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Abstract

Binary polymer alloys of polypropylene (PP) and polyethylene (PE) were prepared in different percent compositions. Polypropylene was used with three types of polyethylene including LLDPE, HDPE and LDPE. The samples were fabricated using injection molding in semi industry scale. Charpy impact, tensile and shore (D) hardness tests were employed to study on the mechanical properties of the samples. In general, addition the optimal amounts of PE to PP increased its toughness to more than 100% as well as increased its elongation percent to almost 100%. while that have a little negative effect on its hardness and it is almost constant.
Keywords: Polypropylene\ polyethylene alloy- Impact strength- Mechanical properties- Hardness- Elongation percent.

Introduction

PP is one of the best and versatile synthetic polymer which could be due to price/performance balance of part obtain from [1,2]. Most effective and convenient method that have been proposed to solve the toughness problem of PP is alloying of PP with the various elastomers. Alloying of PP with elastomers improves toughness, despite it reduces the hardness and modulus which can be a problem in various applications [3]. Moreover, fabricated PP alloys containing suitable thermoplastics increases the toughness with no negative impact on its stiffness [4]. Based on this, thermoplastics such as PET, PA6, PE and etc. have been proposed. The addition of

PET and PA6 resulted in lower fracture toughness, due to their polar nature and poor compatibility between both polymers [1]. PP/PE alloys are included: PP/HDPE, PP/LDPE, PP/LLDPE and PP/HMWPE, which PP/HDPE and PP/HMWPE due to high compatibility with PP and more effect on the its toughness are more suggested [4-6].
Experimental

The alloys were prepared using PP and three grades of PE including LLDPE, HDPE, LDPE in slight weight percentages. Impact test was carried out according to EN ISO 179-1:2010 for fabricated alloys by injection molding in sheet-shaped samples without notch. The samples also tested by charpy impact test machine. Tensile test, was carried out in accordance with the ASTM D638-03:2004 standard, the alloys were prepared by injection molding in type 1 dumbbell-shaped. The samples tested by tensile test machine (Servo 92 press). Hardness test, was measured in shore D hardness testing machine according to ISO 868:2003 standard.
Results and Discussion 

In order to get desired results, all of the present factor including temperature, pressure, speed of injection, injection pause, cooling time in molding section were carefully controlled and kept constant in all stages as well as all conditions of sampling and preparing of injection test specimens. Impact, tensile and hardness test results of some alloys are presented in Figure 1-5. By considering the fact that PP has lower impact strength in comparison to PE, addition of PE grades to PP enhanced the impact strength to more than 100% (Fig. 1, 2 and 3). For all alloys, elongation percent in the optimal composition shows an increase to almost 100% (for example, elongation percent of PP/HDPE alloy is shown in Figure 4). For all alloys, hardness in the optimal composition have not a significant reduction and have been almost constant (for example, hardness of PP/LLDPE alloy is shown in Figure 5).
Conclusion 
Binary polymer alloys of polypropylene and polyethylene were prepared in different percent compositions. Overall, addition of PE grades to PP enhanced the toughness (more than 100%). However, the results for tension tests were acceptable. The hardness of samples have been almost constant. The results can be explained by considering that each type of PE has an intrinsic feature which can forced it to the destination PP.
Acknowledgement

The authors would like to thank the Ferdowsi University of Mashhad (FUM) and Talayeh industrial complex for all their supports of this work.

References

1) Arencon D, Velasco J I, Materials, 2, 2046-2094, 2009.

2) Du H, Zhang Y, Liu H, Liu K, Jin M, Li X, Zhang J, Polymer, 55, 5001-5012, 2014.

3) Zhang M, Liu Y, Zhang X, Gao J, Huang F, Song Z, Wei G, Qiao J, Polymer, 43, 5133–5138, 2002.

4) Zhou X, Feng J, Yi J, Wang L, Mater. Des., 49, 502–510, 2013.

5) Sun X, Kharbas H, Peng J, Turng L S, Polymer, 56, 102-110, 2015.

6) Zhu W, Zhang X, Feng Z, Huang B, J. Macromol. Sci. B, 35, 795-805, 1996.
[image: image6.png]
Figure 1. Unnotched impact strength (kj/m2) of PP / HDPE alloy.
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Figure 2. Unnotched impact strength (kj/m2) of PP / LDPE alloy.
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Figure 3. Unnotched impact strength (kj/m2) of PP / LLDPE alloy.
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Figure 4. Elongation percent (%) of PP / HDPE alloy.
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Figure 5. Hardness (shore D) of PP / LLDPE alloy.
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