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In-situ X-ray computed tomography (XCT) offers a versatile method for investigating the evolution of
defects within materials under loading. It has been used to explore failure mechanisms of materials through the
global information of all defects or typical defects. However, these insights often fall short in capturing the
evolution of individual defects at each failure progression. Herein, we provide a method for tracking each
individual defect from their initial state to the point of fracture, to study their detailed evolution as a function of
the tensile strain. Our tracking approach represents defects as 3D point clouds and evaluates their morphological
similarity with an emphasis on their local environmental similarity. This significantly improves the average
tracking accuracy, compared to the existing method. Moreover, we reconstruct the fracture topology tree using the
tracking outcomes so that the original critical defect leading to ultimate fracture can be located. The proposed
method enables accurate detection of the evolution of each individual defect in materials from both temporal and
spatial dimensions.
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C12-32
Activate 1-TM Channel of Disordered Rock Salts via Electrostatic Repulsion Regulation for
Enhanced Lithium Storage
Huigin Huang *, Yinzhu Jiang *
1. Zhejiang Univerisity

Cation-disordered rock-salt (DRX) has emerged as a promising high-capacity cathode material for
next-generation high-energy-density Li-ion batteries. However, its practical deployment is hindered by intrinsic
Li+ diffusion mechanism, where only O-transition metal (0-TM) channels permit feasible Li* migration while
1-TM and 2/3/4-TM channels exhibit prohibitively high Li+ diffusion energy barriers. Here, we leverage
electrostatic repulsion regulation to activate the 1-TM channel, which holds the highest potential for activation
while constrained by restrictive tetrahedral site geometries, thereby introducing more Li+ diffusion pathways and
establishing a well-connected percolating 3D Li+ diffusion network within the DRX lattice to fundamentally
addressing the kinetic limitations of DRX. Systematic investigations reveal that in the optimized sample, the
tetrahedral height of 1-TM channels increased significantly from 2.525 to 2.613 A, concomitant with a volumetric
expansion from 3.254 to 4.010 A3, along with the Li+ migration energy barrier significantly reduced from 1.48 to
0.26 eV. The enhanced Li+ transport kinetics yield enhanced capacity (306 mAh g-1 at 10 mA g-1), alongside
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superior rate capability (~200 mAh g-1 at 100 mA g-1). This work establishes a material design paradigm
overcome transport bottlenecks in disordered cathode architectures.

C12-33
Synergistic solid-liquid hybrid electrolyte for cycle-stable and high-efficiency Li—CuCl2
batteries
Qiangian Shen 2, Yinzhu Jiang **
1. Zhejiang Univerisity
2. ZJU-Hangzhou Global Scientific and Technological Innovation Center

The escalating demand for high-energy lithium-ion batteries has intensified interest in CuCI2 conversion
cathode, which offers exceptional theoretical energy density. However, its practical application has been severely
hindered by rapid capacity decay, primarily due to active material dissolution and copper species crossover. Here,
we propose a novel solid-liquid hybrid electrolyte system that integrates a solvation-tuned liquid electrolyte (8 M
LiFSI/DME) with a Lil.5A10.5Gel.5(P04)3 (LAGP) ceramic electrolyte to address these dual degradation
pathways. This strategy can effectively suppress the dissolution of CuCI2 due to confinement of solvent molecules
within Li* solvation sheaths coupled with physical barrier blocking, while simultaneously maintaining favorable
Li+ transport Kinetics across the solid-liquid interface. Meanwhile, the LAGP ceramic electrolyte also functions as
an ion-selective barrier, effectively inhibiting Cu species migration and significantly mitigating shuttle-induced
lithium corrosion. Consequently, the Li-CuClI2 battery with this hybrid electrolyte achieves remarkable cycling
stability, maintaining 77.9% capacity retention over 400 cycles at 0.5 C. Additionally, it demonstrates a
record-high energy efficiency of 95.8% and delivers a practical energy density of 806.6 Wh-kg™ based on the total
cathode mass. The reported results demonstrate that the hybrid electrolyte is a powerful strategy for
conversion-type metal cholride to achieve excellent electrochemical performance in lithium-ion batteries.

