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RISk
Synergistic “Anchor-Capture” Enabled by Amino and Carboxyl for Constructing Robust Interface
of Zn Anode
Zhen Luo', Yinzhu Jiang?
Zhejiang University

While the rechargeable aqueous zinc-ion batteries (AZIBs) have been recognized as one of the most
viable batteries for scale-up application, the instability on Zn anode-electrolyte interface bottleneck the
further development dramatically. Herein, we utilize the amino acid glycine (Gly) as an electrolyte additive
to stabilize the Zn anode-electrolyte interface. The unique interfacial chemistry is facilitated by the
synergistic “anchor-capture” effect of polar groups in Gly molecule, manifested by simultaneously
coupling the amino to anchor on the surface of Zn anode and the carboxyl to capture Zn** in the local
region. As such, this robust anode-electrolyte interface inhibits the disordered migration of Zn?*, and
effectively suppresses both side reactions and dendrite growth. The reversibility of Zn anode achieves a
significant improvement with an average Coulombic efficiency of 99.22% at 1 mA cm™ and 0.5 mAh cm™
over 500 cycles. Even at a high Zn utilization rate (depth of discharge, DODZn) of 68%, a steady cycle life
up to 200 h is obtained for ultrathin Zn foils (20 pm). The superior rate capability and long-term cycle
stability of Zn-MnO, full cells further prove the effectiveness of Gly in stabilizing Zn anode. This work
sheds light on additive designing from the specific roles of polar groups for AZIBs.

AR, kiR
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T TIC AT LMEN B-Ti MR IEAZAZ 0. BEE Nb S EM 0 wt.%BE g 1.5 wt.%, E-&HEHHE K
TR P I 0, e AlIA 47.4 HRC. [HAREREMAZ, 2 Nb INAEIAS] 1.0 wt.%h, EAMEHIHT
From Ik E] 1352.9 MPa, 5NN Nb s IS G EHHELIE S T 69 %, X2 THEAM R4
sk [V S AR B8 AR R Ak 25 A 1R F TSR

10



T E PR R 2 2024 5SmSR R & Cl2. @it RIRE 5HAR

RAMA: Rk
Multiscale simulations of surface adsorption characteristics of amino acids on zinc metal anode
Yufan Xia®, Yinzhu Jiang?
Zhejiang University

Agueous zinc-ion batteries (ZIBs) are considered as promising power sources for grid storage, but
they face several issues, including dendrite growth, corrosion, hydrogen evolution, etc., which are related
to the Zn metal-electrolyte interface. To address these challenges, many researchers have focused on
modifying the Zn anode with surface adsorption. However, the underlying mechanism between the Zn
surface and adsorbed/protective molecules has not been thoroughly explored. In this study, we built a
multiscale simulation platform that integrates state-of-art simulation methods to comprehensively
investigate the adsorption process of amino acids on the Zn metal surface. Our major finding is that
adsorption sites, adsorbate-surface angle and average distance are critical for constructing stable
adsorption. Additionally, ab initio molecular dynamics reveal the kinetics of the surface adsorption and
molecule reorientation processes. Based on multiscale simulations at every step, our work provides three
additional descriptors for predicting adsorption behavior: identifying potential adsorption sites, evaluating
the status of surface adsorption by angle and distance, and measuring raised vertical distance of surface
atoms during dynamic adsorption. These findings pave the way for an in-depth understanding of the
surface adsorption process, as well as providing concrete design principles for stable Zn metal anodes.
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IR AATAETY: B
C12-P04
Local electronic structure regulation enabling fluorophosphates cathode with improved redox
potential and reversible capacity for sodium-ion batteries
Huigin Huang®, Yinzhu Jiang?
Zhejiang University

