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Hélène BURLET

Potential benefits of 
nanomaterials for Li ion 
batteries 

LiNi 0,4Mn1,6O4

-LiCoO 2

LiFePO 4TiO2-B

Si/C compositeComposite Si/C
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Sony 1991

Graphite/LiCoO2

Discharging process of a Li-ion battery

Largely employed for portable 
electronic devices

First uses for hand-held power tools

Breakthroughs needed to reach higher 
power and energy density for electric & 
hybrid vehicle

Li Fe PO 4 Li 4Ti5O12
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Power:

architecture, structure

Specific energy :

Theorical capacity of electrodes materials

Bipolar architecture

Addition of conducting agent 
(carbon, NTC)

Bipolar
current

collector
Li 4Ti5O12

Positive : reference LiCoO2

Problem of safety/cost

LiFePO4, LiMn2O4, …

Negative : Reference C

Measured specific capacity » theoritical value 

Higher theoritical capacity : silicon

Sb Ga Sn Al As Ge SiI
n

C B
i

Z
n

T
e

PbSb Ga Sn Al As Ge SiI
n

C B
i

Z
n

T
e

Pb



Euronanoforum – Prague 2009 5H. Burlet

�
���
	���
�� ��������� �
		�����

Potential benefits of nanomaterials :

� New reactions at nanoscale that were not possible with bulk materials => � specific 
capacity

� Increased electrode/electrolyte contact area => � charge/discharge rate

� Shortened path lengths => � power

� Decreased mechanical stresses due to volume change => � cyclability & lifetime

� Use of specific properties : CNT as conductive agent

But

� Risk related to nano powders

� High cost

A bad experience with Li 4Ti5O12 nano-powder

(hard to process, problem of agglomeration 
and high irreversible capacity)

Other solution : nano-architectured electrodes

LiCoO2
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C deposit on LiFePO4
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• LiFePO4: material with a low electronic conductivity
� Particles of nanosize to shorten the e- and Li-ion path 
� A core-shell structure with C as the shell material (< 2nm) for a 

better electronic percolation within the electrode

R. Dominko et coll., J. Electrochem. Soc, 152, A607 (2005)

« thick » C film
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� 159 Wh/kg Energy Density
� Safety tests : ok (overcharging, nail
test, overheating)

� close future: cells of 30 Ah expected to be
tested in an electrical Kart

High Energy 10Ah LiFePO 4/Graphite

Safe and Low Cost LiFePO 4/Graphite for EV
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• Silicon: high specific capacity 3800 mAh/g (x10 /graphite) related to the
formation of alloy Li15Si4 associated to a huge volume change +280%

Loss of capacity

10µm

20µm

After 1cycle charge/dischargeBefore cycling
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� SEM observations of silicon electrode after 1 cycle 

� Cracking of the particles by electrochemical “grinding”

� Rearrangement of smaller silicon based particles
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� Nanostructuration to limit the mechanical damage

� Nanowires, nanolayers, superlattices, 
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1) Silicon on graphite by chemical vapor deposition

» CVD

2) Molecular grafting between silicon and graphite

» grafting

3) Synthesis of a nanocomposite with Si embedded in graphite matrix 

» Spray drying
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Objective : To combine the high capacity of Si with the good cycling ability of C

Use of nanoscale to limit the mechanical stresses and ­ the electrochemical 
performances
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� Rotating facility

Particles of 50nm

� 10wt% Si : dense deposit acts as pure Si
� 3wt% Si +30% capacity but good cyclability
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Mixed Si - C 

Homogeneous Si 
particles on graphite
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Objective : to manufacture composites with a contro lled granulometry
• Suspension of nano particles Si in a mixture polymer-solvent

HT Pyrolysis

15min

• Thermal treatment � Si in C matrix

10 µm10 µm

10 µm

• Solvent evaporation � particles Si/polymer
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• Temperature : 700-800-900°C
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Nano Technologies for li-ion batteries available in short terms

Nanopowders LiFePo4 - C  => industrial transfer to Prayon

Next step : start-up PROLLION  50 – 100Ah cells

Long term developments

Nano-composites Si – C for the negative  (Si on NTC…)

Insertion of nanosize conductive agent

Objectives  by 2012 : capacity > 300Wh/kg, power>5kW /kg

lifetime > 10 years


