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PRESENTATION

Dr Nicolas Guillet (CEA/Liten)
° CV

Chemistry / electrochemistry (Univ. Grenoble, INP Grenoble)

®*  PhD Material process & engineering (Mining school St Etienne, France) 1998 — 2001: « Potentiometric gas sensors
for automotive application »

®*  Post-doctoral (INRS — Varennes, Canada) 2002 — 2004: « Non noble catalysts for electrochemical reduction of
oxygen and H,0, electrosynthesis »

* Since 2005: research engineer at CEA/Liten; Senior expert on electrochemical storage

* knowledge and expertise

® Electrochemistry / electrocatalysis
®*  Fuel cells (catalyst synthesis, electrodes fabrication, tests an characterization)
®*  Hydrogen production devices (PEM / Alcaline electrolyzers)

®* Electrochemical device for energy conversion

Contact: nicolas.quillet@cea.fr
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CEA - LITEN

® CEA: French Alternative Energies and Atomic Energy Commission (since 1945)

® Liten : Research institute dedicated to the energy transition
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ELECTROCHEMICAL STORAGE OF RENEWABLE ENERGY

Stand-alone Grid-connected Integration in
systems systems buildings

m’/ )

Experts
Electrochemistry,
Modelling, iElectrical
engineering...

Test facilities

350 battery testing
channels, abusive
conditions and safety
tests, high voltage
platform ......

1) Select the most appropriate storage systems for the intended application

2) Development of battery of advanced management strategies

-
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A BATTERY : A SIMPLE SYSTEM...

° In summary, essential constituents of an elementary battery cell :

Current collector
negtive electrode

Current collector
positive electrode

electrolyte/
separator

Negative
electrode

+ve/ve Terminals and Safety Vent

+ve/-ve Terminals
Pressure Relief Vent

Kig. 283. — Pile de Volta.

INSTITUT NATIONAL
DE L'ENERGIE SOLAIRE

+velve Terminals

Metallised Foil Pouch

L
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A BATTERY : A SIMPLE SYSTEM ... BUT COMPLEX MECHANISMS

During cycling

Li* ion displacement from one electrode to the other:

For positive NMC electrodes, the volume change is almost zero in the
range x = 0 to 0.67. Then, 5 % of the volume change is noted in the last
third of Li* insertion [1,2].

The volume change related to graphite lithiation is about 10 % [3,4], and
the main volume change occurs during the first 20% of lithium insertion.

 Change in electrode volume (breathing) during operation

Y The volume change can lead to microcracks in the electrodes
and passivation layers

[1] N. Yabuuchi et al., “Novel lithium insertion material of LiCo1/3Ni1/3Mn1/302 for advanced lithium ion batteries” Journal of Power Sources
Volumes 119-121, 1 June 2003, Pages 171-174

[2] A. K. Padhi et al. “Phospho-olivines as Positive-Electrode Materials for Rechargeable Lithium Batteries” J.Electrochem. Soc. 1997 volume 144,
issue 4, 1188-1194

3] M. Broussely et al., “Main aging mechanisms in li-ion batteries” J Power Sources, vol. 146, no. 1-2, pp. 90-96, 2005.

4] Naoki Nitta et al., “Li-ion battery materials: present and future” Materials Today Volume 18,Number 5 June 2015 pp. 252 - 264

"
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° During calendar / cycling aging

Cause Degradation Mechanism Degradation Mode

SEI growth

High temperature

Loss of lithium inventory g

Graphite exfoliation ~
Current load Loss of active anode
Structural disordering material
Low temperature Lithium plating/dendrite N \‘.
formation WA

d  Loss of active cathode
4 material

Transition metal
dissolution

Corrosion of current |

Low V_/SOC collectors

R. Birkl, M.R. Roberts, E. McTurk, P.G.Bruce, D.A. Howey «Degradation diagnostics for lithium ion cells», J.

Power Sources, vol.341, p.373-386 (2017)

- Multiple causes for similar consequences

- Strongly coupled mechanisms

- Phenomena that add up (battery history)

May 16, 2022 _



A BATTERY : A SIMPLE SYSTEM ... BUT COMPLEX MECHANISMS ﬁrteﬁ(ab‘/o/m/ﬂ;oeﬁm 3«#&‘@/7 ﬂaﬁ |

~ Grenoble, France 16-18 May 2022

* Only few information available during operation : the battery, a black box?

