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                    Abstract
Cobalt-manganese-zinc nanoferrites with the formula CoxMn0.5−xZn0.5Fe2O4 (x = 0.0, 0.1, 0.3, and 0.5) were prepared by chemical co-precipitation method. The formation of cubic spinel structure particles in nanometer size with no minor phase was confirmed from the XRD patterns of all the samples. The estimated average crystallite size using Scherrer’s formula was found to be in the range of 11–42 nm, in good agreement with TEM result. The measurements of thermoelectric power or Seebeck coefficient were carried out from 100 to 300 °C by the differential method. The results showed a negative value for Seebeck coefficient of samples with x = 0 and 0.1 within the whole measured interval of temperatures. It indicates the n-type semiconductor behavior. However, for the samples with x = 0.3 and 0.5, the sign of Seebeck coefficient is reversed to positive at temperatures 283 and 272 °C, respectively. Also, all the samples were found to exhibit the maximum absolute thermopower value at a certain temperature near to the sample’s Curie temperature. The dielectric properties of samples were studied in the frequency range from 500 Hz to 10 MHz at room temperature. It was found that the dielectric constant (ε´) and dielectric loss (tanδ) are influenced by electron hopping mechanism between Fe2+ and Fe3+ ions. The presence of resonance peak in the tanδ curves vs frequency confirms the existence of single relaxation phenomena in the given frequency range for all the samples.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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


Fig. 2


Fig. 3


Fig. 4



                        

                    

                    
                        
                    


                    
                        
                            
                        
                    

                    

                    

                    References
	Asiri, S., Murat, S., Guner, S., Gungunes, H., Batoo, K.M., Saleh, T.A., Sozeri, H., Almessiere, M.A., Manikandan, A., Baykal, A.: Hydrothermal synthesis of CoyZnyMn1-2yFe2O4 nanoferrites: magneto-optical investigation. Ceramics International. 44(5), 5751–5759 (2018)
Article 
    
                    Google Scholar 
                

	Manikandan, A., Durka, M., Arul Antony, S.: Magnetically recyclable spinel MnxZn1−xFe2O4 (0.0≤x≤0.5) nano-photocatalysts. Advanced Science, Engineering and Medicine. 7(1), 33–46 (2015)
Article 
    
                    Google Scholar 
                

	Ravichandran, A.T., Srinivas, J., Karthick, R., Manikandan, A., Baykal, A.: Facile combustion synthesis, structural, morphological, optical and antibacterial studies of Bi1− xAlxFeO3(0.0≤ x≤ 0.15) nanoparticles. Ceramics International. 44(11), 13247–13252 (2018)
Article 
    
                    Google Scholar 
                

	Manikandan, A., Durka, M., Amutha Selvi, M., Arul Antony, S.: Sesamum indicum plant extracted microwave combustion synthesis and opto-magnetic properties of spinel MnxCo1-xAl2O4 nano-catalysts. J. Nanosci. Nanotechnol. 16(1), 448–456 (2016)
Article 
    
                    Google Scholar 
                

	Slimani, Y., Baykal, A., Amir, M., Tashkandi, N., Güngüneş, H., Guner, S., El Sayed, H.S., Aldakheel, F., Saleh, T.A., Manikandan, A.: Substitution effect of Cr3+ on hyperfine interactions, magnetic and optical properties of Sr-hexaferrites. Ceramics International. 44(13), 15995–16004 (2018)
Article 
    
                    Google Scholar 
                

	Chand, J., Kumar, G., Kumar, P., Sharma, S.K., Knobel, M., Singh, M.: Effect of Gd3+ doping on magnetic, electric and dielectric properties of MgGdxFe2-xO4 ferrites processed by solid state reaction technique. J. Alloy and compds. 509, 9638–9644 (2011)
Article 
    
                    Google Scholar 
                

	Ahmed, M.A., Okasha, N., El-Dek, S.I.: Preparation and characterization of nanometric Mn ferrite via different methods. Nanotechnology. 19(6), 065603 (2008)
Article 
    ADS 
    
