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Bal;ronics AG B-knowledge

B-knowledge

Challenges for Battery Implementations for OEMs: P ey
* Literature on LIB’s is enormous

« Literature is often false or has significant errors

+ Specific battery knowledge of team members varies
+ Time & Money should not be invested for searching

Batironics

Service of B-knowledge: R o)
* Lectures on specific topics e N Of\ S a‘e
« Direct mentioning of errors in literature &((\0“ \\\(\\(\gd\'\‘\' et
* Your team gets very broad knowledge '“\e ((\05 ((\G
. A . ‘\,\ W\ . ﬁo‘

Avoid implementation errors of battery systems oV N e\®

Avoid communication problems in your team from ) \\(6’5 . g0

0 ) e<\86
. : O (\\(\g \oa‘
Examples for Li-ion Batteries: @€ O
: : o : :
1. Liquid electrolytes: 2. Active materials: ¥ 3, Periphery: 4. Economics:

transport properties GD
LiCo0, > ..Market trends
- Temperature control

et o
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Outline

Introduction

Why liquid electrolytes today?
Gains of solid-state batteries
Summary

> W

WHAT IS A BATTERY MADE OF? [1]

|

CATHODE

|

ANODE

Carbon Lithium chemicals
Natural flake Nickel

(spherical) Cadmium
Synthetic Phosphate

Hard carbon Cobalt

Soft carbon - SEPARATOR Manganese
MCMB Polymer films And more...

Battronics Engin€gring [1] Moores S, “The megafactories are coming”, Benchmark Minerals Intelligence (03/2015) Dr. Michael HeB | 3
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Intro: Are LIB’s a disruptive technology?

Well only history can tell:

« For portable electronics: yes!
» For bikes: yes!
» For cars, buses, trucks not yet
« For energy storage not yet

TOP FOUR DISRUPTOR QUOTES

[2]

But maybe also in 4
transport sector soon ... ~F
.,

But by political power n

‘If I had asked customers ‘You can't just ask ‘It's what we induce others  ‘The great thing about
what they wanted, they customers what they want  to do that will have a fact-based decisions is
would have said a faster and then try to give that greater impact than the that they overrule the
horse' to them. By the time you cars we make ourselves’ hierarchy’
HENRY FORD, FORD MOTOR get it built, they'll want ELON MUSK, TESLA MOTORS  JEFF BEZOS, FOUNDER AND
CORP, C. 1919 something new’ INC, 2014, ON PRODUCING CEO OF AMAZON

STEVE JOBS, APPLE INC, ITS FIRST EV, THE ROADSTER

1989
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Adoption rates

EU transport emissions have taken a wrong turn to reach
EU2050 Climate Target of decarbonization
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@ Transport (inc. bunkers) ‘ Power generation ‘ Industry Buildings

Agriculture Waste . 95% reduction target
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2.1 LIB Supply by continent

Worldwide installations:

LIB production growth [33I;

* LIB plants: 180GWh of new cap until 2020

*  70% of new supply from China

* lower costs in raw materials is less of impact but
decrease of costs mainly due to scale

* energy storage is connecting industries that are
usually separated

A Global Battery Arms Race | Where is megafactory capacity located?

USA 14%

Europe 19%

Potand, Sweden, Germany

Source: Benchmark Mineral Intell ligence
A dlata collected first hand by Benchenark Analysts

i : T [33] Moores S., “Future City 2030”, Benchmark Minerals Intelligence (09/2016)
Ba tronics Engln efing [35] Moores S., on twitter, Benchmark Mineral Intelligence Q4/2017

[33]

1 BENCHMARK

[35]

China 56%

Total: 372GWh
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2.1 EU commission evaluation

EUROPEES BATTERIJPROJECT IN DE MAAK

EU evaluation:
+ EU is good on research
*  but fails to implement economic scheme.

