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Elektrokimiska reakcija
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Kimiska reakcija 1ssavienojuma gadijuma
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Kimiska reakcija 1ssavienojuma gadijuma
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4. LU CFl Energijas iegusanas un uzkrasanas materialu laboratorija



INSTITUTE OF SOLID STATE PHYSICS
UNIVERSITY OF LATVIA

Bateriju petijumi un
@ 'azosana




INSTITUTE OF SOLID STATE PHYSICS

UNIVERSITY OF LATVIA

Development of Li-ion Batteries

Pilot-Scale Testing Manufacturing

Small-Scale Cell

Material

Development

e Theoretical * Assembly of e Assembly of e Mechanical
modeling small-scale large-scale engineering
* Synthesis (anode, battery cells (~1 battery cells (1- solutions
conductive additves mAh) >0 Ah) * Cell
coatings, binder, * Charge- ¢ Optimisation of standardisation
electrolyte, discharge tests electrode (more safety &
surfactants, current .
collectors, etc.) * Asessment of reicpes and abuse tests)
e Structural and material stability coating e Continous
compositional and e Electrochemical optimisation of
analysis compatability testing, incl. Al, process
e Fundamental big-data parameters
studies of Li e Safety and abuse e Quality control
transport and tests = W * Service-life ,
L L LTS e Optimisation of = prediction .
cell architecture
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Production of Li-ion battery electrodes

Calender
Rolls ~

Drying System

Tension
Roll

Coating Applicators
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Types of Li-ion battery cells

Cylindrical cell Prismatic cell

Positive
electrode

Pouch cell Button cell

Negative

Negative
electrode

electrode

Separato
Separator” ~__/
Positive Pouch F \ Positive Negative
electrode Negative 5 . / electrode electrode
= > electrode Separator Positive

electrode







INSTITUTE OF SOLID STATE PHYSICS
UNIVERSITY OF LATVIA

Material Development

Small-Scale Cell

Testing

Pilot-Scale Testing

Manufacturing

* Theoretical e Assembly of e Assembly of e Mechanical
modeling small-scale large-scale engineering

* Synthesis (anode, battery cells (~1 battery cells (1- solutions
e mAh) 50 AN «Cel
coatings, binder, * Charge- ¢ Optimisation of standardisation
electrolyte, discharge tests electrode (more safety &
surfactants, current .
collectors, etc.) e Asessment of reicpes and abuse tests)

e Structural and material stability coating ¢ Continous
compositional and e Electrochemical optimisation of
analysis compatability testing, incl. Al, process

e Fundamental big-data parameters
studies of Li o Safety and abuse e Quality control
thermodynarmic | tests |5 NN +Servicerlif

<  Optimisation of — . prediction
cell architecture
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Bateriju paka (Tesla, 2021)
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Bateriju paka (Daimler, 2020)




Baterijas razotas
primari tikla energijas 2nd life EV batteries

uzglabasanai
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Petijumi materialu [Tmeni R

Polimeéru saistviela (parasti PVDF)
Aktivais materials (pieméram, LiFePO,)
Elektrovadosa piedeva (pieméram, oglekla kvépi)

LiFePO,

LiFePO,



INSTITUTE OF SOLID STATE PHYSICS

UNIVERSITY OF LATVIA

Litija sadalijums Li, :FePO,

0.6C Lithiatio 0.6C Delithiation 2C Lithiation

& & &

t=54 min 61 71 30 39 61 78
rate=1C 2C 2C 0.1C 0.2C 0.3C 0.4C 2C

Litija sadalijums Li,FePO, dalina ir
nevienmerigs. Tas atkarigs no:

2 233 (a) Kristalografiskas orientacijas
\ & & )\ & 6 & (b) Pieliktas stravas stipruma
(c) Defektiem

(d) Dalinas izmeéra

0.3C

21 43
0.6C 0.6C

LiFePO,
X=1

W. Chueh et al., Science 356 (2016)
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Petijumi materialu [Tmeni R

Polimeéru saistviela (parasti PVDF)
Aktivais materials (pieméram, LiFePO,)
Elektrovadosa piedeva (pieméram, oglekla kvépi)

LiFePO,

LiFePO,
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Petijumi materialu [iment =

Polimeéru saistviela (parasti PVDF)
Aktivais materials (pieméram, LiFePO,)
Elektrovadosa piedeva (pieméram, oglekla kvépi)

LiFePO,
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Petijumi materialu [iment e
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Voltage (V vs Li*/Li)

3 C/10, 55°C

[
~

D‘ I I0.2l I ‘0.4_IL_IF|;OO.6I I IO.S‘ — 0
xin LixFePO4
Polimeéru saistviela (parasti PVDF)
Aktivais materials (pieméram, LiFePO,)

Elektrovadosa piedeva (pieméram, oglekla kvépi)
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Petijumi bateriju stnu [Imeni

Polimeéru saistviela (parasti PVDF)
Aktivais materials (pieméram, LiFePO,)
Elektrovadosa piedeva (pieméram, oglekla kvépi)