C12-34
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JIRE BUGIE AT RE, AT R 2 4 i 25 HEth RGP AL S ARG . AP AU T — AN B R ST HE
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C12-P02
In Situ Intergrowth Tunnel/P3 Cathode Enhancing High Voltage Stability Toward High Energy Sodium-lon
Batteries
Jinze Guo*

1. Zhejiang University

Improving the upper voltage limit in layered oxide cathodes is an effective strategy to achieve high-energy
sodium-ion batteries (SIBs). However, in the high-voltage region with deep Na+ extraction, the phase structure
becomes severely unstable, and interfacial side reactions result in rapid capacity decay, hindering the commercial
application. This issue is particularly pronounced in low cost P3 Mn-based cathode materials, where the Jahn—
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Teller effect exacerbates the instability. Here, the robust tunnel phase is introduced into P3 particles to form
intergrowth Na0.5Ni0.15Mn0.65A10.202 (T/P-NNMA) materials. The tightly integrated tunnel phase enables
pseudo-solid solution reaction, suppresses irreversible oxygen release, and maintains stable interface stability even
when the charge cut-off voltage increases to 4.5 V. Consequently, the T/P-NNMA cathode delivers an outstanding
reversible capacity of 187.8 mAh g—1 at 0.1 C, yielding an energy density of 544.8 Wh kg—1 (based on the
cathode) and displays excellent capacity retention of 83.08% over 200 cycles at 1.0 C. Embedding the tunnel
phase into P3-type material to achieve high structure and interficial stability offers a promising strategy for the
development of high energy and low cost SIBs.
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C12-P04
Rational Design of Si-Sn-Y Ternary System Anode Materials for Sulfide-Based All-Solid-State Batteries:
Constructing Long-Cycle Stability through Multi-Component Synergy
Pingyuan Ou’, Dongrong Lan', Kejie Liu*, Taotong Yang", Shugian Pei®, Yaxiong Yang', Wubin Du', Hongge
Pan'
L1.Institute of Science and Technology for New Energy, Xi‘an Technological University

Silicon anode has been regarded as one of a promising candidate materials for all-solid-state batteries anodes
due to advantages of high specific capacity(4200 mAh g-1) and abundant natural reserves. However, the
substantial volume expansion (up to 300% ) during charge-discharge processes induce electrode pulverization and
interface contact failure. Additionally, the intrinsic low electronic conductivity (~10-6 S cm-1) results in impeded
charge transport. These issues have become critical bottlenecks restricting the performance breakthrough of
all-solid-state batteries. This study breaks through conventional single-property optimization paradigm by
proposing a multi-component synergistic design strategy. It employs vacuum induction melting combined with
low-pressure rapid quenching techniques to construct the Si-Sn-Y composite system, and subsequently processed
into nanocrystalline micron particles via sand milling technology. This methodology enables atomic-scale
integration of silicon-based and metallic phases, establishing an internally conductive percolation network that
yields a rigid-flexible composite architecture. Such structural design not only creates efficient electronic transport
pathways but also leverages the metallic phase's plastic deformation capability to mitigate volumetric stress.
Coupled with the gradient stress distribution induced by electro-mechanical coupling effects, this synergy
establishes a persistently stable ionic transport channel at the electrode-electrolyte interface. Electrochemical
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evaluations demonstrate that the Si-Sn-Y composite anode retains a reversible capacity of 1366.55 mAh g after
400 cycles at a high rate of 1.5 A g!, achieving an exceptional capacity retention of 99.39%. This performance
significantly outperforms pristine silicon anode (capacity retention of 17.18% after 400 cycles), underscoring its
exceptional structural stability and electrochemical performance. Compared to conventional single-component
systems, this multi-component composite design innovation offers a novel technological pathway for practical
implementation of high-energy-density all-solid-state batteries.

