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Vision towards autonomous battery research
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Kraus, Vetsch, Battaglia, J. Open Source Software 2022
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Aurora battery assembly and cycling robot

Automated coin cell assembly robot
" Assembly of 32 coin cells per batch

" Automated electrode balancing

" Mixing of 32 electrolyte formulations

Automated coin cell cycling
256 dedicated potentiostat channels

Real-time control of cell cycling parameters

On-the-fly monitoring of cell cycling data

Developed in collaboration with  ¢FCHEMSPEED
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Proof-of-concept 10 generations a 32 cells

200 == 200 e
™ - -ll'II -
- 4 - - -.m'-
e "im oa oY S e .
— p* e o Talm .. o C— . = N b st Wy e * . .
= 150 o - H i® » - -i.; s Be .- . ~ . ‘g‘ 150 4, . - an § ’t‘ ":;.. .:"" S S
3T et et o e S e O T T e R npy e, el b teg <age
: _; T . L
2 100 : 2 100 1 .
5 < o-u' S - &
s Gen3 e 2 Gen8 . .
= . . - .
5 ol withve 5 Z | with FEC
13 - .y ™, - g w L
= . 23111642V ol sk o a . 23120142V
23111644V - . s 23120144V
o] * 23111648V +  231201-46V
s 23111648V 1 . 23120048V
0 220 40 6 80 100 120 140 160 0 20 4 60 80 100 120 140 160
Cycle Cycle

" Validation with NMC622 vs graphite cells in 1M LiPFg in EC:EMC 3:7
" Formation cycling at C/10, long-term cycling at 1C
" 32 cells split into groups of 8 cells cycled to different upper cut-off voltage

Kraus et al. J. Mater. Chem. A, 2024, 12, 10773 https://dgbowl.github.io/ https://big-map.github.io/big-map-registry/apps/aiidalab-aurora.html
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" Validation with NMC622 vs graphite cells in 1M LiPFg in EC:EMC 3:7
" Formation cycling at C/10, long-term cycling at 1C
" 32 cells split into groups of 8 cells cycled to different upper cut-off voltage

Kraus et al. J. Mater. Chem. A, 2024, 12, 10773 https://dgbowl.github.io/ https://big-map.github.io/big-map-registry/apps/aiidalab-aurora.html
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Automated workflow
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Automated Battery Cycling: Tomato manages and monitors battery cycling

Integrated Workflow: Ensures seamless data flow from design to analysis

Real-time Monitoring: Maintains experiment accuracy and consistency

Graphical user interface: Easy to use

Kraus et al. J. Mater. Chem. A, 2024, 12, 10773 https://dgbowl.github.io/ https://big-map.github.io/big-map-registry/apps/aiidalab-aurora.html
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Aiida lab user interface

Tnventory "

S Prolocols
Inventory

~ Create custom protocol
Samples Protocols

Protocol name: Techrique: | CC

(constant_current) v

~ Import samples from robot output

Sequence Labe
t-cet Device: | MPG2 v
Soadt No selection Technlque: Conrofled curenttechnique, with optanal votage
and curont mis
Description Time. | 3600 i
Batch Manufacturer Step curent: | €13 i
[ ] v Record svery di- | 30 i
C. process. C. date:
Rocord overy dEE | 01 i
trangs | 100mA MIER
» Filters Erangs | +-50V. v i
Number ofcyces: | 0 i
ple Sub-batch Manufacturer Separator Cathode Anode Electrolyte w < s
230511-1 e Enpa whatnan nMC622 Graphite m LiPFs
230511-2 ] Empa Whatman NMCE22 Graphite 1M LiPF6 Exftwhen fims raeched? | False M i
230511-3 e Enpa Whatman NMC622 Graphite 1M LiPFE Maximum votage: | 42 Jmi
230511-4 ) Enpa Whatman NMC622 Graphite M LiPF6
230511-5 3 Enpa Whatnan NMC622 Graphite M LiPF6 Miimum volage: i
230511-6 o Empa whatnan nMC622 Graphite M LiPFe Maximum curent i
2305117 3 Enpa Whatman NMC622 Graphite M LiPF6 M )
230511-8 e Empa Whatman NMC622 Graphite 1M LiPFE mum current '
230511-9 e Enpa Whatman NMC622 Graphite M LiPF6 -
| - | « BEEY
» Groups
» Filtors
[ v | o] sub-baten [ Entor sub-oatch .

