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			Abstract

			A viable solution for reducing the negative environment impact of cement kiln dust (CKD) is to combine with polymeric materials to produce composites materials for many applications in different purposes. In this work, an attempt to investigate the addition of CKD as filler with different load to High density polyethylene (HDPE), also the effect of polyethylene glycol (PEG) as compatibilizer on mechanical properties of the polymer composites. HDPE/CKD composites with various CKD content (0,2,4,6, and 8wt%) samples were prepared by melt extrusion followed by injection molding. The effect of adding 2wt% of PEG on mechanical properties of the composites were studied. Tensile strength, impact resistance and, surface hardness was investigated. The results showed improve in tensile strength and elongation at break (%) of polymer composites with 2wt% CKD and reduction in the elastic modulus which attributed to that polymer composite become more ductile and tough. The addition of PEG as compatibilizer showed a significant improvement in mechanical properties that were clear in tensile and impact strength of the polymer composites.
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			Introduction

			Cement industry as many industries produce waste (solid, liquid, gas) which caused environmental pollution, in cement production a solid waste accumulated has negative impact on environment, air, water and land [1]. Although, for several years dramatic advances have been achieved in waste solid management and use of cement kiln dust to reduce the pollution, several industrial applications have been used CKD to minimize its impact on environment [2-6]. Combining CKD with polymer matrix is another solution to minimize the pollution of CKD, the addition of CKD as filler in polymer composites provide some improvement in the polymer properties as well as reducing the cost of production [7,8]. In cement chemical structure there are four basic phases CaO.SiO2, CaO.SiO2, CaO.Al2O3, and CaO.Al2O3.Fe2O3 which can co-exist [1,8]. CKD consists primarily of calcium carbonate and silicon dioxide which is like the cement kiln raw, but the amount of alkalies, chloride and sulfate is usually considerably higher in the cement dust [5,6]. Polymer composites are class of materials where the dispersed filler particles play role of adsorption and redistribution the stress evenly in the matrix. Several studies have been carried out which focused on polyolefin calcium carbonate composites [9-17]. The addition of CaCO3 to high density polyethylene could improve the mechanical and thermal properties without effecting 

the crystallization of the polymer [12]. The increment is depending on the dispersion, shape, surface area of the particles. However, the poor interfacial adhesion between organic polymers and inorganic fillers weakens the mechanical properties of such composites [9,10]. Tanniru & Misra [11] investigated the micromechanism of plastic deformation during impact for 20% CaCO3 high density polyethylene their observation was the adoption of CaCO3 in polyethylene has two primary effects: the reinforcement and the nucleating effect. The reinforcement effect increases the bulk crystallinity and modulus, while the nucleating effect decreases the spherulite size, also the addition of CaCO3 to polyethylene increase impact strength and modify the primary micromechamism of plastic from crazing and brittle to particle-induced cavitation and fibrillation. Calcium carbonate surface modified leads to better dispersion of particles and compatibility with a polymers matrix. The addition of compatibilizer increase the interaction thus adhesion between filler particles and polymer, PEG as compatibilizer has been used in polymer composites [18-24]. Few studies address the use of cement dust as filler in polymers, [7,8,25] in this work the effect of CKD as composite filler of high density polyethylene mechanical properties is investigated. In addition, the effect of adding 2wt% of polyethylene glycol (PEG) as compatibilizer is studied too.

			Experimental 

			Material

			Polyethylene high density (HDPE) was used as matrix (SABIC Saudi Arabia, HDPE F00952, melt flow index 0.05g/10min at 190 °C and 2.16Kg ISO 1133, and value of density is 952kg/m3 ISO 1183), Polyethylene glycol (Mw=6000) (Alfa Aesar) used as received, xylene (Alfa Aesar). Cement kiln dust CKD is supplied by AlBorj cement company (Zliten) Libya, with chemical composition as shown in Table 1, it was sieved to remove impurities and then passed through different sieves size to get particle size of (<75μm).

			Table 1: Chemical composition of cement kiln dust obtained by XRF.
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			Composite preparation 

			The HDPE of desire amount was melting in small quantity of xylene and then mixed with 2,4,6, and 8wt% CKD in a separate bowl, the mixture then air dried. Then final mixing was carried out using twin screw extruder (HAAKE MiniCTW) with screw speed of (70r.p.m.) and the barrel temperatures set on 190 °C. 

			Another set of polymer composite were made 2,4,6, and 8wt% CKD with 2wt% PEG as compatibilizer. The extruded materials were cooled in air and then granules to small pieces. Specimens for tensile strength and impact strength were prepared using injection molding (Xplore 12ml). Details of the composites and codes are reported in Table 2.

			Table 2: composites composition and codes.
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			Characterization 

			Mechanical properties of the prepared polymer cement dust composites were investigated. Tensile properties were investigated by using the Universal Tensile testing machine Prodit 3kN operating at a crosshead speed of 5mm/min at a room temperature. Charpy impact test was carried out using (CEAST Resil Impactor tester) at room temperature with impact energy of 15J, The specimens for impact test were prepared and notched according to ASTM (D256-87). A minimum of four specimens were tested and average value were taking. Hardness properties were investigated by a Shore Durometer in Shore D scale at room temperature according to ASTM D 2240.

