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Abstract

Hybrid MMC’s have various advantages over conventional metals. Aluminum has a wide advantage in research field which is used as base metal in many MMC’s. Aluminum LM25 is used as base metal in this work. The studies were done using graphite and flyash by varying the percentage of Silicon Carbide and aluminum LM25 as base metal. Graphite and flyash are added for 2 % of aluminium weight seperately and Silicon carbide is varied for 2, 4, 6 and 8% weight of aluminium. The low density of Aluminum and hardness of Silicon carbide and graphite, and affinity of Flyash in Aluminum was to be evaluated as a hybrid structure. The mechanical properties such as tensile strength, Hardness and wear rate were increased after alloying with Graphite and Silicon carbide up to certain percentage. The primary advantage of the hybrid composite is the low density that is obtained after alloying. AlSiCFA is a lightweight material with a density one third of that of Cu alloys. The 2% SiC and 2% Graphite is the best combination of reinforcements that could be integrated in aluminum for best results. The hardness of the material increases with the combination of 2% addition of SiC and Graphite. The Silicon Carbide and Fly ash addition increases the tensile strength, hardness and wear resistance, but only up to a particular composition. The 2% SiC and 2% Fly ash is the best combination of reinforcements that could be integrated in aluminum for best results. The highest wear rate was measured in 8% SiC. Here the hardness of the alloy makes it unable to bear the wear. The AlSiCG and AlSiCFA hybrid composite materials preparation was cost effective and provides high performance related properties after testing for their mechanical behavior. The MMC’s were tested for the evaluationof composite materials ability to replace existing advantages of aluminium LM25. Also to evaluate the hybrid reinforcement property of composites for their better useage.
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INTRODUCTION


	Aluminum is the most abundant metal and the third most abundant chemical element in the earth’s crust, comprising over 8% of its weight. Aluminum alloys are broadly used as a main matrix element in Composite materials. Aluminum alloys for its light weight, has been in the net of researchers for enhancing the technology. The broad use of aluminum alloys is dictated by a very desirable combination of properties, combined with the ease with which they may be produced in a great variety of forms and shapes.
	An attempt is made in this work where Aluminum LM25 is chosen as a matrix and reinforcements like Silicon Carbide (1200mesh size), Graphite (800 mesh size) and Flyash (800 mesh size) are mixed in proper proportions. Such multiple high performance reinforcements introduced into Aluminum alloy tend to be a Hybrid Composites. The Hybrid composite is estimated prepared, as conventional materials lack some qualities. To meet the ever-increasing engineering demands of modern technology, metal matrix composites are gaining importance. The basic idea is to obtain a hybrid composite by stir casting method by mixing Aluminum LM25, Graphite, fly ash and Silicon carbide in varying proportions. The Tensile, compression, Hardness, wear tests were performed and evaluated.
	Aluminum LM25 has major composition of Silicon of 6.5%, and 0.2% Mg, Cu 0.1% and 0.3% Mn. Silicon Carbide is used for its major advantages such as low density, high strength, high thermal conductivity, and high elastic modulus. Fly ash is a byproduct of Thermal Power Plant. Fly ash used in this project was from Rayalaseema Thermal Power Plant, Andhra Pradesh, India. The preference to use fly ash as a filler or reinforcement in metal and polymer matrices is that fly ash is a byproduct of coal combustion, available in very large quantities at very low costs since much of this is currently land filled. Therefore, the material costs of composites can be reduced significantly by incorporating fly ash into the matrices of polymers and metallic alloys. The thermodynamic analysis indicates that there is possibility between the reaction of Al melt and the fly ash particles. The particles contain alumina, silica and iron oxide which during solidification process of Al-fly ash composites or during holding such composites at temperature above 8500 C, are likely to undergo chemical reactions.
	This paper is organised as follows: Section I give the introduction of the work carried out. Section II give a note on experimental work and testing methods used. Section III gives a brief outlay on results and the same is compared and tabulated. The last sectionIV concludes the paper followed by references.
	
