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Elektromobilita a BATERIE

Elektromotor - 1828 knéz Stefan Anian Jedlik Mnoho typU baterii
Elektromobil — 1835 Stratingh a Becker, 1895 NejrozSirenéjsi Lithium-iontova baterie (Li-lon)
Frantisek Krizik —90% jednorazovych, 95% dobijecich

Na prelomu 19. a 20. stoleti vice elektromobil( nez

aut se spalovacim motorem Kritické parametry:

Kapacita, zivotnost, bezpecnost

Vyroba, recyklace

Battery management
Battery cell Battery module Battery pack

Fig. 1 From battery cells to a battery pack

THE NEW ELECTRIC POWERED AUTOMOBILE



Baterie pro elektromobily
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Li-lon baterie
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Anoda - obvykle z uhliku (grafit) — LiC, LiC, > C, + Li* + e

Katoda - oxid lithiového kovu (LiCoO,, LiFePO, nebo LiMn,0,)

Elektrolyt = organicka rozpoustédla + vodiva lithiova sl (LiPF¢), aditiva

Propustny membranovy separator — umoznuje pohyb Li* mezi anodou

a katodou, zabranuje zkratu

Kvantifikace vykonu baterie (anoda, katoda a elektrolyt) vyZzaduje fadu
analytickych technologii
Pristroje Thermo Scientific pokryvaji vSechny analytické aspekty Li-ion

baterii



Ztrata zivotnosti baterie

Anoda — rlst SEl (rozhrani pevného elektrolytu) — SEl nezbytné pro
X &8 fungovani, ale snizuje proud a nabijeci kapacitu
Li* ®
O—> O—O0—0
o"o"i"i, Katoda - rust SEl zplsobené oxidaci elektrolytu
O
o> 00 - redukce oxidu lithiového kovu
L LY
Oo— O
Li* OO0 Elektrolyt — jeho rozklad za vzniku plynnych i netékavych latek
o—> o‘o""ﬁo
| | - ztrata cyklovatelného Li
| I
Anode Electrolyte Cathode

praqolab



Baterie - vyrobni postup a mista pro analytiky

Cistota surovin Cathode active
material Battery testing
., ., manufacture
Vlastni vyroba
. . Mining and Li,CO;, LiOH .
VVVO] brine production Electrolyte AU Recycling Environmental
extraction and refining HERLEEATD analysis analysis

Recyklace |
P — " Separator,
! binderand Research and
LE anode development
} manufacture
Anoda
Katoda
Elektrolyt

Battery manufacturing

praqolab



Li-lon baterie — analyza slozeni elektrolytu

Battery solutions

Determination of tetrafluoroborate, perchlorate,
and hexafluorophosphate in an electrolyte sample
for lithium-ion battery production

Author
Hua Yang, Jeffrey Rohrer, Thermo Faher
Soentfic, Sunnyvalke, CA, US

Keywords
Diooex lorPac AS20 colurny,
suppressed conductvty detecton, RFIC

Goal
Toupdate the applcation that determinad tetrafuorcborate, perchiorate, and
hexafuorophosphate n an electrolte sample that was desgnad to smubste 3
khum-on batery producton samphk with new equpment and 3 curent Qensranin
electroltic suppressor

Introduction

Rechargeable battenes are an noeasng part of our dady e as we use more portable
electronc devees, ncudng mobie phones. Thase battenes are abo mportant foe the
electric car ndustry, Lthum-on  bateres are the most commanly used rechargeable
batteres bacause ofther hgh volumetnc energy densty.: The aectrolte n these
batteres are khum sabs n non-aqueous sohtons. Commonly used khum saks are
khum hexaficcophosphate (LPF), khum perchbrate (LOD.), khum tetrafuccoborate
(LEF)), khum hexafuoroarsenate (LASF), khum hexafucrosbcate (LSF), and thum
tetraphenyborate (LB(CH,))
dethyl carbonate, dimechyl cal
metind formate, methnd acryiate, metinyd butylate, and ety acetate. ' The electrobyte n
khum batteres may have a moture of these ithaun sals and orgarsc sobents. The
eectrolte’s concentration in the solverk ranges from Ol to 2 M, wth an optimal range of
0.8t0 1.2M. The arwors ofthe added itham saks can be determined by on
chromatography (I0) to ensure that the soibors have been prepared at the proper