Deelnemers batterijtop

e Grondstoffen
® Assemblage
e Producenten

R&| WORKSHOP [Brmses |
European Competence & Infrastructure Leveren Sl
polymeren om
Fundamental Industrialization Supply Base Cell Components Equipement energnecaqacntert
Research Experience & Skills van batterijen op te
voeren

Active
materials

Raw
materials

Research and innovation

European
Commission

Battronics Engineé-ring [21] EU Commission judgement 01/2018

Umicore levert
de kathoden,

[35] Moores S., on twitter, Benchmark Mineral Intelligence Q4/2017

‘het hart van de Northvolt
batterijen’, maar L ]
staat ook in voor ZWEDEN
de recyclage van
grondstoffen op
het einde van de Heeft 200 GwH
cyclus, aan batterijca-
paciteit nodig
tegen 2025
Volluw.lgon A/
Umicore
@ DUITSLAND
Solvay®  yerrag
BEL .
Renault ® BASF
L .Dalmlor
BMW
FRANKRIJK ‘

Siemens g, t fabriek

van 500 miljoen
euro voor
assemblage van
batterijpacks
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2. Why liguid electrolyte today?

2.1 Electrolytes in Batteries

Baltronics Engin€gring Dr. Michael Hef3 8
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1. Batteries in general
|

Alkaline batteries:

© 209% KOH In H,0 =Phl14 = 6M KOH in water
* Zng +2MnO,g 2 ZnO(, + Mn,Oy
« E;=143V

NiMH batteries:

© 209% KOH In H,O = Phl4 = 6M KOH in water
* Neg: H,O+ M+ e > OH + MH

« Pos: Ni(OH), + OH™ = NiO(OH) + H,O + e~
« E,=132V

|

[
o
d £
H
J
:
|

alkaline

Lead-acid battery:

© H,S0, solution 1.24-1.3 g/cm*® = 5.4-6.7M H,SO, in water
* Neg: Pb +HSO, — PbSO, + H* + 2e~

« Pos: PbO,+HSO, +3H"+2e” — PbSO, + 2H,0

+ E;,=1.8-2.1V (dis-ch)

Li-ion battery
« LIPF,Inorganic carbonates = 1.2-1.5M LiPFg in EC:DMC
« Graphite/LTO vs. LCO/LFP/NMC/NCA/LMO
+ E,=3.8-4.1V (dis-ch)

Baltronics ENgin€sring (1] en wikipedia.orgiwiki/Alkaline_battery & Nickel-Metallhydrid-Akkumulator & Lithium-ion_battery CC BY-SA 3.0  Dr. Michael Heft | 9
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1. Solvation and Stokes radius

Solvation: Hydration numbers [2!

ion Li* |[Na* |K* |Cs* [Mg?*|Ca?t [Ba?*|Zn?*
radius, pm (76 |102 (152|167 (72 (100 |149 |88
hydra. no. (3-22|3-13 (1-7 |1-4 [5-14 |4-12 |3-9 |6-13

Conductance “I: 1M LiPFg lEciDMC (best)

specific resistance, chm-cm
108 107 10® 10 104 10® 102 10 1
| ] I | l | l | ]
) 1 I | 'S | P L
1072 Tm“ 1 10 1102 10° 10% | 105 10
specific conductance, ps-cm 4 most tap 4
velers
E | .05% NaCl | [seanater
15-25°C 4 '
e “pure” water equilibrated with air |
=1
good-quality distilled water |

ultra-pure "conductivity water”

[3] en.wikipedia.org/wiki/Metal_ions_in_aqueous_solution CC-BY-SA 3.0

Battromcs Engin€ering [4] chem.libretexts.org/.../The_nature_of ions_in_aqueous_solution CC-BY-SA 3.0 Dr. Michael He | 10
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3. Gains of solid-state electrolytes

Risks vs Gains

Baltronics Engin€gring Dr. Michael He | 11
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History of solid-state electrolytes

Solid-state electrolytes long known:
* Oldest commercial one: Na-S since 1966 by Ford Motors
* But Na-S at 300-350°C to get liquid active materials

Often forgotten these days:

* Breakthrough of Li-ion in 1989 by finding stable liquid electrolytes
by Sony Corp. leading to commercialization in 1991

* Polymer electrolytes as intermediates of lig. & solid elytes often
used in 1990’s

Cardiac battery NASICON

| S Liy 5,8k 7Py 44S117Clos
Agl * — p NaM,(PO,), LiLa,M,0,, 2.5%10% S ¢m™!
RbAg,ls S M = Nb, Ta)

