted, polyolefin, rubber, and rubber containing plastics such as acrylonitrile butadiene styrene require those antioxidant. Synergists and other stabilizers are also added. Example of synergists are distearylthiodipropionates and organic phosphite esters such as tris(nonylphenyl) phosphate.  FDA accepted some of them, deactivators like hydrazides and triazoles are commonly used in insulating copper wires. The percentage of concentration must be from tenths of a percent to 1% or more [17].

1.4.6.2 Biological Preservatives

Many things can deteriorate the properties of plastic such as mold and fungus, which feed on the monomeric ingredients like plasticizers, in order to stop this attack quinolinate, trichloromethylphthalimide, and quaternary ammonium compounds are used. Moreoverorganomercurials are not preferred because of their toxicitytributyltin oxide also causes odor. The environmental protection agency accepted diphenyltindiethylhexoate usage for baby pants [17].
[bookmark: _Toc355566936]
1.4.7 Anti stats

Plastics trends any charge which builds up on them because they are electrical insulators, this may cause clinging which is annoying and also dangerous sparking. In order to reduce this antistatic agents are added, common types of amines like quaternary ammonium compounds, organic phosphates, and polyoxyethylene glycol esters are used and already accepted by FDA [17].
[bookmark: _Toc355566937]
1.4.8 Flame Retardants

[bookmark: _Toc355566938]Organophosphorus compounds and their halogenated esters, heavily brominated or chlorinated organic compounds, and antimony oxide, are able to reduce flammability. The concentration is between 10-20%, their uses will probably increase because of the concern in safety [17].


1.5 Stone cutting waste as a filler
[bookmark: _Toc355566939]1.5.1 Stone cutting waste :

Many types of waste such as wastewater, dust, slurry and stone residue produced by stone cutting industry. Rock blocks in stone cutting plants are cut into different sizes and shapes by using metal saws which need large quantities of cooling water. The cooling water, after removing the dust during the cutting and shaping process, is discharged out of the plant as highly viscous material referred to as stone slurry waste (sludge) (see figure 3.1) [27]. 
The factories hold the generated sludge in open or closed basins because the waste is prohibited from being discharged to the public sanitary system. Depending on the quantity of sludge and the volume of basins, the sludge remains in the basins for a period of time ( generally two or three weeks), and during this period of time the sludge losses significant amount of water by evaporation especially during hot season. When the water evaporated, the suspended particles will settle and condense at the bottom of the basin and these increases its density (see figure 4.1). After that, most of stone factories dispose the slurry by throwing it into landfill and open areas which cause several environmental problems as will be discussed later [28]. 
In Palestine, slurry of stone waste is produced daily in a large amount because of the presence of hundreds of stone factories. Table (1.1) shows the   distribution of stone factory in Palestine.








Table (1.1): distribution of stone factories in Palestine [29].
	No. of
Workshops
	No. of quarries
	No. of factories and processing facilities
	Location

	43
	130
	178
	Hebron

	35
	32
	210
	Bethlehem

	50
	42
	55
	Ramallah

	30
	23
	60
	Nablus

	10
	32
	78
	Jenin

	12
	3
	10
	Tulkarem

	7
	0
	8
	Qalqilia

	5
	0
	7
	Salfeet

	2
	0
	2
	Jericho

	50
	0
	10
	Gaza

	244
	262
	618
	Total




[bookmark: _Toc355566940]1.5.2 Environmental impacts of stone cutting slurry

Disposal of slurry waste in agricultural land and other open area causes many environmental problems. The major impacts include soil, surface ground water, air quality, land escape flora and fauna [27,28]. For example, it adversely affects plant growth, the fertility of the soil due to changes of the pH-value, salinity and total dissolved solids, also it causes the ground contamination. Moreover, lime cemented hard pans are formed as a result of the accumulation of calcium carbonate from stone slurry on the soil surface, and these restrict infiltration of water and root penetration into the soil layer. 
In addition, the wrong way of the slurry disposal causes a reduction of ground water recharge and increasing in the drainage problem. Sludge affects the aesthetic and stone slurry waste dumped in sewage systems creates blockages and damages pumping stations [27,28].

[image: ]
Figure (3.1): Stone cutting waste sludge.
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Figure (4.1): The dry stone cutting waste.