C12-P05
In-situ Synthesis of Silicon Carbide/Silicon-based Composites Driven by Joule Heat and Its Lithium
Storage Performance Regulation Mechanism
Dongrong Lan *, Pingyuan Ou !, Kejie Liu*, Taotong Yang', Shugian Pei', Yaxiong Yang', Wubin Du', Hongge
Pan'
1.Institute of Science and Technology for New Energy, Xi‘an Technological University

Silicon-based anode materials are regarded as the most promising next-generation anode materials for
lithium-ion batteries due to their high theoretical specific capacity, abundant resources, and low cost. However, in
practical applications, silicon anodes face issues such as volume expansion, rupture of the solid electrolyte
interphase (SEI) film, and low electrical conductivity. To address the problems of volume expansion and
insufficient conductivity of silicon-based anode materials in application, this paper proposes a novel preparation
method based on Joule heating. During this process, the instantaneous high temperature prompts the in-situ
formation of silicon carbide (SiC) in the contact area between the Si95Sn5M5 (M = Bi, Y) material and carbon
paper.

Silicon carbide has excellent mechanical strength and good electrical conductivity. It can not only provide
strong structural support for the Si95Sn5M5 anode, effectively alleviating the internal stress caused by volume
changes during long-term charge-discharge cycles, but also accelerate the conduction of electrons in the electrode,
thereby improving the performance of the battery at high current densities. The experimental results show that the
prepared Si95Sn5M5 (M = Bi, Y) anodes exhibit excellent electrochemical performance: the initial Coulombic
efficiencies are 83.91% and 84.36% respectively, and the reversible capacities at a 1 C rate are 2198.03 and
2245.01 mA h g-1 respectively. Moreover, after 400 cycles, they can still maintain capacities of 1152.42 and
1367.69 mA h g-1, which are much higher than that of the original silicon under the same conditions. In addition,
the full battery based on the Si95Sn5Y5 anode and lithium-rich manganese cathode verifies the practical
feasibility of this method. This strategy of in-situ generating silicon carbide through Joule heating technology
provides new ideas for the development of durable silicon-based lithium-ion batteries.

C12-P06
Nanocrystalline micro-silicon-based composite anode Interface construction and electrochemical properties
of materials
Kejie Liu', Wubin Du', Dongrong Lan !, Pingyuan Ou ', Taotong Yang', Qian He*, Yaxiong Yang', Hongge
Pan’
1.Institute of Science and Technology for New Energy, Xi‘an Technological University

In silicon-based anode materials are widely regarded as strong candidates for the next generation of
lithium-ion battery anode materials due to their high theoretical specific capacity of 3579 mAhg 2 abundant
reserves and low cost. However, in its practical application, there are still scientific problems such as the inability
to form thin, dense and stable SEI and the low ionic conductivity and electronic conductivity of the electrode.
Samples were prepared by smelting, strip throwing, sanding, spray drying, carbonization and other methods, and a
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tin-sulfur bond was formed between the silicon-tin and the carbon by introducing sulfur into the carbon layer for
coating, so as to enhance the binding force between the silicon and the carbon-clad layer and effectively absorb
the stress changes caused by expansion. At the same time, the generated SnS acts as a fast ionic conductor to
further improve the ionic conductivity and electronic conductivity. The experimental results show that under the
current density of 1500mAg-1, the reversible specific capacity of the anode of the battery reaches 2016.61mAhg-1
on the first charge, the first coulombic efficiency is 71.43%, and the capacity retention rate can still reach 79.13%
after 300 cycles.

