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                    Abstract
Bottom ash is the main solid residue from municipal solid waste incineration (MSWI). The material can be utilised in the construction industry but high requirements for this option are often not met by material generated during ordinary bottom ash treatment. Hence, the objective of the present study is to investigate the suitability of density separation for bottom ash to generate mineral material fractions with different properties. MSWI bottom ash samples were sieved to a size of 2–4 mm and 4–8 mm, respectively, washed and dried before being fed to a density separation processes. Thereby, the density fractions < 1000 kg/m3, 1000–1700 kg/m3, 1700–2400 kg/m3, 2400–3000 kg/m3 and > 3000 kg/m3 were generated and, subsequently, sorted into mineral material, glass, metals and unburnt organic matter. Mineral material with a density above 2400 kg/m3 and even more above 3000 kg/m3 shows a very high content of Fe, Cu and Zn of up to 448,000 mg/kg, 61,000 mg/kg and 44,000 mg/kg, respectively. Hence, the high density fraction of mineral material could be used as a raw material for metal production. Glass with a density above 2400 kg/m3 has a Pb content of up to 87,000 mg/kg, while the Pb content of lower density glass is decreased.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
                            
                        
                    

                    

                    

                    References
	Verbinnen B, Billen P, Van Caneghem J, Vandecasteele C (2017) Recycling of MSWI bottom ash: a review of chemical barriers, engineering applications and treatment technologies. Waste Biomass Valor 8:1453–1466. https://doi.org/10.1007/s12649-016-9704-0
Article 
    
                    Google Scholar 
                

	Blasenbauer D, Huber F, Lederer J et al (2020) Legal situation and current practice of waste incineration bottom ash utilisation in Europe. Waste Manag 102:868–883. https://doi.org/10.1016/j.wasman.2019.11.031
Article 
    
                    Google Scholar 
                

	Huber F, Fellner J (2018) Quality criteria for the utilisation of MSWI bottom ash in Europe. In: 4th symposium on urban mining, Bergamo

	Chimenos JM, Segarra M, Fernández MA, Espiell F (1999) Characterization of the bottom ash in municipal solid waste incinerator. J Hazard Mater 64:211–222. https://doi.org/10.1016/S0304-3894(98)00246-5
Article 
    
                    Google Scholar 
                

	del Valle-Zermeño R, Gómez-Manrique J, Giro-Paloma J et al (2017) Material characterization of the MSWI bottom ash as a function of particle size. Effects of glass recycling over time. Sci Total Environ 581–582:897–905. https://doi.org/10.1016/j.scitotenv.2017.01.047
Article 
    
                    Google Scholar 
                

	Freyssinet P, Piantone P, Azaroual M et al (2002) Chemical changes and leachate mass balance of municipal solid waste bottom ash submitted to weathering. Waste Manag 22:159–172. https://doi.org/10.1016/S0956-053X(01)00065-4
Article 
    
                    Google Scholar 
                

	Loginova E, Volkov DS, van de Wouw PMF et al (2019) Detailed characterization of particle size fractions of municipal solid waste incineration bottom ash. J Clean Prod 207:866–874. https://doi.org/10.1016/j.jclepro.2018.10.022
Article 
    
                    Google Scholar 
                

	Huber F, Blasenbauer D, Aschenbrenner P, Fellner J (2019) Chemical composition and leachability of differently sized material fractions of municipal solid waste incineration bottom ash. Waste Manag 95:593–603. https://doi.org/10.1016/j.wasman.2019.06.047
Article 
    
                    Google Scholar 
                

	Holm O, Simon F-G (2017) Innovative treatment trains of bottom ash (BA) from municipal solid waste incineration (MSWI) in Germany. Waste Manag 59:229–236. https://doi.org/10.1016/j.wasman.2016.09.004
Article 
    
                    Google Scholar 
                

	Bunge R (2017) Recovery of metals from waste incinerator bottom ash https://www.umtec.ch/fileadmin/user_upload/umtec.hsr.ch/Dokumente/Doku-Download/Publikationen/Metals_from_MWIBA_2017.pdf. Accessed 11 Feb 2019

	Born J-P (2019) IBA: washing the minerals & mining the metals. In: Presented at TU Wien