€c_3 (constant_current)

ine - 4000.0
11

i Creation  An.Tot.Mass An.NetMass  CatTot  Cat.NetMass  CNominal. € Recipe. very_dt = 30.0 5

id  Creation Date bk ) @ Mass (@) © (mAn) (M record_every_de = 0.1V

1 2023-05-11  Created by robot 00278 00178 0.0174 0.0091 1.4560 15400 kil

4 2023.05-11  Greated by robot 00279 00179 00176 0.0096 14560 15400 I et e

exit_on_limit = False
Linit voltage max = 4.2 v

" Visualize metadata for each battery cell in a generation
" Specify cycling protocol for individual cells or groups of cells
® Batch submission and monitoring of cells during cycling

Kraus et al. J. Mater. Chem. A, 2024, 12, 10773 https://dgbowl.github.io/ https://big-map.github.io/big-map-registry/apps/aiidalab-aurora.html
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Aiida lab user interface
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» Plot controls

® Retrieve and analyze battery cycling data
® Assess and compare performance of single cells and multiple cells

® Various plot types including swarm plots

Kraus et al. J. Mater. Chem. A, 2024, 12, 10773 https://dgbowl.github.io/ https://big-map.github.io/big-map-registry/apps/aiidalab-aurora.html



Why ontologized FAIR data?

Indability

ccessibility

I’_‘V'H

nteroperability

eusability

" (Meta)data are assigned a globally unique and persistent identifier
" (Meta)data are retrievable by their identifier via open, free protocols
" (Meta)data meet domain-relevant community standard

https://githbub.com/BIG-MAP/BattINFO chatgpt.com

Materials Science and Technology
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Ontologizing your own battery data
Non-ontologized metadata Ontologized metadata
Data description Data
S
Cathode gravimetric 167 mAh/g /
discharge capacity .

" BattINFO ontology provides shared vocabulary and taxonomy
" BattINFO defines the properties, attributes, and relationships of battery-related concepts
" BattINFO ontology enables semantic searches

https://githbub.com/BIG-MAP/BattINFO S. Clark et al. Adv. Energy Materials 2022, 2102702
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0“t0|OgIZIng your own battery data

Non-ontologized

Data description .
"hasNumbervVa I

"hasComponent": "e
Cathode gravimetric ’
discharge capacity

"@type":
“hasProperty
“SpecificCapa

B BattINFO ontola
B BattINFO defi
¥ BattINFO onto

https://githbub.com/BIG-MAP/BattINFO S. Clark et al. Adv. Energy Materials 2022, 2102702
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BattINFO Converter

@® » - o x

: App Version: 0.1.0 =

Upload your metadata Excel file here

@) Drag and drop file here

Limit 200MB per file « XLSX, XLSM

Browse files

® Ontologizing your metadata can significantly enhance the interoperability of data across various research

#  groups. To learn more about ontologizing your metadata, we invite you to visit our page or

. While the benefits of this process are clear, it can often be a d2:'-*
in mind, we've developed an BattINFO converter web ar~"

this intricate task, making it more manageak

BattINFO converter helps you ontologize metz

" Convert tabulated (meta)data in Excel format into JSON-LD, simply by drag and drop!

