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Lithium-ion Batteries (LIBs)

v" LIBs produce high energy density (150-250 Wh/kg),
>3 times higher than lead-acid (30-50 Wh/kg)

v" Produce high voltage, improved safety (maintenance
free), and more resistance to overcharge

v" Fast charge-discharge rates and long cycle life

Electrolyte

“*Anode negative electrode, cathode positive conucting @ SR &

electrode, electrolyte

“*Lithium ion is an intercalation battery (‘rocking

chair mechanism”)

**Insert ions between layers or in crystal structure




Why Lithium-ion Batteries?

1 LIBs have created tens of billion USD market
(®Electronics and communication industry
(®Transportation (EV, HEVs, plug-in HEVS)

(e Stationary storage (grid, defense, power tools)

(] Several auto companies such as \Volvo, Tesla,
KIA etc., have already started producing EVs

d UK, France, and Germany announced to ban
traditional fuel vehicles in 2030-2040

1 Pakistan also approved EVs policy to produce

30% of EVs by 2030



Energy Storage Demand
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Energy Storage Demand

Global demand for lithium-ion
batteries will be over 3,100 GWh
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reliability of EVs depends on Energy Storage Systems




Limitation of Li-1on batteries

World Lithium Resources

Source: securitasglobal (2021)
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Sodium-ion batteries

Anode Electrolyte Cathode

> Na-ion batteries share similar
de/intercalation mechanism into

electrodes to Li-ion batteries.

» The same fabrication setup can be used

for both types of batteries.
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Properties of Na vs. Li

Category Lithium
Cation radius (A) 0.76
Atomic weight 6.9 g/mol
EC (vs. Li/Li*) 0
Cost, carbonates $5000/ton

Capacity (mAh g1), metal 3829

Abundance in Earth’s crust 0.0017%

AHLUO A

Sodium
1.06
23 g/mol
0.3V
$150/ton
1165
2.3%

, 17 1us—17127



Research problems

 Na-ion batteries are considered a
promising alternative to LI1Bs due to:
v Abundant availability of sodium

v" Potential for lower cost




Research problems
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J Na-ion batteries are considered a x

Shape choice
of chemistry

promising alternative to LI1Bs due to:
v Abundant availability of sodium

v" Potential for lower cost

Interface

However, there are several research reguiation
problems and challenges in the field of

sodium-ion batteries.
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Practical
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batteries
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Electrode materials in SIBs
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ayered oxide cathode for Sodium-ion batteries

Naions —> @

Na, TMO, (TM=3d metal) materials are ideal for SIBs due to U~
their high specific capacity (242 mAh g), variety of redox- =
active elements and ease of synthesis

Four types of Na, TMO, structures: P2, P3, O2, and O3
P-type and O-type configurations based on Na* coordination

“2” or “3” depicts the number of transition metal layers with
specific oxygen arrangement Octahedral

Structure comprises alternatively stacked edge-sharing MOg
and NaO, octahedral layers

Our objective was to enhance structural stability by 3d & 4d
metal doping of P2-phase NaFe,,,Mn,,,0,




RESEARCH METHODOLOGY



Methodology

Characterizations

SEM & EDS

Coin Cell Electrochemical
Fabrication Testing

N___.. Synchrotron X-rays

In situ XRD and X-ray Absorption
Spectroscopy

Battery
Testing




Methodology

e Coin Cell Electrochemical Battery
el Szl e Fabrication Testing Testing

Active materials: Carbon: Binder = 8:1:1

Positive Case

Electrode Disc @ +

Carbon Black 80 w{o/

Separator (10 wt.%) Active material

(Glass fiber)
Na Chip -
SS Spacer

Spring

PVDF in NMP)
Negative Case
Punching Rollin

(E:Ioeacttﬁgde Coating Machine

Drying overni

Electrolyte: 1 M NaClO,/PC+EC+DEC (1:1:1) &




Methodology

Coin Cell Electrochemical Battery

Characterizations Fabrication Testing Testing

current

Coin Cell IS Potentiostat

I Mass-transfer

: control

Kinetic control
o= 1/RdCd

Swagelok Cell



Methodology

Coin Cell Electrochemical Battery

Characterizations Fabrication Testing Testing
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RESULTS AND DISCUSSION



X-ray Diffraction
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>Morpho|ogy IS composed of

irregular bulk particles with
broad particle size distribution

between 2-5um

» EDS elemental mapping showed
the homogenous distribution of
Na, Fe, Mn, Al, Sb, and O
elements In the Sb2 sample
which credits the successful

doping.




Rate and Cycle Performance

» Charge and discharge curves at different C-rates
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Rate and Cycle Performance

» Charge and discharge curves at different C-rates
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CV and EIS Analysis
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Reaction Mechanism Investigation

Sodium-ion battery

Local Geometry
(ex-situ XAS)

i- XANES

ii- EXAFS

Structural Analysis
(In-situ XRD)




Ex-situ XAS of Pristine and Sb2 Sample
XANES mode of XAS
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In-situ XRD of Sb2
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Conclusions

» The incorporation of Sb into Na,4/Fe,,,MnyAl; 430, shows volume changes into crystal
structure. Homogenous distribution of Sb was evidenced by EDS.

» Mn was noticed with the dual oxidation state of 3+ and 4+ as confirmed by the XPS.

» Sb2 cathode shows high performance where it delivers a capacitance of 73.8 mAh g after 100
cycles compared to the 37.5 mAh g of pristine.

» Sb2 cathode also shows high rate performance where it delivers a capacity of 59 mAh gtat5C
rate compared to 16 mAh g of pristine.

» Ex-situ XAS shows reversible change in the oxidation state of Fe, Mn, and Sb.

» In-situ XRD results show the occurrence of P2+0O2 phases In the fully discharged electrode.

While the original P2 phase recovered in the fully charged state.
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In-situ cell setup

X-rays

Kapton
tape

Li metal

Elecfrode )

Battery
analyser
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