II. EXPERIMENTS


	Aluminum LM25 ingot was weighed and melted in electric furnace up to 800oC, and the 2% Graphite (2% of aluminium weight) was mixed using a mechanical stirrer for uniform dispersion. The Silicon carbide was added for 2, 4, 6, and 8 % weight of aluminum. The same method was prepared for 2% Fly ash and Silicon carbide in varying proportions as 2, 4, 6, and 8 %. The cast was poured into the mould and the specimens were machined according to ASTME standards required for testing. Tensile, compression, hardness and wear tests were conducted and the results were derived. During melting Aluminum start dissolving the atmosphere gases in particular hydrogen. If these gases are not removed the casting formed will not be good. These gases are removed by adding Hexachloroethane pallets into the molten metal. Chlorine gas is liberated along with the other gases. By this degassing of the molten metal is done. Role of the degasser is to combine with hydrogen in solution in the molten metal, and to drive it out of the melt. A mechanical stirrer with a refractory layer of coating was then introduced into the melt; the stirrer speed is 500 to 800rpm. When a satisfactory vortex was formed, pre-weighed reinforcements were added according to the required compositions and stirred for ten minutes and then pouring is done. The liquid metal was poured into the cast iron permanent moulds. The dies were allowed for cooling and then removed. Later the specimens were removed and were used to different testing. The cast has to be poured into the mould, and therefore the mould has to withstand the temperature of the cast and give the shape to the liquid cast. For Aluminum casts the mould is prepared from Cast Iron, as its melting temperature is very high at 16000C. The specimens were casted of sizes 25mm diameter and length of 450mm using a cast iron mould pattern. The specimens were machined for the shapes required to test Tensile strength, compressive strength, and hardness value and wear characteristics according to ASTME standards. The density of a material plays an important role in MMC’s. It is estimated by the Rule of Mixtures. Rule of Mixtures is a method of approach to approximate estimation of composite material properties, based on an assumption that a composite property is the volume weighed average of the phases (matrix and dispersed phase) properties. According to Rule of Mixtures density of composite materials is estimated by the following rule:
	dc = dm*Vm + df1*Vf1 + df2*Vf2 ……………………........…(1)
	Where,
	dc – Density of the composite,
	dm - Density of the matrix, Aluminium
	Vm, – Volume fraction of the matrix.
	df1 – Density of reinforcement 1 (Graphite or Flyash)
	df2 – Density of reinforcement 2 (Silicon Carbide)
	Vf1 – Volume fraction of the reinforcement 1(2%)
	Vf2 – Volume fraction of the reinforcement 2 (2-8%)
	
III.RESULTS AND DISCUSSIONS


	A.Density Comparision
	The comparisons of densities by rule of mixture theoretically and experimentally for two compositions are shown in Table I for AlGSiC and Table II for AlFASiC.
	The castings taken were weighed and the density was calculated by knowing the volume. The densities compared in Table I and Table II shows that the density of composites cast is almost relevant to the theoretical densities.
	B. Tensile strength test
	The Tensile strength of the composite is obtained using the Universal Testing Machine. The tensile strength obtained for different compositions are shown in Table III for AlGSiC and Table IV for AlFASiC.
	Table III indicates that the SiC addition leads to improvement in the ultimate tensile strength up to 2% only. Also, from the table it is clear that addition of SiC improves the tensile properties of the composite up to specific percentage.
	The Tensile strength of the composite is more, thus strengthening the composite. This strength is due to dispersion strengthening as well as due to particle reinforcement. Dispersion strengthening is due to the incorporation of very fine particles, which help to restrict the movement of dislocations, whereas in particle strengthening, load sharing is the mechanism.
	Also, the strength of the material considerably reduces in increasing % age of SiC more than 2%. The graphite inclusion also tends to define the properties of material. The material tends to be brittle after the fracture. Therefore, further addition of SiC reduces the strength.
	This indicates that the SiC addition leads to improvement in the ultimate tensile strength up to 2% only. Form the table it i s clear that addition of SiC improves the tensile properties of the composite up to specific percentage. The tensile strength of the composite is more, thus strengthening the composite.
	Also, the strength of the material considerably reduces in increasing % age of SiC more than 2%. The Fly ash inclusion also tends to define the properties of material. The material tends to be brittle after the fracture. Therefore, further addition of SiC reduces the strength.
	C. Compression test
	The compression test is conducted on a Universal Testing Machine and the results are tabulated in Table V for AlGSiC and VI AlFASiC. It is observed that the 2,4,6% of SiC is the best combination for obtaining the best combination of MMC. The mixture gives maximum compressive force that could be withstood by the material. Here the 2 ,4 and 6 % of SiC gives optimum selection.
	D. Hardness test
	The hardness test is conducted on a Brinells hardness testing equipment for a load of 500 Kg. The results thus obtained are tabulated in Table VII and VIII for AlGSiC and AlFASiC respectively.
	The Table VII and VIII shows for the combination of AlGSiC the hardness increases till 4% of SiC and decreases increasing SiC. Also, in AlFASiC combination, the hardness increases till 4 % and decreases gradually after increasing to 8% of SiC. This shows the limitation of addition of SiC in varying Hardness property.
	E. Wear test
	Specimens are machined according to the ASTM standards and Wear characteristics of the MMC’s are obtained by testing material on pin on disc apparatus. Varying load from 10N to 70N with rpm of disc at 100rpm, wear rate is recorded. The characteristics are determined by the comparison of the alloys for varying percentages of SiC along with Aluminium LM 25 alone is represented in Fig 1.
	The wear characteristics of all the compositions of AlGSiC are plotted above in Fig. 2. The highest wear rate is measured in 8% SiC composition that gives the material a brittle structure. The best wear performance out of the above compositions is obeyed by the 2% Graphite and 2% SiC. This shows that the wear resistance is offered less the correct combinations of the graphite and silicon carbide.
	It is observed from the Fig.2. that the wear arte of the compositions AlFASiC measured on pin on disc apparatus, the most efficient and proportional mixing of up to 4% SiC and 2% Fly Ash gives good results with wear resistance. Therefore, addition of SiC into Al LM25 tends the material to loose its property and wear characteristics to reduce with higher percentage.
	
