Li-idnové batérie
nové materialy a ich
elektrochemicka charakterizacia

Prirodovédecka fakulta Univerzity Karlovy
Katedra analytické chemie
22.03.2023

doc. RNDr. Andrea Strakova
Fedorkova, PhD.

andrea.fedorkova@upjs.sk

Katedra fyzikalnej chémie, Ustav chemickych vied
Prirodovedecka fakulta, Univerzita Pavla Jozefa Safarika v
KoSiciach



Motivation

» Electromobillity

~ Stationary applications, smart grid
> Industry 4.0

» Energy independence

»Small portable devices
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First
Industrial
Revolution

through the intro-
duction of mechan-
ical porduction
facilities with the
help of water and
steam power

First mechanical
loom, 1784

Industrial
Revolution

through the intro-
duction of a division
of labor and mass
production

with the help of
electrical energy

First asembly line
Cincinnati slaughter

houses, 1870

Third
Industrial
Revolution

through the use of
electronic and IT
system that
further automate
production

Motivation

Degree of
complexity

Fourth
Industrial
Revolution

through the use of
cyber-physical
systems

First programmable

1969

logic controller
(PLC), Modicon 084,

2000 Today

Augmented Internet Of

Simulation

/

i N

Industry 4.0

Cybersecurity

System
Integration

Computing



Motivation

REMEMBER HOW ALL THIS DRILLING
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Cathode materials used in
Li-ion batteries

-~ Lithium Cobalt Oxide (LICoO,, or )

~ Lithium Manganese Oxide (LiMn,O, or )

» Lithium Nickel Manganese Cobalt Oxide
(LINIMNCoO,, or )

~ Lithium Iron Phosphate (LIFePO, or )

» Lithium Nickel Cobalt Aluminum Oxide (LINICoAIO,
or )

» Lithium Titanate (Li,Ti;O,, or )




Li-S batteries

F
C.. = ——— mAh/g

teor

M, . 3,6

2Li+S €D Li,S

LiMO,/C battery (M = Ni, Mn, Co)

M, (LiCoO,) = 98 g/mol
M, (S) = 32 g/mol

Li/S battery




Li-S electrochemical reaction

16Li* + 166~ + S,— 8Li,S

Voltage(V vs. LilLi")

....._. 3
de LiS,/LiS
0 200 400 600 800 1000 1200 1400 1600 1800 2000
Specific Capacity (mAh/g sulfur)

M. Barghamadi et al., J. Electrochem. Soc. 160 (2013) A1256—A1263

“ Two discharge platos = two reduction
peaks on CV.

“ Oxidation peak is related to the long
charge plato what confirms formation of 1000
lower polysulfides Li,S, and Li,S.

—— Spmpcathode 15 cycle — Scrpcathode 1t cycle

== 5, a0 Cathode 3™ cycle === S o Cathode 3™ cycle

T. Kazda, M. Krbal, M. Pouzar, J. Vondrak, A. Strakova Fedorkova, et al. J. Power Sources 331 (2016) 293.



Main goals

Composite cathode material based on carbon-sulfur matrix with
nanoparticles, nanofibres and conductive polymers.

Regular cathode which contain expandable sulfur Composite cathode which contain both expandable and
hard closed sulfur

First

discharge discharge
Li,S Li.S

Shrink
Expansion = Expansion -70%
+80% ) ) ) +80%
A= made As made Re-charged

Mot recoverable 55%

cathode cathode Mot recoverable 10%

Low-cost, safe, no heavy metals, 3x higher capacity, good stability
and, efficiency and life time.
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Frototype preparations and
testing

Li anode Cathode

Li reference ‘[
electrode \

Anode: Li, W= 0.5 mm
Electrolyte: DME:DOL 2:1 + 0.7 M LiTFSI + 0.25 M LINO,

Polymeric separator
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Safety tests - LI-S prototype after overcharging and nall
penetration test.




EU Patents:

- 1. Advanced Pre-Lithiated
Heterofibrous Monolithic
Wafer-Like Silicon Anode

« . " (2021)

- 2. Advanced monolithic sulphur

. wafer-like cathode based on
hyper-branched super-
structures and method of
manufacture thereof (2020)

. Alkali and/or alkaline earth
lon - monoclinic sulfur
allotrope battery with self-
supporting electrodes (2018)




Metal Organic Frameworks

Pripravene MOF zluceniny:

Chemicke zlozenie:

UPJS5-6 = {[Cas(ps-CagH150g)2]2C3H;N,04+4H: 0},

UPJS-7 = {[Caspts-O)pie-CraH150g)3/2{H20)a]-4C3HN1O1-4H; 0}
UPJS-8 = {[Sr3(1/-CasH1608)3/2)-4C3H;N101 7H: 0},