Electrical power

Cell / module voltage G -
S 2 Temperature S Z

Current
Temperature

>

Capacity / exchanged energy
Apparent electrical resistance
Altered safety

& Only 3 independent parameters used for battery monitoring & SoC, SoH estimation :

Cell voltage, current & temperature (and their evolution with time)

=» Additional independent parameters are required for a more accurate monitoring

- Physical change of materials (??7?)
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ULTRASOUND INTERROGATION FOR BATTERY MONITORING ?

1- Electric signal
exciting the piezo-
electric transducer

4- Piezoelectric

Sensor |

5- Electrical signal |||
— b1

Il

|1

2- Piezoelectt
transducer |

6- Waveform recorded

°* Non-destructive test (NDT) method,;
® Study the propagation of acoustic waves throughout the battery’s materials;

® Acoustic waves interact with materials and interfaces

 Detect materials density variations, discontinuities, defects, bubbles generation...

nes Nicolas Guillet | Acoustic interrogation for battery monitoring May 16th, 2022



ULTRASOUND INTERROGATION FOR BATTERY MONITORING ?

°* Parameters of interest 1- Electric signal

exciting the piezo-

_ 4- Piezoelectric
electric transducer

Sensor i | )

\

5- Electrical S|gnaIJ\ I
— 5}/ ‘

‘ ‘ ‘\ i
il A

\
H\‘\‘ [ ‘ “‘ vy
I

lk ve | | LA

2- Pleloe|eCtl"IC I || L :

transducer
/ \ 6- Waveform recorded
Time of Flight
(delay between emission and reception) / Power spectrum density \
—* ToF / Shape of the waveform \
10 - 0.015 o0t SoC 100 % 70
8 | . _ 0.01
S 6 1l |I| . - 0.01 z S 0.005 ”
o L —_— R — 50
R oo 5| | 3 LI g
ﬁ 2 i| } “ m m HH”“ ‘ r B ‘—‘i 0 \Ili I‘I|IHD 1800 2000 v 40
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o ! \ \IIIIllIl“l”llll'l”I”' 8 o« oot £ 3p
< -2 | WH ” '\‘ ‘ i r L - 0.015 g_
= 4 . H’ H ‘ F -0.005 E -0.015 = 0.01 SoC0 % < 20
£ 5 ittt © 001 £ - 10
-8 F E‘, I
-10 | L _0.015 IR R ; 0
Time (ms) 5 oo 9 W M 00 2000 50 70 90 110 130 150
< Frequence (kHz)
Depending on the distance between the transducers and -0.01 . dst th of the sianal t tted d di
the sound speed in the materials (related to density / -0.015 — oZirlfz ;r’; p:r: :;gof tfzj; meastlegr:',;s ;;:;‘z; f/ou :';en ing
young modulus) ] !
k / Depending on the interactions of the acoustic wave with modulus, porosity etc...)
the materials / interfaces inside the battery (porosity / K /

K/nterfaces) /
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3- ULTRASOUND INTERROGATION FOR BATTERY MONITORING ?

Previous works

Density of electrolyte measurement

Redox flow battery

Power conditioning system

4

pump

electrolyte reservoir
ultrasonic detection
device

ultrasonic sensor

|

bipolar plate
carbon felt

ion exchange
membrane

® collector plates

e9ee es8e

DC power |

EEZE BULB

SPECIFIC GRAVITY
uLTRASONIC——{C3 READOUT

REFLECTOR

B0

ULTRASONIC |
TRANSDUCER

THERMOCOQUPLE

LEAD - ACID BATTERY

Fig. 10. Conceptual design of improved hydrometer.

Y-S. Chou, N.-Y. Hsu, K.-T. Jeng, K.-H. Chen, and S.-C. Yen, “A novel ultrasonic velocity sensing approach to
monitoring state of charge of vanadium redox flow battery,” Appl. Energy, vol. 182, pp. 253—-259, 2016.

Pulse/Usten
Transducer
{Reflection)

Transmitted Signal (AU)

Material change during cycling & ageing (Li-ion batteries)

Liston
Transducer
(Transmission)

Time of Fight (s)

A. G. Hsieh et al., “Electrochemical-Acoustic Time of Flight: In Operando
Correlation of Physical Dynamics with Battery Charge and Health,” Energy
Environ. Sci., vol. 8, no. 5, pp. 15691577, 2015

N

|

4

“oines

INSTITUT NATIONAL
DE L'ENERGIE SOLAIRE

State-of-charge

RC,-pulse

L. Gold et al., “Probing lithium-ion batteries’ state-of-charge
using ultrasonic transmission — Concept and laboratory
testing,” J. Power Sources, vol. 343, pp. 536—-544, 2017.

