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Theory of De3|gn|ng a High Capacity Electrode Material

The Faraday’s Law :> C = [ xn

3.6xM
C _ the theoretical capacity of the electrode material
F _ the Faraday constant
n _ the total electric charge passed through the electrode
M  the molar mass of the electrode material ~__

...... one mole of such borides can transfer more than one mole of electrons
through specific electrochemical reactions, such that they can be regarded as

multi-electron materials and thus have the potential to achieve
extremely high-capacity...... ”
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C. Wu, et al. Electrochem. Commun. 11 (2009) 2173
Y. Bai, et al. Electrochem. Commun. 11 (2009) 145
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Typical Examples for Multi-electron Borides: Crystal VB, and TiB,

14 VB, + 20 OH™ — VO, + 2 BO] + I0H,0
a.Zn

1.2 b. TiB,
= 1.01 C. VB, > 3100 mA h/g
@ 0.8 ———= .
%DE- \ \ TiB; + 12 OH — 2 BO; + Tilamorphous) + lf:HzCI
=
2 .
?5 0.4 - a b c >16OO mA h/g

0.2+

a a0 1600 2400 3200
discharge capacity(mAH/g)

Both the metal and the inert boron are

A comparison of VB, and TiB, activated with each

with Zn powder electrode.

VB, TiB, 5 44 Sk #) ek, A BB K A T AN ARG EA.
Serious alkaline corrosion, only for primary batteries.
FENBEE, REATRwk,

H. X. Yang, et al. Electrochem & S. S. Lett. 7 (2004) A212-A215
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Alkaline-resistant Metal Borides: Co-B and Fe-B
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(a) Co-B electrode
(b) Fe—B electrode
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Cell voltage (V)

30% KOH solution
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0 300 600 900 1200
Discharge capacity (mAh/g)

FeB, +(6x+3)OH " — 0.5Fe,0,+XBOJ +(1.5+30)H,0 (1) >1200 mA h/g

CoB, +(6x+2)OH ™ — Co(OH), + xBOY +3xH,0  (2) >1100 mA h/g
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Primary batteries —kK ¥,

Y.D. Wang, et al. Electrochem. Commun. 6 (2004) 780
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Metal Borides for secondary batteries: amorphous Co-B
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Cycling performances of the batteries
adopting Co—B alloys and MmNi; alloy as
anode materials in alkaline secondary
batteries discharged at a constant current of
60 mA/qg.

C. Wu, et al. Electrochimica Acta 53 (2008) 4715
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Cycling performances of the Co—B samples
synthesized via different methods at a rate of
130 mA/g. (a) via chemical reduction method,
(b) via ball milling method, (c) via electric
arc method

C. Wu, et al. Solid State lonics 179 (2008) 924
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Metal Borides for secondary batteries: amorphous Mg-Co-B
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C. Wu, et al. Electrochem. Commun. (2009) 2173-2176
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Metal Borides for secondary batteries: Crystal FeB
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Y. Bai, et al. Electrochem. Commun. 11 (2009) 145-148
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Typical charge—discharge curves of the Co—
B alloys synthesized via different methods
at a constant current of 30 mA/g. (a) via
chemical reduction method, (b) via ball
milling method, (c) via electric arc method.

C. Wu, et al. Solid State lonics 179 (2008) 924
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- The cycle life of the Co—B alloys
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ﬁ 200mA/g for 3hrs

Charge input = 600 mAh/g

D. W. Song, et al. Electrochem. Commun. 10 (2008) 1486
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Electrochemical Conversion Reactions: Metal Fluoride Cathode Materials

The strong electronegativity of F- results in high conversion reaction potentials for metal
fluorides, which are regarded as potential cathode materials and paid more and more attentions.
2B Ry TP REGE RM, EARKRSHERR TG, THFREZKIEN
A KN R A= 6942 =k o 337 A SE AR AHH,

MF_+nLi*+ne e M +nLiF
MF, [%(j?rﬂ [\Efl L (k3 [vllE [mf\:r? g
[mMAh g1 ol
COF3 -1047 3.617 694 CUF2 -686 3.553 528
FeF3 -794 2.742 712 NiF2 -572 2.964 554
I\/InF3 -766 2.647 719 COF2 -551 2.854 553
CI’F3 -660 2.280 738 FeF2 -514 2.664 571
VF, 539 1863 745  AgF 401 4156 211

TiF, 404 1396 767



@ Typical fluoride: FeF; (#& gtb#: FeF,)

FGFB + 3LiIt+3e &= 3LjF + Fe

s

Abundance of iron, low cost, environmental friendly
TRFE . MAARE. IRRARET

U - High capacity, high potential, 3e- reversible conversion
S5 E. SUE. 3LTTiHEHL

C,=712 mAh g?; E°=2.74V

. ; . — " s s Very sensitive to ten |peratu re
,——Q' AR s %_% )
@ i Poor Kinetics 2)7,'77.] = ]'i F]bér)ki “._ and current denS|ty.

