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                    Abstract
The constitution of the titanium-aluminum-carbon ternary system has been investigated combining critical evaluation of literature data with new experimental results. Three ternary phases occur in this system: Ti3AlC, Ti2AlC, and newly discovered Ti3AlC2. As analyzed by wet chemistry methods, all three phases are carbon deficient with respect to their “ideal≓ stoichiometry, which is based on the crystal structure formula. Ti2AlC and Ti3AlC melt incongruently at 1625 ± 10 ‡ and 1580 ± 10 ‡, respectively. Ti3AlC2 decomposes in the solid state. The two isothermal sections at 1000 and 1300 ‡ investigated experimentally are corroborated by thermochemical calculations. A projection of the liquidus surface is given, and a reaction scheme linking this liquidus projection with the isothermal sections observed is proposed.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    Cited References
	R.J. Van Thyne and H.D. Kessler, “Influence of Oxygen, Nitrogen and Carbon on the Phase Relationships of the Ti-Al-System,≓Trans. AIME, J. Metals, 200,193–199(1954).

                    Google Scholar 
                

	W. Jeitschko, H. Nowotny, and F. Benesovsky,“Carbon Containing Ternary Compounds (H-Phases),≓Monatsh. Chem., 94,672–676 (1963).
Article 
    
                    Google Scholar 
                

	W. Jeitschko, H. Nowotny, and F. Benesovsky, “T13AIC a Perovskite Type Carbide,≓Monatsh. Chem., 95,319–321 (1964).
Article 
    
                    Google Scholar 
                

	W. Jeitschko, H. Nowotny,Monatsh. Chem., 98,329–337 (1967).
Article 
    
                    Google Scholar 
                

	T. Mantani,“Strengthening of Al-TiC Alloy by Heating at High Temperature,≓KeiKinzoku, 20,15–21 (1970).

                    Google Scholar 
                

	V.l. Ivchenko, M.I. Lesnaya, V.F. Nemchenko, and T. Ya. Kosolapova,“Some Physical Properties of Ternary Compounds in the System Ti-Al-C,≓Poroshk. Metall, (5), 45–48 (1976).

                    Google Scholar 
                

	V.l. Ivchenko and T. Ya. Kosolapova,“Abrasive Properties of the Ternary Compounds in the System Ti-Al-C and Ti-Al-N,≓Poroshk. Metall, (8), 56–59 (1976).

                    Google Scholar 
                

	J.C. Schuster, H. Nowotny, and C. Vaccaro,“The Ternary Systems Cr-Al-C, V-A1-C, and Ti-Al-C and the Behavior of H-Phases (M2A1C),≓J. Solid State Chem., 32,213–219 (1980).
Article 
    ADS 
    
                    Google Scholar 
                

	Abdel-Hamid, C.H. Allibert, and F. Durand,“Equilibrium between TiAl3 and Molten Al: Results from the Technique of Electro-magnetic Phase Separation,≓ ZMetallkd., 75,455–458 (1984).

                    Google Scholar 
                

	H. Nowotny,“Preparation and Properties of Complex Carbides andNitrides for Abrasives,≓ Final reportDMR77-20504,37 p. (1983).

	A. Abdel-Hamid, C.H. Allibert, and F. Durand,“Equilibrium between Ti Al3 and Molten Al: Results from the Technique of Electro-magnetic Phase Separation,≓ ZMetallkd. 75,455–458 (1984).

                    Google Scholar 
                

	R.J. Kerans, K.S. Mazdiyasni, R. Ruh, and H.A. Lipsitt,“Solubility of Metals in Substoichiometric TiC1-x,≓J. Am. Ceram. Soc, 67, 34–38(1984).
Article 
    
                    Google Scholar 
                

	R.D. Shull, A.J. McAllister, and R.C. Reno,“Phase Equilibria in the Titanium-Aluminum System,≓Proc. 5th Int. Conf. Titanium, G. Lutjering, U. Zwicker, and W. Bunk, Eds., Munich, FRG (1984).

                    Google Scholar 
                

	R.G. Colters, “Thermodynamics of Binary Metallic Carbides: A Review,≓Mater. Sci. Eng., 76,1–50(1985).
Article 
    
                    Google Scholar 
                

	A. Banerji and W. Reif, “Development of Al-Ti-C Grain Refiners Containing TiC≓Metall. Trans.A, 17,2127–2137(1986).
Article 
    
                    Google Scholar 
                

	M. Kabbaj, A. Galerie, and M. Caillet, “Composite TiA13-TiC Coatings on Titanium,≓J. Less-Common Met., 120,21–33 (1986).
Article 
    
                    Google Scholar 
                

	A.M. Zakharov, L.A. Lashkova, and S.G. Semeryakova, “The Polythermal Section γTiAl-TiC of the Ti-Al-C System,≓Izv. Akad. NaukSSSR,Met., (4), 196–197(1987).

                    Google Scholar 
                

	P. Li, Z. Ma, and G. Liu, “Matrix Alloying Element Effects on Interfacial Bonding and Tensile Strength of Al-C Composites,≓Inter-faces in Metal-Ceramic Composites, R.Y. Lin et al., Ed., ASM International, Materials Park, OH, 307–316(1989).