	Pfandl K, Küppers B, Scheiber S et al (2019) X-ray fluorescence sorting of non-ferrous metal fractions from municipal solid waste incineration bottom ash processing depending on particle surface properties. Waste Manag Res. https://doi.org/10.1177/0734242X19879225
Article 
    
                    Google Scholar 
                

	Holm O, Wollik E, Bley TJ (2018) Recovery of copper from small grain size fractions of municipal solid waste incineration bottom ash by means of density separation. Int J Sustain Eng 11:250–260. https://doi.org/10.1080/19397038.2017.1355415
Article 
    
                    Google Scholar 
                

	Alam Q, Schollbach K, van Hoek C et al (2019) In-depth mineralogical quantification of MSWI bottom ash phases and their association with potentially toxic elements. Waste Manag 87:1–12. https://doi.org/10.1016/j.wasman.2019.01.031
Article 
    
                    Google Scholar 
                

	Huber F, Blasenbauer D, Aschenbrenner P, Fellner J (2020) Complete determination of the material composition of municipal solid waste incineration bottom ash. Waste Manag 102:677–685. https://doi.org/10.1016/j.wasman.2019.11.036
Article 
    
                    Google Scholar 
                

	Piatak NM (2018) Chapter 19—environmental characteristics and utilization potential of metallurgical slag. In: De Vivo B, Belkin HE, Lima A (eds) Environmental geochemistry, 2nd edn. Elsevier, pp 487–519. https://doi.org/10.1016/B978-0-444-63763-5.00020-3

	Fellner J, Lederer J, Purgar A et al (2015) Evaluation of resource recovery from waste incineration residues—the case of zinc. Waste Manag 37:95–103. https://doi.org/10.1016/j.wasman.2014.10.010
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
The work presented is part of a large-scale research initiative on anthropogenic resources (Christian Doppler Laboratory for Anthropogenic Resources). The financial support of this research initiative by the Federal Ministry of Digital, Business and Enterprise and the National Foundation for Research, Technology and Development is gratefully acknowledged. Industry partners co-financing the research centre on anthropogenic resources are Altstoff Recycling Austria AG (ARA), Borealis group, voestalpine AG, Wien Energie GmbH, Wiener Kommunal-Umweltschutzprojektgesellschaft GmbH (WKU), and Wiener Linien GmbH & Co KG. The authors want to express their particular gratitude to the municipal department 48 of the City of Vienna for not only co-financing this project via its subsidiary WKU, but also for its essential contribution to the experiments in the form of facilities and staff. The support of Philipp Aschenbrenner, Manuel Hahn, Zsombor Major and Ole Mallow with sampling, sample preparation and chemical analysis is gratefully acknowledged.


Author information
Authors and Affiliations
	TU Wien, Institute for Water Quality and Resource Management, Karlsplatz 13/226, 1040, Vienna, Austria
Florian Huber & Johann Fellner

	Institute of Chemical Process Fundamentals of the CAS, Rozvojová 135/1, Suchdol, Prague 6, Czech Republic
Ekaterina Korotenko & Michal Šyc


Authors	Florian HuberView author publications
You can also search for this author in
                        PubMed Google Scholar



	Ekaterina KorotenkoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Michal ŠycView author publications
You can also search for this author in
                        PubMed Google Scholar



	Johann FellnerView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Florian Huber.


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


Electronic supplementary material

Below is the link to the electronic supplementary material.
Supplementary file1 (DOC 43 kb)




Rights and permissions
Reprints and permissions


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



Cite this article
Huber, F., Korotenko, E., Šyc, M. et al. Material and chemical composition of municipal solid waste incineration bottom ash fractions with different densities.
                    J Mater Cycles Waste Manag 23, 394–401 (2021). https://doi.org/10.1007/s10163-020-01109-z
Download citation
	Received: 20 January 2020

	Accepted: 28 August 2020

	Published: 10 September 2020

	Issue Date: January 2021

	DOI: https://doi.org/10.1007/s10163-020-01109-z


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
	Waste incineration
	Incineration residues
	Bottom ash
	Density separation
	Metal recovery








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.230.173.4
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    