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Predpovéd rustu trhu s EV do 2040 - Bloomberg

The Rise of Electric Cars

By 2022 electric vehicles will cost the same as their internal-
combustion counterparts. That’s the point of liftoff for sales.

i) Projected annual sales Cumulative sales

500 million vehicles Electric vehicles would
account for 35% of all

new vehicle sales.
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Baterie EVH

CLANEK MODUL BATERIE



Konstrukce a chemicke slozeni Li baterii

Lithium-ion battery
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Baterie Tesla S vazi 540 kg, pri vykonu 85 kWh je tvorena 7104 ¢lanky sestavenymi do modull-svazk







Konstrukce a chemickeé slozeni Li baterii

dva poloclanky oddelene separatorem

Potrebné pouzivané suroviny a materialy pro vyzkum,
vyvoj a vyrobu modernich, zejména lithiovych baterii,
reprezentuji rozsahly chemicky prostor pro vysoce
kvalifikovanou chemickou instrumentaci.
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Baterie typicky obsahuje:

REUSABLE
Battery

* bezvodé rozpoustédlo se solemi lithia,

* dale materidly elektrod, podvojné soli lithia a tézkych
kovli, napt. Fe, Co, Mn, Ni, prvky vzacnych zemin
(samarium, neodym atp.)

* adale méd, mangan, hlinik, ocel, grafit

* materidl separatoru, obal, guma, plasty a dalsi
komponenty.
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Typicka materialova charakteristika EV baterie

Baterie aut nizi stfedni a stfedni tfidy, jako je tfeba Skoda Octavia & VW Golf, vazi zhruba
450 kilogramu.

Obsahuiji cca
* 12 kg lithia,
* 36 kg niklu,
* 20 kg manganu,
* 14 kg kobaltu,
* 91 kg médi a
» 182 kg oceli, hliniku a plastu.

Kvuli vySe zminénému mnozstvi je totiz tfeba zpracovat 200 tisic kilogram( materialu,
jenz mimo jiné zahrnuje 11 tun roztoku lithia, 14 tun kobaltové rudy, pres 11 tun
medéné rudy a 250 kg niklové rudy.



Tema ,baterie” je zajimave pro vsechny

Academic Research

Commercial R&D

Pre-Production
Trials

Production

Akademicky i komercni R&D
Univerzity

Vyzkumné instituce
Pramyslové aplikace
Vyvojovi inzenyri

Vyrobci

OEMs

Koncovi uzivatele
Odpadove hospodarstvi



Primarni pFl’leZitosti a potreby analytickych technik
pri vyvoji, vyrobe a recyklaci bateru
Analyza minerdlu, rud a soli pro ¢asti Li-baterii (TEA, IC)

Produkce Li-soli (pfedevsim Li,CO,, LiOH) (TEA, IC)

Vyvoj novych materiall pro baterie a novych typu baterii (TEA,

GC, GC-MS, IC, HPLC, XPS)

Slozeni katodovych materidl(, analyza, vyroba QA/QC (Li, Ni, Mn,\“' “lﬂj’ $=
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Co and Al) (TEA, XPS)
Cistota elektrolytu a analyza sloZeni (LiPF,, organicka
rozpoustédla) (TEA, GC)

Kontrola Cistoty anodickych materidlt (grafit, méd) (TEA)

Procesy degradace baterii (GC-Orbitrap, GC, TEA, IC, XPS)

Odpadové hospodarstvi a recyklace materidlt baterii (TEA, GC, IC)



Zakladni parametry clanku/baterie

* minimalni a maximalni napéeti

* nabijeci a vybijeci elektricka kapacita
e pocet cykll — odolnost vuci degradaci
e ucinnost

e DC vnitrni rezistivita

3400mAh
NCR 18650B




\/\ BioLogic Jednokanalové systémy

?ioLogic

ence Instruments

« Vyuka/Vzdélavani
s Obecna elektrochemie

« Koroze
« Ukladani energie, ...

SP-150e SP-200/300
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Pro testovani bateriovych svazku - se zachovanim EIS  § 1\}/&‘5'.0!:32:‘?

HCV 3048,30 A/48 V, 4x az 120 A

1 60 V/50 A with the FlexP 0160/FlexP0060
to address battery pack characterization

1 12V/200 A with the FlexP 0012 to address
the electrolyzer and fuel cell/electrolyzer
characterization



Bateriove moduly - svazky
Vozidla s elektrickym pohonem
Electrical Vehicle (EV) nebo Hybrid EV




2029~ Bateriové cyklery, BCS-8xx BioLogie

¢ Instruments
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¢ Instruments

=~ BCS-805 / 810 / 815: konfigurace

B 4 velikosti kabinetu

BCS-8XX
[ 24U (116 x 60 x 60 cm)
8 kanalti na modul

A |
1584 Esey prity
REESSRETIAY fid
;
:
.
Q9
e
]
.
:
v
/
:

5 proudové rozsahy az k 10pA s
Moznost paralelizace: 120 A (BCS-815)
EIS méreni: 10mHz do 10kHz

