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                    Abstract
The main objective of the present paper is to draw the attention of researchers towards the wear analysis of functionally graded aluminum matrix composites (FGAMCs) reinforced with different types of particles. The quality of the products and characteristics achieved by the functionally graded materials (FGMs) has been given increasing attention during recent decades. FGMs provide a way to obtain gradients between two phases with variations of properties. The centrifuge casting process was used to produce continuous variation of graded materials. These continuous graded materials offer high strength and enhanced wear resistances compared with traditional composite materials. This paper summarizes the effect of the various reinforcement materials and wear test parameters on microstructure as well as wear properties in the FGAMCs obtained through the centrifugal casting technique. The results found in the reviewed literature are classified according to types of reinforcement particles (such as silicon carbide, alumina and boron carbide) and the influence of wear test parameters (such as applied load, sliding distance, duration and sliding speed) on FGM composites. The main conclusions in this paper are derived from previous studies on experimental investigations on the wear characteristics of FGAMCs. The research gaps and future directions have been discussed which will be prolific to the researchers in the design and manufacture of FGMs production by centrifugal casting.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ]


Fig. 3[image: ]


Fig. 4[image: ]


Fig. 5[image: ]


Fig. 6[image: ]


Fig. 7[image: ]


Fig. 8[image: ]


Fig. 9[image: ]


Fig. 10[image: ]


Fig. 11[image: ]


Fig. 12[image: ]


Fig. 13[image: ]


Fig. 14[image: ]


Fig. 15[image: ]


Fig. 16[image: ]


Fig. 17[image: ]


Fig. 18[image: ]


Fig. 19[image: ]


Fig. 20[image: ]


Fig. 21[image: ]


Fig. 22[image: ]


Fig. 23[image: ]


Fig. 24[image: ]


Fig. 25[image: ]


Fig. 26[image: ]


Fig. 27[image: ]


Fig. 28[image: ]


Fig. 29[image: ]


Fig. 30[image: ]


Fig. 31[image: ]


Fig. 32[image: ]


Fig. 33[image: ]


Fig. 34[image: ]


Fig. 35[image: ]


Fig. 36[image: ]


Fig. 37[image: ]


Fig. 38[image: ]


Fig. 39[image: ]


Fig. 40[image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effect of Main Parameters on the Mechanical and Wear Behaviour of Functionally Graded Materials by Centrifugal Casting: A Review
                                        
                                    

                                    
                                        Article
                                        
                                         22 April 2019
                                    

                                

                                Bassiouny Saleh, Jinghua Jiang, … Donghui Yang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Dry Sliding Wear Behaviour of Aluminium Metal Matrix-Based Functionally Graded Materials Reinforced with Alumina Particles
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2019
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The effect of primary and secondary processing on the abrasive wear properties of compocast aluminum 6061 alloy matrix composites
                                        
                                    

                                    
                                        Article
                                        
                                         05 November 2014
                                    

                                

                                Ali Mazahery & Mohsen Ostad Shabani

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	S. Maimunnisa, P. Gore, T.P.D. Rajan, V.S. Raja, J. Mater. Eng. Perform. (2018). https://doi.org/10.1007/s11665-018-3508-2

Article 
    
                    Google Scholar 
                

	L. Ceschini, R. Montanari, Advances in Metal Matrix Composites (Trans Tech Publications Ltd, Zürich, 2011)

                    Google Scholar 
                

	T.P.D. Rajan, J. Mater. Sci. 3, 3491 (1998)
Article 
    
                    Google Scholar 
                

	P.K. Gupta, R.K. Srivastava, Mater. Today Proc. 5, 18761 (2018). https://doi.org/10.1016/J.MATPR.2018.06.223

Article 
    CAS 
    
                    Google Scholar 
                

	J.Y. Fakruddinali, K.S. Badarinarayan, Ind. J. Sci. Res. Technol. 3, 34 (2015)

                    Google Scholar 
                

	Y. Miyamoto, Functionally Graded Materials: Design, Processing and Applications (Kluwer Academic, Dordrecht, 1999)
Book 
    
                    Google Scholar 
                

	N.B. Duque, Z.H. Melgarejo, O.M. Suarez, Mater. Charact. 55, 167 (2005)
Article 
    CAS 
    
                    Google Scholar 
                

	R.M. Mahamood, E.T. Akinlabi, JMADE 84, 402 (2015)
CAS 
    
                    Google Scholar 
                

	Himasekhar Sai, Int. J. Curr. Eng. Technol. 8, 79 (2018)