The aim of the current project was to study the possibility of compounding polyethylene using stone cutting solid waste (lime stone powder).  Solid stone cutting waste consist mainly of calcium carbonate and is usually disposed in open fields, roadside, sewage and agricultural land leading to several environmental and health problems to human and agriculture. Polyethylene will first compounded with the stone cutting waste using a hot mixer and the compounded product will be then extruded into rods, films or pipes. The mechanical and thermal properties of the resulting rods or sheets will be examined and compared with the commercial products.





Chapter (2):
Experimental works
[bookmark: _Toc355566943] 2.1 Materials

Polyethylene and stone cutting waste are the main raw materials that are used in this study. Linear low density polyethylene (Sabic, Saudi Arabia) was obtained from Palestine Plastic Industries Company and used as polymer. Stone slurry waste which contain calcium carbonate (CaCO3) as the main constituent was collected from stone cutting plant located in Tulkarm, Palestine and used as a filler.

2.2 Methods
2.2.1 Screening 

About 25 kg of slurry was collected from stone saws. It must make sure that the slurry is clean and has not been chemically treated. Then the sample was grinded into a small size. About 500g of the sample was poured onto the top sieve, the nest is covered, and it is then shacked by mechanical sieve shaker (LTD. RD) until each particle has dropped to a sieve with openings too small to pass, and the particle is retained. These steps were repeated until all samples (25kg) was screened. Finally, the samples were put in 5 containers , each container contains same size of the particles.

2.2.2 Preparation of LLDPE filled Slurry composites.

Composites were prepared by using LLDPE and varying concentration (30%, 40%, 50% and 60%) of different particle sizes (0.15, 0.3 and 0.6 mm) of slurry.
Tumbling was used to achieve homogenous mixture of  LLDPE (powder) and slurry (powder).



2.2.3 Hot mixing
The LLDPE was compounded with the stone cutting waste using an extruder as hot mixing. The process was carried out at 200 °C. 
The product was crushed and the melt flow index test was carried out.
 
2.2.4 Melt flow index (MFI)
Melt flow index measurements of the composites were carried out on a MFI (XH-408B Melt Flow Index Device , china) at 190˚C and under 2.16kg weight. A small amount of the composite (about 5g) was preheated for a specified amount of time to reach the predetermined temperature on the plunger to extrude the melt through the capillary die. After a steady flow state was reached (almost after 10 min) a sample of the melt was taken and weighted accurately

2.2.5 Sheet preparation

In order to study the mechanical properties of the product, film or sheet of the product is needed. Therefore a thermal press machine was used to produce a plastic sheet. About 10 g of  crushed product was pressed at 180˚c for half an hour. After that the samples was cooled.

2.2.6 Mechanical properties
The mechanical properties were determined using a (Testing Machine ST series, Sinowon, China). The tests were performed at a speed of 4(mm/min) with a fixed gauge length of 39.91(mm). The ultimate tensile strength and elasticity modulus were determined for all samples. The effects of the percentage and the particle size of stone cutting waste on the mechanical properties of the composites were studied.




2.2.7 Differential scanning calorimetry measurements

The differential scanning calorimetry (DSC model pyrix-6, perk inElmen, coportion U.K) was used to study the thermal properties of the LLDPE-Slurry composite. Three samples of 4 to 6 mg in weight cut from the prepared composites (30%,60% of 0.15mm slurry) and pure polyethylene sheet, placed in stainless steel pans. 
 Each sample was heated in the DSC from 25˚C to 200˚C at rate of 10˚C/min.
The melting temperature and enthalpies of melting of the samples were then determined from the DSC curves.
[bookmark: _Toc355566945]Chapter (3):
[bookmark: _Toc355566946]Results and discussion

Effects  of slurry concentration and particle size on melt flow index  of LLDPE-slurry composites.
Figure (5 ) and figure (6) depicts the variation in melt flow index at varying concentration of slurry having same particle size 0.3, 0.15mm respectively. It is seen that melt flow index increases with decreasing slurry concentration because the variation in melt flow  is related with the filler matrix adhesion which is become more weak with increasing slurry concentration.
By comparing the values of melt flow index at 30%, 40% & 50% concentration of 0.15,0.3 mm slurry, it is seen that the melt flow is higher when lower particle size slurry is being added, which may be due to increase in total surface area. Figure (7) also supports this observation.
 On the other hand, by comparing the values of  melt flow at 60% concentration of 0.15,0.3 mm slurry it is observed that the melt flow is higher when large particle size slurry is being added and this may be due to a presence of a critical particle size above which there is no effect on melt flow.
The max melt flow index (4.1 g/min) was found at 30% concentration of 0.15mm slurry, however, the melt flow index of pure LLDPE was 4.29 g/min. 