= Poor conductivity - @, 448 £ - ggﬁ%%iﬁ’%’@?ﬁ%&m

The efficient approach to improve the kinetics: Nanostructures
RACH) 7] F AR AR R SR
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Electrochemical Performance of FeF; nano crystal

48] Y Fe+3 3€, Feo
= 4.2}
= <l E0=274vV C,=712mAhg?
| _45
2 30} F e
2 54 P 20°C, 100 mA g+
(o)) . ES.B
g 18- 25 25~45 V7 ~200 mAh g-l
P i 1.0~45V, >700mAh g
0.6

0 150 300 450 600 750 900 1050
Capacity (mAh g'1) Current density 7% &: 100 mA g-1;
Cut-off voltages w./& X id]: 1.0-4.5V, 2.5-4.5V

The reversible capacity and the plateaus are in consistent with theoretical 3e- conversion.
AR TEFEFCEFE HFeF, XA A3 RN ERESAUHFTERSE.

T. Li,, J. Phys. Chem. C, 114 (2010) 3190
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Researches on Li-air Batteries

12000 Energy density comparison of common energy storage technologies

10000

OPractical (Wh/'kg) ®Theoretical (Wh'kg)

8000

6000

4000

Energy Density (Wh'kg)

2000

Lithium air battery possessing one of the largest theoretical specific energy of
11140 Wh kg excluding O, in present energy storage systems.



Research progress on non-agueous lithium air battery

s K. M. Abraham first report a novel non-aqueous electrolyte lithium air
battery in 1996.

s J. Read further studied the effect of electrolyte composition, cathode
formulation and discharge mechanism on the electrochemical properties of
Li/O, cells.

< P. G. Bruce demonstrated the electrochemical reaction of 2Li + O, = Li,O,
IS reversible, proper oxygen catalyst could facilitate the process and as a result,
Li/O, battery could have adequate cycling life.

s P. G. Bruce elucidated a variety of reactions among dicharge process with
alkyl carbonate electrolytes. Due to electrolytes decomposition, C;H,(OCO,Li),,
Li,CO,, HCO,LIi, CH,CO,Li, CO,, and H,O could be formed.



% Yang Shao-Horn employed platinum-gold nanoparticles as bifunctional
electrocatalyst for Li/O, batteries, which rendered a considerable round-trip
efficiency of 77%

< Tatsumi Ishihara introduced the mix use of Pd and mesoporous a -MnO, .
showing high activity to oxidation and reduction of Li to from Li,O, or Li,O,
Enengy efficiency for charge and dischange can be achieved to be 82%.

+» Others:

Argonne National Laboratory
University of Mass.
Northwest pacific national Laboratory

TOYOTA CHUO KENKYUSHO KK;
EXCELLATRON SOLID STATE LLC
Yardney Technical Products, Inc.
Toshiba Corporation;
Tekion, Inc.
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© Benefits

% High energy density
11140 Wh kg excluding O, ; an order of magnitude larger than
achievable using conventional batteries.

% Technology amenable to a low cost

s Excellent carbon footprint

r
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£® Challenges \

¢ Electrolyte (open battery system)

e.g. conventional organic electrolyte: hydrophilic and volatility
% Cycle life
\/

* Oxygen selecting membrane
¢ Lithium corrosion

| T
-..lr----|l'-



Facing the Challenges

Investigate electrode formulation, seek efficiency and
selectivity of catalysts for oxygen reduction and search
proper electrolyte for lithium air cells:

1) Nano-structured MnO, catalyst;

2) Nano-sized La, ¢S,,,Mn0O4 catalyst;

3) lonic liquid electrolyte
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Approaches in Progress in Our Team

Non-aqueous
electrolyte Air Electrode

N\

b
' Hydrophobic
Air Port
Lithium ./
Anode ™~_

r r
------

\Housing

The Lithium air battery prototype
42 75 W, L A AR AL
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Nano-structured MnOx catalyzed rechargeable lithium air cells

20kV+ X20,000 * 1um 20kV +X20,000 " 1pm

20kV  X20,000 1pm 16kV  X20,000 1pm

Mn,O, Yy -MnOOH
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Nano-sized La, ;Sr,,MnO, as oxygen reduction catalyst in
non-aqueous Li/O, batteries

Formation Mechanism of g- La, gSry ,MnO; (LSMO)
Particles by Sol-gel Method

Q
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O (O sol-gel .:.‘l‘ <<<<< e /, calcination ® o

O gel | te

in solution PEG micellae LSM
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lonic liquids for ambient lithium air cells
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Lithium Salt + lonic Liquid

lonic liquids melts at much w
lower temp (Cool solution).

1M LITFSI-PMMITESI
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Hydrophobic ionic liquid-silica composite polymer
electrolyte membrane
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Hydrophobic ionic liquid + hydrophobic silica + PVdF-HFP



Thank you for your attention !



