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                    Abstract
Direct hydrolysis of a towel to glucose was investigated using microwave-assisted (MW) treatment combined with impregnation in concentrated sulfuric acid (SA) solution (51 wt% for 30 min) before the MW treatment. The maximum glucose yield by direct hydrolysis of an untreated towel was 30.9%, obtained at a heating temperature of 200 °C for 2 min. The maximum total glucose yield (from both direct hydrolysis and enzymatic hydrolysis of treated residue) was 74.2%, attained at a microwave heating temperature of 180 °C for 3 min. This condition is milder than that of MW treatment without impregnation in concentrated SA (our previous study, heating temperature of 200 °C for 7 min required). As shown by XRD of the unimpregnated and impregnated towels (in 9 and 36 wt% SA solution), the crystallinity index value decreased with the increase in SA concentration. Finally, 22.4 g of ethanol could be produced using the supernatant (containing glucose) and the microwave-treated residue as a carbon source for Saccharomyces cerevisiae, with less fermentation inhibition. Thus, impregnation in concentrated SA before MW treatment is effective for the production of glucose from cellulosic material and has low energy input.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Recent Trends in Sustainable Textile Waste Recycling Methods: Current Situation and Future Prospects
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2018
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A review on key pretreatment approaches for lignocellulosic biomass to produce biofuel and value-added products
                                        
                                    

                                    
                                        Article
                                        
                                         19 May 2022
                                    

                                

                                B. R. Prasad, R. K. Padhi & G. Ghosh

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Conversion strategies for durian agroindustry waste: value-added products and emerging opportunities
                                        
                                    

                                    
                                        Article
                                        
                                         22 March 2024
                                    

                                

                                Tuyen B. Ly, Co D. Pham, … Phung K. Le

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Sasaki, C., Kiyokawa, A., Asada, C., Nakamura, Y.: Glucose and valuable chemicals production from cotton waste using hydrothermal method. Waste Biomass Valor 10(3), 599–607 (2019)
Article 
    
                    Google Scholar 
                

	Flores, R.J., Fake, G., Carroll, J., Hood, E., Howard, J.: A novel method for evaluating the release of fermentable sugars from cellulosic biomass. Enzyme Microb. Technol. 47, 206–211 (2010)
Article 
    
                    Google Scholar 
                

	Zheng, Y., Pan, Z., Zhang, R., Labavitch, J.M., Wang, D., Teter, S.A., Jenkins, B.M.: Evaluation of different biomass materials as feedstock for fermentable sugar production. Appl. Biochem. Biotechnol. 136–140, 423–436 (2007)

                    Google Scholar 
                

	Sun, Y., Cheng, J.: Hydrolysis of lignocellulosic materials for ethanol production: a review. Bioresour. Technol. 83, 1–11 (2002)
Article 
    
                    Google Scholar 
                

	Wijaya, Y.P., Putra, R.D.D., Widyaya, V.T., Ha, J.M., Suh, D.J., Kim, C.S.: Competitive study on two-step concentrated acid hydrolysis for the extraction of sugars from lignocellulosic biomass. Bioresour. Technol. 164, 221–231 (2014)
Article 
    
                    Google Scholar 
                

	Romeo, I., Ruiz, E., Castro, E., Moya, M.: Acid hydrolysis of live tree biomass. Chem. Eng. Res. Des. 88, 633–640 (2010)
Article 
    
                    Google Scholar 
                

	Sun, Z.Y., Tang, Y.Q., Iwanaga, T., Sho, T., Kida, K.: Production of fuel ethanol from bamboo by concentrated sulfuric acid hydrolysis followed by continuous ethanol fermentation. Bioresour. Technol. 102, 10929–10935 (2011)
Article 
    
                    Google Scholar 
                

	Hashaikeh, R., Fang, Z., Bulter, I.S., Hawari, J., Kozinski, J.A.: Hydrothermal dissolution of willow in hot compressed water as a model for biomass conversion. Fuel 86, 1614–1622 (2007)
Article 
    
                    Google Scholar 
                

	Luo, G., Shi, W., Chen, X., Ni, W., Strong, P.J., Jia, Y., Wang, H.: Hydrothermal conversion of water lettuce biomass at 473 or 523 K. Biomass Bioenergy 35, 4855–4861 (2011)
Article 
    
                    Google Scholar 
                

	Phaiboonsilpa, N., Yamauchi, K., Lu, X., Saka, S.: Two-step hydrolysis of Japanese cedar as treated by semi-flow compressed water. J. Wood Sci. 56, 331–338 (2010)
Article 
    
                    Google Scholar 
                

	Sakaki, T., Shibata, M., Miki, T., Hirose, H., Hayashi, N.: Decomposition of cellulose in near-critical water and fermentability of the products. Energy Fuels 10, 684–688 (1996)
Article 
    
                    Google Scholar 
                

	Zhao, Y., Lu, W.J., Wang, H.T., Yang, J.L.: Fermentable hexose production from corn stalks and wheat straw with combined supercritical and subcritical hydrothermal technology. Bioresour. Technol. 100, 5884–5889 (2009)
Article 
    
