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                    Abstract
The aging behavior of iron-carbon martensite (1.13 wt Pct C) between -190 °C and 450 °C was investigated by quantitative analysis of the corresponding changes in volume and enthalpy. A method to determine activation energies of the occurring solid-state transformations by performing non-isothermal measurements of some physical property of the specimen has been described. Martensitic specimens were prepared by carburizing pure iron and quenching in brine and liquid nitrogen. The dilatometric and calorimetric experiments were supplemented with microhardness measurements. At least five different stages of structural change can be distinguished, which are quantitatively analyzed in terms of their effects on volume and enthalpy: (i) transformation of retained austenite into martensite (between −180 and −100 °C); (ii) redistribution of carbon atoms (below 100 °C); (iii) precipitation of transition carbide (between 80 and 200 °C); (iv) decomposition of retained austenite (between 240 and 320 °C); and (v) conversion of transition carbide into cementite (between 260 and 350 °C).



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Tempering of Martensite and Subsequent Redistribution of Cr, Mn, Ni, Mo, and Si Between Cementite and Martensite Studied by Magnetic Measurements
                                        
                                    

                                    
                                        Article
                                        
                                         13 October 2017
                                    

                                

                                Javad Mola, Guoqing Luan, … Jun Wu

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Tempering Reactions and Elemental Redistribution During Tempering of Martensitic Stainless Steels
                                        
                                    

                                    
                                        Article
                                        
                                         20 May 2019
                                    

                                

                                Qiuliang Huang, Mengji Yao, … Javad Mola

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Dilatometric Analysis of Tempering Kinetics in a Cr–Mo–V Medium-Carbon Steel
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2021
                                    

                                

                                
                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	A.M. Sherman, G.T. Eldis, and M. Cohen:Metall. Trans. A, 1983, vol. 14A, pp. 995–1005.

                    Google Scholar 
                

	P.C. Chen and P.G. Winchell:Metall. Trans. A, 1980, vol. 11A, pp. 1333–39.
CAS 
    
                    Google Scholar 
                

	P.C. Chen, B.O. Hall, and P.G. Winchell:Metall. Trans. A, 1980, vol. 11A, pp. 1323–31.
CAS 
    
                    Google Scholar 
                

	G.B. Olson and M. Cohen:Metall. Trans. A, 1983, vol. 14A, pp. 1057–65.

                    Google Scholar 
                

	M.L. Bernshtein, L.M. Kaputkina, and S.D. Prokoshkin:Scripta Metall., 1984, vol. 18, pp. 863–68.
Article 
    CAS 
    
                    Google Scholar 
                

	H. Hayakawa, M. Tanigami, and M. Oka:Metall. Trans. A, 1985, vol. 16A, pp. 1745–50.
CAS 
    
                    Google Scholar 
                

	S. Nagakura, Y. Hirotsu, M. Kusunoki, T. Suzuki, and Y. Nakamura:Metall. Trans. A, 1983, vol. 14A, pp. 1025–31.

                    Google Scholar 
                

	M. Kusunoki and S. Nagakura:J. Appl. Cryst., 1981, vol. 14, pp. 329–36.
Article 
    CAS 
    
                    Google Scholar 
                

	M.K. Miller, P.A. Beaven, and G.D.W. Smith:Metall. Trans. A, 1981, vol. 12A, pp. 1197–1204.

                    Google Scholar 
                

	M.K. Miller, P.A. Beaven, S.S. Brenner, and G.D.W. Smith:Metall. Trans. A, 1983, vol. 14A, pp. 1021–24.

                    Google Scholar 
                

	L. Chang and G.D.W. Smith: personal communication, Univ. of Oxford, 1987.

	E.J. Mittemeijer, A. van Gent, and P. J. van der Schaaf:Metall. Trans. A, 1986, vol. 17A, pp. 1441–45.
CAS 
    
                    Google Scholar 
                

	E.J. Mittemeijer, Liu Cheng, P.J. van der Schaaf, C.M. Brakman, and B.M. Korevaar:Metall. Trans. A, 1988, vol. 19A, pp. 925–32.
CAS 
    
                    Google Scholar 
                

	C. F. Jatczak, J. A. Larson, and S. W. Shiu:Retained Austenite and Its Measurement by X-Ray Diffraction, SP 453, SAE Inc. Warren- dale, PA, 1980.

