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		Abstract

		The combination of enlarged magnetic coercivity and magnetic shape memory (MSM) functionality is essential for novel magnetomechanical effects in MSM alloys. We found that increasing the density of thermal antiphase boundaries (APBs) provides a method to increase the magnetic coercivity without deteriorating the MSM functionality. APB density was controlled by different heat treatments in Ni-Mn-Ga(-B) MSM single crystals with five-layered modulated martensite structure. Slow cooling ~1 K/min of Ni-Mn-Ga through the B2'-L21 transition resulted in a low density (<1/micrometer) of APBs observed by magnetic force microscopy and low coercivity <2 mT. Water quenching resulted in fine magnetic and APB patterns and enlarged the coercivity to 24 mT at room temperature, and this further increased with decreasing temperature up to 41 mT at 10 K. The analysis of magnetization approach to saturation indicated the antiferromagnetic character of APBs on which the magnetic domain walls were pinned. Despite the one to two order increase of coercivity, the twinning stress remained low, between 0.7 to 1.4 MPa, and about 6% MSM effect was observed. The best ratio between coercivity and twinning stress (17 mT / 0.7 MPa) was obtained for the sample quenched in air. Contrary to previous reports, 100 ppm B doping of Ni-Mn-Ga had no or weak effect on the magnetic coercivity. Instead, the major effect originated from the high density of antiphase boundaries. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
		
		
			
				
			
		
		Keywords: Magnetic shape memory alloys, Antiphase boundary, Magnetic properties, Coercivity, MSM functionality

	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Straka,  Ladislav and Fekete,  Ladislav and Rameš,  Michal and Belas,  Eduard and Heczko,  Oleg, Magnetic Coercivity Control by Heat Treatment in Heusler Ni-Mn-Ga(-B) Single Crystals (January 10, 2019).  Available at SSRN: https://ssrn.com/abstract=3313237 or http://dx.doi.org/10.2139/ssrn.3313237 
		
	

	

	
	
	

	
		
	

	
		




	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Ladislav Straka (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				FZU - Institute of Physics of the Czech Academy of Sciences  ( email )

			

			
			
				
				
				
					Narodni 3, 111 42
Prague, 11720
Czech Republic

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Charles University in Prague - Faculty of Mathematics and Physics  ( email )

			

			
			
				
				
				
					Sokolovska 83
Prague, 186 75
Czech Republic

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Ladislav Fekete

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Academy of Sciences of the Czech Republic - Institute of Physics 

			

			
			
				
				
				
					Narodni 3, 111 42
Prague, 11720
Czech Republic

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Michal Rameš

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Academy of Sciences of the Czech Republic - Institute of Physics 

			

			
			
				
				
				
					Narodni 3, 111 42
Prague, 11720
Czech Republic

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Eduard Belas

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Charles University in Prague - Faculty of Mathematics and Physics 

			

			
			
				
				
				
					Sokolovska 83
Prague, 186 75
Czech Republic

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Oleg Heczko

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				FZU - Institute of Physics of the Czech Academy of Sciences 

			

			
			
				
				
				
					Narodni 3, 111 42
Prague, 11720
Czech Republic

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Charles University in Prague - Faculty of Mathematics and Physics 

			

			
			
				
				
				
					Sokolovska 83
Prague, 186 75
Czech Republic

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Do you have negative results from your research you’d like to share?

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Submit Negative Results
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				       45

			

		
		
		
			Abstract Views

			      543

		

		
		
	


	
		
            
            	        2 Citations
		

	

	
		
			
				       69 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
					
					

					
						
					

					
						
					

					
						
					

					
						
							
								
									
										Acta Materialia, Inc. First Look
									

									
										
											All Journals (2653)
										
											Acta Biomaterialia (738)
										
											Acta Materialia (1051)
										
											Materialia (358)
										
											Scripta Materialia (506)
										
									

								

							
						

					

				
				
					

    
        
            Related eJournals

        	
                    Materials Engineering eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Materials Engineering eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              112

                                    

                                    
                                        PAPERS

                                           18,065

                                    

                                

                                
                            

                        

                    

                
	
                    Chemical Engineering eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Chemical Engineering eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               93

                                    

                                    
                                        PAPERS

                                           15,866

                                    

                                

                                
                            

                        

                    

                


            

            
                
                

                	
                    Materials Science eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Materials Science eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               90

                                    

                                    
                                        PAPERS

                                           17,059

                                    

                                

                                
                            

                        

                    

                
	
                    Acta Materialia, Inc.

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Acta Materialia, Inc.

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               81

                                    

                                    
                                        PAPERS

                                            2,653

                                    

                                

                                
                            

                        

                    

                
	
                    Electronic, Optical & Magnetic Materials eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Electronic, Optical & Magnetic Materials eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               34

                                    

                                    
                                        PAPERS

                                            7,915

                                    

                                

                                
                            

                        

                    

                
	
                    Computational Materials Science eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Computational Materials Science eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               34

                                    

                                    
                                        PAPERS

                                           15,335

                                    

                                

                                
                            

                        

                    

                



                
            

            
        
        
        
                 
        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	


	
	
	






		
		









	
		
	






	
		
			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright © 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l200 in   0.156 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
