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FIGURE 1-2 Chne version ol the CHEFS Notonal Concerd Yehcle, SOURCE

of George Frazier, Science Applications International Corporation.
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Systems with D 2 1072 c¢m? s~!

simple monoatomic x- Ag | hydrogen in
liquids x-Cul metals, e.g.
f-CuBr H-Pd, H-Nb
etc.
1:1 t]
To— . e
Ty ~5R B R
simple diffusion local motion jump diffusion
To= O % jump diffusion T,<<T, = 10-"s
TQ = T! = 0-"

FIG. 25. Diffusion in different ecveteme
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Fig.2 Arrangement of A-site ion and oxide
ions, and lithium ion concentration in a
perovskite-oxide.
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E-Lix - = C’graphite + XLl + xe
charge

Intercalation in graphite

Simgle-atom thick graphite layers. Interlayer
distance 3.35A (0.335nm)

Intercalation of:

lithium: 3.71A

potassium: 5.35A

AsF5: 8.15A

KHg: 10.22 A (three layers of K and Hg)







Doubled energy density in 10 years
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may not be maintained !
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volution of energy for different batter
technologies:

To meet tomorrow's material demands
Breakthroughs in materials design and new concepts are needed:
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Nano-l onics?



J. Maier etal

NATURE |VOL 408 | 21/28 DECEMBER 2000
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Nanosized Li-Sn grains dispersed in amoerphous Li,O

In discharged nano-SnO anede for Li len bhatteries

RN image O Nasorme o r-s. '

ares N e LHore TeEgion o 1

H. Li, X. J.Huang, L. Q. Chen,
Electrochem. and Solid-state
Lett. 1, 241(1998)

Tgure X HETEM smege of nanometer-scale Snl) panicles afer discharge 1o
MY, A suriace Hbm can b seen on each panicle. The paricls soe & 100 nm




:normal Si/CB (4:4), 0.0-0.8V, lo=0.1mA/cm?
: nano-Si /CB (4:4), 0.0-2.0V, lo=0.1mA/cm?

:normal Si/CB (4:4), 0.0-2.0V, lo=0.1mA/cm?
:nano-Si /CB (4:4), 0.0-0.8V, lo=0.1mA/cm?
: nano-Si /CB (9:1), 0.0-0.8V, l0o=0.1mA/cm?
:nano-Si /CB (4:4),0.0-0.8V, l0=0.8mA/cm?
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SAED patterns of Si nanoparticles
at different Li-doping levels

Original Nano-Si1 Heavy Li-doped  Partly Li-extraction



Nano-SnSb on hard carbon spheres
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M or phology of 30wt% nano-SnSb alloy on hard
carbon after Li ionsinsertion and extraction
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Microstructure of HCS coated
by nanosized SnSb alloy




Perfect Spherical Morphology, Controllable Monodispersec
Particle Size and Smooth Surface
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FIG. 1. Energetics of diffusion pathways
for Li to move through a (a) (5, 5) metal-
lic: and (c) (8, 0) semiconducting nanotube.
Contour plots of the resulting charge dif-
ference distribution for a Li atom absorbed
on (5,35) and (8, 0) nanotubes are shown in
(b) and (d), respectively. The positions of
the C{L1) atoms are indicated by the filled
(open) circles, respectively.



16, 2. Structure of the topological defects displaying differ-
nt n-membered rings. The diffusion barriers through these rings
nd the corresponding formation energies are given mn Table [



TABLE I. Diffusion barrier AF and formation energy Ep for
c¢ach of the topological defects shown i Fig. 2. The formation
energy 15 measured with respect to the hexagon.

AE (eV) Er (eV)
Hexagon | 3.5 0.0
Heptagon 7.3 3.3
Cctagon 3.0 6.2
Enneagon (.3 9.3
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FIG. 3. Estimated residence time 7 as a function of nanotube
length £ at T = 300 K for L1 atoms in either the nanotube
interior (solid line) or interstitial rope channel {dotted line). The
inset shows the energetics of a typical diffusion path calculated
for Li moving through an open nanotube.




