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                    Abstract
Photoacoustic spectroscopy (PAS) has been widely used as a nondestructive and sensitive analytical technique used to determine the thermal diffusivity, effusivity and heat capacity of different materials. In this work, the open cell photoacoustic technique (OPC) technique was used for the kinematic study of heat transfer processes as a function of time for curing nanoresin composites. An exponential growth of the signal during the process of curing was observed. The nanoresin was based on silver nanoparticles (AgNPs) that were synthesized using a green method from an aqueous extract of Capsicum annuum var annuum as an Ag reducer and an acrylic resin. It was cured using a violet laser beam with a wavelength of 405 nm with an average power of 120 mW. The characteristic curing time was measured as a function AgNPs concentration of 0.0, 5.16, 7.27, 11.85, 14.50, 16.86 and 20.96 × 10−4 vol%. The results showed an increase in the curing time of composite resin containing the AgNPs compared to the pure resin. This study has applications in printing parts using laser stereolithography.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The epoxy resin system: function and role of curing agents
                                        
                                    

                                    
                                        Article
                                        
                                         01 September 2023
                                    

                                

                                Tariq Aziz, Fazal Haq, … Pau Loke Show

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Effect of Carbon Nanotube Reinforcement on Creep and Recovery Behavior of Additively Manufactured Polymers: An Experimental and Prediction Study
                                        
                                    

                                    
                                        Article
                                         Open access
                                         13 March 2024
                                    

                                

                                Kamil Feratoğlu, İlyas İstif, … Erol Türkeş

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Developments in pressure-sensitive adhesives: a review
                                        
                                    

                                    
                                        Article
                                        
                                         11 July 2020
                                    

                                

                                Sachin Mapari, Siddhesh Mestry & S. T. Mhaske

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	L. Bychto, M. Maliński, A. Patryn, M. Tivanov, V. Gremenok, Opt. Mater. 79, 196–199 (2018)
Article 
    ADS 
    
                    Google Scholar 
                

	A. Rosencwaig, A. Gersho, J. Appl. Phys. 47, 64–69 (1976)
Article 
    ADS 
    
                    Google Scholar 
                

	F. Gosselin, M. Di Renzo, T.H. Ellis, W. Lubell, J. Org. Chem. 61, 7980–7981 (1996)
Article 
    
                    Google Scholar 
                

	J. Sell, Photothermal Investigations of Solids and Fluids (Academic Press, California, 1989)

                    Google Scholar 
                

	J. Bennett, Addit. Manuf. 18, 203–212 (2017)

                    Google Scholar 
                

	N. Faraji, W. Yunus, A. Kharazmi, E. Saion, K. Behzad, Int. J. Thermophys. 35, 53–61 (2014)
Article 
    ADS 
    
                    Google Scholar 
                

	J. L. Jiménez-Pérez, A. Cruz-Orea, P. Vieyra Pincel, Z. N. Correa-Pacheco, Int. J. Thermophys. 38, 129, 1–7 (2017)

	Y. Xia, Z. Feimin, H. Xie, N. Gu, J. Dent. 36, 450–455 (2008)
Article 
    
                    Google Scholar 
                

	R. Abdallah, R. Emera, A. Gebreil, Egypt. Dental J. 61, 1039–1052 (2015)

                    Google Scholar 
                

	M.A. Ahmed, M.I. Ebrahim, World J. Nano Sci. Eng. 04, 50–57 (2014)
Article 
    ADS 
    
                    Google Scholar 
                

	S. Alwan, S. Alameer, J. Baghdad Coll. Dent. 27, 86–91 (2015)
Article 
    
                    Google Scholar 
                

	P. Harini, K. Mohamed, T. Padmanabhan, Indian J. Dental Res. 25, 459–463 (2014)
Article 
    
                    Google Scholar 
                

	M. Hashem, M. Rez, A. Fayez, H. Fouad, T. Elsarnagawy, M. Elsharawy, A.M. Assery, S. Ansari, Sci. Adv. Mater. 9, 938–944 (2017)
Article 
    
                    Google Scholar 
                

	S. Shirkavand, E. Moslehifard, J. Dent. Res. Dent. Clin. Dent. Prospects 8, 197–203 (2014)

                    Google Scholar 
                

	J.L. Luna-Sanchez, J.L. Jimenez-Perez, R. Carbajal-Valdez, G. Lopez-Gamboa, M. Perez-Gonzalez, Z.N. Correa-Pacheco, Thermochim. Acta 678, 1–8 (2019)
Article 
    