                    Google Scholar 
                

	A. Mortensen, S. Suresh, J. Int. Mater. Rev. 40, 239 (1995). https://doi.org/10.1179/imr.1995.40.6.239

Article 
    CAS 
    
                    Google Scholar 
                

	J.J. Sobczak, L. Drenchev, J. Mater. Sci. Technol. 29, 297 (2013)
Article 
    CAS 
    
                    Google Scholar 
                

	M. Koizumi, Compos. B 28B, 1 (1997)
Article 
    CAS 
    
                    Google Scholar 
                

	F. Ebrahimi, Advances in Functionally Graded Materials and Structures. (INTECH Open, Croatia, 2016)
Book 
    
                    Google Scholar 
                

	D.K. Jha, T. Kant, R.K. Singh, Compos. Struct. 96, 833 (2013)
Article 
    
                    Google Scholar 
                

	V. Bhavar, P. Kattire, S. Thakare, S. Patil, R.K.P. Singh, IOP Conf. Ser. Mater. Sci. Eng. (2017). https://doi.org/10.1088/1757-899X/229/1/012021

Article 
    
                    Google Scholar 
                

	Y. Miyamoto, Mater. Technol. 11, 230 (1996)
Article 
    
                    Google Scholar 
                

	D. Mahmoud, M. Elbestawi, J. Manuf. Mater. Process. 1, 13 (2017)
CAS 
    
                    Google Scholar 
                

	R.S. Parihar, S.G. Setti, R.K. Sahu, Sci. Eng. Compos. Mater. (2016). https://doi.org/10.1515/secm-2015-0395

Article 
    
                    Google Scholar 
                

	A. Shapiro, Z. Liu, A.M. Beese, Acta Mater. (2016). https://doi.org/10.1016/j.actamat.2016.12.070

Article 
    
                    Google Scholar 
                

	I.M. El-Galy, B.I. Saleh, M.H. Ahmed, SN Appl. Sci. (2019). https://doi.org/10.1007/s42452-019-1413-4

Article 
    
                    Google Scholar 
                

	J. Zhu, Z. Lai, Z. Yin, J. Jeon, S. Lee, Mater. Chem. Phys. 68, 130 (2001)
Article 
    CAS 
    
                    Google Scholar 
                

	Y. Watanabe, O. Inaguma, H. Sato, E. Miura-Fujiwara, Materials (Basel) 2, 2510 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	A. Arenas, L.A. Rocha, A. Velhinho, Materials (Basel). 7, 8151 (2014)
Article 
    
                    Google Scholar 
                

	A. Strojny et al., J. Mater. Eng. Perform. 25, 3173 (2016)
Article 
    CAS 
    
                    Google Scholar 
                

	D. Kim, K. Park, K. Kim, T. Miyazaki, S. Joo, H. Kwon, Mater. Sci. Eng. A (2018). https://doi.org/10.1016/j.msea.2018.12.128

Article 
    
                    Google Scholar 
                

	E.I. Salama, S.S. Morad, A.M.K. Esawi, Materialia 7, 100351 (2019)
Article 
    CAS 
    
                    Google Scholar 
                

	A.K. Chaubey, R. Gupta, R. Kumar, B. Verma, S. Kanpara, S. Bathula, S.S. Khirwadkar, A. Dhar, Fusion Eng. Des. 135, 24 (2018)
Article 
    CAS 
    
                    Google Scholar 
                

	Z.H. Melgarejo, O.M. Suárez, K. Sridharan, Compos. A 39, 1150 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	Z. Yan-bo, L.I.U. Chang-ming, W. Kai, Z.O.U. Mao-hua, X.I.E. Yong, Trans. Nonferrous Met. Soc. China 20, 361 (2010)
Article 
    CAS 
    
                    Google Scholar 
                

	Y. Watanabe, H. Sato, in Nanocomposites with Unique Properties and Applications in Medicine and Industry, chap. 7, ed. by J. Cuppoletti (InTech, Rijeka, Shanghai and New York, 2011), pp. 133–150

	Y.M. Lim, Y.J. Park, Y.H. Yun, K.S. Hwang, Ceram. Int. 28, 37 (2002)
Article 
    CAS 
    
