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Electrochemical energy storage: challenge of the century?

Exploit renewable energy Power the world: big Electric vehicles, drones
resources computing, small devices
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Why Zn metal ?
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stable in water: high corrosion resistance
= high abundance, production; non toxic

= suitable redox potential (-0.76 V vs. SHE)
= high volumetric energy density (d: 7.14 g cm™3)

= small exchange current for hydrogen evolution Li
= Jarge kinetic voltage window ~2.4 V due to overpotential

= Zn anode - low-cost, safe, easy to manufacture and recycle

¥

o
4.4V = Li[Ni,Mn,Co]O,
4.1V — LiMn,0O,

A
3.4V — LiFePO,

3.0V = SHE

2.2\ =27Zn/Zn%*

n

Safe and environmentally benign alternatives BUT
must prevent dendritic formation/surface passivation
that limits cycle life of alkaline cells!

oV ZLi/Li+
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Highly reversible Zn stripping and plating at pH < 7
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How about Zn?* intercalation? Kinetic limitations

Increased electrostatic interaction compared to monovalent ions leads to:

1. Large desolvation penalty at the electrolyte-electrode interface
2. Relatively high barrier for diffusion through host lattice
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J. Lick and A. Latz, Phys. Chem. Chem. Phys.,

2016, 18, 17799. Y. Yao et al., Nat. Commun., 2017, 8, 339.
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A hydrated layered oxide cathode

* 300 mAh/g capacity

* 450 Wh/L energy density

* > 80% capacity retention for
1,000 cycles at full DOD

Layered Zn; 55V,05.yH,O

Oxidized

Reduced

©Zn* @H,0 Layered Zng 5., VOszH,0

D. Kundu, L. F. Nazar et al, Nature Energy, 2016, 1, 16119.

1. Intercalating ion does not require full de-solvation from solvent shell
2. Solvent co-intercalation enhances mobility by screening divalent charge in lattice
3. lon pillars stabilize the layered structure and prevent degradation on cycling

¥
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Layered host: Water assisted facile Zn?* intercalation

Lo

2+ = - ..'.-.'.-F'.i"“.:";///,-/{
Zn,,:V,0:; + 1.1 Zn** + 2.2e” > Zn, ;. V,0; - 1

Specific energy: 175 Wh/kg
(positive + negative electrodes)

H20 | Electrochemical

Zn%t
Intercalation

Intercalation

1M ZnSO,-H20 _q H20

or H20

Pristine host Expanded host structure Zn?* intercalated
Structure in electrolyte host
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Stable operation: no gas evolution or dendrites
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SEM of the stripped Zn electrode after cycling
a Zn//1 M ZnS0O,//zinc symmetrical cell,
current density 10 mA cm
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Reversible & sustainable Zn?* storage
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= Highly reversible Zn intercalation & stable cycling raw materials cost
= 1000 cycles: > 80 % capacity retention (full DOD) << $60/kWh
= 1000 cycles: ~100 % capacity retention (80% DOD) non-battery grade V,0;

Energy density (cathode + anode + sep): 450 Wh/L
Coulombic efficiency: 99.7%

D. Kundu, L.F. Nazar et al., Nature Energy (2016)

JEESR W WATERLOO

uwenzo SCIENCE ENGINEERING



High rate performance
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Significance & Impact

Benefits of zinc ion batteries with pillared vanadium oxide electrodes:

= Good volumetric energy density of 400 Wh/L (% Li-ion @ cell level but stackable)
= Excellent rate performance and cyclability
= Scalable & green (only water) synthesis and electrode processing

= |[nexpensive raw materials (highly abundant Zn, non-battery grade V,
cost-effective (in air) and easy cell fabrication)

= Low cost and safe aqueous electrolyte (salt + H,O)

dgprover

Power Quality Energy Management
Improved Grid Resilience Decouple Generation From Demand

seconts I M)

Aqueous Zn-ion

JEESR — — WATERLOO
"4 L. Blanc, D. Kundu, and L.F. Nazar, Joule, invited manuscript submitted wﬂo SCIENCE ENGINEERING



Thanks to:

Dr. Dipan Kundu (=> ETH, Zurich), Dr. Victor Duffort (=> Univ Caens), S. Hosseini

NSERC
CRSNG

(i)
0 WATERLOO INSTITUTE FOR

nanotechnologu

JEESR W WATERLOO

wianes SCIENCE ENGINEERING



