







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Nanotechnology]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature nanotechnology

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 16 February 2014



                    A pomegranate-inspired nanoscale design for large-volume-change lithium battery anodes

                    	Nian Liu1Â na1, 
	Zhenda Lu2Â na1, 
	Jie Zhao2, 
	Matthew T. McDowell2, 
	Hyun-Wook Lee2, 
	Wenting Zhao2 & 
	â€¦
	Yi Cui2,3Â 

Show authors

                    

                    
                        
    Nature Nanotechnology

                        volumeÂ 9,Â pages 187â€“192 (2014)Cite this article
                    

                    
        
            	
                        53k Accesses

                    
	
                        1996 Citations

                    
	
                            217 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Batteries
	Electronic properties and materials
	Synthesis and processing


    


                
    
    

    
    

                
            


        
            Abstract
Silicon is an attractive material for anodes in energy storage devices1,2,3, because it has ten times the theoretical capacity of its state-of-the-art carbonaceous counterpart. Silicon anodes can be used both in traditional lithium-ion batteries and in more recent Liâ€“O2 and Liâ€“S batteries as a replacement for the dendrite-forming lithium metal anodes. The main challenges associated with silicon anodes are structural degradation and instability of the solid-electrolyte interphase caused by the large volume change (âˆ¼300%) during cycling, the occurrence of side reactions with the electrolyte, and the low volumetric capacity when the material size is reduced to a nanometre scale4,5,6,7. Here, we propose a hierarchical structured silicon anode that tackles all three of these problems. Our design is inspired by the structure of a pomegranate, where single silicon nanoparticles are encapsulated by a conductive carbon layer that leaves enough room for expansion and contraction following lithiation and delithiation. An ensemble of these hybrid nanoparticles is then encapsulated by a thicker carbon layer in micrometre-size pouches to act as an electrolyte barrier. As a result of this hierarchical arrangement, the solid-electrolyte interphase remains stable and spatially confined, resulting in superior cyclability (97% capacity retention after 1,000 cycles). In addition, the microstructures lower the electrodeâ€“electrolyte contact area, resulting in high Coulombic efficiency (99.87%) and volumetric capacity (1,270 mAh cmâˆ’3), and the cycling remains stable even when the areal capacity is increased to the level of commercial lithium-ion batteries (3.7 mAh cmâˆ’2).
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                    Figure 1: Schematic of the pomegranate-inspired design.[image: ]


Figure 2: Fabrication and characterization of silicon pomegranates.[image: ]


Figure 3: Tuning the size of the void space of silicon pomegranates and in situ TEM characterization during lithiation.[image: ]


Figure 4: Electrochemical characterization of silicon pomegranate anodes.[image: ]
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