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The importance and demand of lithium ion battedss
portable energy storage system is continuously grgw
due to its increasing use in consumer and portable
electronics such as cell phones, laptops, PDA'gyTdre
also used in hybrid vehicles (HEV’s) and plug-ieattic
vehicles (PEV’s), replacing the internal combustion
energy driven by traditional fossil fuels. Thusptinuous
efforts are being directed towards reduction of tost
and weight of materials used in Li ion batteries.
Traditional Li ion batteries still use graphite des that
exhibit a capacity of ~372 mAh/g. Research in eilic
based anodes has gained considerable importancto due
its ability to provide ~4200 mAh/g Li alloying capty.
However silicon not being a good electrical conduct
requires a conductive matrix to maintain electrical
conductivity throughout the anode. However, theossél
volumetric expansion associated with lithiationsdfcon
(~300 %) causes mechanical degradation of the eactiv
material as well as the conductive matrix, resgltin
capacity fade even when cycled for only a few
electrochemical cycles.

Carbon nanotubes (CNT) show excellent electrical
conductivity as well as mechanical strength. Crepti
hybrid nanostructures of CNT and Si can be expetded
alleviate some of the issues associated with teeofiSi
anode materials. Recent publications serve astintas/

of this concept [1, 2]. Experiments show that tloeee
shell hybrid structures of MWCNT/Si exhibit an ialt
capacity of ~2800 mAh/g. However, when deposited as
film, the anode performance deteriorates rapidigrefrst
7-8 cycles [1]. Investigation of the mechanisms
responsible for the capacity fade will pave the viay
further improvement in the performance of this jcatar
novel anode configuration.

We utilize a thermodynamically consistent theomdtic
framework exploiting a finite element setting tosebthe

Li intercalation induced deformation processes el as
failure of the hybrid anode configuration [3].
Delamination at the MWCNT/Si interface is modeled
using a novel cohesive law [4]. Transport of Liidesthe
electrode is coupled with the mechanical stredd fie a
finite deformation setting. Possible mechanisms
contributing to the capacity fade of the aforenmmed
anode configuration will be explored, using this
framework. A detailed parametric study of the hgbri
nanostructure will be presented. Based on the teeshie
opportunity and the impetus for interface contidiéives
(ICA) will also be discussed.

Refer ences:

[1] R. Epur, M. K. Datta and P. N. Kumta, Electrounlta
Acta, 85, 680-684, (2012).

[2] W. Wang, R. Epur, and P.N. Kumta, ACS-Nano4} (
2233-2241 (2010).

[3] S. Pal, S. S. Damle, S. Patel, M. K. Datta, .”KNmta
and S. Maiti, ECS Transactions, 41, 87-99, (2012).

[4] M. Ortiz and A. Pandolfi, Int. J. Numerical Metds

in Eng. 44, 1267-1282, (1999).

Acknowledgements:

The authors would like to acknowledge the financial
support from the US Department of Energy’s Offide o
Vehicle Technologies BATT program (Contract DE-
AC02- 05CHI1231), sub contract 6151369, and the
National Science Foundation (CBET- 0933141). PNK
would like to acknowledge the Edward R. Weidleirath
Professorship Funds for partial support of this kvdn
addition, PNK and SM would like to thank the Cerftar
Complex  Engineered Multifunctional Materials
(CCEMM) for providing a graduate fellowship to panh
the simulation experiments reported in this work.