                    Google Scholar 
                

	G.F. Yin et al., Thin Solid Films 345, 67 (1999)
Article 
    CAS 
    
                    Google Scholar 
                

	C. Deng, H. Kim, H. Ki, Compos. B (2019). https://doi.org/10.1016/j.compositesb.2018.12.101

Article 
    
                    Google Scholar 
                

	C. Zhang, F. Chen, Z. Huang, M. Jia, G. Chen, Y. Ye, Y. Lin, W. Liu, B. Chen, Q. Shen, L. Zhang, E.J. Lavernia, Mater. Sci. Eng. A (2019). https://doi.org/10.1016/j.msea.2019.138209

Article 
    
                    Google Scholar 
                

	D. Herzog, V. Seyda, E. Wycisk, C. Emmelmann, Acta Mater. 117, 371 (2016). https://doi.org/10.1016/j.actamat.2016.07.019

Article 
    CAS 
    
                    Google Scholar 
                

	M. Bodaghi, A.R. Damanpack, W.H. Liao, Mater. Des. 135, 26 (2017)
Article 
    CAS 
    
                    Google Scholar 
                

	D.W. Hutmacher, M. Sittinger, M.V. Risbud, Trends Biotechnol. 22, 354 (2004)
Article 
    CAS 
    
                    Google Scholar 
                

	K. Feng, H. Chen, J. Xiong, Z. Guo, Mater. Des. 46, 622 (2013)
Article 
    CAS 
    
                    Google Scholar 
                

	J. Zygmuntowicz, M. Wachowski, P. Piotrkiewicz, A. Miazga, W. Kaszuwara, K. Konopka, Compos. B 173, 106999 (2019)
Article 
    CAS 
    
                    Google Scholar 
                

	B.S. Shariat, Q. Meng, A.S. Mahmud, Z. Wu, R. Bakhtiari, J. Zhang, F. Motazedian, H. Yang, G. Rio, T. Nam, Y. Liu, Mater. Des. 124, 225 (2017)
Article 
    CAS 
    
                    Google Scholar 
                

	B. Kieback, A. Neubrand, H. Riedel, Mater. Sci. Eng. A 362, 81 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	B.C. Pai, T.P.D. Rajan, IJAEA 2, 64 (2009)

                    Google Scholar 
                

	K. Shah, A. Khan, S. Ali, M. Khan, A.J. Pinkerton, Mater. Des. 54, 531 (2014)
Article 
    CAS 
    
                    Google Scholar 
                

	G. Udupa, S.S. Rao, K.V. Gangadharan, Procedia Mater. Sci. 5, 1291 (2014)
Article 
    CAS 
    
                    Google Scholar 
                

	D.T. Sarathchandra, S.K. Subbu, N. Venkaiah, Mater. Today Proc. 5, 21328 (2018)
Article 
    
                    Google Scholar 
                

	P. Muller, J.-Y. Hascoet, P. Mognol, Rapid Prototyp. J. 20, 511 (2014)
Article 
    
                    Google Scholar 
                

	W. Meng, W. Zhang, W. Zhang, X. Yin, L. Guo, B. Cui. Int. J. Adv. Manuf. Technol. (2019). https://doi.org/10.1007/s00170-019-04061-x

Article 
    
                    Google Scholar 
                

	S. Karnati, Y. Zhang, F.F. Liou, J.W. Newkirk, Metals (Basel). 9, 287 (2019). https://doi.org/10.3390/met9030287

Article 
    CAS 
    
                    Google Scholar 
                

	G. Marinelli, F. Martina, H. Lewtas, D. Hancock, S. Ganguly, S. Williams, G. Marinelli, F. Martina, H. Lewtas, D. Hancock, Sci. Technol. Weld. Join. (2019). https://doi.org/10.1080/13621718.2019.1586162

Article 
    
                    Google Scholar 
                

	F. Erdemir, A. Canakci, T. Varol, Trans. Nonferrous Met. Soc. 25, 3569 (2015)
Article 
    CAS 
    
                    Google Scholar 
                

	T. Kunimine, H. Sato, E. Miura-Fujiwara, Y. Watanabe, in Chap. 2 New Processing Routes for Functionally Graded Materials and Structures through a Combination of Powder Metallurgy and Casting, Advances in Functionally Graded Materials and Structures, ed. by F. Ebrahimi (InTech - Open, Rijeka, 2016), pp. 33–48. ISBN 978-953-51-2274-6

