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ABSTRACT

Polymers are an electrical insulator with low thermal conductivity. In new applications, such as heat sinks in electronic packaging, new composites with higher thermal conductivity are required. By addition of fillers or even metallic powders to polymers, their thermal behaviour can improve.  In fact metal filled polymer composites are widely used for electromagnetic interference shielding. They have a lower density than metals as well as the lower cost. One of the most important fillers with higher thermal conductivity is copper powder. The presence of copper powder in polymer matrix composite affects on thermal properties [1-3]. This study evaluated the effect of presence of copper particles on thermal properties of a kind of commodity plastic. Medium density polyethylene (MDPE) was considered as matrix material. It was supplied by Tabriz Petrochemical complex, Iran. A 99.9% pure copper powder was used as filler.  The volume percent of copper in MDPE/Cu composites varied between 0 to 3%. Copper powders and MDPE were first mechanically mixed in different volume ratios, to achieve desired composition, shown in Table I. The composite powders were squeezed between two glass plates, and heated at about 100ºC under pressure for 5 minutes, followed by cooling to room temperature. In order to investigate the thermodynamic properties of pure MDPE and MDPE/Cu composites, heat flow differential scanning calorimetery (DSC60) was used. At first, the temperature calibration of DSC was done by measuring the melting temperature of Indium. The samples, weighted between 2-3 milligrams. The material crimped in an aluminium pan using a simple press. For determination of thermal properties, the samples were heated twice at heating rate of 10ºC/min from room temperature up to 180ºC. Between the heating cycles, a controlled cooling at 10ºC/min was performed. Each sample was subjected to DSC test for at least two times. The heats of fusion and solidification, melting temperature, crystallization and initial crystallization temperature of MDPE and MDPE/Cu composites were determined from DSC curves and summarized in Table II. It seems the presence of copper has a complex effect on fusion and solidification behaviour of MDPE and MDPE/Cu composites. In first step, the heat of fusion and solidification of MDPE decreased as copper content increased up to 1 vol%. In second step, the transformation heat (solidification and/or fusion heat) increased as the amount of copper content increased from 1 to 2.vol%. In third step, by addition of copper powder from 2 to 3.vol%, the transformation heat of composites lessened. In all samples, addition of copper to MDPE caused the decreasing of fusion and solidification heats compared to pure MDPE. The reduction of both solidification and fusion heats can be mainly accounted for decreasing of the amount of MDPE subjected to transformation by increasing of copper content. The copper particles will be situated in the amorphous part of polymer matrix [2, 3]. So, the essences of copper in MDPE matrix results in decreasing of crystal domain. It converts to amorphous structure in melting phenomena in semi crystalline polymers. As mentioned above, by addition of copper to polymer matrix, transformation heat decreased in comparison with pure MDPE. The main reason for the reduction of transformation heat related to decreasing of crystal structure. So, fusion and/or solidification heat of MDPE in composites is lower than MDPE. The amount of melt is not the same in different MDPE/Cu composites. This parameter is proportional to crystallinity index. Besides, the results of DSC showed that the amount of fusion heats in first and second heat cycling did not change. It seems that the pressure, used during sample preparation process, had no influence in structure of polymer. According to Table II, the value of Tm of MDPE/Cu composites and neat MDPE did not change with increasing of copper content. It indicates that the copper particles, dispersed in composites, did not act as a nucleation agent [3].
Table I: specification of composites

	Material
	Cu

Volume content (%)

	Pure MDPE
	-

	Cu0.25
	0.25

	Cu 0.5
	0.5

	Cu 0.75
	0.75

	Cu 1
	1

	Cu 2
	2

	Cu 3
	3


Table II: The amount of fusion and solidification parameters of MDPE and its composites.

	Material
	Fusion heat at first step

(j/gram)
	Solidification heat (j/gram)
	Melting temperature (0C)
	Fusion heat at third step (j/gram)

	Pure MDPE
	160.26
	143.82
	120.95
	162.37

	Cu 0.25
	136.52
	112.72
	121.87
	138.64

	Cu 0.5
	129.67
	117.34
	121.47
	129.36

	Cu 0.75
	126.81
	107.68
	121.78
	126.92

	Cu 1
	130.23
	112.42
	121.59
	133.75

	Cu 2
	136.8
	117.46
	121.22
	136.38

	Cu 3
	100.03
	88.18
	121.35
	99.98
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