LiZr,(PO,),

T

Early Days

Cu+ conductor

Li,GeS,
RbJCUMLCl” P

v
~N  LigGeP,S;,
Development of NASICON, Thio-NASICON and Garnet | 1.2*10% Sem!
and Garnet Based Solid electrolytes
b /

Sulfide Glass 254
Lil-Li,S-P,S;

Battronics Engin€gring [18] Shirley Meng, Presentation MRS webinar: Solid-State Electrolytes, Nov 2018 Dr. Michael HeB | 12
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Liquid vs solid electrolyte concepts

Na-S battery with B-Al,O; SSE:

*+ 2Na+4S — Na,S, or

*+ 2Na+ 3S — Na,S; or

* 2Na+ (SSCH,CH,),, — Na,SSCH,CH, for 90-
100°C melting temp.,

>, _—— Terminal
)

_—— Electrical insulation
. _-— Sodium chamber

17 || .~ Metalinsert

| _~— Sodium electrode

“ .~ Solid electrolyte

e NN
</l _—— Sulfur electrode

_— Cell container

L
CD-05-82821

Sodium sulfur battery schematic

[17]

Todays Li-ion batteries with lig. Elytes:
* Solid cathode + anode
» Liquid electrolyte to get perfect wetting

SEPARATOR

General concept: mixing liquid
and solid phases to guarantee
coherent interface btw the two
during volume changes

BattroniCS Engin®€gring [17] Image courtesy of NASA Glenn Research Center Dr. Michael HeR | 13
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Properties of different solid-electrolytes

Processing § g

2 cost
Mechanical

property

Reduction
Stability

Oxidation
Air Stability Stability
Chemical
lon Selectivity I
(Transference Stability
number)
Electronic Thermal
Conductivity Stability
lonic
Conductivity

Battronics Enginge_ring [18] Shirley Meng, Presentation MRS webinar: Solid-State Electrolytes, Nov 2018 Dr. Michael HeR | 14
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Interface engineering for contact solid vs. solid

Engineering Solid-Solid Interfaces:

» Either dropping a bit liquid electrolyte for ionic
contact

* Engineering soft interphases that guarantee
ionic contact

* Reduce active material volume expansion by
using e.g. LiMn,O, or LNMO spinel

* Prepare thin-film electrodes + pressure contact

* Many other concepts ...

4.0

—B— Uncoates NCA | [18120]
o ~ 8~ LNQ zcamd NCA“
E 354
pr
®
> 3.0
>
T
® 25-
= #rzomnonbemnenomy
> 52 mAh/g | 161 mAh/g |
2.0+ . SRS TE
i = s
0 40 80 120 160 200
Capacity (mAh/g)
Fig: ca. 5 nm amorphous LiNbO4 Fig: Comparison cycling with and
coating on NCA cathode patrticle without LINbO; coating

t . e [18] Shirley Meng, Presentation MRS webinar: Solid-State Electrolytes, Nov 2018 _
Baltronics Engin€ering [20] Abhik Banerjee et al., in submission 2018 Dr. Michael He | 15
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Energy density: liquid vs solid LIB

What is gain of All-Solid-State Batteries:
+ Safety to some extend

* Energy density better only if SSE produced thinner

than 50pum
» If they ever become cheaper than lig. LIB is question- [18]
able as processing more difficult with Li-metal and T S ———
SSE sputtering/CVD/sintering/etc 325 |- 1
* But lifetime could be improved significantly as SEI __30f «{3 10um 4
formation could be avoided in theory 2 as| "\_
S il B \‘. Literature Reported A
> 225 \ -— —
"é 200 | \, !
3 175 _ i
3 =l E . /
o 1251 . ]
w100 - R .
75| S

0 100 200 300 400 500 600 700 800 9S00 1000
Electrolyte Thickness (um)

BattroniCS Engin®€gring [18] Shirley Meng, Presentation MRS webinar: Solid-State Electrolytes, Nov 2018 Dr. Michael HeR | 16



Bal;ronics AG

Contact

Baltronics

» B-knowledge Engin€gring
* B'CO“SUIting For a battery future
* B-research

Interested In

Dr. Michael HeRR

Don’t hesitate o
Battronics AG
Bucheggstrasse 50
8037 Zurich
CO ntaCt u S I Phone CH: +41 76 747 4625

Phone DE: +49 173 611 3035
michael@battronics.com
www.battronics.com
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