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Anode materials

r_‘l Graphite — commonly used as anode material for Li-ion batteries.
; Maximum theoretical specific capacity is 372 mAh/g (or 840 Ah/L)
— To increase the specific capacity, new anode materials are needed

¥ Tin-based Composite Oxide (TCO, Fuji Photo Film Co, Ltd, Japan)
. Capacity : 2600mAh/cm?, 650mAh/g
+ Good cyclability ( > 500 cycles )
Problem
« large irreversible capacity : ~ 40% (SnO + 6.4Li —#Sn + Li,0 + 4.4Li)

I3 Nano-Sized transition-metal
oxides(NiO, FeO, Cu,0,
Co0, C0,0,)

" o0 + 2L T2 Li,0 + Co
«Capacity : 700~ 1000mAh/g
«Irreversible capacity : ~25%
*High average voltage : ~1.8V
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Alloy anode materials

Fy Lithium Alloys : Li,M (M=Sn, Si, Al, Sb etc)
UM = xLi+xe" +M

« High capacity

« Low irreversible capaciy Discharg | Charged | Voltage | Capacity | Volume
: ed species | (vs. (mAh/g) | Increase (%)
Problems speces inLir)
« Large volume change Al LAl 0.36 [ 993 7
(100 - 700%) sn LigSn, | 0.50 | 993 676
« Poor cyclability
Si Li,,Sls 0.40 4200 322
Pb Li,,Sis 0.49 570 233
F3 Approach
Active/inactive composite (alloy)
-+ buffering inactive elements
==+ enhanced cyclability
’ Nn!

Scopes of this study : ale|2H StASEHH

B MSigza/EBASEX
- M-Si alloys
- M-Si alloys / graphite composites
- Carbon-coated M-Si alloys / graphite composites

B Si SMUSEEBASEX
- Nano-Si/ oxides
- Nano-Si-oxides-graphite composites
- Carbon-coated nano-Si-oxides / graphite composites
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Mechanical Alloying

E:l Non-equilibrium, Supersaturated solid solution, Amorphous,
Nano—quasicrystalline, Nano—-powder
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: : Dynamic fracture
In.dlrect wel.dlng Forging fracture
Direct welding Shear fracture
(cf.) Mechanochemical reaction
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M-Si Alloys/Et A S &HA
Si powder M(Fe, Ni, Zr, Cu, Ti) poWder
! J
Mixing (Ar atmosphere)
High Energy Ball Milling, SPEX 8000 Mixer/Mill
Bw/Pw ratio=10/1, Ar gas atmosphere.
Ball Milling
(SiM + Graphite)
Bw/Pw ratio=10/1,
Ar gas atmosphere.
‘ - carbon coating
— (Coal tar pitch)
El hemical cf .
: Galvanostatic(charge/discharge)
?coin cell type : 2016 type
2Electrolyte : 1M LiPF, + EC/DEC(1:1 by volume)
2Current : 0.2 mA/cn?
Cutoff: 0-2.0V,0-1.2V.
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Fe,;Si;;(FeSi, ;) systems

I3 Cyclability of Fe,;Siz; alloys
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Fé23Si73(FeSi2_7) systems

P:] XRD patterns of Fe,3Si;4 electrode milled for 20h after 100 cycles
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Fe,,Sig(FeSi,) systems

F:l XRD patterns & Cyclability of Fe,,Sig, alloys after annealing and ball-milling
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Fe,,Sig/graphite composite

F} Cyclability & 1%t Discharge and charge curves
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Fe,,Sig/graphite composite

E:l -XRD patterns of ball-milled Fex,Sige/graphite composites
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Fe,,Sig/graphite composite

':I Cyclabitity & Coulombic efficiency of ball-milled Fe,,Sig,/graphite composites
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(a) 30 min ball-milled Fe,,Sig, /graphite alloy composite electrode

(b) Fe,Siy, alloy electrode
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Ni,,Sigy/graphite composite
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(a) Ball-milled NiySig, (b) Niy,Sigo / graphite composite

{c) Carbon-coated Niy,Sig, / graphite composite
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Ni,,Sigy/graphite composite

F_’l Charge - Discharge curves.
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(a) Ball-milled Niy,Sig,
(b) NiyoSigo / graphite composite
(c) Carbon—coated Niy,Sig, / graphite composite
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'Ni,,Sig,/graphite composite

F 3 Cycling performance

1400 |4 —=— Ni, Si,, alloy/graphite composite

—e— Carbon-coated Ni, Si,, alloy/graphite composite
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Nano Si-oxide/EtA =&l H|

l Si0, Si0, powder I r Al powder J rLkQ, Li,O powder}
| ]

l Mixing (Ar atmosphere)

High Energy Ball Milling, SPEX 8000 Mixer/Mill
Bw/Pw ratio=10/1, Ar gas atmosphere.

)

Ball Milling
(Si composite + Graphite)
Bw/Pw ratio=10/1,
Ar gas atmosphere.

carbon coating
{Coal tar pitch)
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: Galvanostatic(charge/discharge)

7coin cell type : 2016 type

9Electrolyte : 1M LiPE + EC/DEC(1:1 by volume)

2Current : 0.2 mA/cn?

2Cutoff: 02.0V,012V,
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Sio
FJXRD patterns of SiO:Al Li,0 = 1:1:0.2 composites milled for 6 and 12h

15h milling
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6h milling
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Nano-Si dispersed Oxide(SiO) /graphite composite

FJ XRD patterns & Cyclability
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Carbon coated Nano-Si dispersed Oxide(SiO) /graphite composite

F] XRD patterns

18 Graphite
] O si
® Ao,
b PN A Crystallite grain size
®) A_Jb\ o e mn ® (a) 14.8nm
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(a) nano-si dispersed oxide/graphite composite (5 min milling)

(b) carbon coated nano-si dispersed oxide/graphite composite (70 wt.%
coal tar pitch, 900 for lh in Ar)
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Carbon coated Nano-Si dispersed Oxide(SiO) /graphite(SFG6) composite

P} Cyclability
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