" Excel (meta)data schema template for standard coin cell ready for download

" Additional (meta)data schema templates (e.g. solid-state batteries) in development

https://battinfoconverter.streamlit.app/

Plainpan et al. in preparation 12
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BattINFO Coin Cell Battery Schema

File  Home lnsert Draw
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BattINFO CoinCellSchema version

Positive when battery is discharged)
Positive electrode current collector material

Positive electrode current collector thickness

Positive electrode coating active material

Positive electrode coating active material mass fraction

Positive electrode coating binder material

Positive electrode coating binder material mass fraction

Positive electrode coating conductive additive material

Positive electrode coating conductive additive material mass fraction
Positive electrode coating active material mass loading

Positive electrode coating thickness after drying and calendering

Positive optional fohysical

0.1.0

Aluminum
15
LiNi0.6C00.2Mn0.202
96
PVDF
2
Carbon black
2
6.2
16
press + on left side to show
press + on left side to show
press + on left side to show

No Unit

No Unit
um
No Unit
%
No Unit
%
No Unit
%
mg/em2
um

string

string
float
string
float
string
float
string
float
float
float

Comment #Version

CoinCell-hasPositiveFlectrode-FElectrode-hasCurrentCollector-CurrentCollector
CoinCell-hasPositiveElectrode-Electrode-hasCurrentCollector-CurrentCollector-hasMeasuredProperty-Thickness
CoinCell-hasPositiveElectrode-Electrode-hasCoating-Electrod

oating-F A terial
CoinCell-hasPositiveElectrode-Electrode-hasCoating-ElectrodeCoating-hasActiveMaterial- ActiveMaterial - hasMeasuredProperty-MassFraction
CoinCell-hasPositiveElectrode-Electrode-hasCoating-ElectrodeCoating-hasBinder-Binder
CoinCell-hasPositiveElectrode-Electrode-hasCoating-ElectrodeCoating- hasBinder-Binder-hasMeasuredProperty-MassFraction
CoinCell-hasPositiveElectrode-Electrode-hasCoating-ElectrodeCoating-hasConductiveAdditive-ConductiveAdditive
CoinCell-hasPositiveElectrode-Electrode-hasCoating-ElectrodeCoating-hasConductiveAdditive-ConductiveAdditive-hasMeasuredProperty-Mas|
CoinCell-hasPositiveElectrode-Electrode-hasCoating-ElectrodeCoating-hasActiveMaterial- ActiveMaterial- hasMeasuredProperty-MassLoading
CoinCell-hasPositiveElectrode-Electrode-hasCoating-ElectrodeCoating-hasMeasuredProperty-CalenderedCoatingThickness

" Excel (meta)data schema easy to fill if you know how to build a coin cell

https://battinfoconverter.streamlit.app/

~30 required, ~15 recommanded, ~100 optional metadata items

" Pre-filled example for a NMC622/graphite cell with 1M LiPF6 in EC.EMC 3:7 by vol

Plainpan et al. in preparation
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BattINFO Coin Cell Battery Schema
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CoinCell-hasPositiveFlectrode-FElectrode-hasCurrentCollector-CurrentCollector
CoinCell-hasPositiveElectrode-Electrode-hasCurrentCollector-CurrentCollector-hasMeasuredProperty-Thickness
CoinCell-hasPositiveElectrode-Electrode-hasCoating-Electrod

oating-F A terial
CoinCell-hasPositiveElectrode-Electrode-hasCoating-ElectrodeCoating-hasActiveMaterial- ActiveMaterial - hasMeasuredProperty-MassFraction
CoinCell-hasPositiveElectrode-Electrode-hasCoating-ElectrodeCoating-hasBinder-Binder
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CoinCell-hasPositiveElectrode-Electrode-hasCoating-ElectrodeCoating-hasMeasuredProperty-CalenderedCoatingThickness

® Can be adapted easily respecting the BattINFO ontology

® Can be pre-filled with your default configuration values

B  Lock certain fields to avoid unintentional errors

https://battinfoconverter.streamlit.app/

Plainpan et al. in preparation
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Conc I UsSions

®m  Aurora robotic platform for battery research equipped with automated coin cell assembly,

electrode balancing, electrolyte mixing, and battery cell cycling with 256 channels.
m Aiida workflow manager offering full data provenance and graphical user interface.

m BattINFO Converter ontologizes your own battery data
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