                    Google Scholar 
                

	S. Momeni, M. Nasrollahzadeh, A. Rustaiyan, J. Colloid Interface Sci. 499, 93–101 (2017)
Article 
    ADS 
    
                    Google Scholar 
                

	E. Elumalai, T. Prasad, J. Hemachandran, S. Viviyan, T. Thirumalai, E. David, J. Pharm. Sci. Res. 2, 549–554 (2010)

                    Google Scholar 
                

	N. Ghodhbani, P. Maréchal, H. Duflo, Polym. Testing 56, 156–166 (2016)
Article 
    
                    Google Scholar 
                

	G. Socrates, Infrared and Raman Characteristic Group Frequencies: Tables and Charts (Wiley, West Sussex, 2000)

                    Google Scholar 
                

	B. Stuart, Infrared Spectroscopy. Fundamentals and Applications (Wiley, West Sussex, 2004)
Book 
    
                    Google Scholar 
                

	K. Sharma, S. Kaushik, A. Jyoti, J. Pharm. Sci. Res. 8, 313–316 (2016)

                    Google Scholar 
                

	J. Buckles, J. Garay, D. Kaufman, A. Layson, M. Columbia, Chem. Educ. 3, 3212–3213 (1998)
Article 
    
                    Google Scholar 
                

	P. Vieyra, J.L. Jiménez-Pérez, A. Cruz-Orea, Z.N. Correa-Pacheco, J. Hernández-Rosas, Thermochim. Acta 606, 53–57 (2015)
Article 
    
                    Google Scholar 
                

	R. Morrison, R. Boyd, Química Orgánica (Addison Wesley Iberoamericana, Mexico, 1990)

                    Google Scholar 
                

	A. Roberts, J. Yang, M. Reish, A. Alabastri, N. Halas, P. Nordlander, H. Everitt, Mater. Today 27, 14–20 (2019)
Article 
    
                    Google Scholar 
                

	P. Loyaga-Rendon, H. Takahashi, I. Hayakawa, N. Iwasaki, J. Prosthet. Dent. 98, 141–149 (2007)
Article 
    
                    Google Scholar 
                

	R. Naranjo-Pizano, J. Lince-Jaramillo, J. Vivas-Idarraga, D. Ruiz-Ceballos, P. Ortiz-Pérez, Rev. CES Odont. 30(1), 3–16 (2017)
Article 
    
                    Google Scholar 
                

	M. Turki, F. Abdul-Ameer, Biomed. Pharmacol. J. 11, 1573–1581 (2018)
Article 
    
                    Google Scholar 
                

	S. Mosalman, S. Rashahmadi, R. Hasanzadeh, Int. J. Eng. B 30, 807–813 (2017)

                    Google Scholar 
                


Download references




Acknowledgements
We would like to thank CONACYT, COFAA and CGPI-IPN, México for their partial financial support and to ENCB: Microscopy Instrumentation Center, UPIITA: MATEA Group, and CINVESTAV: Physics Department, for their support in instrumental analysis. Also thanks to the Red Nanofotónica, for their partial financial support.


Author information
Authors and Affiliations
	Unidad Profesional Interdisciplinaria en Ingeniería y Tecnología Avanzada-Instituto Politécnico Nacional, Av. Instituto Politécnico Nacional No. 2580, Col. Barrio la Laguna Ticomán, Del. Gustavo A. Madero, CP 07340, México, DF, Mexico
J. L. Luna-Sánchez, J. L. Jiménez-Pérez & A. A. Castañeda-Galván

	CONACYT-Centro de Desarrollo de Productos Bióticos, Instituto Politécnico Nacional, Carretera Yautepec-Jojutla, Km. 6, calle CEPROBI No. 8, Col. San Isidro, Apartado Postal 24, C.P. 62731, Yautepec, Morelos, Mexico
Z. N. Correa-Pacheco

	Departamento de Física, Centro de Investigación y de Estudios Avanzados, Instituto Politécnico Nacional, Av. Instituto Politécnico Nacional 2508 Col. San Pedro Zacatenco, CP 07360, Mexico, DF, Mexico
M. Macías-Mier & A. Cruz-Orea

	Tecnológico Nacional de México, Instituto Tecnológico de Ciudad Cuauhtémoc, Av. Tecnológico # 137, C.P. 31500, Ciudad Cuauhtémoc, Chihuahua, Mexico
R. Gutiérrez-Fuentes


Authors	J. L. Luna-SánchezView author publications
You can also search for this author in
                        PubMed Google Scholar



	J. L. Jiménez-PérezView author publications
You can also search for this author in
                        PubMed Google Scholar



	Z. N. Correa-PachecoView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. Macías-MierView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. Cruz-OreaView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. A. Castañeda-GalvánView author publications
You can also search for this author in
                        PubMed Google Scholar



	R. Gutiérrez-FuentesView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                J. L. Jiménez-Pérez.


Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Luna-Sánchez, J.L., Jiménez-Pérez, J.L., Correa-Pacheco, Z.N. et al. Photoacoustic Spectroscopy for Curing Time Determination of an Acrylic Nanocomposite.
                    Int J Thermophys 41, 99 (2020). https://doi.org/10.1007/s10765-020-02683-y
Download citation
	Received: 29 October 2019

	Accepted: 07 May 2020

	Published: 16 May 2020

	DOI: https://doi.org/10.1007/s10765-020-02683-y


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
	Jalapeño Chili
	Photoacoustic spectroscopy
	Photocurable resin
	Silver nanoparticles








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					35.170.203.195
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    