	X. Huang, C. Liu, J. Mater. Process. Technol. 211, 1540 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	K. Gupta, H. Saini, M.A. Zaidi, J. Mater. Sci. Mech. Eng. 4, 163 (2017)

                    Google Scholar 
                

	E.D. Eidel’man, M.A. Durnev, Tech. Phys. 63, 1615 (2018)
Article 
    
                    Google Scholar 
                

	X. Lin, C. Liu, H. Xiao, Compos. B 45, 8 (2013)
Article 
    CAS 
    
                    Google Scholar 
                

	M.R. Rahimipour, M. Sobhani,  Metall. Mater. Trans. B 44, 1120 (2013). https://doi.org/10.1007/s11663-013-9903-z

Article 
    CAS 
    
                    Google Scholar 
                

	M. Naebe, K. Shirvanimoghaddam, Appl. Mater. Today 5, 223 (2016)
Article 
    
                    Google Scholar 
                

	G. Chirita, D. Soares, F.S. Silva, Mater. Des. 29, 20 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	E. Müller, Č. Drašar, J. Schilz, W.A. Kaysser, Mater. Sci. Eng. A 362, 17 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	E.S.C. Chin, Mater. Sci. Eng. A 259(259), 155 (1999)
Article 
    
                    Google Scholar 
                

	Y. Li, S. Jian, Z. Min, Key Eng. Mater. 280–283, 1925 (2005)

                    Google Scholar 
                

	W. Pompe, H. Worch, M. Epple, W. Friess, M. Gelinsky, P. Greil, U. Hempel, D. Scharnweber, K. Schulte, Mater. Sci. Eng. A 362, 40 (2003)
Article 
    CAS 
    
                    Google Scholar 
                

	S. Tharaknath, R. Ramkumar, B. Lokesh, Middle-East J. Sci. Res. 24, 124 (2016)
CAS 
    
                    Google Scholar 
                

	I. Bharti, N. Gupta, K.M. Gupta, Int. J. Mater. Mech. Manuf. 1, 221 (2013)
CAS 
    
                    Google Scholar 
                

	M. Wośko, B. Paszkiewicz, T. Piasecki, A. Szyszka, R. Paszkiewicz, M. Tłaczała, Opt. Appl. 35, 663 (2005)

                    Google Scholar 
                

	R.M. Mahamood, E.T. Akinlabi, M. Shukla, S. Pityana, in: World Congress on Engineering 2012, vol. III (2012)

	G. Udupa, S. Shrikantha Rao, K.V. Gangadharan, in Proceedings of the International Conference on Advances in Engineering, Science and Management (Nagapattinam, 2012), p. 399

	A. Gupta, M. Talha, Prog. Aerosp. Sci. 79, 1 (2015)
Article 
    
                    Google Scholar 
                

	J.W. Gao, C.Y. Wang, Mater. Sci. Eng. A 292, 207 (2000)
Article 
    
                    Google Scholar 
                

	E.J. Babu, T.P.D. Rajan, S. Savithri, U.T.S. Pillai, B.C. Pai, Theoretical analysis and computer simulation of the particle gradient distribution in a centrifugally cast functionally gradient material. Paper presented at the international symposium of research students on materials science and engineering, Chennai, 2004

	P. Abdulsamad, K. Sandeep, P.R. Shalij, Int. J. Innov. Res. Sci. Eng. Technol. An 3, 14441 (2014)

                    Google Scholar 
                

	T. Ogawa, Y. Watanabe, H. Sato, I. Kim, Y. Fukui, Compos. A 37, 2194 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	H. Thai, S. Kim, A Review of Theories for the Modeling and Analysis of Functionally Graded Plates and Shells (Elsevier, Amsterdam, 2015). https://doi.org/10.1016/j.compstruct.2015.03.010

Book 
    
                    Google Scholar 
                

	L.L. Mishnaevsky Jr., Compos. Sci. Technol. 66, 1873 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	N. Stein, J. Felger, W. Becker, Int. J. Adhes. Adhes. (2017). https://doi.org/10.1016/j.ijadhadh.2017.02.001

