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Abstract- The current research is investigating the effect of weight percentage of coated graphite on the electrical resistance of silver-graphite composites (contact material) with the aim of creating a metal-metal bond at the interface of two phases. Therefore, the electroless method was used to deposit silver on graphite, and finally, the desired amounts coated with graphite powder were ground with pure silver. After ball milling, the powders were sintered through the SPS process and subjected to electrical resistance testing. Improvement of electrical resistance properties was also observed in higher percentages of graphite that the specific electrical resistance will remain below 1*10-7 µm, according to the B664-18 standard. 
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I. Introduction

The electrical conductivity of a composite material is controlled by the mean free path between the scattered electrons. In the case of composites, second-phase particles (such as graphite) or pores in a high-conductivity matrix (such as silver), by creating additional surface area, reduces the mean free path of electrons and in turn reduce the electrical conductivity of the composite. D. J. Pedder et al. [1] showed that he electrical conductivity is a two-phase composite, where the two-phase conductivity is σ1 and σ2 respectively, it can be obtained by the Eq(1).  Were f is volume fraction of second phase.

If  σ1 >> σ2    σcomposite = σ1 (1 - 1.5 f) (1)
Jun-Ho Jang. et al. showed that When the electron is coupled with the van der Waals bond of graphite, it has less electrical resistivity[2]. They also reported that for a composite with 50% volume of graphite, the electrical conductivity with an increase of 20% by volume of graphite, decreases from 6.5 to 4.8 %IACS. Khanra, G. P. et al.[3] showed that electrical resistance of a silver-graphite composite decreases from 0.32 to 0.085 µ-Ω-m with increase in volume percentage of graphite from 0 to 55. the specific resistance of a composite with 55% by volume of graphite (20% by weight) according to the B664-18 standard should be equal to 1. Electroless coating was used as a method to create silver deposits on graphite surface in order to increase the metal-metal bond in the interface to decrease the electrical resistance. they also showed that the electrical resistance of the composite follows the Eq (2). Where fg is volume fraction of graphite.
Log(ρ0/ρ) = 1+83.74 Log(1-fg)   (2)
II. Materials and methods
For this purpose, graphite powder purchased from Sigma Aldrich brand with code 282863 and with particle size of <20 micrometers were subjected to silver electroless coating to improve sintering and electrical conductivity according to Yi Zhang's research [4]; Then, in order to produce bulk samples with volume percentages of 20, 34, 45, 54, 61 and 68, a certain amount of coated graphite powders and Sweden silver powder with a purity of >99.99% and with a particle size of <10 micrometers were weighted. then they mixed by a ball mill mixer. after the final homogenization, the powders were charged in a graphite die with a diameter of 15 mm and a height of 8 mm. according to the research of Jia.D [5] powder were sintered by a spark plasma device at a temperature of 973 K, a pressure of 50 MPa, a duration of 5 minutes and a heating rate of 10 co/min. then they cooled down to the ambient air. the minimum electrical resistance, which according to the ASTM B664-18 standard should be equal to 10-7 Ω-m, for this purpose we used a CRT-100A micro–ohm meter and its results will be presented in the next chapter.
III. RESULTS, DISCUSSION and Conclusion
Due to the difference in the surface area and also the height of the samples because of metallographic operation, in order to compare the electrical resistance of silver-graphite composites we used the specific resistance of the composites, that calculates According to the by the Eq (3). were A is Area, R is measured electrical resistance and L id height of sample[6].

ρ = RA/L (3) 
The electrical resistance values ​​of the composites made by SPS method are given in Table I, based on the results, it can be seen that with the increase in the volume percentage of graphite. Table I and fig1 show the calculated values for current research.
TABLE I: Changes in specific electrical resistance compared to changes in volume percentage of graphite
	%volume of coated graphite
	%weight of coated graphite
	specific electrical resistance (μΩ.m)

	20
	5
	0.018419

	34
	10
	0.125204

	45
	15
	0.085854

	54
	20
	0.117472

	61
	25
	0.092128

	68
	30
	0.095506


As it can be seen in Table I; As the volume percentage of graphite increases from 20 to 68, the specific electrical resistance values ​​increase and then decrease. As mentioned earlier, this behavior can be related to the orientation of the graphite plates. By comparing the values ​​obtained in the present study with the results of Kharana's research in the same volume percentage, i.e about 34% of graphite volume, it can be seen that the specific electrical resistance for J. P. Khanra's research is 0.16μΩ. m and for the sample of the current study it was equal to 0.12μΩ.m, which indicates the improvement of the electrical properties of the mentioned material. In addition, according to the B664-18 standard, the value of specific electrical resistance for graphite silver contact material is equal to 0.1μΩ.m with 55% of graphite by volume. As can be seen in Table I, with the increase in the volume percentage of coated graphite up to Ag-68%VGr, the value of specific electrical resistance is still lower than the mentioned value, which will have a great effect on reducing the amount of silver and subsequently reducing costs.
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