UPJS-9 = {[Baz(/7CroH1508)3/2(Hz0)s]-CaH7N105°d4H;0},

ol lonselective U

MMOF-based |




MOF-76(Gd) (AC)/(C)

* The current density of activated
MOF-76(Gd) is lower
compared to carbonized MOF

Multi-current cycling:

e As the C-rate increases, the
difference between the
achieved capacities increases

* Reduced plateaus at 2 C for
S/MOF-76(Gd)(AC)

—— S/MOF-T6{Gd) (AC)
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D. Capkova et al., Journal of Energy Storage, 51, 104419, 2022.
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MOF-76(Gd) (AC)/(C)

Long-term cycling (0.5 C) : POpm—

—1000 &

* The initial discharge capacity
1s higher for MOF-76(Gd) (C)

Highly stable cycle _
performance for the S/MOF- 2001 + SMOFTAGD (AG)T] 2
76(Gd)(C) E:.U | I | | HI{] I l[IJU | lé[]' I ll‘I'JU | l;i{] Ell}ﬂ[}

Cycle number [-]

800

600

Efficiency [%o]

400

Capacity [mAh g

Change in the shape of the
lower plateau of S/MOF-
76(Gd) (AC), which 1s
accompanied by a decrease in

capacity """“'?--':.-..-;-_T._“:"f\

Capacity retention: ' 200 400 6-[}[11 800 0 200 400 600 - 8O0
«  S/MOF-76(Gd) (AC) 81 % Capacity [mAh '] Capacity [mAh g

+  S/MOF-76(Gd) (C) 93 %

D. Capkova et al., Journal of Energy Storage, 51, 104419, 2022
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* The modification of MOF with Ni?" ions may increase the capacity
* Carbonization process may improve electrochemical properties

Sulfur Capacity [mAh g''] Fading rate

Material content [%0] per cycle [%]

Ist cycle 200th cycle

S/GaTCPP(AS) 601 517 0.07
S/GaTCPP(Co) 524 374 0.14
S/GaTCPP(Ni) 610 479 0.11
S/MOF-76(Gd)(AC) 621 502 0.10

S/MIL(C) : 705 476 0.16




Investigated Li-S pouch cells

Nominal capacity (30 °C)
Nominal voltage
Charge cutoff voltage
Discharge cutoff voltage
Nominal charging current
Nominal discharging current

Ambient temperature operation range

3.4 Ah
2.05V
2.45V
1.5V
0.34A (0.1 C)
0.68 A (0.2 C)
580 °C




Measurement of EIS

—— Experimental NRMSE = 0.87 %

30+ —e—Fitted
* The voltage amplitude was set to 3 mV R. R R.. W
* The frequency range 6.5 kHz — 10 mHz ~ —%— - - N
(for temperature testing), 6.5 kHz — C;E 201t CPE. CPE, CPE,.
1 Hz (for steady and dynamic EIS) 5
* EIS spectra were fitted in Matlab — Zfit g

function (NRMSE = 1.8 %)

75 85 95 105

D. Capkova et al., Journal of Energy Chemistry, 72, 318-325, 2022.



Variation of EIS spectra with DOD and
temperature

 EIS spectra vary
depending on DOD and
temperature

* The 1mpedance spectra
exhibit two semicircles
and an inclined line

025 100"
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D. Capkova et al.. Journal of Energy Chemistry, 72, 318-325, 2022,




Calendar aging of 3.4 Ah Li-S pouch cells

Reference performance test (RPT) was _ | | | | | _ |
performed periodically every month: A H s | A
/ / / ||7 / /
|

250

1. Discharging of the cell to obtain the 2251, ¥ |I 2 { " |
2001 N ' | | T’HT | I

wd
]
w1

remaining capacity after storage;

-

Voltage [V]

2. To reset 'the cumulative history’ of the cell a

Pre-condition] Capacity Resistance Shuttle current Seling
syl

precondition cycle was performed; L7518 _
_,: medsurement megsurement measurement DOD
3. The measurement of actual charge and 150 ' ' ' ' ' '
. . 0 10 20 30 40 50 60 70 80
discharge capacity; » Time [hours
(-

4. A set of charging and discharging pulses
were applied at various DOD/DOC levels to B \

(o)
/

obtain the resistance of the cell; ’:ﬁ " \,b__ S N S
5. For every even RPT measuring of the shuttle 2
Current or EIS; | High voltage Low voltage

6. Charging followed by discharging of the cell 150, -
to target DOD level - DOD [%]

D. Capkova et al., Applied Energy 332 (2023)
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