IV. CONCLUSION


	The production and evaluation of tribological properties of AlGSiC and AlFASiC were done according to the standards. From the study it is shown that the Graphite and Silicon Carbide can be used for the production of composites and can provide good results for many applications. Flyash can be used for preparing MMC’s which can turn industrial waste into industr ial wealth. This can also solve the problem of storage and disposal of fly ash. Graphite and Fly ash mixed with SiC makes the material harder up to a certain limit. Prepared MMC’s provide excellent wear characteristics up to a limit load. The tensile strength improves for 2% addition of SiC and 4% of SiC in Al+Graphite. This proportion is ideal for many results to outcome easily. Similarly, 2% and 4% addition of SiC in Flyash combination makes a efficient material. The hardness of the material increases with the combination of 2% addition of SiC and Graphite. The compressive strength is ideal at 2% and 4% addition of SiC graphite and Flyash.
	The 2% SiC and 2% Graphite is the best possible mixture for ideal usage of aluminium. The material tends to wear up to addition of 4% of SiC rapidly. Lower the load applied higher the wear for 2% to 8% addition of SiC. Therefore the characteristics of phase constituents play important role on these alloys. The highest wear rate is measured in 8% SiC. Here the hardness of the alloy makes it unable to bear the wear.
	Comparing the density and cost of the alloys suggests that the alloys containing 2% and 4% SiC would be cost effective and energy efficient for wear and strength applications.
	Further scope is required in these combinations which can be of great application that would work out for various applications. Many applications like wear resistant Aluminum alloy for automobile engine casing and in household utensils.
	
Tables at a glance


	
	[image: Table icon]	[image: Table icon]	[image: Table icon]	[image: Table icon]	[image: Table icon]
	Table 1	Table 2	Table 3	Table 4	Table 5






	[image: Table icon]	[image: Table icon]	[image: Table icon]
	Table 1	Table 2	Table 3



	 
	
Figures at a glance


	
	[image: Figure 1]	[image: Figure 2]
	Figure 1	Figure 2



	 
	