C12-pP07
High-Entropy Metal Sulfide Nanocrystal Libraries for Highly Reversible Sodium Storage
Fei Zhang', Yang Liu*'
1. Fudan University

Controlled synthesis of high-entropy materials offers a unique platform to explore unprecedented
electrochemical properties. High-entropy metal sulfides (HEMSs) have recently emerged as promising electrodes
in electrochemical energy storage applications. However, synthesizing HEMSs with tunable number of
components and composition is still challenging. Here, a HEMS library is built by using a general synthetic
approach, enabling the synthesis of HEMS with arbitrary combinations of 5 to 12 out of 28 elements in the
periodic table. The formation of solid solution of HEMS is attributed to the two-step method that lowers the
energy barrier and facilitates the sulfur diffusion during the synthesis. The hard soft acid base (HSAB) theory is
used to precisely describe the conversion rates of the metal precursors during the synthesis. We investigate the
HEMSs as cathodes in Na-ion batteries (SIBs), where 7-component HEMS (7-HEMS) delivers a promising rate
capability and an exceptional sodium storage performance with reversible a capacity of 230 mAh g—1 over 3000
cycles. This work paves the way for the multidisciplinary exploration of HEMSs and their potential in
electrochemical energy storage.

C12-pP08
A novel insight to the mechanism on oxygen-poisoning and oxygen-induced disproportionation of
Zr0.8Nb0.2C00.6Ni0.2Cu0.2 hydrogen storage alloy
Chao Li*, HaoyuWang®, Zhendong Yao'®
1. China Jiliang University

ZrCo-based alloys are regarded as highly potential hydrogen isotope storage materials in the field of nuclear
fusion due to their high hydrogen storage capacity and excellent de-/hydrogenation kinetics. However, their
practical applications are limited by the attenuation of activity caused by hydrogen-induced disproportionation
reactions and oxygen poisoning. Although Zr0.8Nb0.2C00.6Ni0.2Cu0.2 alloy was obtained through multiple
alloying, which overcomes the hydrogen-induced disproportionation problem, but the oxygen poisoning problems
remain to be resolved. Therefore, this study deeply explored the microstructure evolution during the oxygen
poisoning and high-temperature recovery process of Zr0.8Nb0.2C00.6Ni0.2Cu0.2 alloy. A novel inactivation
mechanism was discovered and proposed as oxygen-induced disproportionation which induces the orthorhombic
ZrCo phase transforms into the cubic ZrCo phase and Zr7Nil0 disproportionation phase. Further theoretical
calculations and in-situ characterizations testify that the migration of Zr atoms triggered by the invasion and
desorption behaviors of oxygen atoms is the core causing this inactivation mechanism. Thus, by establishing the
"time-temperature-performance” spectrum, the most suitable recovery condition for possibly avoiding the
oxygen-induced disproportionation was picked, providing a theoretical basis for the optimization of the
anti-poisoning performance of ZrCo-based hydrogen storage alloys.
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o AfEURIZNE, BFRERHE SR Cngifberge. IREFLER) RIBEIELA G R, 316L
AN L R U0 Tk Pria AR S fe e tE ORI T B R 2 — o ARSCHEH —Fhi Y 3161 AEENLT
Y, RPN S SIRETIE LR, TERs LS RS S B . ZM RIS TIRE
0.0355 W » m-1 « K-1 [(#TF:2, indfe B mifoe tEA bR s tEae, BA BT 5.

SIS RS T ik

B H 316L BB 5k K RS ANEREE T, L2 R 734 Fe (62 - 69%) Cr (16 - 18%). Ni (10 - 14%)-
Mo (2-3%) MK/bi C. Mn. Si % 0k, MEHELID TEHI%&: RIS, F4ERRS5D). stk
H, SREREE. IRF4EERE RN 6-22 um, FLBIZEH 91%~99%.

FHELEE Ry B SEM (Hitachi SU8100) 5 LSCM(Olympus OLS5100) 43 #r; £ 445 #ifi i HRTEM (JEOL
JEM-2100F) M %2, #fa e i AR -ZE B0 44X (SDT 650) iR, THE#Z 10 ‘C/min, =i 800 C.

F iR PG Z A Xiatech TC3000E ik, N~} 40X 40X 10 mm; iR (150 - 600 ‘C) {# ] Hot Disk
TPS 2500 S 58k, K # I RE I 20 A e A5 M DA T RS, FF s — Ml in#4 %2 300 °C.