Figure (5): MFI for different percentage of slurry at 0.3mm particle size.



Figure (6):  MFI for different percentage of slurry at 0.15mm particle size.

Figure (7): MFI for different size of slurry at same percentage(50%).


Mechanical properties 
Effect of filler concentration and particle size on mechanical properties (Ultimate tensile strength and elastic modulus) of stone cutting waste filled LLDPE.

The variations in the tensile strength of LLDPE  having different concentration of slurry are shown in figure (8) &(9). It is observed that, tensile strength decreases with increasing amount of slurry due to the weak interfacial adhesion and dispersion of the slurry filler to LLDPE surface, resulting in poor stress transfer across the interface. 
Furthermore, it is seen from the figures, at concentration of 30%, 40% & 50% of 0.15,0.3mm slurry the tensile strength decreased by  ̴ 4-12% when 10 wt % slurry are added.  
By comparing the values of tensile strength at 30%, 40% & 50% concentration of 0.15,0.3 mm slurry, it is seen that the tensile strength is higher when lower particle size slurry is being added, which may be due to increase in total surface area. On the other hand, from figure (10), it seems that there is a critical particle size above which the tensile strength increases with increasing particle size.
By comparing the values of max tensile strength for all samples, the higher value (10.856 mpa) was found at 30% concentration of 0.15mm slurry, however, the max tensile strength of pure LLDPE was 14.602 mpa. 
 



Figure (8): Stress-Strain diagram of LLDPE- Slurry Composites at same particle size (0.15mm) and different concentration of slurry.




Figure (9): Stress-Strain diagram of LLDPE- Slurry Composites at same particle size (0.3mm) and different concentration of slurry.

Figure (10): Max tensile strength of LLDPE- Slurry Composites at different particle size of slurry and same concentration(50%).


Figure (11) & (12) show the effects of concentration of slurry on the elastic modulus of LLDPE- slurry composites.
From these figures it is clear that elasticity modulus of LLDPE - slurry composites is strongly dependant on slurry concentration ,where, at concentration of 30%, 40% ,50% & 60% of 0.15mm slurry the elasticity modulus increased by  ̴ 5-14% when 10 wt % slurry are added also at concentration of 30%, 40% & 50%  of 0.3mm slurry the elasticity modulus increased by  ̴ 1-9% when 10 wt % slurry are added.
This increasing due to dependence the elastic modulus of polymeric composites on surface contact area of the filler and not on its surface treatment.

As can be seen in figure (12) the modulus elasticity at 60% concentration of 0.3mm slurry is lower than other values that’s because it exceeds the certain concentration and the compatibility between slurry and LLDPE get worse therefore it has lower modulus elasticity. 
The effects of particle size of slurry on the elastic modulus of LLDPE- slurry composites are shown in figure (13). It is observed that elasticity modulus, at same slurry concentration, decreased as the particle size increase.
The max elastic modulus (491.3266) was found at 60% concentration of 0.15mm slurry, however, the elastic modulus for pure LLDPE was 288.6, this means that the slurry which used as filler improves the properties of plastics.
 



Figure (11): Elastic modulus diagram of LLDPE- Slurry Composites at same particle size (0.15mm) and different concentration of slurry.







Figure (12): Elastic modulus diagram of LLDPE- Slurry Composites at same particle size (0.3mm) and different concentration of slurry.





Figure (13): Elastic modulus diagram of LLDPE- Slurry Composites at different particle size of slurry and same concentration(50%).





Thermal properties:

The DSC heating curves of LLDPE-Slurry composite at different concentration of 0.15mm slurry, pure LLDPE are presented in figure 14,15 &16, and as can be seen in figure (14 ) the 70/30 wt/wt LLDPE/Slurry exhibited an endothermic melting peak     ( Tm) at 112.16˚C.
The thermal characteristics of the three samples are summarized in table (3.1).
As can be seen from figures, Tm increased from 112.16˚C to 114.95˚C  with increasing slurry concentration from 30% to 60% and this increasing may be due to 
the weak interfacial adhesion and dispersion of the slurry filler to LLDPE surface.
A decrease in the enthalpy of fusion peak was noted when the concentration of the slurry in the composite increased.