Moznost termoclanku ke kazdému kanalu
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[] 6U (25 x 60 x 60 cm) [1 12U (55 x 60 x 60 cm) [0 38U (188 x 60 x 60 cm)



BCS-815: paralelizace kanalu - proudoveée
kolektory CC8

B Lze dosahnout az 120 A na vystupu




Drzaky ¢lanku a dalsi prislusenstvi
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SW BT Lab - zakladni grafické rozhrani

Vybeér zarizeni Nastaveni experimentu Grafické znazornéni dat)

B BT-Lab® Interface je rozdéleno . R

H BT-Lab V1.04 - [BCS - 192.109.209.240, channel BE - experiment: CED 5A dE2mV - technique: Coulombic Efficiency Determination]
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Priklady vybéru méricich technik

B List of techniques and applications :

[1 Voltamperometric techniques
1 EIS

[ Technique builder

[1 Ohmic drop

[1 Battery testing

[] Supercapacitor

[0 Photovoltaics/fuel cells

4 {— Electrochemical Technigues

s L= Yoltamperometic Techniques

» fow Impedance Spectioscopy

4 ﬁfﬂ Technique Builder

----- Modular Potentio - MP

----- Special Modular Patentio - SkP
----- Modular Galvano - MG

----- Special Modular Galvano - SMG
----- FL Trigger k- Tl

----- F1 Trigger Out-TO

@ W sk

----- El Temperature Contral - TC

----- Euternal Device Control - EDC

----- Ml Pause
----- [7] External spplication - EXTAPP
----- " Send E-Mail - EMAIL
» =2 Ohmic Drop Determination
4~ Electrochemical Applications
> E@ Batteries Testing
» = Supercapacitar
> |cgg Photovaltaic/Fuel Cells

-

Insert Techniques

41— Electrochemical Techniques
{ b= Valtamperametiic T echniques
>t Impedance S pectrozcopy

- ﬁ Technique Builder
i I{= Ohmic Drap Determination
4~ Electrochemical Applications
> ({3 Batteries Testing
[ Supercapacitor
> -{7gg Photovaltaic/Fuel Cells

> L= Yoltamperometric Techniques
s b Impedance Spectroscopy
ﬁ Techrigue Builder

i[> {== Ohmic Drop Determination
4 E Electrochemical Applications

F E['; B atteriez Testing
----- Battery Capacity Determination - BCD
----- Falvanostatic Cycling with Patential Limitation - GCPL

Inzert T

g Falvanostatic Cycling with Potential Limitation 4 - GCPL4
@AM 0 e Galvanostatic Cycling with Patential Limitation 5 - GCPLS

I [zalvanostatic Cycling with Patential Limitation 7 - GCPLY

----- Special Galvanostatic Cycling “With Potential Limitation - SGCPL
----- Potentiodynamic Cycling with Galvanostatic Acceleration - PCGEA
----- Modulo Bat - MB

----- Coulombic Efficiency Determination - CED

----- Conztant Load Digcharge - CLD

----- Constant Power - CPw!

----- Alternate Pulze Galvana Cycling - APGC

----- =g Patentio Prafile Impartation - PP

----- =g# (3alvano Prafile Importation - G

----- =g Resiztance Profile Importation - RFI

----- =g Power Profile Importation - PPl

» {~= Supercapacitar

s Phatovalaic/Fuel Cells




Stavové rozhrani — realny pohled na stav zafizeni

B Barevné a parametrova vizualizace stavu
experimentu na jednotlivych kanalech

B Stavové barvy
[1 Nabijeni: zluta
[1 Vybijeni: zelena
[1 Error: Cerveny (blikajici)
O Cekajici: modra
[0 EIS: purpurova
[1 Zastavené: bez barvy

B ukazuje paralelizované kanaly
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Nastroje pro pokrocilou analyzu dat

B Hlavni parametry baterii jako nabijeci-vybijeci kapacity, DC vnitini odpor, ucinnost, vykon, pocet cyklu ...

jsou automaticky zaznamenana v ,,raw” datovém souboru

B Dalsi parametry mohou byt ziskany pomoci pokrocilych analytickych ndastrojd - Analysis tools

Q DCA (Differential Capacity Analysis).

O DCS (Differential Coulometry Spectroscopy).

O CED Fit (Coulombic Efficiency determination Fit).
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Odhaduje se, ze vyroba a trh Li baterii dosahne v
roce 2025 hodnot vice nez 9o miliard USD.

Pri vyzkumu, vyvoji a vyrobé baterii a jejich
komponent se kromé elektrochemie uplatni
Siroké spektrum analytickych, kontrolnich a
vyrobnich technologii, v€etné rentgenovée
fotoelektronové spektroskopie (XPS/ESCA),
optické a elektronové mikroskopie,
hmotnostni spektroskopie (GC-MS, HPLC, LC-
MS, HREMS-MS, ICP-MS), nukledarni
magneticka rezonance (NMR), termicka
analyza, rentgenové difrakce a fluorescence,
reometrie, viskozimetrie, extruze atd.
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