Y ST AAR IR SQ(H)-630 Y, Iy 1.2 kGy, MBEIML Bl IRt . 3 IR A5 1 i AT 8l
B AT LE AT

i 5ihie

(DA% 1) 316L AN EFN A AEEE AP RHE =i T RI AR #F 28 (B AIK A 0.0355 W m-1 K-1),
AR S 1 A v R 2 BT DU AN 5 T LA -

O SRR IR EER/ME SN, BEAISEAR SR, FC TR R G2,

@ RN B G BE AR E (41016 m-2), HSHE TR, WA EaGR, [,
MRER I B EAMNE (Cr0s. Fe:0s. NiO) HEHHZE (76.82 Q-cm), HABGFM AT F@IE, H0H|
PSR, SEAVER it — B3| AR L 34 « solid FITTHR, M ImHnH|A G &,

(2) MBS RR T LR ZEE GRS R, Bab et htk, HARBNMORE SR, ST
Wi PR 8 T P AR 4 B o

(3) MEHE 800 °C AT E MR I, THRAE, MERARFRE, A&MNR SRR
CEYA
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C12-P010
Mo-doped VO2 with micrometer flowers shape boosts the hydrogen storage properties of MgH?2
Chenlu Ye *, Yixin Zhang !, Mingxia Gao*, Wenping Sun®, Xin Zhang', Hongge Pan?
1. School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027
2. Institute of Science and Technology for New Energy, Xi’an Technological University, Xi’an 710021

Hydrogen energy has been recognized as one of the promising energy carriers as high energy density and
near-clean production. However, hydrogen storage is the primary factor restricting the advance of hydrogen
economy. Among them, solid-state way stands out due to its security, high-efficiency and transportation
convenience. MgH2 possess high gravimetric energy density (7.6 wt%) and rich abundance, nevertheless, stable
thermodynamics and sluggish kinetics hinder its further application. Transition metal catalysts doping strategy
have demonstrated effective ability to the dehydrogenation/hydrogenation of MgH2, especially V-based oxides.
Mo-doped VO2 induce the morphology change from nanobelt to micrometer flowers. The peak dehydrogenation
temperature of MgH2+10 wt% Mo-VO2 is only 224 °C, which is lower by almost 110 ‘C compared with that of
the pristine MgH2. Mechanism analysis shows that the mutual conversion of V to V-H species derived “hydrogen
pump” effect plays an important role in boosting the hydrogen storage properties of MgH2. The present work
provides new insight to the rational design and optimization of high—performance catalysts for the hydrogen
storage of MgH2.

C12-P011
Bulk Structure Modification and Grain Boundary Engineering Towards High-Performance All-Solid-State
Lithium Batteries
Wanyue Cai ', Xin Zhang !, Mingxia Gao*, Wenping Sun*, Hongge Pan *?
1. School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027
2. Institute of Science and Technology for New Energy, Xi’an Technological University, Xi’an 710021

The limited ionic conductivity of solid electrolyte and its complex interface with the positive and negative
electrodes are two important factors that restrict the performance and practical application of solid-state batteries.
Traditional engineering methods (such as doping, coating) usually focus on a single angle, which is difficult to
meet the growing requirements for cycle durability and rate capability of all-solid-state lithium batteries. Here, we
synthesized a Li6PS5CI-x LiBH4 (x = 1, 2, 3) composite solid electrolytes (CSEs) by a simple one-step ball
milling method. A part of the introduced LiBH4 reacted with the sulfide, and the spatial arrangement and electron
distribution of the structure were changed by pseudohalogen BH4- substitution, achieving improved ionic
conductivity of 3.83 x 10—3 S ecm—1 at 25 °C, which is 1.8-times greater than LPSC electrolyte. Another part of
the unreacted amorphous LiBH4 is uniformly dispersed, which increases the relative density of the solid
electrolyte, fills the gaps generated during the plastic deformation process, and optimizes the various macroscopic
properties required to suppress lithium dendrite penetration. Based on the synergistic effect of bulk structure and
grain size, the solid electrolyte exhibits a high critical current density of 3.44 mA cm2. Therefore, the
Liln|[NCM811 cell using the CSEs exhibited an initial discharge capacity of 184.6 mA h g—1 at 0.1C and a high
capacity retention (90.2%) after 100 cycles at 0.33C.
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C12-P012
LiBH4 doping achieves ultra-high ionic conductivity and critical current density composite halide Li2ZrCI6
solid electrolyte
Ziming Fang *, Hongyu Yang ', LanxunLi', Hongge Pan?, Wenping Sun®, Xin Zhang®, Mingxia Gao*
1. School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027
2. Institute of Science and Technology for New Energy, Xi’an Technological University, Xi’an 710021