			Results and Discussion

			Figure 1 shows the effect of CKD content on the tensile strength of the polymer composites prepared using melt extrusion, also the effect of adding 2wt% PEG as compatibilizers. It can be seen the addition of CKD to polymer matrix reduced the value of tensile strength of the composites compared with neat polymer, that expected when adding rigid particles into polymer matrix, [26] mechanical properties of polymer composites can be altered by various factor: properties of the polymer matrix, filer particles size and morphology, particles loading and distribution, interfacial adhesion between filler particles and matrix [26-28]. A poor dispersion of the CKD particles could create stress concentrations spot in the matrix. Ineffective dispersion also leads to particles aggregations which lower the surface area and interfacial interaction and adhesion. However, at 2wt% CKD modest increases in tensile strength value were observed, as result of good interaction and dispersion of the particles, thus better adhesion between CKD particles and polymer matrix. In contrast the additions of 2wt% PEG as compatibilizer into the composites, shown visible improvement in tensile strength of the composites at different CKD content, as result of an excellent interaction between CKD particles and polymer matrix. Besides to a good dispersion of CKD particles, lead to increase of surface area of the filler consequently thus, reduce stress concentration spot. A significant improvement was observed in particular at high CKD content (4wt% and, 6wt%). 
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			Figure 2 shows the effect of CKD content on the elastic modulus of the polymer composites prepared using melt extrusion, also the effect of adding 2wt% PEG as compatibilizers. A slight decrease in the value of the elastic modulus for all polymer composites with various CKD content is observed. Once more poor dispersion of CKD particles leads to low surface area thus weak adhesion. Once more the addition of 2wt % PEG as compatibilizer gain a significant improve in elastic modulus obtained in PE/CKD2%-PEG2% follow by, a significant decrease in the value of the elastic modulus for other polymer composites with different CKD content. 
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			Figure 3 shows the effect of CKD content on elongation at break of the polymer composites prepared using melt extrusion, also the effect of adding 2wt% PEG as compatibilizers. An increase in the value of elongation at break of all polymer composites with different CKD content was observed, the mechanism of fracture for poor interfacial adhesion the cracks start from the pole of the filler surface and form a huge number of microvoids between the filler and matrix. The microvoids are dragged along the direction of the stress. This fracture mechanism leads to a low tensile strength and relatively high elongation [29]. Further increase in the value of elongation occurred with addition of PEG. At PE/CKD2%-PEG2% the value of elongation at break decreased, that due to good interfacial adhesion where the cracks start from the equator of the filler and develop in the matrix or along the interface. Such fracture mechanism leads to a high tensile strength and low elongation.

			Table 3 shows the average values and standard deviation of impact strength and hardness of the composites. Impact strength of PE and PE/CKD, PE/CKD-PEG composites are listed. A virgin PE exhibited impact strength of 12kJ/m2. This value increased with addition of 2wt% CKD then decreased with the addition of 4wt% CKD, then retain the impact strength value with 6wt% CKD and then decrease yet again at 8wt% CKD. The aggregation of the CKD particles at high CKD content is believing to be the responsible for the decrease in impact strength. Increase in CKD particles lead to possibility for the CKD particles to aggregate and form separate phase in the polymer matrix, therefore decrease the surface area of the particles thus lowering the adhesion between the polymer matrix and CKD particles. 

			Table 3: Impact strength and hardness of the PE/CKD composites.
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			Although PE/CKD 2% showing an increase in impact strength comparing to neat PE as result of good dispersion of CKD in PE matrix. Similar results observed with 2wt% kaolin clay added to identical PE grade as in previous work [30]. The addition of 2wt% PEG to the polymer composites exhibited slight improve in impact strength of the composites, as result of good adhesion between CKD and polymer matrix without considering the dispersion of the CKD particles. Compatibilizers are commonly added to the polymer composites to improve the interfacial adhesion, between the filler particles and polymer matrix. PE/CKD4%-PEG2% showing significant increase in impact strength compared with neat PE this result indicate improvement in adhesion between the particles and polymer matrix, consequently, a better dispersion of the particles so that the surface area of CKD particles increased. Shore hardness D property of the polymer composites are listed in Table 3. Slight increase observed in the values of hardness at all polymer composites. The effect of PEG on the surface hardness was by reducing the value of the hardness at all composites content. 

			Conclusion

			Solid waste cement kiln dust which has a negative impact on the environment can be used as filler for polymer composites even without any modification. The composites were prepared by melt extrusion mixing of high density polyethylene with varying amounts of cement dust (2,4,6,8 wt%). Mechanical properties of the polymer composites showed improvement in tensile strength of polymer composites with 2wt% CKD, as well as increasing in the elongation at break (%) at same CKD content. In contrast, the reduction of the elastic modulus means that polymer composites become more ductile and tough. The study revealed that the impact strength and surface hardness increased at 2wt% CKD content. Moreover, the addition of PEG as compatibilizer showed a significant improvement in mechanical properties that was clear in tensile and impact strength of the polymer composites. The improvement in the mechanical properties can be obtained at low CKD loading of 2wt%. Higher CKD content produced inferior mechanical properties probably due to agglomeration and less interaction between CKD particles and polymer matrix. The addition of 2wt% PEG leads to increase the amount of CKD content in the polymer composites without sacrificing the mechanical properties whereas greater properties can be obtained at less than 6wt% CKD. PEG addition plays a vital role in increasing the interaction between CKD particles and polymer matrix therefore, good dispersion of CKD particles in the polymer matrix.
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Figure 2: Elastic modulus of PE/CKD composites and PE/
CKD-PEG.
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Figure 1: Tensile strength of PE/CKD composites and PE/
CKD-PEG.
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Figure 3: Elongation at break (%) of PE/CKD composites
and PE/CKD-PEG.
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