Nicolas Guillet | Acoustic interrogation for battery monitoring

Lead — acid battery

C. A. Swoboda et al., “Development of an Ultrasonic Technique to

__—ELECTRONICS PACKAGE Measure Specific Gravity in Lead-Acid Battery Electrolyte,” IEEE

Trans. sonics Ultrason., vol. 30, no. 2, pp. 69-77, 1983

J. X. Liu, G. F. Li, W. Q. Xiong, H. J. Xiao, and L. Wang, “An ultrasonic
approach to measure the density of battery electrolyte,” Proc. - Int.
Conf. Electr. Control Eng. ICECE 2010, no. 1, pp. 414—418, 2010.

B. Sood et al., “Health Monitoring of Lithium-ion Batteries,”
in Proc. 2013 IEEE Symposium on Product Compliance
Engineering (ISPCE), 2013, pp. 3-8.
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ULTRASOUND INTERROGATION FOR BATTERY MONITORING ?

°* Experimental setup:
1- E_Igctnc sig_nal
®* Piezo-electrique transducers clectri wansducer . ¢ pesoelectric &

- i
PZT ceramic (PbZr,Ti,_ O;) Polymer P(VDF-TrFE) /W oo R S i

il
5- Electrical signal || ||| || ||/}
transducer
v 6- Waveform recorded

I (TTIYH
—fp st ‘ VIV pmamena
VY

|
(I

EVERLASTING

https://everlasting-project.eu/

TEESMAT http://www.hi-c.eu/

L@~

Open Innovation Test Bed for Electrochemical
Energy Storage Materials

PZT ceramic piezoelectric

transducer (22.4 mm x £19 mm) @?Omm, https://www.teesmat.eu/
https://www.physicalacoustics.co thickness 600 pm
' ' : ~0.3€ SPARTACUS

m/by-product/sensors/F15a-100-
450-kHz-High-Sensitivity-Flat-
Frequency-Response-AE-Sensor

https://www.spartacu

s-battery.eu/

* Data acquisition / Signal analysis :
*  Amplifier
* Digital oscilloscope (~600 €)
*  Mini PC (~150 €)

1

-

o
’
r

i

, 4
- £ l
Oscilloscope (Emission +4 channels recpetion) €1+ oscill :

Mini PC

"
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ULTRASOUND INTERROGATION FOR BATTERY MONITORING ? International ﬂ,amm/o Ban‘e/y ﬁaﬁ

Grenoble, France, 16-18 May 2022

* Exemple of results:

®* Prismatic NMC+LMO blend / Graphite 23 Ah Emission Reception
220 kHz, 2V > Data acquisition
0.5ms l>> l|::> & analysis

0.75
4.0
f3s
= 0.50 4
3.8 9\5 -
30— <
—_ 0.25 4
c
S 56l = v
25°5 go]
L -
o o o 000
© 34 Q g
= 2.0 =
o = o
> £ £ 0251
32 15 2 <
@
—
3.0 1w -0.50
Los —-0.75 4

=}
N
S
P
(=}
o
=}
o
S
=
1=}
S

SoC (%)

T T T T
0.0000 0.0001 0.0002 0.0003 0.0004

Time (s)
& Significant evolution of the transmitted acoustic signals during cycling

U Very good repeatability over successive charge — discharge cycles

Vincent Gau, PhD thesis “Contribution to the development of acoustic interrogation of the batteries”, Univ. Grenoble Alpes — 08/03/2022
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ULTRASOUND INTERROGATION FOR BATTERY MONITORING ? /(L‘emaﬁo/m/ ’/oefw«éa am/y ﬂaf@-",

Grenoble France 16-18 May 2022

* Acoustic signal evolution during charge — discharge cycling
®* Prismatic NMC+LMO blend / Graphite 23 Ah

U The transmitted signal goes back to its initial value at the
end of the charge/discharge cycle

% The slope change are characteristic of the redox couples
of materials inside the battery

o%________________ e

0% 2

40% 60%
SoC (%)

