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Abstract

The pyridilimine catalysts based on nickel and iron were synthesized and the condition of ethylene polymerization was optimized, respectively. A mixed of the catalysts with three different weight ratios were used for the polymerization. Moreover, nanocomposite synthesis through in-situ polymerization was carried out with MWCNT at 50:50 weight ratio of catalysts. As a general result, the activity of catalysts decreased in presence of the MWCNT with 20-30 and 30-50nm diameters.
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Introduction
During the last few decades, polymer-matrix composites (PMC) have been of interest to industry and academia, especially in the area of automotive, aerospace, electronic systems, medical product, civil construction, chemical industries, and other application. This is because of their superior properties such as high strength, good electrical insulation, ability to transfer load, and easy and inexpensive processing [1]. Polymer composites can be classified into two groups on the basis of reinforcing material. They are fiber-reinforced polymer (FRP) and particle-reinforced polymer (PRP) composites. FRP composites have high strength and modulus. Particles are used to increase the modulus and to decrease the formability of the matrix, these particles also used to reduce the cost of the composites. New composites include PE as the matrix is widely used in many applications with better mechanical and physical properties [2].
Some common methods for the preparation of CNT/polymer composites include in-situ filling-polymerization [3], solution mix [4] and melt blending [5]. 
In this work, CNT/PE composites were prepared by in-situ polymerization using mix of pyridilimine catalysts based on nickel and iron.
Experimental
Ligand of Py-2-C(CH3)=N(iPr)2Ph  was synthesized using condensation reaction of 2,6-diisopropyl aniline and 2-acetylpyridine. The catalysts were prepared by the reaction of the ligand with corresponding metal halides (Figure 1). The optimization of polymerization condition for each catalyst based on obtaining yield was carried out at different cocatalyst-catalyst molar ratio, temperature and monomer pressure. MWCNT was used through in-situ polymerization with two different diameters (MWCNT, purity>95%, OD: 20-30 and 30-50) and concentration. To compare the results of the MWCNT/PE composites, then the polymerization of ethylene was carried out using the mixture of the catalysts (without MWCNT) in the reactor. 
Results and Discussion 

Polymerization of ethylene using the mixture of catalysts was carried out (table 1). MWCNT/PE composites were prepared at the optimized condition through in-situ polymerization. The results were summarized in Table 2. At first glance to the results (Table 1 and Table 2), the overall yield of polymerization in 50:50 ratios of the mixture decreased, it can be due to the low penetration of monomer to the active centers of catalysts in present of CNTs [6]. As seen in the Table 2, with a decrease of diameter in CNTs, activities of catalysts were decreased.  However, with the increase of CNT concentration with a lower diameter at the separate polymerization (at the same condition), activity enhanced and amounts of products were increased. The results attributed to the CNTs with the lower diameter which can act like support for the mixture of catalysts and increase the activity [7], while the larger one don’t act in the same way and the productivity decreased.
It is also checked the activity of catalysts mixture for 4 hours (Figure 2) which even after the polymerization time, consumption of the ethylene was still observing by MFC software.
Conclusion 
As a general result of our work, addition of MWCNTs through in-situ polymerization of ethylene caused to reduce the activities. By increasing in the MWCNT diameter at the constant amount, decreasing in productivity was more significant. However, increasing of MWCNT amount with the shorter diameter (20-30 nm) led the activity to enhance.
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Table 1. Results of ethylene polymerization using mixture of catalysts based on Ni and Fe.
	Ratio of Ni:Fe catalysts in mixture
	Activity (grPE.mmol Ni+Fe-1.hr-1)
×103

	50:50
	75.5

	70:30
	50.5

	30:70
	126.25


Polymerization condition: [Al]/[Ni]+[Fe]=1200, 40ml toluene solvent, temperature=0°C, 3 bar monomer pressure, 120 min.
Table 2. Results of PE/MWCNT composites prepared by in-situ polymerization of ethylene using the mixture of catalysts 50:50 Ratio.
	Amount of CNT (mg)
	Diameter of CNT(nm)
	Activity (grcomposite.mmol1Ni+Fe.hr-1) ×103

	7
	20-30
	15

	21
	20-30
	58.5

	7
	30-50
	40

	21
	30-50
	10


Polymerization condition: [Al]/[Ni]+[Fe]=1200, Temperature=0oC, 40 ml toluene, 3 bar monomer pressure, 180 min.
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Figure 1. Representation of pyridilimine catalysts structure based on Ni (Right) and Iron (Left).
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Figure 2. Kinetic behavior of polymerization with the mixture 50:50 of Fe:Ni Catalysts in in-situ polymerization with CNT (21mg, 20-30 nm)
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