[image: ]
Figure (14):DSC heating curve of LLDPE-Slurry composite at concentration 30% of 0.15mm slurry.

[image: ]
Figure (15):DSC heating curve of LLDPE-Slurry composite at concentration 60% of 0.15mm slurry.

[image: ]
Figure (16):DSC heating curve of pure LLDPE.


As it shown in equation (1), the degree of crystallinity (Xc) of the composites can be calculated by dividing the heat of fusion of the composite by the heat of fusion of 100% crystalline LLDPE which taken from literature ( 293 J/g) [30,31].

     (1)

    Table (3.1):  Thermal characteristics of different composition LLDPE_Slurry.
	Xc %
	∆Hm ( J/g)
 
	Tf ˚C
	Composite

	52.424
	107.742
	 112.16
	70/30 wt/wt LLDPE/Slurry

	39.357
	46.2209
	114.95
	40/60 wt/wt LLDPE/Slurry

	36.81
	107.862
	112.33
	Pure LLDPE




It is clear from the results that the crystallinity of the composite affected by the concentration of slurry. The degree of crystallinity of the pure LLDPE was (36.81 % ) but it decreased to (11%) with 30wt% slurry added to the LLDPE.  The lowest degree of crystallinity ( 9.47%) was found for the composite of 40wt% LLDPE-60wt% slurry. 

 










[bookmark: _Toc355566948]Chapter (4):
conclusions:

Stone cutting slurry poses a challenge that is threatening the local environment in Palestine. In this study, the stone cutting slurry is proposed as a filler material to improve the properties of plastics. Samples of slurries were collected and screened into different sizes then Polyethylene was compounded with the slurry particles using an extruder as hot mixer. The compounded product was formed as sheets. The effects of slurry with varying particle sizes (0.15, 0.3 and 0.6), concentration (30%, 40%,50% and 60%) on the mechanical and thermal properties of the resulting sheets was examined and compared with the commercial products. 
The following conclusions can be reached from the present study:
1- Melt flow index increases with decreasing slurry concentration or particle size and the higher melt flow index reached with decreasing both.
2- In general, tensile strength increases with decreasing slurry concentration. In  specified rang of particle size, tensile strength increases with decreasing particle size.
3- Modulus elastic increases with increasing slurry concentration and decreasing  particle size.
4-  The crystallinity of the composites increases with decreasing slurry concentration. 

Finally, melt flow index, tensile strength and elastic modulus affected by slurry concentration and particle size. Also, the crystallinity of the composites affected by the concentration of slurry.  
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0.3	30	40	50	60	4.05	3.6435000000000191	3.2046000000000001	2.8879999999999999	Concentration of slurry (%)
MFI (g/10min)
0.15	30	40	50	60	4.0999999999999996	3.77	3.25	2.4	Concentration of slurry (%)
MFI (g/10min)
0.15 0.3 0.6	0.15000000000000024	0.30000000000000032	0.60000000000000064	3.25	3.2046000000000001	2.4549999999999987	Particle size of slurry (mm)
MFI (g/10min)
0.15	0.30000000000000032	0.4	0.5	0.60000000000000064	10.855963500000026	9.9728136666666725	8.7897184999999993	8.3671140000000008	Concentration of slurry

Max tensile strength (mpa)

0.3	0.30000000000000032	0.4	0.5	0.60000000000000064	9.0603527499999998	8.3633796666666704	7.8561608333333339	9.9247975000000004	Concentration of slurry

Max tensile strength (mpa).

50%	0.15000000000000024	0.30000000000000032	0.60000000000000064	8.7897184999999993	7.8561608333333339	8.2898983333333351	Particle size of slurry (mm)

Max tensile strength (mpa)

0.15	0.30000000000000032	0.4	0.5	0.60000000000000064	353.33669999999893	398.5907666666667	421.49429999999899	491.32663333333431	Concentration of slurry

Elastic Modulus

0.3	0.30000000000000032	0.4	0.5	0.60000000000000064	345.26174999999893	382.34723333333773	388.60660000000001	357.04089999999997	Concentration of slurry

Elastic Modulus

50%	0.15000000000000024	0.30000000000000032	0.60000000000000064	421.49429999999944	388.60660000000001	201.15165000000002	Particle size of slurry (mm)

Elastic modulus 
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