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 Li2ZrCl6 is low and its
stability to lithium metal is poor, which limits its application prospects. Herein, we prepared
Li2ZrCl15.3(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 0.9999.

C12-P013
Multifunctional Surface Construction for Long-term Cycling Stability of Li-Rich Mn-based Layered Oxide
Cathode for Li-ion Batteries
Qihang Ma *, Haoyu Huang !, Xin Zhang*, WenpingSun®, Mingxia Gao*, Hongge Pan *?
1. School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027
2. Institute of Science and Technology for New Energy, Xi’an Technological University, Xi’an 710021

Li-rich Mn-based layered oxides (LMLOSs) are promising cathode material candidate for the next-generation
Li-ion batteries of high energy density. However, the fast capacity fading and voltage decay as well as low
Coulombic efficiency caused by irreversible oxygen release and phase transition during electrochemical process
hinder their practical application. To solve these problems, in present study, a multifunctional surface
reconstruction strategy involving coating layer, spinel-layered heterostructure and rich-in oxygen vacancies are
successfully conducted by a facile thermal reduction of the LMLO particles with KBH4 as reducing agent. The
multifunctional surface structure plays synergistic effects on suppressing the interface side reaction, reducing the
dissolution of transition metal, increasing electron conductivity and lithium diffusion rate. As a result,
electrochemical performances of the LMLO cathode are effectively enhanced. With an optimization of the
addition of KBH4, the electrode delivers a reversible capacity of 280 mAh g-1 at 0.1 C, which maintains after 100
cycles. The capacity retention with respect to the initial capacity is as high as 98% at 1 C after 400 cycles. The
present work provides a new insight in designing highly effective functional surface structure of LMLO cathode
materials for high-performance LIBs.

URRR
C12-PO01
B8N EBERGETENBRE R TRME R ES T
Al AR
NGRSl

KIS, B8 AR TR SO I il 5 SR L A, Rem B8 RN e ke N5 IR

19



rh [ Bk 25 2025 Cl2. E&#MERIESHA
MY BB IR B SLR b I RPIRES, R TN S e () BB e bn, i #ERf v SR 20 A1 R 7 5 B [R5 1l
R, 7] CAE G st AR O B & RS AT . Nk, W SC AR T 24 SO AN B &5 FE AT S0 42,
5T ABAQUS 5 FRANC3D M WIMAREUR T #far VE FIMRAE . A7 I8 IR 5 0 RS0 25 5 77 558 TR
TR tAT T, B AE R ORGSR )5 R TG RSO BE . R BE I 3 0 T 32 3T 36 X,
W 1 Frr s @ZGUHTS N 58 B K1 B A Bmr IR B I KM R, H = FIFRR IR R, BB B
71558 5 R Bl B AR BE IS, 1 2 e IR AR ORI, N 75 R b 2 2RI, K 2 B G
T 2N PR B 1 31T I ER, 0 B N BER G RTINS R RIS S /N ISR IR R R A
XIS, S T B RSN R 5 2E R A N, a0 B S PR R R T R R A
W HE AR, RO R K.

20



