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Lithium Battery Air Incidents
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Revisiting pre-Li technologies that are intrinsically safer
(all agueous)

* Nickel metal hydride (NiMH) batteries have been used in space
applications, including the Horyu-4 satellite and the NOZOMI mission:
NOZOMI: The first mission to use NiMH cells in space, launched in 1998
Horyu-4: Used NiMH batteries in its design

* Silver-zinc batteries are often used in space applications because they are
lightweight, compact (1/3 the size of NiCd batteries), and powerful:
The first battery used in space was a silver-zinc battery in the Russian
spacecraft Sputnik in 1957.

* Enhance their rechargeability and utilization

e Mars surface T varies from -153°C to 20°C
Moon surface T varies from -246°C to 127°C
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Stable cycling of NIMH battery anode via surface coating

AB:-type hydrogen storage alloy: Lag ,Ceq oPr,,Nd, ,Zry 3sNio5 M gAl,  (excellent low-T rate capability)
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Stable cycling of NIMH battery anode via surface coating
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Stable cycling of NIMH battery anode via surface coating
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Stable cycling of NIMH battery anode via surface coating
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Intrinsic flammabillity of Li-ion & opportunity of Zn-based aqueous batteries
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Irreversibility of Zn anode In alkaline electrolyte
Root cause #1.
ZnO passivation
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Introducing conductive host to recharge ZnO
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Only utilize the surface — fully utilize the bulk

(Breaking the tradeoff between utilization and rechargeabillity)

ZnO critical passivation thickness:
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Irreversibility of Zn anode In alkaline electrolyte

Root cause #1. Root cause #2:
ZnO passivation Zincate dissolution
Zn(OH)* . _.”'~200 nm

Carbon paper

Zno + H,0 + 20H™ < Zn(0OH)2~

In(OH)i™ +2e” < Zn + 40H"

Y. Zhang, N. Liu*, et al. Nano Energy 53, 666-674 (2018)
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Sealed ZnO nanorod anode
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Sealed ZnO nanorod anode

Y. Zhang, N. Liu*, et al. Nano Energy 53, 666-674 (2018) 1o



25 mL beaker cell
7cm*3cm
ZnO saturated in
electrolyte
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Irreversibility of Zn anode In alkaline electrolyte

Root cause #1.: Root cause #2. Root cause #3:
ZnQO passivation Zincate dissolution Hydrogen evolution
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HER-suppressing sealed nanosized (HSSN) zinc anode

. 0
£ 2
E 4 TiO, coating has
>
2 low HER activity
S . HER — TiN,O,
Z s THO,
_— n —core —shell 3 -10 ———
2 = 0.8 0.6 04
g Atomic percentage E (V vs. RHE)
8 n Ti Zn
\; core 97.7% 2.3%
% ;:ﬁ Coulombic efficiency
— T T T T T T T 1 T g Sl . . 0 0
0 2 4 6 8 10 e | ZnO@TIN,O, 85.0% — 93.5%
Energy (keV) g | A
0 200 400 600

Specific capacity (mAh/g)
Y. Zhang, N. Liu* et al. Nano Lett. 20 (6), 4700-4707 (2020) 19



HER-suppressing sealed nanosized (HSSN) zinc anode
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Particle-based anode material: ZnO @ Ion-sieving carbon
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Further suppression of Zn(OH),*- dissolution:

Pomegranate-structured ZnO/C anode (Zn-Pome)
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Soluble zincate: Passive encapsulation — Active management
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E,.= versus Hg/HgO (V)

Alloy-seeded Zn anode: mechanism
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Another approach
to control morphology
of Zn electrodeposits
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Covalent orgamc framework (COF) coated Zn foil anode
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Inhibiting Jahn—Teller distortion in Mn-based cathode
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Summary. material engineering enables
deeply rechargeable NIMH and Zn anodes in alkaline electrolyte
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