LiFePO,
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Petijumi bateriju stnu [Imeni
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Petijumi bateriju stnu [Imeni

State of health [%)

g & 8 R

Cycle number

Capacity fade
curves

In (rate of ageing)

- x
a-00 0
= ik LN
n3c

100 85 =0 85 &
State of health %)

Temperature [*C]

Arrhenius plots

Optimum
operational

* | temperature

Cycle life

| estimation

Kucinskis et al., J. Power Sources 549 (2022), 232129

Cylindrical lithium-ion battery
Gasket  pro

Top Cap _
(Pasitve Terminal)

Optimalie uzlades/izlades parametri (temp., atrums, u.c.)
Bateriju novecosanas

Bateriju optimala vadiba
Atbilstosu bateriju izvéle
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Material Development

Small-Scale Cell

Testing

Pilot-Scale Testing

Manufacturing

* Theoretical e Assembly of e Assembly of e Mechanical
modeling small-scale large-scale engineering

* Synthesis (anode, battery cells (~1 battery cells (1- solutions
e mAh) 50 AN «Cel
coatings, binder, * Charge- ¢ Optimisation of standardisation
electrolyte, discharge tests electrode (more safety &
surfactants, current .
collectors, etc.) e Asessment of reicpes and abuse tests)

e Structural and material stability coating ¢ Continous
compositional and e Electrochemical optimisation of
analysis compatability testing, incl. Al, process

e Fundamental big-data parameters
studies of Li o Safety and abuse e Quality control
thermodynarmic | tests |5 NN +Servicerlif

<  Optimisation of — . prediction
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Energy density keeps growing, prices decrease

500 eyt 1300 Can Falling Battery Prices
~ sf_° Sgg 2] 1200 Power EV Breakthrough?
o ; — 7 .0 —~ : :
R : a4 1100 < Volume-weighted average price of battery packs
500 F. .. 1 - g gep ry p
B ; ¥ - The targets for GED 3 1000 E for electric vehicles ($ per kWh)*
S 450 L% - The targets for VED 445VLCO/Graph|te ] = o
2 : ; 1900 = - = (I, ¥
% 400 | 4.40 V LCO/Graphite * 1\' 4 800 ‘z; : S
'g 350 4.35 V LCO/Graphite _ °9’//'0 470 3 $899 The battery packs used
o 3 === ;' 3600 = in Tesla's Model 3 range
= ad ,o/ o* : = $707 oo from 50 to 75 kWh
® 250 F go'° —— 4500 2 $577
o 420 VLCO/ N ; 3 ®
= o 1400 o $373
o 200 —Graph'te o & . NCM622/Graphite = $288
£ : o o” LCO/Graphite @ 4300 o $214
S 150 | o® 9 / 3 = $176 $156
o Pe o d ’ 4200 5 . <$100
L3 " 9 . 3 . [e)
1 ? -
.. Al - o~ LCO/Coke IS Crapiie 3 100 > 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2024
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* average prices weighted based on volumes sold
Sources: BloombergNEF

M @®G statista”a

Cao et al., Energy Storage Mater. 26 (2020) 46-55

1990 1995 2000 2005 2010 2015 2020 2025 2030

https://www.statista.com/chart/7713/electric-car-battery-prices/
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Future of Li-ion Batteries

B Batterietechnologie - Auslauf der Technologie jeweils unbekannt

Gen 5 Technologieiibergang mit Anderung .
LifO: (Li air) von Teilbereichen der Produktion
8 B B B b i NEUE ZEI I.
Gen 4 generationen

All-solid-state mit Lithium-Anode, - -

Konversionsmaterialien (i.W. Li[S)

Gen 3b
Kathode: HE-NCM, HVS (high-voltage spinel)
Anode: Silizium/Kohlenstoff

- optimierte

Li-lonen-
Zellen

evolutiondre

Weiterentwicklung

Gen 3a

Kathode: NCMB22 bis NCM811, Anode: -
Kohlenstoff (Grafit) + Siliziumanteil (5-10%)

Gen 2b
Kathode: NCM523 bis NCM622 -
Anode: 100% Kohlenstoff Li-lonen-
Gen 2a Zellen

Kathode: NCM111 -

Anode: 100% Kohlenstoff

Gen 1

Kathode: LFF, NCA

Anode: 100% Kohlenstoff
B Tor = =550 = =5 —

Wichtig ist die weitere Forschung und Entwicklung im Themenfeld Ei""?:::::‘r‘;‘;:;t
der Zelltechnologie und Zellfertigung am Standort Deutschland

https://www.acatech.de/publikation/roadmap-integrierte-zell-und-batterieproduktion-deutschland/
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Global battery demand by application CAGR, Global battery demand by region CAGR,
Wh in 2030, base cast % p.a Wh in 2030, ba: p.a
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Battery projects gonsrirst
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X. Feng et al., Energy Storage Mater. 10 (2018)
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Ugunsdrosiba - risinajumi

e Separators, kas noslédzas vai nelauj notikt degSanai
* Virsspiediena atvere sStina

Al shell

B o A

Sample cell after test

H. Li et al., J. Hazardous Mater. 375 (2019)
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Parstrade

Sobrid litija jonu bateriju
parstrade sarezgita. Lietotas
auto baterijas Sobrid tiek
izmantotas stacionarai
elektroenergijas
uzglabasanai.