                    Google Scholar 
                

	Ai, L., Jiang, J.: Influence of annealing temperature on the formation, microstructure and magnetic properties of spinel nanocrystalline cobalt ferrites. Curr. Appl. Phys. 10(1), 284–288 (2010)
Article 
    ADS 
    
                    Google Scholar 
                

	Kumar, G., Chand, J., Verma, S., Singh, M.: Mixed Mg-Mn ferrites for high frequency applications processed by citrate precursor technique. J. Phys. D. Appl. Phys. 42, 155001–155006 (2009)
Article 
    ADS 
    
                    Google Scholar 
                

	Hashim, M., Alimuddin, K., Koob, S., Shirsath, B.H., Sagar, E., Mohammad, E.M., Shah, J., Kotnala, R.K., Choi, H.K., Chung, H., Kumar, R.: Structural, electrical, and magnetic properties of Co-Cu ferrite nanoparticles. J. Alloys and compds. 518, 11–18 (2012)
Article 
    
                    Google Scholar 
                

	Amir, M., Gungunes, H., Slimani, Y., Tashkandi, N., El Sayed, H.S., Aldakheel, F., Sertkol, M., et al.: Mössbauer studies and magnetic properties of cubic CuFe2O4 nanoparticles. Journal of Superconductivity and Novel Magnetism. 32(3), 557–564 (2019)
Article 
    
                    Google Scholar 
                

	Mathubala, G., Manikandan, A., Arul Antony, S., Ramar, P.: Enhanced photocatalytic activity of spinel CuxMn1–xFe2O4 nanocatalysts for the degradation of methylene blue dye and opto-magnetic properties. Nanosci. Nanotechnol. Lett. 8(5), 375–381 (2016)
Article 
    
                    Google Scholar 
                

	Suguna, S., Shankar, S.: Saravana Kumar Jaganathan, and Ayyar Manikandan. Novel synthesis and characterization studies of spinel NixCo1−xAl2O4 (x= 0.0 to 1.0) nano-catalysts for the catalytic oxidation of benzyl alcohol. J. Nanosci. Nanotechnol. 18(2), 1019–1026 (2018)
Article 
    
                    Google Scholar 
                

	Manikandan, A., Durka, M., Seevakan, K., Arul Antony, S.: A novel one-pot combustion synthesis and opto-magnetic properties of magnetically separable spinel MnxMg1− xFe2O4 (0.0≤ x≤ 0.5) nanophotocatalysts. J. Supercond. Nov. Magn. 28(4), 1405–1416 (2015)
Article 
    
                    Google Scholar 
                

	Manikandan, A., Durka, M., Arul Antony, S.: A novel synthesis, structural, morphological, and opto-magnetic characterizations of magnetically separable spinel CoxMn1− xFe2O4 (0≤ x≤ 1) nano-catalysts. J. Supercond. Nov. Magn. 27(12), 2841–2857 (2014)
Article 
    
                    Google Scholar 
                

	Hema, E., Manikandan, A., Karthika, P., Arul Antony, S., Venkatraman, B.R.: A novel synthesis of Zn2+-doped CoFe2O4 spinel nanoparticles: structural, morphological, opto-magnetic and catalytic properties. J. Supercond. Nov. Magn. 28(8), 2539–2552 (2015)
Article 
    
                    Google Scholar 
                

	Manikandan, A., Hema, E., Durka, M., Seevakan, K., Alagesan, T., Arul Antony, S.: Room temperature ferromagnetism of magnetically recyclable photocatalyst of Cu1−xMnxFe2O4-TiO2 (0.0≤ x≤ 0.5) nanocomposites. J. Supercond. Nov. Magn. 28(6), 1783–1795 (2015)
Article 
    
                    Google Scholar 
                

	Barathiraja, C., Manikandan, A., Mohideen, A.M.U., Jayasree, S., Antony, S.A.: Magnetically recyclable spinel MnxNi1−xFe2O4(x=0.0–0.5) nano-photocatalysts: structural, morphological and opto-magnetic properties. J. Supercond. Nov. Magn. 29(2), 477–486 (2016)
Article 
    
