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A Best Practices for standard protocols
for theory and experiment

Ontologies & Dynamic DMPs Modelling & Digital Twins

Clark et al., Adv. Energy Mater. (2021) 2102702 N
DEFACTO / LiPlanet

Underlying data must be
not only FAIR but FAIR4




BATTERY

n Best Practices — Battery2030PLUS

FAIR? Data:

F - Findable

A - Accessible
| - Interoperable

- Reusable
- Reproducible Data

- Reliable »Quality*
- Relevant

R4
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BATTERY 2030+ Memorandum on Research Standards

and Guidelines

120 Signatures from
56 Affiliations

Read and Sign the
Memorandum today:

me

Combined, RDM tools and standardisation will not
only improve the general quality of research within
BATTERY 2030+ and enable the FAIR* data
principles. More importantly, the collaboration will
be possible on entirely new levels, allowing for a
novel, autonomous research approaches,
accelerated materials discovery, and data-based
research in a field that has thus far mostly adhered

to classical trial and error research.

Read BATTERY 2030+ Memorandum on Research

Standards and Guidelines.

Endorse BATTERY 2030+ Memorandum by sending an email to battery2030@uu.se including your

full name and affiliation or fill out this form below.

Your name

Your email

Affiliation - -
| | Submit

*FAIR data stands for Findability, Accessibility, Interoperability, and Reuse of digital assets.

https://battery2030.eu/research/research-data-management-rdm-standards/
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n Protocols & Standards

* Key Performance Indicators (KPls) & Process Parameters (PPs) along the
R&D process chain for batteries = FOCUS ON CELL FABRICATION

A\
@ T —
./ Rheological - .
,I'v( A .
”ﬁ Sl e [Gas volume and
measurement hardness s
measurement - composition
Thickness Residual Wetting measurement
Active Density on/offline Porosity and humidity degree
material measurement| |imeasurement|(| tortuosity measurement measurement | |c1actrochemical
measurement testing
Binder
Coating : Slitting Cell Electrolyte Formation
Conductive /drying /drying assembly filling /degassing
additive
Solvent Current
collector

Separator  Cellcase @ Electrolyte

From: FM. Zanotto et al. “Data Specifications for Battery Manufacturing
Digitalization”, Batteries & Supercaps (2022) e202200224
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.:oll/Stack

Contacting
Winding/Stacking

‘)II/Stack (contacted)
n'ectrode sheet (post dried)

‘)in Cell

.ectrode film (calendered)

Formation (lab scale)

Calendering .oin cell (after formation)

Electrochemistry (lab scale)

.ectrode film (dry) ‘Jin cell (after testing)

Drying
‘ectrode film (wet)

Coating

.ectrode slurry

Mixing .’e—nﬂxedwm:.

Post-Dryi
@rtion&Sealing
‘ectrode sheet .7H/Stack in casing
Coin cell assembly (lab scale)
Slitting/singulating

n Protocols & Standards

* Key Performance Indicators (KPls) & Process Parameters (PPs) along the
R&D process chain for batteries = FOCUS ON CELL FABRICATION

Synthesis (electrolyte)

.ectro lyte

Electrolyte filling & sealing

.I” cell

Press Rolling
.J“ cell (after press rolling)

Formation & degassing
.:II cell (after formation)

Electrochemistry

.l|| cell (after testing)

Snen R atssy'S

PPs and KPIs for each
step and intermediary
“product” identified

-

Network is being
created, as KPIs of one
step become PPs for
subsequent steps

First measurement
methods and protocols
for PPs & KPIs
identified
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Protocols & Standards

mperature (drying)

Elegirode film (wet)
K Coating

olid conte \ Suspension density

4 : ectrolle Viscosity (slurry)
B/ér [
ry ctrode slurry

Te@re o\the rolls
ressure & the rolls

urity {electr%%egghdﬂg

Eletfrﬁd/'esheet

ity

Metallic foreign particles
getrode gnp

ation & degassing

arface roughness

OVERALL NETWORK:

e 150+ KPIs and PPs

* Each associated with
method of measurement

* Data & Metadata

* Protocols and procedures

* Blank Detail Specifications

HUGE TASK!

