wier & razal 2aai

UPV" “EHU

Building a Mat:grEaIéAcceleratlon Platform

(MAP) for b. i lmatenals resc—;arch
Automated ule for thl 5 Lit lt e5|s of
?*FW"TP‘“ =

nersan

[
Iciar Monterrubio, E‘ |CaLQt|IIoA Sdrambar J. Carrasco J.

Garcia, M. Casas Calbanas M. Reynaud

\ XIAUSE Conference . i
s | VI ALBA Users Meeting :
: 0 Oviedo

2 - 6 September 2024 CIC

energiGUNE

EEEEEEEEEEEEEEEEEEEEEE
LLLLLLLLLLLLLLLLLLL







1. Introduction 2. Automated module 3. Experimental study 4. Conclusions

1. Introduction

Energy storage scenario

= The growing market of EVs is expected to
further amplify the demand of energy

storage systems.

Renewable energies need the integration of E’J,]Jﬁ

energy storage systems in the power grid

of the society

Decarbonification




1. Introduction 2. Automated module 3. Experimental study 4. Conclusions

1. Introduction

Energy storage scenario

= The growing market of EVs is expected to
further amplify the demand of energy

storage systems.

of the society

Decarbonification

Renewable energies need the integration of
energy storage systems in the power grid

v Higher energy densities & power

Batteries are enablers of the energy capabilities

transition

But they still require: v Lower cost

v Higher sustainability
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1. Introduction

Materials Acceleration and Innovation platform for Technologies for
ENergy Applications (MAITENA)

Enable accelerated, autonomous discovery of new electroactive materials

v Development of an automated module for
the synthesis of inorganic compounds

\utomated Data

Aut t . . .
\ s;nﬁ::zi: v Experimental validation and further results Management
Solid stz Analysis
Solvothermal Electrochemistry Interpretation

Closed-loop experimentation process integrating the feedback from theoretical
calculations, synthesis results, and characterization data.
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v 12 samples at the same time.
. v 300-500mg of final sample.

& .

| -Heating platé
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2. Automated module for synthesis of inorganic compounds

Module’s workflow

Reagent solutions Mix of reagents Stir

L
12 times - 12 crucibles

Addition of gelification reagent
(sol-gel synthesis)
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3. Experimental validation and results

High voltage Manganese-based spinel oxides

Reproduced from Bhaskar et al. 2010, Efterkhari et
al. 2003, Yu et al.. 2022, Stlble et al. 2023

5.0

v" Very complex crystallochemistry
v 3D ionic conductivity _
245
*.'J
3
= >
T Critical o
. . operating . 8
Spinel capacity element’s G 4.0
Ah-g1) B s content (%) g
(m g 1i/lit (V)
LiMn,O, 148 4.0 and 4.1 33.3
3'5 T T 1 T 1 1 T
LiCoo_5Mn1_504 4.0 and 5.1 0 20 40 60 80 100 120 140
A
LiNigsMn, 50, 147 4.70 and 4.75 50 High v" Well known and commercial

v’ Voltage need to be increased

LiFey, sMn, s0, 148 4.0 and 5.0 33.3 Low

I. Monterrubio et al. 2024, J. Phys. Chem.
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High voltage Manganese-based spinel oxides

Reproduced from Bhaskar et al. 2010, Efterkhari et

al. 2003, Yu et al.. 2022, Stlble et al. 2023
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v" 3D ionic conductivity
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I. Monterrubio et al. 2024, J. Phys. Chem.
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High voltage Manganese-based spinel oxides

Reproduced from Bhaskar et al. 2010, Efterkhari et
al. 2003, Yu et al.. 2022, Stlble et al. 2023
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Fe4+/3+
v Very complex crystallochemistry h Nj4+/3+ Ni3+2+
v 3D ionic conductivit p
Y g4_5_Co4”3
!'J
:“j
Discharge s
Theoretical 9 Critical g,
. : operating . 8
Spinel capacity element’s S 4.0
Ah-g1) B s content (%) ~
(m g Li/li+ (W)
LiMn,O, ' 4.0 and 4.1 33.3
35 T T T T T T T
LiCoo_5Mn1_504 4.0 and 5.1 ‘ 0 20 40 60 80 100 120 140
Capacity (mAhg™)

I. Monterrubio et al. 2024, J. Phys. Chem.
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High voltage Manganese-based spinel oxides

Reproduced from Bhaskar et al. 2010, Efterkhari et
al. 2003, Yu et al.. 2022, Stlble et al. 2023
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< 45
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. operating . 8
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LiMn,O, 148 4.0 and 4.1 33.3 Low
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LiCog sMn, 50, 147 4.0 and 5.1 50 very 0 20 40 60 8 100 120 140
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LiNig sMn, O, 4.70 and 4.75

LFMO

v' Higher operating voltage

v' Cheaper
LiFe, sMn, 50, f4.0ands.0 1333 1 Low P

v" More sustainable and less toxic

I. Monterrubio et al. 2024, J. Phys. Chem.
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High voltage Manganese-based spinel oxides

Reproduced from Bhaskar et al. 2010, Efterkhari et
al. 2003, Yu et al.. 2022, Stlble et al. 2023
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capacity element’s 9 4.0
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Electrochemical characterization

= LFMO:
8.246(3) A Feg, not detected
07 Highest values ever reported for LFMO,
| achieved by the c_0|_1trol of the quantity
S Significative of antisite defects
+ . |improvement
§ 4o on the Fe
4 plateau
; v High discharge capacity: *130mAh/g
.E
5 4.0 -
o v Increased average voltage: 4.4V
a5l v' Increased energy density: 572Wh/Kg

—
0 20 40 60 80 100 120 140
Capacity (mAhg™)

Cycled in a Swagelok-type cell at C/10 in a 3.5-5.0V voltage window vs.
Li/Li* using LP30+FEC

I. Monterrubio et. al. Submitted 2024
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4. GENERAL CONCLUSIONS

Module:

v We developed a module to automatize the mix of reagents that is
reproducible and reliable.

Study of the LiFe, ;Mn, ;0, composition:
v' Screening of synthetic parameters by synthesizing >150 LFMO samples

v We can control the quantity of Fe;, to maximize the electrochemistry.

Y

Structure Composition

Synthetic
parameters
Electrochemistry




1. Introduction 2. Automated module 3. Experimental study

4. Conclusions
]
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