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                    Abstract
More than 80 pct of copper matte in the world is refined by a Peirce–Smith converter (PSC), but there still exist a number of problems restricting the productivity of PSC. A novel view for improving the copper PSC process was proposed by investigating the bubble distribution and surface splashing through water model experiments. The operating parameters of tuyere diameter (d), liquid height (H), and gas flow rate (Q) were determined, and dimensionless equations were developed that calculate the bubble surface area per unit bath volume, Ab/(HL); bubble number, Nb; and vertical and horizontal splashing distances, x/y, with errors less than 5 pct. From the application of the similarity principles on the results of the water model experiments, the optimal industrial parameters were determined as d = 0.03 m, H = 1.8 m, and Q = 30,000 to 35,000 Nm3/h. These results indicate that the current industrial PSCs are well within the ranges of these dimensions, with the possible exception of the tuyere diameter, which is typically 0.05 m.
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                      a
                      i
                    :
	
                      Fitting index for dimensionless parameter Fr

                    
	
                      A
                      b
                    :
	
                      Total bubble surface area in measuring area (m2)

                    
	
                      b
                      i
                    :
	
                      fitting index for dimensionless parameter H/D

                    
	
                      c
                      i
                    :
	
                      Fitting index for dimensionless parameter d/D

                    
	
                      d
                    :
	
                      Tuyere diameter (m)

                    
	
                      d
                      bi
                    :
	
                      Diameter of the bubble with size i (m)

                    
	
                      D
                    :
	
                      vessel diameter (m)

                    
	Fr:
	
                      Froude number

                    
	
                      g
                    :
	
                      Gravitational acceleration (m/s2)

                    
	
                      H
                    :
	
                      Liquid height (m)

                    
	
                      K
                      
                        i
                      
                    :
	
                      Fitting coefficient

                    
	
                      L
                    :
	
                      Vessel length (m)

                    
	
                      n
                      
                        i
                      
                    :
	
                      Number of the bubble with size i

                    
	
                      N
                      b
                    :
	
                      Total bubble number in measuring area

                    
	
                      Q
                    :
	
                      Gas flow rate at STP (Nm3/h)

                    
	
                      S
                    :
	
                      Tuyere cross-sectional area (m2)

                    
	
                      u
                    :
	
                      Gas injection velocity at tuyere outlet (m/s)

                    
	
                      x
                    :
	
                      Horizontal splashing distance (m)

                    
	
                      y
                    :
	
                      Vertical splashing distance (m)

                    
	
                      α
                    :
	
                      Scale factor between experiment model and industrial PCS

                    
	
                      β
                    :
	
                      Incident angle of backflow of the splashing wave (deg)

                    
	
                                 ρ
                                 g, ρ
                                 l
                              :
	
                      Densities of gas and liquid, respectively (kg/m3)

                    
	I:
	
                      Industrial PSC

                    
	M:
	
                      Experimental model

                    



References
	L.M. Southwick: JOM, 2008, vol. 60 (10), pp. 24–34.
Article 
    CAS 
    
                    Google Scholar 
                

	P. Rozelle, S. Sridhar, P.B. Queneau, and S. Thompson: Miner. Process. Extract. Metall., 2019, vol. 128 (1–2), pp. 125–33.
CAS 
    
                    Google Scholar 
                

	D.K. Chibwe, G. Akdogan, G.A. Bezuidenhout, J.P.T. Kapusta, S. Bradshaw, and J.J. Eksteen: J. S. Afr. Inst. Min. Metall., 2015, vol. 115 (5), pp. 349–54.
Article 
    
                    Google Scholar 
                

	J.P.T. Kapusta (2008) JOM, 60(10), 23.
Article 
    
                    Google Scholar 
                

	A.H.L. Koohiu, M. Halali, M. Askari, and M.T. Manzari (2008) Chem. Prod. Process Model. 3(1), 1–15.

                    Google Scholar 
                

	A.K. Kyllo and G.G. Richards: Metall. Mater. Trans. B, 1995, vol. 29B, pp. 239–49.

                    Google Scholar 
                

	C.L. Chen, J.Y. Zhang, M. Bai, and S.K. Wei (2001) J. Univ. Sci. Technol. Beijing, 8(3), 177–87.
CAS 
    
                    Google Scholar 
                

	D. Gregurek, C. Majcenovic, K. Budna, J. Schmidl, and A. Spanring: Proc. 1st Global Conf. on Extractive Metallurgy, Extraction 2018, 2018, pp. 175–86.