                    Google Scholar 
                

	Khandan Fadafan, H., Lotfi Orimi, R., Nezhadeini, S.: Effect of Co doping on the magnetic and DC electrical properties of Mn-Zn nanoferrites. J. Magn. Magn. Mater. 456, 98–103 (2018)
Article 
    ADS 
    
                    Google Scholar 
                

	Sharifi, I., Shokrollahi, H.: Structural, magnetic and Mössbauer evaluation of Mn substituted Co–Zn ferrite nanoparticles synthesized by co-precipitation. J. Magn. Magn. Mater. 334, 36–40 (2013)
Article 
    ADS 
    
                    Google Scholar 
                

	Bhuvaneswari, M., Sendhilnathan, S., Kumar, M., Tamilarasan, R., Giridharan, N.V.: Synthesis, investigation on structural and electrical properties of cobalt doped Mn–Zn ferrite nanocrystalline powders. Mater. Sci.-Pol. 34(2), 344–353 (2016)
Article 
    ADS 
    
                    Google Scholar 
                

	Ravichandran, A.T., Srinivas, J., Manikandan, A., Baykal, A.: Enhanced magneto-optical and antibacterial studies of Bi1−xMgxFeO3 (0.0≤x≤0.15) nanoparticles. Journal of Superconductivity and Novel Magnetism. 32(6), 1663–1670 (2019)
Article 
    
                    Google Scholar 
                

	Baykal, A., Guner, S., Gungunes, H., Batoo, K.M., Amir, M., Manikandan, A.: Magneto optical properties and hyperfine interactions of Cr3+ ion substituted copper ferrite nanoparticles. Journal of Inorganic and Organometallic Polymers and Materials. 28(6), 2533–2544 (2018)
Article 
    
                    Google Scholar 
                

	Slimani, Y., Almessiere, M.A., Korkmaz, A.D., Guner, S., Güngüneş, H., Sertkol, M., Manikandan, A., et al.: Ni0.4Cu0.2Zn0.4TbxFe2-xO4 nanospinel ferrites: ultrasonic synthesis and physical properties. Ultrasonics sonochemistry. 59, 104757 (2019)
Article 
    
                    Google Scholar 
                

	Ahmed, M.A., Rady, K.E.-S., El-Shokrofy, K.M., Arais, A.A., Shams, M.S.: The influence of Zn2+ ions substitution on the microstructure and transport properties of Mn-Zn nanoferrites. Materials Sciences and Applications. 5(13), 932 (2014)
Article 
    
                    Google Scholar 
                

	Devan, R.S., Kolekar, Y.D., Chougule, B.K.: Effect of cobalt substitution on the properties of nickel–copper ferrite. J. Phys. Condens. Matter. 18(43), 9809 (2006)
Article 
    ADS 
    
                    Google Scholar 
                

	Arulmurugan, R., Vaidyanathan, G., Sendhilnathan, S., Jeyadevan, B.: Preparation and properties of temperature-sensitive magnetic fluid having Co0.5Zn0.5Fe2O4 and Mn0.5Zn0.5Fe2O4 nanoparticles. Phys. B Condens. Matter. 368, 223–230 (2005)
Article 
    ADS 
    
                    Google Scholar 
                

	Venkataraju, C., Sathishkumar, G., Sivakumar, K.: Effect of cation distribution on the structural and magnetic properties of nickel substituted nanosized Mn–Zn ferrites prepared by co-precipitation method. J. Magn. Magn. Mater. 322, 230–233 (2010)
Article 
    ADS 
    
                    Google Scholar 
                

	Ravinder, D.: G. Ranga Mohan thermoelectric power studies of zinc-substituted nickel ferrites. Mater. Lett. 44, 139–143 (2000)
Article 
    
                    Google Scholar 
                

	Gaffoor, A., Kumar, D.R., Aravind, G., Lincoln, C.A., Ravinder, D.: Thermoelectric power studies of Ni-Co nanoferrites synthesized by citrate-gel auto combustion method. IOSR J. Appl. Phys. 7(1), (2015)

	Sridhar, R., Ravinder, D., Vijaya Kumar, K.: Temperature-dependence thermoelectric power studies of mixed Ni–Cu nano ferrites. J. Alloys Compd. 645, 436–442 (2015)
Article 
    