80% 100% L Slope change observable on the transmitted signal

4.5% curves occur at the same SoC as those in voltage
4.0%

E 3.5%

S 3.0%

.20

v 2.5%

©

£ 2.0%

€ 1.5%

c -

c 1.0% -

"~ 0.5% 4«

0.0%

.'-..‘I.

a
(]
B e et . s e e e i e i | it
a

0% 20% 40% 60% 80% 100%
SoC (%)
Vincent Gau, PhD thesis “Contribution to the development of acoustic interrogation of the batteries”, Univ. Grenoble Alpes — 08/03/2022

a /@” |ne§ Nicolas Guillet | Acoustic interrogation for battery monitoring May 16", 2022



ULTRASOUND INTERROGATION FOR BATTERY MONITORING ? International ﬂ/ae/om/a Batte/y ﬁaﬁ

Grenoble, France, 16-18 May 2022

Acoustic signal evolution during charge — discharge cycling

® Prismatic NMC+LMO blend / Graphite 23 Ah

4.3
4.1
3.9
3.7
3.5
33
31
2.9
2.7

U The transmitted signal goes back to its initial value at the
end of the charge/discharge cycle

ge (V)

U The slope change are characteristic of the redox couples
of materials inside the battery

Cell volta

80% 100% L Slope change observable on the transmitted signal

r 0.3 curves occur at the same SoC as those in voltage
- 0.2

4.5%
4.0%
3.5%
3.0%
2.5%
2.0%
1.5%
1.0%
0.5% S
0.0%

- 01 =» One way to study slope breaks is to represent dq/dV

- 0
- 0.1 =» Representation of d(T.S.)/dV plot allow to better

visualize the slope change of the transmitted signal

d(T.S.)/dV (%/V)

- -0.2

Transmitted signal (%)

- -0.3

- 0.4
0% 20% 40% 60% 80% 100%

SoC (%)
Vincent Gau, PhD thesis “Contribution to the development of acoustic interrogation of the batteries”, Univ. Grenoble Alpes — 08/03/2022
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International Operands Battery ﬂag&

Grenoble, France, 16-18 May 2022

ULTRASOUND INTERROGATION FOR BATTERY MONITORING ?

Acoustic signal evolution during charge — discharge cycling

® Prismatic NMC+LMO blend / Graphite 23 Ah Redox peak dentification Acoustic
Eyy (V) | AE(mV) Eyy (V) | AE(mV)
) Attributed to the graphite lithiation /
Cyclic voltammetry 5, 10 & 15 puV.st at 25 °C Peak 1(3,40-3,55V) 3,48 37 delithiation 3,49 41
100
= Li,Ce S LiCe g - _H%] M_:%M / y Secondary p(/aadksI o:]graphite lithiation /
— . : elithiation
= 50 Ce=2 LixCorapd =~ i LiMno Oy
= e <= Attributed to the HLI > M a la
- Peak3(3,60-3,85V) | 3,64 41 - 3,62 45
5 0 transition of NMC
HE" Double peak attributed to the
° Peak 4 (3,85-4,10V) | 3,90 / o _ 3,91 /
-50 lithiation of the LMO spinel structure
0.005
-100 3
= 0.004
_0.15 % =
= 5 < 0.003
$0.05 R
> [ @<
=0.05 @ < 0.002
= 28
Wi c
tLD' 15 2 0.001
Tp - @
-0.25 = I
(1]
s 0 H

3.1 32 33 34 35 36 37 38 39 4 41

Peak 1 Peak 2 Peak 3 Peak 4
Cell voltage (V)

M Charge Discharge

U Largest variation of acoustic signal (in % per Ah) is observed during graphite lithiation
Vincent Gau, PhD thesis “Contribution to the development of acoustic interrogation of the batteries”, Univ. Grenoble Alpes — 08/03/2022
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SOC ESTIMATION OF BATTERY CELLLS AND MODULES International Operands Battery Days

Grenoble, France, 16-18 May 2022

Acoustic signal evolution during charge — discharge cycling
®* LiPo battery pack 3S, 2200 mAh

e _A-”Jllu"l“‘ll‘.l'k,‘l‘]'. PMA A AeAA

=5l tll |
St L .'llllﬂ“"l&’lll "l}';”:".'\ I [ H "_é _.\‘ ;1'!"1"’}"’
i

Amplitude (V)

by \1|‘I\|"‘““ T DO
‘mﬁ'w i

o 0,2 SoC 0%

-
”
a

-
N

Emission ] Reception

220 kHz, 2 V l) l:> Data acquisition
0.5ms & analysis

-
-
3]