Magnetics
(iron scrap) Coarse

Spent &readed (IR I i

| Fine Water Floated

batteries [ ) batteries | Magnetic el (f {1 St ‘
—»  Shredding ——» S f 6.7 —| density —»
, ~ Separation | oonetics | (6.7 mm) |

separation | (Plastics)

Non-floated (Black mass)

s

Secondary
grinding (< 2mm) |

(P—— WS
| Leachin i i
g ._ —> separation —— Residue (Insolubles)

Leach liquor)

.

| Separation / Purification :
(Solvent Extraction)

Manganese Cobalt l Nickel

product product product

Lithium

—»‘ Li Precipitation | —
. carbonate

Vieceli et al., Waste Management 71 (2017)
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Meérki litija jonu bateriju attistiba

___3obrid | Mérkis (2030

Energijas blivums (Wh/kg) 250 Wh/kg 500 Wh/kg
Sdinas izmaksas ($/kWh) Eur 120/kWh Eur 50/kWh

Muza ilgums (cikli un laiks) 1 000 cikli 10 000 cikli
7 gadi 25 gadi
Uzlades atrums 1-2 h <15 min

Drosiba Zema Augsta



The Elements According to Relative Abundance

A Periodic Chart by Prof. Wm.F. Sheehan, University of Santa Clara, CA 95053
Ref. Chemistry.Vol.49,No.3,p 17-18,1976

-

Colors suggest
relative electro-
negativity

~ 1970 Wm. F. Sheehan
All Ryghts Reserved

Reprinted from 1978 GID* Calendox




https://www.theguardian.com/commentisfree/2021/jun/14/electric-cost-lithium-mining-decarbonasation-salt-flats-chile
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Research of
Battery
Materials

Synthesis and characterisation i B Ageing and cycle-life prediction
of advanced battery materials of battery materials and cells




Battery Research and Industry in Latvia

Academia
Institute of Solid State

~ Physics, University of Latvia
e face Over 42 yr experience and track
' B B LW record in electrochemistry.

Electrode materials/ additives / electrolytes for Li-ion and
Na-ion batteries. Ageing of Li-ion battery cells.

Institute of Chemical
Physics, University of Latvia
Research activities on
development of carbon-based
materials for Na-ion batteries oo

Other Latvian universities: selected activities on
T TT T batteries from the perspective of electrical

engineering, power delivery, etc.

e—

| Industry
@ am . me = == s SME: EQuipment for
DIMNADL depositing metallic Li films

eleCtifyy svecustormmade minbusses nd
charging systems for public transportation

\ Start-up working on carbon nanotubes
¥ N ano RAY—T for various applications

(D Start-up working on silicon-based anodes
OO ADIANANO for Li-ion batteries
AI"IOdOX Production of LFP battery packs in 2023
Energy Systems

Selected companies
working on charging
systems for electric
vehicles




INSTITUTE OF SOLID STATE PHYSICS

UNIVERSITY OF LATVIA

Funding Type Project

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

| v ETa— &

o , . o 3 53 et '{Jec:'hnlsgtlj_t: ’\\é\m'w )
g NoV@c.‘i' Sustainably produced Li-ion battery cells B S [

| UNIVERSITET

Aqueous Na-ion cell integrated with
thermoelectric generator

L translate in wnesne @ Tyndall

«g))., DARMSTADT

CO EXIDE ) CO2-based synthesis of ethylzeor: ;);(Zigle %Fraunhofle‘il; %‘E"é‘Fé‘{? SCHAEFFLER

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

= ~ National projects:
v Ageing of Li-ion battery materials ‘
v" Protective coatings for NCM111, NCM811 and beyond
v Na-ion cathodes: layered oxides and polyanion ‘

v Na-ion battery cells with ionic liquid-based electrolyte
v' rGO/TM anodes for Li-ion batteries |




Future Outlook

Materials for

L

Materials for

Ageing of Batter

Materials for




Future Outlook

Materials for Materials for Ageing of Battery
Na-lon Batteries Li-ion Batteries Materials and Cells

Post-doc: Electrode materials

FET-Open TRANSLATE: Ag. Na-ion bat.

LZP FLPP: lonic liquid based Na-ion cell

Horizon Europe NoVOC: Aqueous
processing of Li-ion cathode

LZP FLPP: Ageing of Li-ion
Battery Materials

Ongoing

. . Low-temperature batteries
Protective coatings for

active materials

Active materials development

ldeas
awaiting
funding

In-situ techniques: XRD, Raman, etc.
|

Numerical approach to material and cell development

Materials for
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Gunars Bajars
gunars.bajars@cfi.lu.lv

Vadosais pétnieks,
Energijas materialu laboratorija

LU Cietvielu fizikas institats
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