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                    Abstract
This paper examines the effects of TiC and NbC precipitation and prior cold rolling on the shape memory behaviour of an iron-based alloy. A precipitate-free alloy was used as a reference to investigate the relative contributions of prior-deformation and precipitation on shape memory. Heat treatment of the Nb- and Ti-containing alloys at 700 °C and 800 °C resulted in carbide precipitates between 120 nm and 220 nm in diameter. Bend testing of these samples showed a marginal increase in shape memory compared to the precipitate-free alloy. Under these conditions TiC precipitation exhibited slightly better shape memory than for NbC. However, this small increase was over-shadowed by the marked increase in shape memory that can be produced by subjecting the alloys to cold rolling followed by recovery annealing. When processed in this way, fine carbides are formed in the Ti- and Nb-containing alloys during the heat treatment. For particles >25 nm in diameter the shape memory is unaffected, but, it was found that small <5 nm particles have a detrimental effect on shape memory due to pinning of the martensite plates, thereby inhibiting their reversion to austenite. The optimum shape memory was observed in the precipitate-free alloy after cold rolling and recovery annealing.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Precipitation Behavior of Thermo-Mechanically Treated Ti50Ni20Au20Cu10 High-Temperature Shape-Memory Alloy
                                        
                                    

                                    
                                        Article
                                        
                                         21 December 2015
                                    

                                

                                Saif Haider Kayani, M. Imran Khan, … Shuichi Miyazaki

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effect of Various Thermal Treatments and Cu Contents on Precipitation Mechanism, Martensitic Growth, and Cold Workability of Ti50Ni50-xCux Ternary Shape Memory Alloys
                                        
                                    

                                    
                                        Article
                                        
                                         05 January 2021
                                    

                                

                                Ihtasham ul Haq, M. Imran Khan, … Malik Hassan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        X-phase precipitation in aging of Cu–Al–Ni–xTi shape memory alloys and its influence on phase transition behavior
                                        
                                    

                                    
                                        Article
                                        
                                         10 July 2015
                                    

                                

                                Safaa N. Saud, E. Hamzah, … Raheleh Hosseinian

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Sato A, Chishima E, Soma K, Mori T (1982) Acta Metall 30:1177
Article 
    CAS 
    
                    Google Scholar 
                

	Sato A, Chishima E, Yamaji Y, Mori T (1984) Acta Metall 32:539
Article 
    
                    Google Scholar 
                

	Kajiwara S (1999) Mat Sci Eng A A 273–275:67
Article 
    
                    Google Scholar 
                

	Otsuka H, Murakami M and Matsuda S (1989) In: Doyama M, Sōmiya S, Chang R (eds) Proceedings of the MRS international meeting on advanced materials, vol 9, Tokyo, Japan 1998, Materials Research Society, Pittsburgh, p 451

	Kajiwara S, Liu D, Kikuchi T, Shinya N (2001) Scripta Mater 44:2809
Article 
    CAS 
    
                    Google Scholar 
                

	Baruj A, Kikuchi T, Kajiwara S, Shinya N (2003) J Phys IV 112:373
CAS 
    
                    Google Scholar 
                

	Dong Z, Liu W, Chen J, Wang D (2003) J Phys IV 112:389
CAS 
    
                    Google Scholar 
                

	Baruj A, Kikuchi T, Kajiwara S, Shinya N (2004) Mat Sci Eng A A 378:333
Article 
    
                    Google Scholar 
                

	Baruj A, Kikuchi T, Kajiwara S, Shinya N (2002) Mat Trans 43:585
Article 
    CAS 
    
                    Google Scholar 
                

	Baruj A, Kikuchi T, Kajiwara S (2004) Mat Sci Eng A A 378:337
Article 
    
                    Google Scholar 
                

	Li H (1996) PhD Thesis, University of Wollongong


Download references




Acknowledgements
The work carried out in this paper was funded by the Australian Research Council Discovery Grant programme. The authors would also like to thank Mr. Greg Tillman for his assistance with metallography, and Dr. David Wexler for his support with transmission electron microscopy.


Author information
Authors and Affiliations
	Faculty of Engineering, University of Wollongong, Wollongong, NSW, 2522, Australia
N. Stanford & D. P. Dunne


Authors	N. StanfordView author publications
You can also search for this author in
                        PubMed Google Scholar



	D. P. DunneView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                N. Stanford.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Stanford, N., Dunne, D.P. Effect of NbC and TiC precipitation on shape memory in an iron-based alloy.
                    J Mater Sci 41, 4883–4891 (2006). https://doi.org/10.1007/s10853-006-0050-7
Download citation
	Received: 28 July 2005

	Accepted: 26 September 2005

	Published: 01 August 2006

	Issue Date: August 2006

	DOI: https://doi.org/10.1007/s10853-006-0050-7


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
	Austenite
	Martensite
	Shape Memory
	Cold Rolling
	Base 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
						
						
					


		
	
	
		
			
				
					
					3.89.229.10
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    