Commenly used organc sobverts are ethylene carbonate,
nake, ethyl mechyl carbonate, propnlene carbonate

thermo scientific

praqolab

Reagent-Free bn Chromatography (RFIC )System

Fresh 18 MQ-cm
resistivity deionized O O EGC 500

water cartridge

I
T
I
v
Vent line

High-pressure
non-metallic pump

Fresh 18 MQ-cm
resistivity deionized Waste <
water

N -

suppressor

Autosampler hijection valve Separation columns

AN

Data management

B T

Conductivity
detector

Recycle mode




Li-lon baterie — analyza slozeni elektrolytu

Vzorky byly pouze naredény
1:10 000 a 1:5 000

praqolab

N

uS/cm

Time (min)

30.0

Columns:

Eluent:
Gradient:

Eluent source:

Flow rate: Inj.
volume:

Column  temp.:
Sampler  temp.:

Detection:

Samples:

Dionex IonPac AG20, 2 x 50 mm

and Dionex IonPac AS20, 2 x 250 mm
Potassium hydroxide (KOH) gradient
0-15 min, 15 mM; 10-13 min, 80 mM;
13-26 min, 80 mM; 26-30 min, 15 mM
Dionex EGC KOH cartridge with
Dionex CR-ATC and Dionex high
pressure degasser

0.30 mL/min 10 pL

(Full loop) 30°C

4°C

Suppressed conductivity,

Dionex ADRS 600 suppressor, 2 mm, 30°C,
70 mA, recycle mode

A —10000x of 1 M Lithium Tetrafluoroborate* B —
10000x of 1 M Lithium Perchlorate*
C —5000x of 0.5 M Lithium Hexafluorophosphate**

*In 1:1:1 mixture of ethylene carbonate, diethyl carbonate, and propylene carbonate.
*1In 1:1 DIwater /mixed carbonate solvents

Peaks:

min
1-Tetrafluoroborate 2- 11.8
Perchlorate 17.5
3-Hexafluorophosphate 22.6

Average . Average
Calculated Spiked
Analyte concentration measurec_i Recuovery concentration measurecj Recuovery
PP concentration (%) PR concentration (%)
(mgiL) (mg/L)
Tetrafluoroborate 8.70 9.72 112 11.7 109
Perchlorate 9.95 9.32 94 11.3 94
Hexafluorophosphate 14.5 14.7 101 2 16.9 102




I-lon baterie - degradace elektrolytu - identifikace slouce

Peester note | 84626

natograph

Comprehensive analysis of lithium-ion battery
anode samples by ion chromatography coupled
with high resolution mass spectrometry

Kate Comestock’, Rosanne Slingsty?, Charanit Saine, Paul Voalkers, Chris Pohis
Themmo Fisher Scienfific, San Josa. CA, USH, Thermao Fisher Scienific, Surryvale, CA. USA

Deiendie

Fupose. To damonsirate aworkflow Using ion Chromatography
O} and high resoiution MBss specirametry (HRNS] Tor Khim-on
battery (L) anode degradation product analysis

Fesuls LS anode degradaion products were identified from
fowr anode samples

Intraduction

The Li2 i=the key component for elecinc vehicles (EV} and

many cther electronic devices. The Li2 quality directly affects
the peiformance of BV and other devices, Much researchhas
been done in crder to improwe the periomance and increase the
efficiency of L&

1 this study, comprehensie analysis of LB anode degradation
products was conducksd using 12 coupled with HRMS