	H.L. Zhao, X. Zhao, L.Z. Mu, L.F. Zhang, and L.Q. Yang: Int. J. Min. Metall. Mater., 2019, vol. 26 (9), pp. 1092–1104.
Article 
    CAS 
    
                    Google Scholar 
                

	J.P.T. Kapusta: JOM, 2017, vol. 69 (6), pp. 970–79.
Article 
    CAS 
    
                    Google Scholar 
                

	J. Vaarno, J. Pitkälä, T. Ahokainen, and A. Jokilaakso: Appl. Math. Model., 1998, vol. 22 (11), pp. 907–20.
Article 
    
                    Google Scholar 
                

	D.K. Chibwe, G. Akdogan, and P. Taskinen (2013) Chem. Prod. Process Model. vol. 8 (2), pp. 119–27.
Article 
    CAS 
    
                    Google Scholar 
                

	A. Valencia, R. Paredes, M. Rosales, E. Godoy, and J. Ortega: Int. Commun. Heat Mass Transfer, 2004, vol. 31 (1), pp. 21–30.
Article 
    CAS 
    
                    Google Scholar 
                

	D.K. Chibwe, G. Akdogan, C. Aldrich, and R.H. Eric (2011) Chem. Prod. Process Model. vol. 6 (1), pp. 22–29.

                    Google Scholar 
                

	A. Valencia, M. Rosales-Vera, and C. Orellana: Adv. Mech. Eng., 2013, vol. 5 (1), pp. 323–29.

                    Google Scholar 
                

	H. Bai and B.G. Thomas: Metall. Mater. Trans. B, 2001, vol. 32B, pp. 1143–59.
Article 
    CAS 
    
                    Google Scholar 
                

	D.X. Wang, Y. Liu, Z.M. Zhang, T.A. Zhang, and X.L. Li: Can. Metall. Q., 2017, vol. 56 (5), pp. 1–11.
CAS 
    
                    Google Scholar 
                

	Y. Liu, M. Sano, T.A. Zhang, Q. Wang, and J.C. He: ISIJ Int., 2009, vol. 49 (1), pp. 17–23.
Article 
    
                    Google Scholar 
                

	X. Zhao, H.L. Zhao, L.F. Zhang, and L.Q. Yang: Int. J. Min. Metall. Mater., 2018, vol. 25 (1), pp. 37–44.
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgments
This work was supported by the National Natural Science Foundation of China (Grant No. 51974018), the Guangxi Innovation-Driven Development Project (Grant No. AA18242042-1), and the Fundamental Research Funds for the Central Universities (Grant No. FRF-TP-19-016A3). The authors also thank the China Scholarship Council for providing a Chinese Government Scholarship to Hongliang Zhao to study as a Visiting Scholar in Professor Hong Yong Sohn’s laboratory at the University of Utah.


Author information
Authors and Affiliations
	State Key Laboratory of Advanced Metallurgy, University of Science and Technology, Beijing, Beijing, 100083, P.R. China
Hongliang Zhao & Fengqin Liu

	School of Metallurgical and Ecological Engineering, University of Science and Technology, Beijing, Beijing, 100083, P.R. China
Hongliang Zhao, Jingqi Wang & Fengqin Liu

	Department of Materials Science and Engineering, The University of Utah, Salt Lake City, UT, 84112, USA
Hongliang Zhao & Hong Yong Sohn


Authors	Hongliang ZhaoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jingqi WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Fengqin LiuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Hong Yong SohnView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Hong Yong Sohn.


Additional information
Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Manuscript submitted June 12, 2020; accepted October 31, 2020.


Rights and permissions
Reprints and permissions


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



Cite this article
Zhao, H., Wang, J., Liu, F. et al. Experimental Study on Bubble Distribution and Splashing in a Peirce–Smith Copper Converter.
                    Metall Mater Trans B 52, 440–450 (2021). https://doi.org/10.1007/s11663-020-02030-4
Download citation
	Received: 12 June 2020

	Accepted: 31 October 2020

	Published: 02 January 2021

	Issue Date: February 2021

	DOI: https://doi.org/10.1007/s11663-020-02030-4


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
                        









                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					54.80.246.116
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    