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                    Abstract
The elastic modulus and failure behavior of poly(urea-formaldehyde) shelled microcapsules were determined through single-capsule compression tests. Capsules were tested both dry and immersed in a fluid isotonic with the encapsulent. The testing of capsules immersed in a fluid had little influence on mechanical behavior in the elastic regime. Elastic modulus of the capsule shell wall was extracted by comparison with a shell theory model for the compression of a fluid filled microcapsule. Average capsule shell wall modulus was 3.7 GPa, regardless of whether the capsule was tested immersed or dry. Microcapsule diameter was found to have a significant effect on failure strength, with smaller capsules sustaining higher loads before failure. Capsule size had no effect on the modulus value determined from comparison with theory.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	White SR, Sottos NR, Geubelle PH, Moore JS, Kessler MR, Sriram SR, Brown EN, Viswanathan S (2001) Autonomic healing of polymer composites. Nat 409:794–797.
Article 
    
                    Google Scholar 
                

	Brown EN, White SR, Sottos NR (2002) Fracture testing of a self-healing polymer composite. Exp Mech 42(4):372–379.
Article 
    
                    Google Scholar 
                

	Brown EN (2003) Fracture and fatigue of a self-healing polymer composite material. PhD thesis, Department of Theoretical and Applied Mechanics, University of Illinois Urbana-Champaign.

	Brown EN, White SR, Sottos NR (2005) Retardation and repair of fatigue cracks in a microcapsule toughened epoxy composite. Part 1: Manual infiltration. Compos Sci Technol 65(15–16):2466–2473.
Article 
    
                    Google Scholar 
                

	Brown EN, White SR, Sottos NR (2005) Retardation and repair of fatigue cracks in a microcapsule toughened epoxy composite. Part 2: in-situ healing. Compos Sci Technol 65(15-16):2474–2480.
Article 
    
                    Google Scholar 
                

	Brown EN, White SR, Sottos NR (2006) Fatigue crack propogation in microcapsule toughened epoxy. J Mat Sci (in press).

	Brown EN, White SR, Sottos NR (2004) Microcapsule induced toughening in a self-healing polymer composite. J Mat Sci 39:1703–1710.
Article 
    
                    Google Scholar 
                

	Keller MW, Sottos NR (2004) Effect of microcapsule properties on self-healing composite performance. In: Proceedings of the 2004 SEM X International Congress on Experimental and Applied Mechanics.

	Mitchison JM, Swan MM (1954) The mechanical properties of the cell surface 1: The cell elastimeter. J Exp Biol 32:443–460.

                    Google Scholar 
                

	Jay AWL, Edwards MA (1968) Mechanical properties of semipermeable microcapsules. Can J Physiol Pharmacol 46:731–737.

                    Google Scholar 
                

	Cole KS (1937) Surface forces on an arbacia egg. J Cell Comp Physiol 1:1–9.
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Liu KK, Williams DR, Briscoe BJ (1996) Compressive deformation of a single microcapsule. Phys Rev E 54(6):6673–6680.
Article 
    
                    Google Scholar 
                

	Sun G, Zhang Z (2004) Mechanical strength of microcapsules made of different wall materials. Int J Pharm 242:303–307.

                    Google Scholar 
                

	Zhang Z, Saunders R, Thomas CR (1999) Strength of single microcapsules determined by a novel micromanipulation technique. J Microencapsul 16:117–124.
Article 
    
                    Google Scholar 
                

	Lulevich VV, Andrienko D, Vinogradova OI (2004) Elasticity of polyelectrolyte multilayer microcapsules. J Chem Phys 120:3822–3826.
Article 
    
                    Google Scholar 
                

	Dubreuil F, Elsner N, Fery A (2003) Elastic properties of polyelectrolyte capsules studied by atomic-force microscopy and ricm. Eur Phys J E 12:215–221.
Article 
    
                    Google Scholar 
                

	Gordon VD, Chen X, Hutchinson JW, Bausch AR, Marquez M, Weitz DA (2004) Self-assembled polymer membrane capsules inflated by osmotic pressure. J Am Chem Soc 126: 14117–14122.
Article 
    
                    Google Scholar 
                

	Hsu MF, Nikolaides MG, Dinsmore AD, Bausch AR, Gordon VD, Chen X, Hutchinson JW, Weitz DA (2005) Fabrication and characterization of self-assembled shells composed of poly(styrene) particles. Langmuir 21:2963– 2970.
Article 
    
                    Google Scholar 
                

	Brown EN, Kessler MR, Sottos NR, White SR (2003) In situ poly(urea-formaldehyde) microencapsulation of dicyclopentadiene. J Microencapsul 20(6):719–730.
Article 
    
                    Google Scholar 
                

	Feng WW, Yang WH (1973) On the contact problem of an inflated spherical nonlinear membrane. J Appl Mech 40: 209–214.

                    Google Scholar 
                

	Lardner TJ, Pujara P (1980) Compression of spherical cells. In: Nemat-Nassar S (ed) Mechanics Today, Pergamon, New York, pp 161–176.

	Wang CX, Wang L, Thomas CR (2004) Modeling the mechanical properties of single suspension-cultured tomato cells. Ann Bot 93:443–453.
Article 
    
                    Google Scholar 
                

	Cheng LY (1987) Deformation analyses in cell and development biologies. Part I: Formal methodology. J Biomed Eng 109:10–17.

                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Theoretical and Applied Mechanics and Beckman Institute for Advanced Science and Technology, University of Illinois at Urbana-Champaign, Urbana, IL, 61801, USA
M. W. Keller (SEM member) & N. R. Sottos (SEM member)


Authors	M. W. KellerView author publications
You can also search for this author in
                        PubMed Google Scholar



	N. R. SottosView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                M. W. Keller.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Keller, M.W., Sottos, N.R. Mechanical Properties of Microcapsules Used in a Self-Healing Polymer.
                    Exp Mech 46, 725–733 (2006). https://doi.org/10.1007/s11340-006-9659-3
Download citation
	Received: 16 November 2005

	Accepted: 28 June 2006

	Published: 23 November 2006

	Issue Date: December 2006

	DOI: https://doi.org/10.1007/s11340-006-9659-3


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
	Self-healing composite
	Microcapsule
	Compression
	Urea-formaldehyde
	Modulus
	Strength








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.238.184.208
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    