1

Voltage (V)

Cycling at 25 °C and different C-rates: 2C, 1C, C/2, C/4, C/10

50 000 100 000 150 000 200 000 250 000 300 000

& Very good repeatability over successive charge — discharge cycles at different C-rates

=» Possible to estimate the state of charge from variations of the physical properties of the
materials, independently of the electrochemical parameters (U, |, Q)
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SOC ESTIMATION OF BATTERY CELLLS AND MODULES

Simple machine-learning tools ?

Acoustic signature
T°C,

Voltage
Current

Machine learning system

o g ek

Algorithmes

Heterogeneous datas

Inputs

) RACLE

exploratory, predictive,
prescriptive or classifying results

Results

Outputs

INeS Nicolas Guillet | Acoustic interrogation for battery monitoring

International Operands Battery ﬂag&

Grenoble, France, 16-18 May 2022

Prediction:
- SoC
- SoE
| - U, I TC

Detection of abnormal
/unexpected behavior



SOC ESTIMATION OF BATTERY CELLLS AND MODULES

° Exemple of results:
®* Module OASIS : 18S (NMC/Graphite, 18650 cells) - 45 Ah

CASI|S

P(VDF-TrFE) transducers (Liten —DTNM)

https://project-oasis.eu/

U Estimation of stored capacitv from acoustic data (red line

50

45 " 41
40 3.9
35 =
gzo T&’; 3.7
£25 —E 35
2 e
38 S 33
w = 3.1
10
5 2.9 8%
0 ama 2.7

20000

40000 60000 80000 100000 120000 140000 160000

Time (s)

——Capacity (Ah) o Estimated

Nicolas Guillet | Acoustic interrogation for battery monitoring

PZT transducer (commercial)

measurement; black dots = estimates)

<error>=1.17 %

10 20 30 40
Capacity (Ah)

——Capacity (Ah) o Estimated

May 16t, 2022
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SOC ESTIMATION OF BATTERY CELLLS AND MODULES

* Pb-acid battery : T——

=>» « Oracle » algorythm (machine learning)

Energy estimation using acoustic data

Energy estimation from U,|

Energy (Wh)

. Time (s)
Time (h) ) ——5SoC (measured) o SoC (estimated)
—Energy (measured) o Energy (estimated)
=» Mean error on full cycle = 6.8 % =» Mean error on full cycle = 3.1%
=» SoCMax error on full cycle = 48.7 % =» Max error on full cycle = 17.6%

= Possible to estimate accurately the remaining energy available in the battery independently of the electrochemical data

N. Guillet et al. 11th International Conference on Lead-Acid Batteries - LABAT’2021, june 2021

L
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EVOLUTION DURING AGEING OF THE BATTERY CELLS

° LG MJ1INR 18650 3500mAh Battery Deformation evolution (strain gauges

100% | Q 43 o
“\ 21 : 0
a T -
. EVERLASTING 39 200
% "'0\‘ https://everlasting-project.eu/ g 3.7 -300 :‘;:
; o Sse £ 35 400 g
£ 96% Sae g 500 3
g O 3., 600
T 5 S el Y/ -700
go 94% n‘_“ 29 ¥ -800
% 92% hho"“-..___- ! 0 5000 10000 15000 ZOOOC_JQOO
E h.-"'O-_ Time (s)
x hhhh
90% 0 Cell voltage —e— Cycle #20 —— Cycle #100 —e— Cycle #200
——Cycle #400 —s— Cycle #500 —s— Cycle #600 . .
88% Acoustic signal (absolute energy)
0 100 200 300 400 500 600 2000 o -3
Cycle number 1800 PO
18650 battery - cycling aging at C/2 and room temperature _ e AP SEC e R
S 1400 {g==-=0"
? 1200
L slow and irreversible evolution of the cell deformation (strain .
gauges) and of the acoustic signal with the state of charge e B I R — e i
400 g Oeeemmme = 0
during ageing 200
0
=» Possible to estimate the remaining useful life of the battery 207 - o o o oo

Remaining capacity (%)

0 AbsEnerSoC0% OAbsEnerSoC 100%

a ,@( INeS Nicolas Guillet | Acoustic interrogation for battery monitoring May 16, 2022