Mathods

Sampla praparation

The four Li& anode samples'were sonicaled and rinsed n
geionized (0 waler. Extracts were fikered thicugh Whatmane PP
045 pm Hars

sampl HRWS aralysis
P eparaton on saparation Bl e i WSS

E-l- -

Deonex IC 5. 2900 Syssem” QExacave MS

lom exc hiange chiomalography

The inic Separations were camed aul on Thermo Scientihc ™
Diones™ ICS-2100 K2 System® using Thamo Scienthc™ Cionas™
lonPac™ &511, &511 (2 mm) column

Ehsrt BIOH fram 110 65 M in 45 min with oradient

Thermo Scientfic™ Dionex™ EGC 500 KOH
Ehsert soigce  warnidge. Thermna Scientific™ Cionex™ AERE"

500 2 mm Suppressor

Mass spectrometry

The WS analyseswers camied out on Therno Sciendific™

Q) Exactive™ Hybrid Quadrupole Orbitrap™ Mass Spectrometer
wsing elecincepray onization in regative mode.

High ressolution ful-=can ME and top 3 data-dependent MEMS
data were cobected 8l resohing power of 70000 and 35,000
t FPWHM mfr 200 respectively. Steppesd HCD nommaized
eolision energy (CE) 30, 45, &0

Resufs and discussion

The anode samples wene separabed by the I25-2100 sysiem based
on conductrity, and ions were eiubed from the ion-exchangs
column based on ther valences. The aluent was nroduced to 8

Compare i extracsmn Datshase searh
aiflerenialanabysis conmgnen D Rapart

SEVE saftwaes ChEmSpsarand Hgh
T Sk L2 o databasa

Figuie 1. lan sxchangs chiomatagraphy and high resolition mass spactromatry workfow for lithium-ion battery sode imguriy analyas

* Dhaduivakant Trame:Soaniie™ Do inkagian ™ HACSysam

thermo scientific
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Sample
preparation

lon separation

Dionex ICS-2100 System™

Isbithm sarsbars

HRMS analysis
full scan MS/MS

Vet

Q Exactive MS

Component extraction
differential analysis

SIEVE software

Database search
component |D

ChemSpider

Tt v Ao

High Resolution Anion
Databass

ChemSpider and high
resolution ion database

Report

Compounds
Identified




Li-lon baterie - degradace elektrolytu - identifikace slouce
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Proc vodik? Kriticke body

PFechod na bezemisni ekonomiku Skladovani
NejrozsSirenéjsi prvek

Dlouholeté vyuzivani — vzducholodé, raketové palivo Bezpecnost
(Apollo), palivové clanky (ponorky, sondy), slozka svitiplynu

Palivo, ale také ulozisté energie (,,precerpavaci elektrarna®) Cistota

— vysoka hmotnostni energeticka hustota

Cena palivového clanku

praqolab



Vyroba vodiku a jeho ,barvy*

96% z fosilnich paliv, zejména parni reforming zemniho plynu

4% elektrolyzou

Parni reforming — sedy vodik
Parni reforming s CCS (Carbon Capture Storage) — modry vodik

Vedlej&i produkt z vyroby chloru — bily vodik H,

Elektrolyza elektfinou z obnovitelnych zdroji — zeleny vodik

Zdroj el.
77 1o energie
M
o | Sul |
praqolab 1 Katoda

Anoda [




Vodik jako palivo a jeho analyza

CSN ISO 14687 - Kvalita vodikového paliva

CSN ISO 21081 - Analyza vodikovych smési
CSN 65 4435 - Technicky stlageny plynny vodik