                    Google Scholar 
                

	C. McCullough, J.J. Valencia, CG. Levi, and R. Mehrabian, “Phase Equilibria and Solidification in Ti-Al Alloys,≓Ada Metall, 37,1321–1336(1989).
Article 
    
                    Google Scholar 
                

	W. Wacha, thesis, Vienna Institute of Technology, Viena (1989).

                    Google Scholar 
                

	F.H. Hayes, “Aluminium-Carbon-Titanium,≓Ternary Alloys, Vol 3, G. Petzow and G. Effenberg, Ed., Verlag Chemie, Weinheim, FRG, 557–566 (1990).

                    Google Scholar 
                

	
Binary Alloy Phase Diagrams, 2nd ed., T.B. Massalski, P.R. Subramanian, H. Okamoto, and L. Kacprzak, Ed., ASM International, Materials Park, OH (1990).

	C. McCullough, J.J. Valencia, CG. Levi, and R. Mehrabian, “Microstructural Analysis of Rapidly Solidified Ti-Al-X Powders,≓Mater. Sci. Eng. A, 124,83–101 (1990).
Article 
    
                    Google Scholar 
                

	J.C. Schuster and H. Ipser, “Phases and Phase Relations in the Partial System TiAl3-TiA1,≓ZMetallkd., 81,389–396 (1990).

                    Google Scholar 
                

	R. TÄubler, M. Groschner, W. Lengauer, and P. Ettmayer, inNichtmetalle in Metallen, D. Hirschfeld, Ed., DGM Informationsges. Verlag, Oberursel, FRG, 101–107(1990).

                    Google Scholar 
                

	J.C. Viala, Ch. Vincent, and J. Bouix, “Thermodynamic Approach of the Chemical Interaction between Aluminum and Titanium Carbide,≓Mater. Res. Bull., 25,457–464 (1990).
Article 
    
                    Google Scholar 
                

	G. Cam, H.M. Flower, and D.R.F. West, “Constitution of Ti-Al-C Alloys in the Temperature Range 1250–750 “C,≓Mater. Sci. Technol., 7,505–511 (1991).
Article 
    
                    Google Scholar 
                

	A. Jarfors, H. Fredriksson, and L. Froyen, “On the Thermodynamics and Kinetics of Carbides in the Aluminium-Rich Corner of the Al-Ti-C Phase Diagram,≓Mater. Sci. Eng. A, 135,119–123(1991).
Article 
    
                    Google Scholar 
                

	J.C. Schuster, “A Reinvestigation of the Thermal Decomposition of Aluminum Carbide and the Constitution of the Al-C System,≓J. Phase Equilibria, 12,546–549 (1991).
Article 
    
                    Google Scholar 
                

	H. Yokokawa, N. Sakai, T. Kawada, and M. Dokiya, “Chemical Potential Diagram of the Al-Ti-C System: A14C3 Formation on TiC Formed in AITi Liquids Containing Carbon,≓Metall. Trans. A, 22, 3075–3076(1991).
Article 
    
                    Google Scholar 
                

	Y. Choi, M.E. Mullins, K. Wijayatilleke, and J.K. Lee, “Fabrication of Metal Matrix Composites of TiC-Al through Self-Propagating Synthesis Reaction,≓Metall. Trans. A, 23,2387–2392 (1992).
Article 
    
                    Google Scholar 
                

	D. Muscat, K. Shanker, and R.A.L. Drew, “Al/TiC Composites Produced by Melt Infiltration,≓Mater. Sci. Technol, 8, 971–976 (1992).
Article 
    
                    Google Scholar 
                

	H. Okamoto, “Al-C,≓.J. Phase Equilibria, 13,97–98 (1992).
Article 
    
                    Google Scholar 
                

	M. Pietzka, “Structural Chemistry, Phase Equilibria and Chemical Analysis in the Systems Ti-Al-C and Ti-Al-N,≓ paper presented at Junior EUROMAT, Lausanne, Switzerland, 1992.

                    Google Scholar 
                

	M. Pietzka and J.C. Schuster, “The Ternary Boundary Phases of the Quaternary System Ti-Al-C-N,≓Concerted Action on Materials Sciences, Leuven Proceedings, Part A, Commission of the European Communities, Brussels, B, 1992.

                    Google Scholar 
                

	J.C. Schuster, M. Pietzka, unpublished research.

	R. Mitra, M.E. Fine, and J.R. Weertman, “Chemical Reaction Strengthening of Al-TiC Metal Matrix Composites by Isothermal Heat Treatment at 913K,≓J. Mater. Res., 8,2370–2379 (1993).
Article 
    ADS 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Institut für Physikalische Chemie, UniversitÄt Wien, Vienna, Austria
M. A. Pietzka & J. C. Schuster


Authors	M. A. PietzkaView author publications
You can also search for this author in
                        PubMed Google Scholar



	J. C. SchusterView author publications
You can also search for this author in
                        PubMed Google Scholar







Rights and permissions
Reprints and permissions


About this article
Cite this article
Pietzka, M.A., Schuster, J.C. Summary of constitutional data on the Aluminum-Carbon-Titanium system.
                    JPE 15, 392–400 (1994). https://doi.org/10.1007/BF02647559
Download citation
	Received: 20 October 1993

	Revised: 10 March 1994

	Published: 01 August 1994

	Issue Date: August 1994

	DOI: https://doi.org/10.1007/BF02647559


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
	Phase Equilibrium
	Isothermal Section
	Ternary Phasis
	Ternary Compound
	TiAl Alloy








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.81.26.102
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    