                    Google Scholar 
                

	C. A. V. de A. Rodrigues, C. Prioul, J. Plusquellec, and P. Y. Azou:Proc. Int. Conf. on Solid Phase Transformations. Carnegie-Mellon University, Pittsburgh, PA, 1981, pp. 1391–95.

                    Google Scholar 
                

	I. Wierszyłłowski: Technical University of Poznan, private communication, 1987.

	G. R. Speich:Trans. TMS-AIME, 1969, vol. 245, pp. 2553–64.
CAS 
    
                    Google Scholar 
                

	W. K. Choo and R. Kaplow:Acta Metall., 1973, vol. 21, pp. 725–32.
Article 
    CAS 
    
                    Google Scholar 
                

	M. van Rooyen and E. J. Mittemeijer:Scripta Metall., 1982, vol. 16, pp. 1255–60.
Article 
    
                    Google Scholar 
                

	B. M. Mogutnov, V. M. Polovov, and L. A. Shvartsman:Phys. Met. Metall., 1968, vol. 25, pp. 97–105.

                    Google Scholar 
                

	K.H. Jack:J.I.S.I., 1951, vol. 169, pp. 26–36.
CAS 
    
                    Google Scholar 
                

	Y. Hirotsu and S. Nagakura:Acta Metall., 1972, vol. 20, pp. 645–55.
Article 
    CAS 
    
                    Google Scholar 
                

	L. G. E. Hofer, E. M. Cahn, and W. C. Peebles:J. Am. Chem. Soc, 1949, vol. 71, pp. 189–95.
Article 
    CAS 
    
                    Google Scholar 
                

	P.G. Winchell and M. Cohen:Trans. A.S.M., 1962, vol. 55, pp. 347–61.
CAS 
    
                    Google Scholar 
                

	R.C. Ruhl and M. Cohen:Trans. AIME, 1969, vol. 245, pp. 241–51.
CAS 
    
                    Google Scholar 
                

	C.S. Roberts:Trans. AIME, 1953, vol. 197, pp. 203–04.

                    Google Scholar 
                

	S. Nagakura:J. Phys. Soc. Japan, 1959, vol. 14, pp. 186–95.
Article 
    CAS 
    
                    Google Scholar 
                

	B.G. Lifshitz:Physical Properties of Metals and Alloys, Mashgiz, Moscow, 1956, p. 257.

	Powder Diffraction File, A.S.T.M. card, 6-0688.

	M. Cohen:Trans. J.I.M., 1970, vol. 11, pp. 145–51.
CAS 
    
                    Google Scholar 
                

	Y. Ohmori and S. Sugisawa:Trans. J.I.M., 1971, vol. 12, pp. 170–78.
CAS 
    
                    Google Scholar 
                

	Y. Imai, T. Ogura, and A. Inoue:Trans. I.S.I.J., 1973, vol. 13, pp. 183–91.

                    Google Scholar 
                

	C. Wells, W. Batz, and R. F. Mehl:Trans. AIME, 1950, vol. 188, pp. 533–60.

                    Google Scholar 
                

	F. S. Buffington, K. Hirano, and M. Cohen:Acta Metall., 1961, vol. 9, pp. 434–39.
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Laboratory of Metallurgy, Delft University of Technology, Rotter-damseweg 137, 2628, AL Delft, The Netherlands
Liu Cheng, C. M. Brakman, B. M. Korevaar & E. J. Mittemeijer


Authors	Liu ChengView author publications
You can also search for this author in
                        PubMed Google Scholar



	C. M. BrakmanView author publications
You can also search for this author in
                        PubMed Google Scholar



	B. M. KorevaarView author publications
You can also search for this author in
                        PubMed Google Scholar



	E. J. MittemeijerView 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
Cheng, L., Brakman, C.M., Korevaar, B.M. et al. The tempering of iron- carbon martensite; dilatometric and calorimetric analysis.
                    Metall Trans A 19, 2415–2426 (1988). https://doi.org/10.1007/BF02645469
Download citation
	Received: 23 September 1987

	Issue Date: October 1988

	DOI: https://doi.org/10.1007/BF02645469


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
	Ferrite
	Austenite
	Martensite
	Metallurgical Transaction
	Differential Thermal Analysis








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.234.213.197
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    