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Li,FeMn,Co,Si0, nanoparticlesincorporated CNTs product formed is ground in a mortar and is thenigad
as a novel high capacity cathode for lithiumion at high temperature under inert atmosphere.
batteries SEM  micrographs of the fabricated
S. Raind, S. H. Hst, M. Yilmaz, S. Akbulut, W. P. Li2FesMnyCa:SiOs nanoparticles dispersed on CNTs is
Kang', J. H. Huang shown in figure 1, revealing uniform coating.
'Dept. of Electrical Engineering and Computer Saéenc Electrochemical characterization was performed by
Vanderbilt University, fabricating pouch-cells consisting of Li foil anodad
Nashville, TN 37212, USA CNT/ Li,FeMn,Co,SiO, on graphite as the cathode with
email: supilraina@vanderbilt.edu a PE separator and 1M Lipk EC:DMC electrolyte.
Dept. of Materials Science and Engineering, Charge discharge curve for one such LIB cell was
National Tsing Hua University, Taiwan recorded at 1C rate and can be seen in figured®yisly a

high specific capacity approaching the theoretigdlie of
Current state-of-the-art lithium ion batteries 330mAh/g, at an average voltage of.1V, resulting in a
mostly utilize metal oxides as cathode materialhwit very high specific energy value
LiCoOz as the most popular and commercially success® of ~1350Wh/kg. Material
representative [1-2]. These metal oxides howevee, td characterization using
their intrinsic material properties, have reachwalrtlimit techniques of differential
in  further enhancement of LIB performancess scanning calorimetry (DSC),
Specifically, they have limited average potentiarsus energy  dispersive  X-ray
Li/Li ¥, mostly well below 4V except Livi®Ds. And their 4 spectroscopy (EDS), RAMAN
specific capacity is well below 180mAh/g with the spectroscopy, X-Ray
exception of LiNiQ. These metal oxides are also “hot diffraction (XRD), and (ICP-
cathode materials due to the thermal runaway m@acti § MS) has also been performed.
therefore, there is also a concern for safety. Hig Using AC Impedance
performance LIB remains the preferred cost-effecti Spectroscopy, a Nyquist plot
technology that would address a much broader raifige was recorded and used to
energy source/storage for both military and civi calculate the ESR value of
applications with LIB being one of the most promgi ~7Q.
battery technologies that can provide higher ener

Detailed fabrication

density than other alternative. It also does néfesdrom D0 08 HCHIRRLIE and characterization of the

the memory effect observed in Ni-Cd batteries amel trigyre 1. SEM micrographs ~ Novel CNT/ LeFeMnyCao:SiOa

loss of charge is relatively slow when not in use. of LiFey7Mng15C00159 0, cathode and its performance
This paper reports on the innovative resear(yfter dispersing into the CNT ~ Characteristics will be

utilizing multi-walled carbon nanotubes (CNT) anea npetwork. (a) SEM imagefrom  Presented.

architectured current collector array grown dineath a  the top surface of the

flexible graphite foil. Nanoparticles of the high-gectrode showing uniform

performance ternary orthosilicatd,i-FeMn,Co,SI04  particle size distribution; (b)

are dispersed in the porous 3D network of CNTs. Tla tilt view of the eectrode

CNT/ Li;FeMn,Co.SiO, hybrid electrode acts as thecross section showing

cathode, wherety+z=1. This novel approach of usingjncorporation of the

nano-structured, vertical-aligned CNT network pd®8 a nanoparticlesinto the CNTs,

high surface area of attachment for,AgMn,Co,SiO,

nanoparticles and to minimize the contact resigtatche

active material/current collector interface, thereb a3 -

maximizing the charge efficiency and the energysign \ —

of the cathode. The ternary orthosilicate compooifieirs 1™ yd

a theoretical capacity of 330mAh/g, and our

additive/binder free fabrication approach allowsr fo

greater mass loading. The nano-architected 3D Qidly a

structures provide shorter and simpler diffusiothpdor

lithium ions. Moreover, the porous structure predd

elasticity to accommodate dimensional changes durin

ion intercalation/deintercalation and thus provides

excellent cyclability. (s
Thermal chemical vapor deposition process in a

tube furnace is used for growing vertically aligrmadlti- 24

walled CNTs directly on the flexible and conductive

graphite substrates. The input gas mixture cong$ts

H2/CH4/NHs gases, at a temperature of ~%50 Figure 2. Charge/discharge curves recorded using

Conventional, low cost sol-gel process was used to theCNT/ternary orthosilicate cathodeat 1C rate

synthesize ternary orthosilicates  with  different showing a very high specific capacity, approaching
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stoichiometries, using various ratios of citric caciron the theoretical value of 330mAh/g.

(ll1) citrate, manganese acetate, lithium acetatshalt

carbonate, TEOS (tetraethyl orthosilicate) and ratha References:

The ‘sol’ obtained is then dried to evaporate tlaenand [1] J.M. Tarascon and M. Armand, Nature 414, 359
ethanol. The gel thus formed is further dried oigirhin (2001).

a tube furnace under inert atmosphere. The ‘dry gel [2] A. Manthiram, J. Phys. Chem. Lett. 2, 176 (2011