praqolab

Minimum
Analytical
Chemical Laboratory Test Methods to Consider Detection
Constituent Formula Limits and Under Development® Limit
Hydrogen fuel index H, > 99 97%
Total allowable non- 100
hydrogen, non-helium,
non-particulate
constituents listed below
Acceptable limit of each individual constituent
Water H20 S ASTM D7653-10, ASTM D7649-10 0.12
Total hydrocarbons® 2 ASTM D7675-11 0.1
(C; basis)
Oxygen | O, 5 ASTM D7643-10 1
Helium 300 ASTM D1945-03 100
Nitrogen, Argon | Nz, Ar 100 ASTM D7649-10 5
Carbon dioxide |  CO; 2 ASTM D7649-10, ASTM D7653-10 0.1
Carbon monoxide CcO 0.2 ASTM D7653-10 0.01
Total sulfur® 0.004 ASTM D7652-11 0.00002
Formaldehyde | HCHO 0.01 ASTM D7653-10 0.01
Formic acid [ HCOOH 02 ASTM D7550-09 , ASTM D7653-10 0.02
Ammonia NH3 0.1 ASTM D7653-10 0.02
Total halogenates® 0.05 | (work item 23815) 0.01
Particulate Concentration 1mg/kg | ASTM D7650-10 , ASTM D7651-10 0.005
mg/kg




Vodik jako palivo a jeho analyza

,Auta na vodik” - Fuel Cell Electric Vehicles (FCEVs)
Nadrz H2 - proton exchange membrane (PEM) — nabijeni

baterie - elektromotor

PEM velice citlivy na kvalitu vodiku

ANODE W CATHODE
9 B
rf \ O, from
Fuel H, o P
5 T’: > o Proton

Exchange
Membrane

Platinum
Catalyst

<

praqolab ™




Vodik jako palivo a jeho analyza

Parni reforming — sedy vodik
Parni reforming s CCS (Carbon Capture Storage) — modry vodik

Vedlejsi produkt z vyroby chloru — bily vodik

Elektrolyza elektfinou z obnovitelnych zdroj — zeleny vodik — VELICE CISTY PRODUKT — H,

o -® A -

o Le - AN
’ H H‘\ '

praqolab | \




NIQC

Vodik jako palivo a jeho analyza

Minimum
Analytical
Chemical Laboratory Test Methods to Consider Detection
Constituent Formula Limits and Under Development* Limit
Hydrogen fuel index H, >99.97%
Total allowable non- 100
hydrogen, non-helium,
non-particulate
constituents list low
Acceptable lifit of eachiindividual congfituent
/ Wate H20 / S km D7653-10, ASTM D7649-10 0.12
Tptal hydrocarbons® 2 ASTM D7675-11 0.1
(C, basis)
Oxygen 5 | AsTM D7643-10 !
Helium 300 AST* D1945-03 100
Nitrogen, Argon . Ar 100 ASTI\‘ D7649-10 5
Carbon dioxide 02 2 ASTN D7643-10, ASTM D7653-10 0.1
Carbon monoxide O 0.2 AST‘ D7653-10 0.01
Total sulfur® 0.004 AST* D7652-11 0.00002
Formaldehyde CHO 0.01 As1h D7653-10 0.01
Formic acid | JHCOQH 02 | ASj'M D7550-09 , ASTM D7653-10 0.02
\ Ammonia NH;\ 0.1 AATM D7653-10 0.02
Thtal halogenates 0.05 ork Item 23815) 0.01
Particulate CW ASTM D7650-10 , ASTM D7651-10 0.005




Vodik jako palivo a jeho analyza

Water - chilled mirror hygrometer (dew point meter); quartz crystal microbalance; CRDS; Capacitance, Continuous wave
CRDS; GC-MS; GC-MS with jet pulse injection; FTIR

THC — GC-FID; Methanizer GC-FID; GC-MS with pre-concentrator; FTIR

Oxygen — Electrochemical sensor; GC-MS with jet pulse injection; GC-TDC; GC-PDHID; Continuous wave CRDS
Helium — GC-TCD

Nitrogen — GC-TCD; GC-PDHID; GC-MS with jet pulse injection

Argon - GC-TCD; GC-PDHID; GC-MS with jet pulse injection

Carbon dioxide - Methanizer GC-FID; GC-PDHID; GC-MS with jet pulse injection; FTIR; Continuous wave CRDS
Carbon monooxide - GC-PDHID; Methanizer GC-FID; FTIR; Continuous wave CRDS