Article 
    
                    Google Scholar 
                

	D. Almasi, M. Sadeghi, W.J. Lau, F. Roozbahani, N. Iqbal, Mater. Sci. Eng. C 64, 102 (2016)
Article 
    CAS 
    
                    Google Scholar 
                

	Z.H. Melgarejo, O.M. Sua, Scr. Mater. 55, 95 (2006)
Article 
    CAS 
    
                    Google Scholar 
                

	S.C. Ferreira, L.A. Rocha, E. Ariza, P.D. Sequeira, Y. Watanabe, J.C.S. Fernandes, Corros. Sci. 53, 2058 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	T.P.D. Rajan, B.C. Pai, Trans. Indian Inst. Met. 62, 383 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	B. Saleh, J. Jiang, A. Ma, D. Song, D. Yang, Met. Mater. Int. (2019). https://doi.org/10.1007/s12540-019-00273-8

Article 
    
                    Google Scholar 
                

	S.D.S. Sunilraj, G.R.S. Ravishankar, Trans. Indian Inst. Met. 69, 699 (2016)
Article 
    CAS 
    
                    Google Scholar 
                

	L.S. Rao, K.R.A.K. Jha, Trans. Indian Inst. Met. (2018). https://doi.org/10.1007/s12666-018-1276-1

Article 
    
                    Google Scholar 
                

	B.C. Pai, T.P.D. Rajan, Acta Met. Sin. (Engl. Lett.) 27, 825 (2014)
Article 
    CAS 
    
                    Google Scholar 
                

	X.H. Qin, W.X. Han, C.G. Fan, J. Mater. Sci. Lett. 21, 665 (2002)
Article 
    CAS 
    
                    Google Scholar 
                

	D.H. Song, Y.H. Park, Y.H. Park, I.M. Park, K.M. Cho, Mater. Sci. Forum 536, 1565 (2007)
Article 
    
                    Google Scholar 
                

	T.P.D. Rajan, R.M. Pillai, B.C. Pai, Int. J. Cast Met. Res. 21, 214 (2008)
Article 
    CAS 
    
                    Google Scholar 
                

	T.P.D. Rajan, E. Jayakumar, B.C. Pai, Trans. Indian Inst. Met. 65, 531 (2012)
Article 
    CAS 
    
                    Google Scholar 
                

	K. Wang, J. Cheng, W. Sun, H. Xue, J. Compos. Mater. 46, 1021 (2011)
Article 
    CAS 
    
                    Google Scholar 
                

	T.P.D. Rajan, R.M. Pillai, B.C. Pai, Mater. Charact. 61, 923 (2010)
Article 
    CAS 
    
                    Google Scholar 
                

	A.C. Vieira, P.D. Sequeira, J.R. Gomes, L.A. Rocha, Wear 267, 585 (2009)
Article 
    CAS 
    
                    Google Scholar 
                

	K.V. Babu, J.W. Jappes, T. Rajan, M. Uthayakumar, Proc. Inst. Mech. Eng. L J. Mater. Des. Appl. 230, 182 (2016)
Article 
    
                    Google Scholar 
                

	R. Rodrıguez-Castro, R.C. Wetherhold, M.H. Kelestemur, Mater. Sci. Eng. A 323, 445 (2002)
Article 
    
                    Google Scholar 
                

	S.R. Vikas, U.M. Maiya, E. Jayakumar, T.P.D. Rajan, B.C. Pai, Nagaraja, Int. J. Adv. Mech. Robot. Eng. 1, 61 (2014)

                    Google Scholar 
                

	Ö. Savaş et al., Sci. Eng. Compos. Mater (2014). https://doi.org/10.1515/secm-2014-0141

Article 
    
                    Google Scholar 
                

	E. Jayakumar, A.P. Praveen, T.P.D. Rajan, B.C. Pai, Trans. Indian Inst. Met. (2018). https://doi.org/10.1007/s12666-018-1442-5

Article 
    
                    Google Scholar 
                

	M. Sam, N. Radhika, Part. Sci. Technol. (2017). https://doi.org/10.1080/02726351.2017.1364312

Article 
    
                    Google Scholar 
                

	S.C. Ferreira, A. Velhinho, L.A. Rocha, F.M.B. Fernandes, Mater. Sci. Forum 588, 207 (2008)
Article 
    
                    Google Scholar 
                

	A. Velhinho, Int. J. Mater. Prod. Technol. (2010). https://doi.org/10.1504/IJMPT.2010.034265

Article 
    
                    Google Scholar 
                

	V. Bharath, S.S. Ajawan, M. Nagaral, V. Auradi, S.A. Kori, J. Inst. Eng. Ser. C (2018). https://doi.org/10.1007/s40032-018-0442-x