                    Google Scholar 
                

	Diaz, A.B., Moretti, M.M.S., Bezerra-Bussoli, C., Nunes, C.C.C., Blandino, A., Silva, R., Gomes, E.: Evaluation of microwave-assisted pretreatment of lignocellulosic biomass immersed in alkaline glycerol for fermentable sugars production. Bioresour. Technol. 185, 316–323 (2015)
Article 
    
                    Google Scholar 
                

	Jin, S., Zhang, G., Zhang, P., Li, F., Wang, S., Fan, S., Zhou, S.: Microwave assisted alkaline pretreatment to enhance enzymatic saccharification of catalpa sawdust. Bioresour. Technol. 221, 26–30 (2016)
Article 
    
                    Google Scholar 
                

	Sasaki, C., Takada, R., Watanabe, T., Honda, Y., Karita, S., Nakamura, Y., Watanabe, T.: Surface carbohydrate analysis and bioethanol production of sugarcane bagasse pretreated with the white rot fungus, Ceriporiopsis subvermispora and microwave hydrothermolysis. Bioresour. Technol. 102, 9942–9946 (2011)
Article 
    
                    Google Scholar 
                

	Chimentão, R.J., Lorente, E., Gispert-Guirado, F., Medina, F., Lopez, F.: Hydrolysis of dilute acid-pretreated cellulose under mild hydrothermal conditions. Carbohydr. Polym. 111, 116–124 (2014)
Article 
    
                    Google Scholar 
                

	Ching, T.W., Haritos, V., Tanksale, A.: Microwave assisted conversion of microcrystalline cellulose into value added chemicals using dilute acid catalyst. Carbohydr. Polym. 157, 1794–1800 (2017)
Article 
    
                    Google Scholar 
                

	Hermiati, E., Tsubaki, S., Azuma, J.: Cassava pulp hydrolysis under microwave irradiation with oxalic acid catalyst for ethanol production. J. Math. Fund. Sci. 46, 125–139 (2014)
Article 
    
                    Google Scholar 
                

	Zhu, Z., Rezende, C.A., Simister, R., McQueen-Mason, S.J., Macquarrie, D.J., Polikarpov, I., Gomez, L.D.: Efficient sugar production from sugarcane bagasse by microwave assisted acid and alkali pretreatment. Biomass Bioenergy 93, 269–278 (2016)
Article 
    
                    Google Scholar 
                

	Wang, D., Kim, D.H., Yoon, J.J., Kim, K.H.: Production of high-value β-1,3-glucooligosaccharides by microwave-assisted hydrothermal hydrolysis of curdlan. Process Biochem. 52, 233–237 (2017)
Article 
    
                    Google Scholar 
                

	Bian, J., Peng, P., Peng, F., Xiao, X., Xu, F., Sun, R.C.: Microwave-assisted acid hydrolysis to produce xylooligosaccharides from sugarcane bagasse hemicelluloses. Food Chem. 156, 7–13 (2014)
Article 
    
                    Google Scholar 
                

	Cao, J., Sun, X., Lu, C., Zhou, Z., Zhang, X., Yuan, G.: Water-soluble cellulose acetate from waste cotton fabrics and the aqueous processing of all-cellulose composites. Carbohydr. Polym. 149, 60–67 (2016)
Article 
    
                    Google Scholar 
                

	Ismail, Z.Z., Talib, A.R.: Recycled medical cotton industry waste as a source of biogas recovery. J. Clean. Prod. 112, 4413–4418 (2016)
Article 
    
                    Google Scholar 
                

	Camacho, F., Gonzalez-Tello, P., Jurado, E., Robles, A.: Microcrystalline-cellulose hydrolysis with concentrated sulphuric acid. J. Chem. Technol. Biotechnol. 67, 350–356 (1996)
Article 
    
                    Google Scholar 
                

	Ioelovich, M.: Optimal conditions for isolation of nanocrystalline cellulose particles. Nanosci. Nanotechnol. 2(2), 9–13 (2012)
Article 
    
                    Google Scholar 
                

	Ono, H., Shimaya, Y., Hongo, T., Yamane, C.: New aqueous dispersion of cellulose sub-micron particles. TMRSJ 26(2), 569–572 (2001)

                    Google Scholar 
                

	TAPPI, Acid-insoluble lignin in wood and pulp. Technical Assosiation of the Pulp and Paper industry, T222 om-98 (1998)

	Chum, H.L., Johnson, D.K., Black, S.K., Overend, R.P.: Pretreatment catalyst effects and the combined severity parameter. Appl. Biochem. Biotechnol. 24(25), 1–14 (1990)
Article 
    
                    Google Scholar 
                

	Park, S., Baker, J.O., Himmel, M.E., Parilla, P.A., Johnson, D.K.: Cellulose crystallinity index: measurement techniques and their impact on interpreting cellulase performance. Biotechnol. Biofuels 3, 1–10 (2010)
Article 
    