References


	
	L. Cao, Y. Wang, C.K. Yao, The wear properties of an SiC–whisker reinforced aluminium composite, Wear 140 (1990) 273–277.
	 Script Metallurgica “On the strength of discontinuous SiC reinforced Aluminium composite”, Vol 20, issue 1 Jan1986.
	 M.K.Surappa, S.C.Prasad, Wear 77 (1982) 295 . The effect of aluminium on microstructure and phase composition of boron carbide infiltrant with silicon. Natural chemistry and physics volume 118, issue 2-3. 15 Dec 200,. 490-495.
	 F.L.Matthews and R.D.rawlings, Composite Materials: Engineering and Design by, Chapman and Hall publication T.W.Clyne, (2001), Metal Matrix Composites: Matrices and Processing, Encyclopedia of Materials Science and Technology ,p- 8
	 S.Bandyopadhay, T.Das, and P.R.Munroe Metal Matrix Composites -The light yet stronger metals for tomorrow, a treatise on cast materials, p-17-38.
	Badia.F.A, McDonland, Graphite Al-A New Method of Production and Some Foundry Characteristics.Transam Foundrymen's Soc Volume 7(1971): pp 630.
	 Surappa M. K., P. K. Rohatgi, Preparation and properties of cast aluminium-cerarnic particle composites, journal of materials science, 16 (1981): pp 983- 993.
	 Liu Y. B, Lim S. C, Lu l, Lai M. O, Recent development in the fabrication of metal matrix-particulate composites using powder metallurgy techniques, journal of materials science 29 (1994): pp999-2007.
	 Transactions of non ferrous metal society of china, Effects of volume fraction of SiC particle on mechanical properties of SiC/Al composites, Vol 19, issue 6,Dec 2009 pg 1400-1404.
	 Materials and design Synthesis and characterization of Al alloy 7075 reinforced with SiC particles, Vol 29, issue 4, 2008. pg 775-780.
	 D.P.Mondal, S.Das and V.Rajput, Synthesis and characterization of Al-Zn alloys with varying Aluminium and zinc concentrations.. Indian Foundry Journal, Vol 51, No10/October, 2005.
	 Alper Cerit, M. Baki Karamis, Fehmi Nair, Kemal Yildizh. Effect of reinforcement particle size and volume fraction on wear behaviour of metal matrix composites.
	 Zhang Wen long, Zhang Mu, Wang De- zun Effect of cold rolling on hardness of SiC/Al Composite.. Journal of Wuhan University of technology Material science. Vol 19 No4 Dec 2004.
	 J. Bienia, M. Walczak, B. Surowska, J. Sobczak Microstructure And Corrosion Behaviour Of Aluminum Fly Ash Composites. Department of Materials Engineering, Lublin University of Technology 36 Nadbystrzycka St, 20-618 Lublin, Poland.
	 Shuvendu Tripathy Studies on Aluminum–Fly-Ash Composite Produced by Impeller Mixing.Rourkela.
	 Rohatgi P.K,Weiss D, and Gupta Nikhil, Applications of Fly Ash in Synthesizing Low-Cost MMCs for Automotive and Other Applications, Journal of the Minerals, Metals and Materials Society, vol 58,(2006): pp 71-76
	 Sarkar.S., Sen S. and Mishra S. C, Aluminum – fly ash composite produced by impeller mixing, Journal of reinforced plastics and composites,(2008):pp 1-6
	 Liu Y. B, Lim S. C, Lu l, Lai M. O, Recent development in the fabrication of metal matrix-particulate composites using powder metallurgy technique, Journal of materials science 29 (1994): pp999-2007.
	 Radhakrishna M. Ramachandra K., Effect of reinforcement of flyash on sliding wear, slurry erosive wear and corrosive behavior of aluminium matrix composite, Wear 262 (2007): pp1450–1462.
	 Arasukumar.K Production of LM25 Fly Ash And Silicon Carbide Hybrid Metal Matrix Composite And Evaluating Mechanical Properties, M.E, Thesis, UVCE, Bangalore University, 2010
	 Basavaraju.S, Evaluating the Mechanical Properties of hybrid MMC-LM25 using Graphite and Silicon carbide mixture. M.E, Thesis, UVCE, Bangalore University, 2010




 














Useful Links

	About Us
	Open Access
	Journals
	Submit Manuscript
	Contact
	FAQs





Contact Us




Research & Reviews

RROIJ-OPEN ACCESS JOURNALS FZE,

Sheikh Rashid Tower located on the Plot No. 3360301

DM Building Number 14 in the Dubai World Trade Center Complex,
Sheikh Zayed Road, Dubai











Subscribe to our Newsletter


 Enter your email address to receive all news 

from our awesome website 






Submit
 





*Don't worry you'll not be spammed













	

 All Published work is licensed under a  Creative Commons Attribution 4.0 International License 










Copyright © 2024 Research and Reviews, All Rights Reserved
 





    