Mn-based fluorophosphates attract much attention as cathodes for sodium-ion batteries owing to
their high  cost-effectiveness, considerable capacity, and stable framework. However, the fascinating
Mn3+/2+ redox couple suffers from inadequate activation due to the Mn-O covalent character and poor
electronic conductivity, impeding their further applications. Herein, a local electronic structure regulation
strategy is proposed to improve the Mn3+/2+ redox potential and reversible capacity simultaneously,
through introducing 3d elements with low-energy orbitals to expand the energy gap between eg orbitals
and Fermi energy of Na. Moreover, the 3d element substitution serves to narrow the band gap toward the
improved intrinsic electronic conductivity. In comparison with the pristine Na2Fe0.45Mn0.55PO4F, the
as-prepared Na2Fe0.45Mn0.4V0.1PO4F cathode achieves the increase from 3.5 to 3.6 V in the
high-voltage plateau and the improved energy density from 330 to 361 Wh kg-1. This work inspires new
ideas in adjusting the redox potential of polyanionic cathodes through the deliberate regulation of local
electronic structure.
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C12-P06
Boosting the Intercalation Reaction of FeOF-Based Cathode toward Highly Reversible Lithium
Storage
Yechao Lin?, Yinzhu Jiang?
School of Materials Science and Engineering, Zhejiang University

FeOF as an intercalation-conversion cathode features a high theoretical capacity toward high energy
density lithium-ion batteries (LIBs). However, the inadequate intercalation process and poor reversibility
of redox reaction deteriorate its practical capacity and cycling stability. Herein, a S-substitution strategy in
FeOF (FeOF-S) is proposed to boost the intercalation reaction and enhance the reaction kinetics, achieving
a record-high capacity of 668 mAh g * at 0.05 A g * and a long cycling stability up to 1500 cycles at 0.5 A
g . Under this strategy, the Li* intercalation energy of FeOF-S is remarkably reduced in thermodynamics,
promoting the intercalation capacity to 230 mAh g * which is 50% higher than that of FeOF. Furthermore,
a nearly zero band gap with superior electronic conduction is achieved in FeOF-S, leading to excellent rate
capability with much enhanced pseudo-capacitance contribution. This work presents new insights into the
regulation of thermodynamics and Kinetics toward the boosted electrochemical performance of
conversion-type electrodes for high energy density LIBs.

RASTTARTY: BE R
C12-P07
Ordered planar plating/stripping enables deep cycling zinc metal batteries
Shuang Chen*, Yinzhu Jiang?
Zhejiang University

Metal anodes are emerging as culminating solutions for the development of energy-dense batteries in
either aprotic, aqueous, or solid battery configurations. However, unlike traditional intercalation electrodes,
the low utilization of "hostless™ metal anodes due to the intrinsically disordered plating/stripping impedes
their practical applications. Herein, we report ordered planar plating/stripping in a bulk zinc (Zn) anode to
achieve an extremely high depth of discharge exceeding 90% with negligible thickness fluctuation and
long-term stable cycling. The Zn can be plated/stripped with (0002)2, preferential orientation throughout
the consecutive charge/discharge process, assisted by a self-assembled supramolecular bilayer at the Zn
anode-electrolyte interface. Through real-time tracking of the Zn atoms migration, we reveal that the
ordered planar plating/stripping is driven by the construction of in-plane Zn—N bindings and the gradient
energy landscape at the reaction fronts. The breakthrough results provide alternative insights into the
ordered plating/stripping of metal anodes toward rechargeable energy-dense batteries.
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C12-P09
LiBH4 doping achieves ultra-high ionic conductivity and critical current density composite halide
Li2ZrCI6 solid electrolyte
Lanxun Li
Zhejiang University

The halide solid electrolyte Li2ZrCl6 (LZC) is considered one of the candidate solid electrolyte
materials for all solid state lithium-ion batteries due to its low preparation cost, good high-voltage positive
electrode compatibility, and wide electrochemical window. However, the ion conductivity of Li2ZrCI6 is
low and its stability to lithium metal is poor, which limits its application prospects. Herein, we prepared
Li2zrCI5.3 (BH4) 0.7 (0.7LBH-LZC) solid electrolyte reinforced with lithium borohydride. LiBH4 was
introduced during the synthesis process through simple mechanical ball milling, resulting in a high ion
conductivity of 1.645x10-3 S/cm at 25 °C and a critical current density of 7.159 mA/cm2. The ion
migration number reached as high as 0.99909.
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