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��� INNOVATION PLATFORMS
Work on concrete cases of technology implementation in  the 

products of the group.

2!;!"!) "

���

��� INDUSTRIAL JOINT LABS
Those common labs have common personnel, common

equipment and shared research agenda

ACADEMICS JOINT LABS
Those common labs have common personnel, common

equipment and shared research agenda

! 25"��!$%"
$%'$�&%

ACADEMICS
CNRS-Ecole   

Polytechnique …
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Graphene
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n-m ¹¹¹¹ 3p (p entier)

Saito Law :

Ch = n.a1 + m.a2!<).�

1<).�

�����=����� '��	��� �����	�
��"�����=����� '��	��� �� ���	�




��
THALES GROUP INTERNAL

���
���

���
���

���
���

���
���

�
�


�

���
���

���
���

���
���

��

���

��

���

���
���

��

���

���
���

���
���

���
���

���
���

���
��


���
�


�

���


��
���

���
���

���
���

��

��


�
�
���

���
���

���
��



��

��


��
���

���
���

���
���

���
���

�
���

���
��

���
���

���

�	

���
�
�

��

 ��

�

!�
�������
���
�����"�#$��%%&$�'()�*+,�-.����



��

���
���

���
���

���
���

���
���

�
�


�

���
���

���
���

���
���

��

���

��

���

���
���

��

���

���
���

���
���

���
���

���
���

���
��


���
�


�

���


��
���

���
���

���
���

��

��


�
�
���

���
���

���
��



��

��


��
���

���
���

���
���

���
���

�
���

���
��

���
���

���

�	

���
�
�

��

 ��

�

C=(� /� )A
E=(1/2)CV²
P=V²/(4R) 
Helmotz’s model

What’s a supercapacitor?

separator

Two electrodes

Technically is defined Electrical Double Layer Capa citor (EDLC)
Supercapacitor is the name done by NEC in 1971

�
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Battery-like devices 
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Advantages 
Very high rates of charge and discharge
Higher life cycle (>500000, rechargeable batteries can attain 10000)
Good reversibility
Low toxicity of material used
High cycle efficiency
Low internal resistance (Higher output power)
Extremely low heating levels

Drawbacks
Low amount of energy stored (3-5 Wh/Kg vs 30-40 Wh/ Kg for batteries)
It requires sophisticated control and switching equ ipment
(from batteries to supercaps)
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A short history

1957 : the first patent on EDLC (Electrical Doucle L ayer Capacitance)
General Electric : Electrolytic capacitor with porous c arbon electrodes

Two porous graphite electrodes
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1966 : SOHIO (Standard Oil company, OHIo) 

At this time SOHIO acknowledged that “the double-layer at the 
interface behaves like a capacitor of relatively high specific
capacity”.

1971 : NEC : first commercial device called « superca pacitor » 
based on technology suggested by SOHIO: Memory backup  
applications (low voltage, high internal resistance)
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1978 : Panasonic : « gold capacitor » : back-up energy source for
microprocessors and solar batteries (power failures include video recorders,
DVD players, fax machines, telephones, digital still cameras, mobile phones,
audio stereo systems, etc.)

1982 : Pinnacle Research Institute : « PRI ultracapacitor » (first time that
the term « ultracapacitor » is used) incorporated metal-oxide electrodes

Applications : laser weaponery and missile guidance (military applications)
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Some visible supercap applications

.

Aerial lift

Nuremberg Shangai

London

Emergency issues

Emergency issues

Wind Turbine pitch 
control

Forklift Truck
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What are carbon nanotubes and why carbon nanotubes for Supercaps?

• Randomly entangled nanotubes for electrodes can be fabrica ted easily
• Highly surface specific surface area (300m²/Kg)
• High mesoporous distribution (2-5nm) and so electrolyte ac cessibility
• Low resistivity (they can be used as electrode and collector )
• We can fabricate electrodes without binder (higher breakdo wn voltage)
• Total weigth is very low (enhancement energy and power densi ty)
• High stability (long life-time)
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CNTs (and Graphene related materials) based Supercapac itors 

Considering that supercapacitors bridge the gap of capacit ors and batteries
performances we have to attain performances in this zone
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Why to use Graphene related materials and CNTs mixings?

