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PLUS:

(1) new binders like poly(acrylic acid) (PAA), sodium carboxymethyl cellulose (CMC), and cross-linked PAA–CMC (c–PAA–CMC), etc. have

been tested to improve cycling performance.

(2) new electrolyte additives such as Fluoroethylene carbonate (FEC) and vinylene carbonate (VC) can also enhance the lifespan of high

capacity alloy electrodes.

(3) Low Tg elastomers function as ‘self-healing’ binder for high capacity LIBs.

Nanotechnology for High Capacity LIB Alloying 

Anodes

Wu, J., et al., Advanced Energy Materials, 2014, 4, 1300882 (1-23).

Wang, C., et al.,. Nature Chemistry, 2013. 5(12): p. 1042-

1048.



http://www.layne.com/en/technologies/membrane-filtration.aspx?mid=474



1. The void structure can provide free volume for 

electrode expansion. 

2. The strong and unique asymmetric structure can 

enhance mechanical strength.

3. The thin coating of carbon can benefit the 

formation of relatively stable artificial SEI layer. 

4. The porous carbon cages can intercept and thus 

prevent the loss of fractured alloying anode 

materials. 



Thin Film Si Asymmetric Membranes for High 

Capacity LIB Anode

C content in PS: ~73 wt.% 
O C

CH3

CH3

O S

O

O
n



 

 

 

 

a) b) 

 

P
o

ly
su

lf
o

n
e

m
e

m
b

ra
n

e
s

Characterization of Asymmetric Membranes
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Si Asymmetric Membranes for High Capacity LIB 

Anode

Electrochemical performance of Carbonized Si/CB asymmetric membranes



Coaxial Fibrous Silicon Asymmetric Membranes for 

High Capacity LIB Anode
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7:Carbonization to form 
conductive co-axial Si 

membranes for LIB anode 

6: Phase inversion in 
deionized water to obtain

co-axial membrane 



Coaxial Fibrous Silicon Asymmetric Membranes 

for High Capacity LIB Anode



Coaxial Fibrous Silicon Asymmetric Membranes 
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Fabrication of SnO2 Asymmetric Membranes for 

High Capacity LIB Anode

Tin(IV) tert-butoxide
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Fabrication of SnO2 Asymmetric Membranes for 

High Capacity LIB Anode
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Fabrication of SnO2 Asymmetric Membranes for 

High Capacity LIB Anode



Conclusions

We demonstrated that scalable polymeric membrane technology can be

adapted to obtain various inorganic asymmetric membranes via a self-assembly

mechanism for high capacity lithium ion battery anodes.

The unique nano- and macro-porous asymmetric structure can provide robust

mechanical support and free volume to accommodate the large volume change

during repeated lithiation/de-lithation, resulting in excellent cycling and rate

performance.

Lastly, this asymmetric membrane strategy can also provide a generic solution

to the large volume change problem in other types of alloying anodes, by

combining with surface coating and chemical etching.

• Ji Wu*, Christopher Anderson, Parker Beaupre, Shaowen Xu, Congrui Jin, Anju Sharma, ‘Coaxial Fibrous Silicon Asymmetric Membranes for High Capacity Lithium Ion Battery Anode’, Journal of Applied

Electrochemistry, 2019, 49(10), 1013-1025.

• Ji Wu*, Congrui Jin, Nathan Johnson, Moses Kusi, and Jianlin Li, ‘Micron-size Silicon Monoxide Asymmetric Membranes for Highly Stable Lithium Ion Battery Anode’, ChemistrySelect, 2018, 3, 8662-8668.

• Ji Wu,* Ian Byrd, Congrui Jin, Jianlin Li, Hao Chen, Anju Sharma, Tyler Camp, and Ryan Bujol, ‘Reinvigorating Reverse Osmosis Membrane Technology for Stabilizing V2O5 Lithium Ion Battery Cathode’, ChemElectroChem 2017, 4,

1181-1189.

• Ian Byrd and Ji Wu*, ‘Asymmetric Membranes Containing Micron-Size Silicon for High Performance Lithium Ion Battery Anode’, Electrochimica Acta, 2016, 213, 46–54.

• Ji Wu,* Hao Chen, Ian Byrd, Shavonne Lovelace, Congrui Jin, ‘Fabrication of SnO2 Asymmetric Membranes for High Performance Lithium Battery Anode’, ACS Appl. Mater. Interfaces 2016, 8, 13946−13956.

• Ji Wu,* Hao Chen, Clifford Padgett, ‘Silicon Asymmetric Membranes for Efficient Lithium Storage-A Highly Scalable Method’, Energy Technology, 2016, 4, 502–509.

• Ian Byrd, Hao Chen, Theron Webber, Jianlin Li* and Ji Wu*, ‘Self-assembled asymmetric membrane containing micron-size germanium for high capacity lithium ion batteries’, RSC Adv., 2015, 5, 92878.

• Xin Su, Qingliu Wu, Juchuan Li, Xingcheng Xiao, Amber Lott, Wenquan Lu,* Brian W. Sheldon,* and Ji Wu*, “Silicon-based Nanomaterials for Lithium-Ion Batteries: A Review”, Advanced Energy Materials, 2014, 4, 1300882 (1-23).

References: 



Acknowledgements

 Mr. Nathan Johnson

 Mr. Moses Kusi

 Mr. Ian Byrd

 Ms. Kathleen McCormac

 Mr. Theron Webber

 Mr. Parker Beaupre

 Mr. Christopher Anderson

 Mr. Logan Williams

 Ms. Emilee Larson

 Dr. Jianlin Li at Oakridge National Labs

 Dr. Shaowen Xu GSU

 Dr. Congrui Jin at Binghamton University

GSU COUR and FDC 

Scholarly Pursuit Award

NSF CBET#1800619 


	Asymmetric membrane structure: a general solution for stabilizing high capacity lithium ion battery anodes
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Coaxial Fibrous Silicon Asymmetric Membranes for High Capacity LIB Anode�
	Coaxial Fibrous Silicon Asymmetric Membranes for High Capacity LIB Anode�
	Coaxial Fibrous Silicon Asymmetric Membranes for High Capacity LIB Anode�
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Acknowledgements