Total sulphur — GC-SCD with pre-concentrator; GC-FPD with pre-concentrator, GC-SCD without pre-concentrator
Formaldehyde - GC-MS with pre-concentrator; GC-MS without pre-concentrator; Continuous wave CRDS
Formic acid — FTIR; IC with impinger sampling device; GC-MS

Ammonia — GC-MS; FTIR; IC; IC with impinger sampling device; Continuous wave CRDS

Total halogenates - Iﬁwit impinger sampling device; GC-MS with pre-concentrator

pftaqolab



Vodik jako palivo a jeho analyza

Celkova - ridiznymi metodami, popfr. ve vice riiznych laboratorich - analyza vsech kontaminanti s dostatecnou citlivosti
Casteéna — analyza édsti kontaminantt, mnohdy s nizsi citlivosti

CDRS - H,0, CO,, CO, CH,, NH;, CH,0, O, - pouiZiva se v J. Koreji u vodikovych stanic
GC-FID+TCD+methanizer — THC, O,, He, N,, Ar, CO,, CO
GC-TCD + FTIR - O,, He, N,, Ar, H,0, THC, CO, CO,, CH,0, HCOOH, NH,

280 KNV-CMCO0135 V20180085 #7 95# FrontDetector

mv
2.50

2.00

1.50

co2
1.00 2

CITLIVOST A DETEKCNI LIMITY!!! \

0.50 CH4

0.00 2 |

-0.50
min

-0.90

019 050 100 150 200 250 3.00 350 400 450 500 550 593

Figure 1. Representative chromatogram of a Permanent Gas
AnebO... Standard at 500 ppm using TCD channel with Helium carrier gas

praqolab



KOMPLEXNI RESENi SPOLECNOSTI G.A.S.

Jeden pristroj s mnoha moduly, instalace, spusténi, méreni, podpora, jednotlivé moduly od vyrobceTHERMO SCIENTIFIC

Hydrogen purity
analyser

* Greenhydrogen testing
* SO 21087

¢ PEM fuelcell applications and risk assesments

Get ready for tomorrow’s analytics

PIaQo

@b

Impurity

Limit

21087
(umol/mol)

GAS GC
method

Detection
range

Total hydrocarbons 2 MS-AE| 0.1-1000
Oxygen 5 PDD 0.02-1000
Helium 300 TCD 50-10000
Nitrogen 100 PDD 0.02-1000
Argon 100 PDD 0.02-1000
Carbon dioxide 2 Methaniser-FID 0.05-1000
Carbon monoxide 0.2 Methaniser-FID 0.05-1000
Total 0.004 MS-AE]| 0.0001-100
sulphur (per comp.)
components

Formaldehyde 0.01 MS-AEI 0.005-100
Ammonia 0.1 MS-AE] 0.1-100
Halogenated 0.05 MS-AEl  wemfoscenl: 001 <1008
components ‘ ‘

Ihcfmo%ﬂft!‘i“g‘
ecoo
(X X J
i



KOMPLEXNI RESENi SPOLECNOSTI G.A.S.

Jeden pristroj, tfi moduly. Instalace, spusténi, méreni, podpora.

Analyza témér vsech analytl a s dostatecnou citlivosti.

. CO
|
(\ "
— | |
CH, A 1 . "
. \ I
|
1 .
- ‘ [ ] [
| !
. —~ B -~
| Ar O l. CH
- COo
[“u
| JL | AW
- \ _ I
| column | wrD RSSReERss
I'I'Iil'll'l;‘le . 5
3MSTeslSuI1uvfotH2#53 S Dilution 1:100 Test Dil 5 ppb 1
sulphur components
halogenated components

formaldehyde, NH

iarpje'e e
M ﬂ
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SHRNUTI

Analyza alternativnich zdroju energie je mozna i ve Vasi laboratori!!!

praqolab
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