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Abstract

The pyridilimine catalysts based on nickel and iron were synthesized and were optimized for polymerization of ethylene, separately. A mixture of the catalysts at three different Ni:Fe weight ratios 50:50, 70:30 and 30:70 were used for the polymerization which carried out at [Al]/[Ni]+[Fe]=1200 molar ratio at 0°C for 2 hours. The highest activity obtained at 30:70 (Ni: Fe) where the percentage of the Fe catalyst in the mixture was higher.
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Introduction
Blending of two or more polymers is often applied to control the overall property profile of material [1]. For polyethylene resins, blending primarily aims at improving the balance of process ability and mechanical properties of the final product. Basically, blending is achieved by post-polymerization mixing of the different polymers, e. g., in an extruder, or more conveniently, by directly generating the different polymers during the polymerization process (reactor blending). The latter technique can employ in multiple reactors, generating different polymers by varying the reaction condition in each reactor [2], or within a single reactor in present of two or more catalysts [3]. For early transition metal based metallocene or Ziegler catalysts, reactor blending is well established and is applied on an industrial scale [4, 5].
The polymerization of ethylene by late transition metal complexes has received increasing interest in recent years [6, 7].
In this paper, results of polymerization of ethylene were studied by mix of pyridilimine catalyst 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 pyridilimine ligand with corresponding metal halides (Figure 1). The optimized polymerization condition such as [Al]/[M] molar ratio, temperature and monomer pressure obtained for each catalyst. Afterward, the polymerization of ethylene was carried out using mixed catalysts at the obtained condition. 
Results and Discussion 

The results of ethylene polymerization using single catalyst were summarized in Table 1. By considering the condition, further experiments were carried out using the mixture of the catalysts at constant [Al]/[M] molar ratio ([Al]/[Ni]+[Fe]=1200) and 0oC for 2 hours. Results of polymerization in different weight ratios of the catalysts are shown in Table 2. By considering the high productivity of the mixed catalysts at (Ni:Fe) weight ratio 30:70, it can be attributed to higher activity of the iron catalyst than nickel. 
According to the MFC data shown in Figure 2, the active species were still existing to consume and polymerize the ethylene. To better study on this observation, the polymerization at the (Ni:Fe) weight ratio 30:70 performed for 4 hours which the ethylene consumption was meaningful. For this observation, it suggested that reduction of the alkylation/activation rate along with the maintaining of propagation rate versus the termination due to the presence of the counterpart catalyst which allows the polymerization to be approximately steady even after 4 hours. 
Conclusion 
Polymerization of ethylene in the presence of single and mixed Fe- and Ni–based catalysts were carried out. Various weight ratios of the catalysts introduced to the reactors to achieve the effect of the counterpart catalyst effect. Moreover, by increasing in percentage of the iron catalyst in the catalyst mixture, the productivity enhanced. 
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Table 1. Ethylene polymerization using pyridilimine catalysts based on Ni and Fe.
	Activity (grPE.mmol [M]1.hr-1)×103
	Time (min)
	Pressure (bar)
	[Al]/[M]
	Type of metal

	333.3
	45
	3
	1200
	Fe

	35
	120
	2.2
	1200
	Ni

	53.3
	45
	3
	1000
	Fe

	181
	120
	3
	1000
	Ni


Table 2. Ethylene polymerization uding 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: 10µmol of catalysts mixture; MMAO: 12mmol, 40ml toluene, monomer pressure: 3 bar, polymerization time: 120 min, Temperature: 0oC.
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Figure 1. Structures of pyridilimine catalysts based on Ni (Right) and Iron (Left).
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Figure 2. Kinetic behavior of ethylene polymerization with the mixture 70:30 of Fe:Ni Catalyst.
Polymerization condition: Tp= 0oC, 40ml toluene.
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