Resistance is reduced by a factor of 4 compared to
bare CNTs layers

75% the conductivity is optimized
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Pristine
graphene/graphite

Graphene/graphite/CNTs
mixing

• CNTs prevent restacking (higher surface, higher ene rgy stored)
• CNTs/graphite/graphene improve conduction (higher po wer delivered)
• CNTs prevent the disintegration of the composite

reduced charge diffusion

and surface

Why to use Graphene related materials and CNTs mixings?
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OUR APPROACH
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OUR APPROACH
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Dynamic spray-gun deposition method

Process patented
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Supercapacitor CellFlexible electrodes

Electrode design and cell fabrication

2cm²

Electrode design

Panasonic 
Graphite bucky paper

1�
�
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Sample Morphology (cross section)

Graphite/graphene

Excellent intercalation of graphite/graphene layers
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A�Results : Energy and Power as a function of the concentration 

75%

Sample characteristics :  
• weight = 1.8mg
• surface = 2cm² (circular design)
• thickness ~ 20µm
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Last measurements : new option for green suspension s using GO 

Advantages
• Aqueous based supensions
• Very stable suspensions
• Low temperature process (120 � C)

Mixing of Graphene Oxyde and Oxydised Carbon Nanotu bes in water
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Oxidised CNTs can be put into water based suspensio ns very easily

Non-oxidised CNTs Oxidised CNTs
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E vs Ag/AgC (V)
0,50-0,5

I (
A

/g
)

3

2

1

0

-1

-2

-3

-4

spray 60/40 GO/CNTox
spray 70/30 GO/CNTox
spray 80/20 GO/CNTox
spray 90/10 GO/CNTox

C = 88 F/g

C = 120 F/g

spray 100% GO

90F/g

*
�
���� ����� �����
���� ��
 ��	� 
�
��
������
��
�
��
�����
�� �C����������� *�,�	���� ,
�������	 ��
5--- .�.( ����� �$��� 7���� +���

��� 
��9�
� ����:
 �� H��:
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��� �9 ��� @�������
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Re(Z)/Ohm
5000

-I
m

(Z
)/

O
hm

450

400

350

300

250

200

150

100

50

0

Re(Z)/Ohm
151050

-I
m

(Z
)/

O
h
m

6

5

4

3

2

1

0

GO/SWCNT 80/20
GO/SWCNT 70/30
GO 100%
G3-IIT/SWCNT

Power density :

100 % GO : 14 kW/kg
90/10 :         31 kW/kg
80/20 :         29 kW/kg
70/30 :         21 kW/kg
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E (V)
1,210,80,60,40,20

0,5
0,4
0,3
0,2
0,1
0

-0,1
-0,2
-0,3
-0,4
-0,5
-0,6

I (
A

/g
)

initial
1000 cycles
2000 cycles
3000 cycles
4000 cycles
�����������

- 1 0 1 2 3 4 5 6 7

0 , 0

0 , 2

0 , 4

0 , 6

0 , 8

1 , 0

1 , 2

E
 (

V
)

t im e  ( s )

 in i t ia l
 a f te r  1 0 0 0  c y c le s
 a f te r  2 0 0 0  c y c le s
 a f te r  3 0 0 0  c y c le s
 a f te r  4 0 0 0  c y c le s
 a f te r  5 0 0 0  c y c le s

���������9��@ !!��.� �������
����
 
�����K��

����� �F����@���

two-electrodes configuration 

��� � complete system

m = 1,15 mg (x2)

5000 cycles

I= 10mA

Graphene exfoliated by IIT :

- Loss essentially during the 1000 first 
cycles

-P= 92,3 kW/kg 

Very good stability (same capacitance that using GO)
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Graphene Oxide based electrodes
Advantages
• Water based suspensions
• Low cost material
• Very stable suspensions (months, years?)
• Capacitance of 120F/g, Power density of 30kW/Kg
Drawbacks
• Power lower than for Graphene (factor three)   

Graphene based electrodes
Advantages
• Same capacitance that GO but Larger power density demon strated (~100kW/Kg)
Drawbacks
• NMP based suspensions (toxic and higher boiling tempera ture than water)
• Stability of the suspensions (weeks?)
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Video 1
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C= 30F/g  (whole cell)
P = 40 kW/Kg

#

%
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# "% %# -% $##

/ +
�0

�.

1 �&2

20 mV/s

3 +4.
"$�%$#�%#

5##

6##

"##

#

7"##

76##

75%
50%
25%

0%

8 
+

�9
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.

100%

C x4

90%Ionic liquids

CNFs/rGO
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