DETECTION OF DEFECTS DURING OPERATION

Example of the overcharge of a 45 Ah module
Normal cycling (2.5V -4.2 V)
Overcharge 4.3V, followed by normal cycle
Overcharge 110 % SoC, followed by 10 normal cycles

IS
1

>
>
5
G
S

w
(]

=» Immediate detection of overcharge

& No significant influence of the 4.3 V overcharge on the
transmitted acoustic signal

& Significant change after 110% SoC overcharge

Voltage (V)

@ e e w
W N B

n
=]
L

®
7

[=2]
L

International 0/@/%/(5/0 Batk/y ﬂays’

Grenoble, France, 16-18 May 2022

Cycling : voltage vs. time Overcharge 110 %

Normal
chiarge Overcharge 4.3V

80000 90000 100000 110000 120000 130000 140000 150000 160000 170000 180000 190 000
Time (s)

Signal strength (pV.s)

Cycling : acoustic signal strength vs. time f?ge 110%

Normal :
charge ol
Overcharge 4.3V

80000 90000 100000 110000 120000 130000 140000 150000 160000 170000 180000 190 000
Time (s)
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DETECTION OF DEFECTS DURING OPERATION ‘& Inlernational ﬂ/omv(c/o Batzfe/y Days

':; A S | S ’!/ Grenoble, France, 16-18 May 2022
Example of the overcharge of a 45 Ah module

Normal cycling (2.5V —-4.2 V)
Overcharge 4.3 V, followed by normal cycle
Overcharge 110 % SoC, followed by 10 normal cycles

4.7

—Cycle #1

=——Qvercharge 4.3V
—Qvercharge 110% SoC
—Cycle #1 after overcharge

4.5
4.3

—Cycle #10 after overcharge

)
&
=

w
s}

w
n

Module voltage (V
(U8]
~

)
@
o
g

G

=

w
w

w
=Y

N
©

N
~

50000 100000 150000 200000 250000 300000 350000 400000 450000 500000 550000 600000 O ]_0 20 30 40 50
Time (s)

Capacity (Ah)

=» No visible impact on the charge and discharge curves of the battery
U Only a slight decrease in capacity, 10t cycle after the overcharge (44.95 = 44.35 Ah — 98.6% SoH)
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DETECTION OF DEFECTS DURING OPERATION & é{te/‘/mt/wmfﬂ/wa/a/o Batte/y Days

Example of the overcharge of a 45 Ah module
Normal cycling (2.5V—-4.2 V)

Overcharge 4.3 V, followed by normal cycle
Overcharge 110 % SoC, followed by 10 normal cycles

4e06

3.5e06 "

wow

3e06

Voltage (V)
Signal strength (pV.s)

2.5e06

2e06

1.5e06 1 T T 1
0 50000 100000 150000 200000 250000 300000 2350000 400000 450000 500000 550000 600000

Time (s)

. 0 50000 100000 150000 200000 250000 300000 350000 400000 450000 500000 550000 600000
Time (s)

=» Acoustic signal strongly modified after 110% overcharge
& Different acoustic signature = physical properties of the materials significantly impacted

L Very clear evolution of the acoustic signal from cycle to cycle = the battery becomes unstable
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CONCLUSIONS &PERSPECTIVES

,\ N\

* Advanced instrumentation for operando monitoring & management of the batteries:

®* Non-destructing testing methods- non intrusives
®* Simple to put in place and non expensive

® Can be useful for monitoring and management batteries

* Identification of the main changes in physical properties of the materials inside the battery during operation
®* Improve the estimation of SoC and SoE

®* Detect abnormal behavior and prevent safety issues

®* Quality check for manufacturers...

® Next works !

®* Improvement of the testing setup
®* Integration to the BMS for better performance and longer uselife of the batteries

* Ageing test / SoH estimation (sensors / transducers + battery ©)
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EVERLASTING

www.hi-c.eu https://everlasting-project.eu

4 TEESMA'I'

Test Bed for Electrochemical

Any questions?
'\«/\ S | S Contact: nicolas.guillet@cea.fr @

SPARTACUS I/ i 2
https://www.spartacus-battery.eu https://project-oasis.eu/ htt //lltenCeafr/cea_teCh/“ten/en/ httos: UBFGE:%T?o'eCt.eu
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