* Focus on pilot activities
and best practice
examples



BATTERJ Protocols & Standards

Extract from full data base:
Calendering process, KPls of calendered electrode

Selection of 3 KPIs w/ connection to several subsequent steps

Measurement
technique

Layer thickness Thickness gauge,
calendered Slitting/singulating ' Post Drying Electrochemistry = SEM, Laser
electrode triangulation
Porosity calendered Electrolyte filling & Formation & , Laser triangulation,

_ , Electrochemistry :
electrode sealing degassing mercury porosimetry

Formation &
Surface roughness _ Electrochemistry SEM, Reflectometer
degassing

Let‘s take a look at the complete network of process steps, KPls and PPs...
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YRR BATTERY 2030+ Knowledge base (1.0) for standards
BEREEN cand protocols in battery research & development

Quick-access processes:

00. Mining/Recycling/Synthesis

01b. Processing

0lc. Processing

l Key Performance Indicators KPI
. Process Parameters PP

02. Pre-mixing

03. Mixing

07a. Slitting/Singulating

L R Calendering

Slitting

09. Winding/Stacking Post-drying

09L. Lab scale assembly

10. Contacting
11. Insertion & Pre-sealing

12. Electrolyte filling

14. Press rolling

15. Formation

Electrolyte
filling

Sealing
Press
rolling

15L. Formation (lab scale)

* Only desktop version running at the moment

17L_ Electrochemistry (lab scale)

htps://www.celest.de/en/or/layerl

https://battery2030.eu/research/research-data-management-rdm-standards/standards/
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Work together with Fraunhofer ISC and SINTEF:
BATTERY 2030+ Knowledge base (2.0) _reoerr PR | e e

KIproBatt Project Wiki
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Previous Work:

* Open Semantic Lab: https://github.com/OpenSemanticLab _

* KlproBatt Project Wiki: ' i s
https: / /kiprobatt.de /wiki/Main Page

* EMMO Ontologies https://onto-wiki.eu/wiki/Main Page

*  BattINFO https://github.com/BIG-MAP /BattINFO

Hauptseite Diskussion

Work together: . Battery Knowledge Base
* Knowledge Base 2.0 on Open Semantic Lab:

KitMaterialParameter

e hitps://battery.knowledge-graph.eu/wiki/Main Page

Purity (raw materials)
o KitMaterial HasParameter
ive yemo s
Starting Materials

~ EMMO Ontologies Qverview

Subclass-Graph contains 8 levels of e, e, 312 and [e

Usecase for presentation and demonstration: Battery Data Annotator(>

Right-click on a node to navigate to its documentation page.

(Gpeci - .
7 DataBasedSimulafionSoftware> HasPaysmeter
— onApplication”
MaterialRelafion > e Cel type and size
- ‘EmpicalSimmlationSomuars: HasSchema
EaiCompos . P— Cinformation” KitProcessParameter
MathematicalFormula <AlgebricExpression> -
TN maticalMod

ph,g.B;..ME. HasSchema = HasPart HasSuccessor = HasOutput HasParameter Haslnput
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Filling of the knowledge base with more content on measuring techniques

Including the BATTERY 2030+ community into the review process of the knowledge
base

Harmonisation with existing ontology work in BIG MAP and BATTERY 2030+
Link knowledge base to BIG MAP ELN, Kadi4Mat ELN, etc.
Direct input from research community

Encouraging the BATTERY 2030+ community to use and further improve the
knowledge base in a collaborative way

Link relevant research papers
Link relevant standards
Agree on common standards within the consortium

Best practice guides, technical reports, technical specifications

Boost collaboration & innovation
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