                    Google Scholar 
                

	Heinze, T., Liebert, T.: Unconventional methods in cellulose functionalization. Prog. Polym. Sci. 26, 1689–1762 (2001)
Article 
    
                    Google Scholar 
                

	Wang, Y., Zhao, Y.L., Deng, Y.L.: Effect of enzymatic treatment on cotton fiber dissolution in NaOH/urea solution at cold temperature. Carbohydr. Polym. 72, 178–184 (2008)
Article 
    
                    Google Scholar 
                

	Cao, Y., Tan, H.: Study on crystal structures of enzyme-hydrolyzed cellulosic materials by X-ray diffraction. Enzyme Microb. Technol. 36, 314–317 (2005)
Article 
    
                    Google Scholar 
                

	Tong, X., Ma, Y., Li, Y.: Biomass into chemicals: conversion of sugars to fran derivatives by catalytic processes. Appl. Catal. A 385, 1–13 (2010)
Article 
    
                    Google Scholar 
                

	Zhou, J., Tang, Z., Jiang, X., Jiang, R., Shao, J., Han, F., Xu, Q.: Catalytic conversion of glucose into 5-hydroxymethyl-furfural over chromium-exchanged gentonite in ionic liquid-dimethyl sulfoxide mixtures. Waste Biomass Valorif 7(6), 1357–1368 (2016)
Article 
    
                    Google Scholar 
                

	The conversion of lignocellulosics to levulinic acid biofuels: Rackemann, D.W., Doherty, W.O.S. Bioprod. Biorefin. 5, 198–214 (2011)
Article 
    
                    Google Scholar 
                

	Jeon, H.J., Chung, Y.M.: Hydrogen production from formic acid dehydrogenation over Pd/C catalysts: Effect of metal and support properties on the catalytic performance. Appl. Catal. B 210, 212–222 (2017)
Article 
    
                    Google Scholar 
                

	Almeida, J.R.M., Modig, T., Petersson, A., Hahn-Hägerdal, B., Liden, G., Gorwa-Grauslund, M.F.: Increased tolerance and conversion of inhibitors in lignocellulosic hydrolysates by Saccharomyces cerevisiae. J. Chem. Technol. Biotechnol. 82, 340–349 (2007)
Article 
    
                    Google Scholar 
                

	Larsson, S., Palmqvist, E., Hahn-Hägerdal, B., Tengborg, C., Stenberg, K., Zacchi, G., Nilvebrant, N.O.: The generation of fermentation inhibitors during dilute acid hydrolysis of softwood. Enzyme Microb. Technol. 24, 151–159 (1999)
Article 
    
                    Google Scholar 
                

	Garciá-Aparicio, M.P., Ballesteros, I., González, A., Olivia, J.M., Ballesteros, M., Negro, M.J.: Effect of inhibitors released during steam explosion pretreatment of barley straw on enzymatic hydrolysis. Appl. Biochem. Biotechnol. 129, 278–288 (2006)
Article 
    
                    Google Scholar 
                

	Mood, S.H., Golfeshan, A.H., Tabatabaei, M., Jouzani, G.S., Najafi, G.H., Gholami, M., Ardjmand, M.: Lignocellulosic biomass to bioethanol, a comprehensive review with a focus on pretreatment. Renew. Sust. Energ. Rev. 27, 77–93 (2013)
Article 
    
                    Google Scholar 
                


Download references




Acknowledgements
The authors thank Dr. Shinagawa (Bioacademia Co. Ltd., Japan) for providing S. cerevisiae BA11. Part of this work was financially supported by Takahashi Industrial and Economic Research Foundation and a Grant-in-Aid for Scientific Research (C) (Grant No. 17K00669) from the Ministry of Education, Culture, Sports, Science, and Technology of Japan.


Author information
Authors and Affiliations
	Division of Bioscience and Bioindustry, Graduate School of Technology, Industrial and Social Sciences, Tokushima University, 2-1 Minamijosanjima-cho, Tokushima, 770-8513, Japan
Chizuru Sasaki, Tomoya Nakagawa, Chikako Asada & Yoshitoshi Nakamura


Authors	Chizuru SasakiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Tomoya NakagawaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chikako AsadaView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yoshitoshi NakamuraView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Chizuru Sasaki.


Ethics declarations

              
              
                Conflict of interest

                The authors have no conflict of interest to declare.

              
            

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
Sasaki, C., Nakagawa, T., Asada, C. et al. Microwave-Assisted Hydrolysis of Cotton Waste to Glucose in Combination with the Concentrated Sulfuric Acid Impregnation Method.
                    Waste Biomass Valor 11, 4279–4287 (2020). https://doi.org/10.1007/s12649-019-00768-w
Download citation
	Received: 10 December 2018

	Accepted: 22 July 2019

	Published: 26 July 2019

	Issue Date: August 2020

	DOI: https://doi.org/10.1007/s12649-019-00768-w


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
	Glucose
	Hydrolysis
	Microwave
	Impregnation
	Concentrated sulfuric acid
	Ethanol fermentation








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					3.84.202.224
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    