Article 
    
                    Google Scholar 
                

	T. Prasad, N. Chikkanna, Int. J. Adv. Eng. Technol. II, 161 (2011)

                    Google Scholar 
                

	S. Junus, A. Zulfia, Mater. Sci. Forum 857, 179 (2016)
Article 
    
                    Google Scholar 
                

	B.I. Saleh, M.H. Ahmed, Met. Mater. Int. (2019). https://doi.org/10.1007/s12540-019-00391-3

Article 
    
                    Google Scholar 
                

	U. Pandey, R. Purohit, P. Agarwal, S.K. Dhakad, R.S. Rana, Mater. Today Proc. 4, 5452 (2017)
Article 
    
                    Google Scholar 
                

	R. Jojith, N. Radhika, U. Vipin, Trans. Indian Inst. Met. (2018). https://doi.org/10.1007/s12666-018-1523-5

Article 
    
                    Google Scholar 
                

	N. Radhika, R. Raghu, Mat. Wiss. U. Werkstofftech 48, 882 (2017)
Article 
    CAS 
    
                    Google Scholar 
                

	K.R. Ramkumar, S. Sivasankaran, F.A. Al-mufadi, S. Siddharth, Arch. Civ. Mech. Eng. 19, 428 (2019)
Article 
    
                    Google Scholar 
                

	R. Singh, R.N. Rai, AIP Conf. Proc. 1943, 020073 (2018). https://doi.org/10.1063/1.5029649

Article 
    CAS 
    
                    Google Scholar 
                

	A.G. Rao, M. Mohape, V.A. Katkar, D.S. Gowtam, V.P. Deshmukh, A.K. Shah, Mater. Manuf. Process. 25, 37 (2010)

                    Google Scholar 
                

	N. Radhika, R. Raghu, J. Tribol. 137, 1 (2015)
Article 
    CAS 
    
                    Google Scholar 
                

	H. Abdizadeh, M. Baghchesara, Mech. Compos. Mater. 49, 571 (2013)
Article 
    CAS 
    
                    Google Scholar 
                

	N. Radhika, R. Raghu, Int. J. Mater. Res. 106, 1 (2015)
Article 
    CAS 
    
                    Google Scholar 
                

	N. Radhika, Iran. J. Mater. Sci. Technol. 13, 41 (2016)

                    Google Scholar 
                

	R. Jojith, N. Radhika, Mater. Res. Express (2019). https://doi.org/10.1088/2053-1591/ab1039

Article 
    
                    Google Scholar 
                

	N. Radhika, R. Raghu, Tribol. Online 3, 487 (2016)
Article 
    
                    Google Scholar 
                

	N. Radhika, R. Raghu, Part. Sci. Technol. (2016). https://doi.org/10.1080/02726351.2016.1184728

Article 
    
                    Google Scholar 
                

	R. Jojith, N. Radhika, J. Braz. Soc. Mech. Sci. Eng. 40, 1 (2018)
Article 
    CAS 
    
                    Google Scholar 
                

	N. Radhika, Sci. Eng. Compos. Mater (2016). https://doi.org/10.1515/secm-2015-0160

Article 
    
                    Google Scholar 
                

	A. Kumar, G.D. Thakre, P.K. Arya, A.K. Jain, Ind. Eng. Chem. Res. 56, 3527 (2017)
Article 
    CAS 
    
                    Google Scholar 
                

	V.V. Monikandan, M.A. Joseph, P.K. Rajendrakumar, Resour. Technol. (2016). https://doi.org/10.1016/j.reffit.2016.10.002

Article 
    
                    Google Scholar 
                

	M.S. Prabhudev, V. Auradi, K. Venkateswarlu, N.H. Siddalingswamy, S.A. Kori, Procedia Eng. 97, 1361 (2014)
Article 
    CAS 
    
                    Google Scholar 
                

	M.S. Surya, G. Prasanthi, Tribol. Ind. 40, 247 (2018). https://doi.org/10.24874/ti.2018.40.02.08

Article 
    
                    Google Scholar 
                

	D.E. Jayakumar, J.C. Jacob, T.P.D. Rajan, M.A. Joseph, B.C. Pai, Mater. Sci. Forum 831, 456 (2015)
Article 
    