=p OQur group. Foizot et al. Nature, 407 (6803) 496-499 (2000).

Voltage (V vs LiLi")

bt
(Th

=]

= a
th L4 ]

=
L

[~

[

Co0O: Rocksalt Structure

oday Li-ion cells

Li CoO,+ 0.5Li" + 0.5e- === LiCo0O,
0.5-0.6 e per Co

== No Interstitial voids for guest ions

CoO :L

Co-MNano
particles

discharge 30 to
—_—
50A
charge

L

L]

CoO+2e +2Li* 5 Co’+Li,0
2 e per Co

M+ to M? “Conversion reactions”

factor 3




MO, /M° reactions of conversion :
Not specific to CoO, but universal

Same behavior observed for :
- Sulfides, Fluorides, Chlorides, Phosphides and Nitrides

07v [ NiP,+6e +6Li* S Ni+2LiP
CoO+2e +2Li* 5 Co+Li,0
< CoCl,+2e +2Li* 5 Co%+2LiCl % 2 to 6 e-

CoF;+3 e +3Li" CoY + 3 LiF

33V RuO, + 4e- +4Li* 5 RuY + 2 Li,0
/

e

oday Li-ion cells

Li CoO,+ 0.5Li" + 0.5¢ <=> LiCo0O,
0.5-0.6 e per Co

Staggering
capacity gains
(factor 4 to 5)

Poizot ef al. Nature, 407 (6803), 496-499 (2000}



Microstructure evolution of RuO, after Li-insertion and extractio

um-RuO, +4Li —» 2Li,O/Ru(2-5nm) ——— nm-RuO,

P. Balaya, H. Li, J. Maier, Adv.Func. Mater., 13, 621(200.



O
-
(@)
©
S
x
)
-
O
o
| -
(D)
(7))
=
.U
>
O
©
(D)
(7))
)
48]
o
(40
._“
(-
@)
-
O
)
)
>
(D)
()
| -
)
'
@)
>
)
(7))
@)
| —
O
=




A scheme for back-reaction LIX+ M -2 MX ?

Mt X I

M MX LiX

liffusion of either M"™* or X" across the interphase : MX

IX and M dispersed at atomic or nanoscale is key'poin
or occurrence of back-reaction in view of kinetics.
-Xperimental data confirm this!
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Fig. 9. Lattice parameters of hexagonal unit cell of Li CoO,
[18,22,23] (filled symbols represent monoclinic phases
parameters converted to hexaconal parameters)



The specific capacity of commercial LiCoO,

fades rapidly when overcharged (to a. 4.3V; b.
4.5V and c. 4.7V, respectively).
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dlyanionic s

From oxi
£
Why ? . of
- Carbon
) e—- (p[}d}ﬂh —="» Benefits of inductive effect

A

Adjust the Fe™’/Fe™ redox potential by playing with # pelyanions |

lonic
Olivine LiFePO, NE)
LiFePO, <«  LigsFePO,
Fe2: Fed 170mAh/g
3.5 Vvs Li*/Li :

Very poor electronic conductivity

AL (Insulator)

A_K_Padhi, K. 5. Nanjundaswamy, C. Masquelier, 5. Okada and J B. Goodenough, J. Electrochem. Soc. 144(5), 1609-1613 (1997)




Percolation

Poorly
conductive
particles

Electron—
conductor

Particles are St
connected but e
the quality of
contact may
vary

f Particle Coating

IMPORTANT:

Coating must be
\ permeable for
ions

{  Nano-architectured
electrode

. Good electronic conductivity

- Direct electrolyte path
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Energy changes (eV)

1.5
Distance (A)

Migration Energy Barriersof Li and Cr ionsin the LiFePO, crystal
along the one-dimensional diffusion pathway.
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{ Migration Energy Barrier
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‘ Crions O Liions O Vacance

Schematic figure of the two tubesin one unit cell view from the ab plane. The two tunnelsin each
unit cell aredenoted as1 and 2 in thefigure. In each tunnel, the Li sites are separated by the Cr
ions.
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