                    Google Scholar 
                

	Aravind, G., Raghasudha, M., Ravinder, D., Gaffoor, A., Nathanial, V.: Structural and thermoelectric power studies of citrate-gel-prepared cobalt-substituted lithium nanoferrites. Journal of Nanostructure in Chemistry. 5(1), 77–83 (2015)
Article 
    
                    Google Scholar 
                

	Ravinder, D., Reddy, A.C.S.: Thermoelectric power studies of Co–Ge ferrites. J. Alloys Compd. 353(1–2), 86–90 (2003)
Article 
    
                    Google Scholar 
                

	Gaffoor, A., Ravinder, D.: High-temperature thermoelectric power studies of Ni-Mg ferrites. World Journal of Condensed Matter Physics. 2(04), 237 (2012)
Article 
    ADS 
    
                    Google Scholar 
                

	Ashok, A., Somaiah, T., Ravinder, D., Venkateshwarlu, C., Reddy, C.S., Rao, K.N., Prasad, M.: Electrical properties of cadmium substitution in nickel ferrites. World Journal of Condensed Matter Physics. 2(04), 257 (2012)
Article 
    ADS 
    
                    Google Scholar 
                

	Mazen, S.A., Zaki, H.M.: Ti4+ and Ge4+ ionic substitution in Cu-ferrite, electrical conductivity and thermoelectric power. J. Magn. Magn. Mater. 248(2), 200–215 (2002)
Article 
    ADS 
    
                    Google Scholar 
                

	Hankare, P.P., Patil, R.P., Garadkar, K.M., Sasikala, R., Chougule, B.K.: Synthesis, dielectric behavior and impedance measurement studies of Cr-substituted Zn–Mn ferrites. Mater. Res. Bull. 46(3), 447–452 (2011)
Article 
    
                    Google Scholar 
                

	Anwar, H., Maqsood, A.: Enhancement of electrical and magnetic properties of Cd2+ doped Mn–Zn soft nanoferrites prepared by the sol–gel autocombustion method. J. Magn. Magn. Mater. 333, 46–52 (2013)
Article 
    ADS 
    
                    Google Scholar 
                

	Anwar, H., Maqsood, A.: Structural, magnetic and electrical properties of Cu substituted Mn–Zn soft nanoferrites. J. Supercond. Nov. Magn. 25(6), 1913–1920 (2012)
Article 
    
                    Google Scholar 
                

	Haque, M.M., Huq, M., Hakim, M.A.: Thermal hysteresis of permeability and transport properties of Mn substituted Mg–Cu–Zn ferrites. Journal of Physics D: Applied Physics. 41(5), 055007 (2008)
Article 
    ADS 
    
                    Google Scholar 
                

	Rabinkin L I and Novikova Z I 1960 Ferrites (Minsk: Izv. Acad. Nauk USSR) p 146

	Sathishkumar, G., Venkataraju, C., Sivakumar, K.: Magnetic and dielectric properties of cadmium substituted nickel cobalt nanoferrites. J. Mater. Sci. Mater. Electron. 24(3), 1057–1062 (2013)
Article 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Department of Physics, Golestan University, Gorgan, 4913815759, Iran
H. Khandan Fadafan, S. Nezhadeini & P. Lotfalinezhad


Authors	H. Khandan FadafanView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. NezhadeiniView author publications
You can also search for this author in
                        PubMed Google Scholar



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





Corresponding author
Correspondence to
                H. Khandan Fadafan.


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
       



Cite this article
Fadafan, H.K., Nezhadeini, S. & Lotfalinezhad, P. Thermoelectric Power and Dielectric Studies of Cobalt-Substituted Manganese-Zinc Nanoferrites.
                    J Supercond Nov Magn 33, 2037–2042 (2020). https://doi.org/10.1007/s10948-020-05459-5
Download citation
	Received: 11 December 2019

	Accepted: 11 February 2020

	Published: 19 February 2020

	Issue Date: July 2020

	DOI: https://doi.org/10.1007/s10948-020-05459-5


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
	Nanoferrites
	Cobalt-manganese-zinc
	Dielectric properties
	Seebeck coefficient








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.235.186.91
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    