                    Google Scholar 
                

	N. Radhika, R. Raghu, Trans. Nonferrous Met. Soc. China 26, 905 (2016)
Article 
    CAS 
    
                    Google Scholar 
                

	N. Radhika, R. Raghu, Procedia Eng. 97, 713 (2014)
Article 
    CAS 
    
                    Google Scholar 
                

	N. Radhika, Tribol. Ind. 38, 425 (2016)

                    Google Scholar 
                

	N. Radhika, R. Raghu, J. Eng. Sci. Technol. 12, 1386 (2017)

                    Google Scholar 
                

	I.M. El-Galy, M.H. Ahmed, B.I. Bassiouny, Alexandria Eng. J. 56, 371 (2017)
Article 
    
                    Google Scholar 
                

	P. Taylor, B.S. Yigezu, P.K. Jha, M.M. Mahapatra, Tribol. Trans. 56, 546 (2013)
Article 
    CAS 
    
                    Google Scholar 
                

	R.C. Cozza, Integr. Med. Res. 4, 144 (2018)

                    Google Scholar 
                

	J.G. Alotaibi, B.F. Yousif, T.F. Yusaf, J. Eng, Tribol. 0, 1 (2014)

                    Google Scholar 
                

	S.C. Ram, K. Chattopadhyay, I. Chakrabarty, Mater. Res. Express5 (2018)

	A.S. Karun, T.P.D. Rajan, U.T.S. Pillai, B.C. Pai, J. Compos. Mater. (2015). https://doi.org/10.1177/0021998315602946

Article 
    
                    Google Scholar 
                

	N. Radhika, R. Raghu, Part. Sci. Technol. (2016). https://doi.org/10.1080/02726351.2016.1223773

Article 
    
                    Google Scholar 
                

	N. Radhika, A. Vaishnavi, G.K. Chandran, Tribol. Ind. 36, 188 (2014)

                    Google Scholar 
                

	L.V.P. Muddamsetty, N. Radhika, Tribol. Ind. 38, 108 (2016)

                    Google Scholar 
                

	T.R. Prabhu, Arch. Civ. Mech. Eng. 17, 20 (2017)
Article 
    
                    Google Scholar 
                

	A. Ulukoy, M. Topcu, S. Tasgetiren 230, 143 (2016)
CAS 
    
                    Google Scholar 
                

	A.G. Arsha, E. Jayakumar, T.P.D. Rajan, V. Antony, B.C. Pai, Mater. Des.88 (2015)

	I.M. El-Galy, B.I. Bassiouny, M.H. Ahmed, Key Eng. Mater. 786, 276 (2018)
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
The study was supported by the National Natural Science Foundation of China (Grant No. 51979099),the Natural Science Foundation of Jiangsu Province of China (Grant No. BK20191303), the Fundamental Research Funds for the Central Universities (Grant No. 2018B48414 and 2019B79814), Postgraduate Education Reform Project of Jiangsu Province (JGLX19_027), The Key Research and Development Project of Jiangsu Province of China (Grant No.BE2017148).


Author information
Authors and Affiliations
	College of Mechanics and Materials, Hohai University, Nanjing, 211100, China
Bassiouny Saleh, Jinghua Jiang, Aibin Ma, Dan Song, Donghui Yang & Qiong Xu

	Production Engineering Department, Alexandria University, Alexandria, 21544, Egypt
Bassiouny Saleh

	Suqian Institute, Hohai University, Suqian, 223800, China
Aibin Ma & Qiong Xu


Authors	Bassiouny SalehView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jinghua JiangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Aibin MaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Dan SongView author publications
You can also search for this author in
                        PubMed Google Scholar



	Donghui YangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Qiong XuView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding authors
Correspondence to
                Bassiouny Saleh or Jinghua Jiang.


Ethics declarations

              
              
                Conflict of interest

                The author declares that they have no conflict of interest.

              
            

Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Saleh, B., Jiang, J., Ma, A. et al. Review on the Influence of Different Reinforcements on the Microstructure and Wear Behavior of Functionally Graded Aluminum Matrix Composites by Centrifugal Casting.
                    Met. Mater. Int. 26, 933–960 (2020). https://doi.org/10.1007/s12540-019-00491-0
Download citation
	Received: 03 May 2019

	Accepted: 01 October 2019

	Published: 19 October 2019

	Issue Date: July 2020

	DOI: https://doi.org/10.1007/s12540-019-00491-0


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Metal matrix composites (MMCs)
	Functionally graded materials (FGMs)
	Centrifugal casting
	Sliding wear
	Aluminium alloy
	Ceramic reinforcement








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					52.91.103.49
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    