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[1] Hong, B.; Gao, L.; Nan, P.; Li, Y.; Liu, M.; Zou, R.; Gu, J.; Xu, Q.; Zhu, J.; Han, S. Novel Amorphous
Nitride-Halide Solid Electrolytes with Enhanced Performance for All-Solid-State Batteries. Angewandte Chemie -
International Edition 2025, 64 (3).

[2] Hong, B.; Gao, L.; Li, C.; Lai, G.; Zhu, J.; Huang, D.; Zuo, Y.; Yin, W.; Sun, M.; Zhao, S.; Zheng, J.; Han,
S.; Zou, R. All-Solid-State Batteries Designed for Operation under Extreme Cold Conditions. Nature
Communications 2025, 16 (1).
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The design of superionic conductors has been largely focused on static structural features, with the dynamic
ion transport mechanism less explored. Here, we demonstrate a paradigm that harnesses the polyanion rotations to
trigger the dynamically disordered Li sublattice as well as the liquid-like cation diffusion for superior ionic
conductivity in crystals. A novel descriptor called rotation tolerance factor (RTF) was proposed as a predictive
metric for identifying the potential fast-rotating anion clusters with the low mass and reduced valence charge for
given structural frameworks. Guided by RTF, halides with rotational polyanions, namely Li2Y(SH)6,
Li3Y(NH2)6, Li2Zr(NH2)6 and an oxide (Li6.5La3Zr2011.5(NH2)0.5) have been designed with synergistic
anion rotation and Li* sublattice disorder, which lead to great enhancement of Li ionic conductivities at room
temperature compared to the counterparts without polyanions. The experimentally synthesized NH2- incorporated
Li2ZrCI5.5(NH2)0.5 demonstrates a four folder higher conductivity over Li2ZrCl6, enabling all-solid-state
Li-In|LCO and Li-In|NCM cells with 96.5% and 97.4% capacity retention after 190 cycles at 1C, respectively.
This work provides a new insight that anion rotation could promote the dynamically disordered lithium sublattice
distribution as well as the ionic conductivity.
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[1] R. Wang, W. Wang, Y. Zhang, et al. Angew. Chem. Int. Ed., 2025, 64 202417605.
[2] W. Zhang, V. Koverga, S. Liu, et al. Nat. Energy, 2024, 9, 386-400.

[3] C. Xia, J. Zhong, X. Han, et al. Angew. Chem. Int. Ed., 2024, 63, 202410519.

[4] J. Shen, W. Tian, S. Liu, et al. ACS Nano, 2024, 18, 30716.

[5] W. Wang, Y. Yang, J. Yang, et al. Angew. Chem. Int. Ed., 2024, 63, 202400091.
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[1] Zhu, Q., Sun, G., Qiao, S., Wang, D., Cui, Z., Zhang, W., & Liu, J.* Adv. Mater. 2024, 36, 2308577.

[2] Zhu, Q., Zhao D., Cheng M., Zhou J., Owusu K., Mai L.* and Yu Y.* Adv. Energy Mater., 2019, 9,
1901081.

[3] Wang, D., Zhang, N.*, Zhang, Y., Chang, L., Tang, H., Zhang, W.*, and Zhu, Q.* Adv. Energy Mater.
2025, 2404090

[4] Sun, G., Cui, Z., Zhao, D., Jiao, Z., Li, L., Zhang, Z. Zhang, W.*, Zhu, Q.* Nano Lett. 2025, DOI:
10.1021/acs.nanolett.5¢01076.

[5] Zhao D., Wang X., Zhang W.*, Zhang VY., Lei Y., Huang X.*, Zhu, Q.*, and Liu J.* Adv. Funct. Mater.
2023, 33, 2211412.
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High-Loading CuS-Based Composite Cathodes for All-Solid-State Batteries
liangliang li**,Dengfeng Yu?
1. Lingnan University
2. Tsinghua University
All-solid-state batteries with sulfide-based electrolytes have recently attracted significant research attention
due to the high ionic conductivity and good processibility of sulfide electrolytes. To enhance the electrochemical
properties of all-solid-state batteries, such as areal capacity and cycle performance, it is essential to achieve
intimate contact between the active materials and the sulfide electrolytes in the cathode while reducing the content
of non-active materials, including electronically conductive carbon and the sulfide electrolyte itself. In this work,
we prepared a carbon-free composite cathode using copper sulfide (CuS) as the active material and lithium
argyrodite as the sulfide electrolyte via ball milling. Owing to the intimate contact between lithium argyrodite and
CusS induced by ball milling and the high theoretical specific capacity and relatively large electronic conductivity
of Cus, the all-solid-state batteries with a composite cathode containing a CuS loading of 10.2 mg/cm2 delivered
a high initial discharge capacity of 434.3 mAh/g (based on the cathode mass) and a high areal capacity of 5.5
mAh/cm2 at room temperature. Furthermore, at a higher CuS loading of 20.4 mg/cm2, an ultrahigh areal capacity
of 12.7 mAh/cm2 and a calculated specific energy of 955 Wh/kg (based on the cathode mass) were achieved at 60
degrees Celsius. Therefore, the carbon-free, CuS-based composite cathode demonstrates great promise for
application in high-energy-density all-solid-state batteries.

References:
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Decoding Chemo-mechanical Failure Mechanisms of Solid-State Lithium Metal Battery via Optical Fiber
Sensor
Zheng-Long Xu*
The Hong Kong Polytechnic University

All solid-state lithium (Li) metal batteries (ASSLBs) using ceramic-polymer hybrid solid electrolytes holds
the promise for high-performance energy storage application, but they still suffer from the interfacial deterioration
and dendritic Li penetration issues, particularly under low stack pressures. Therefore, understanding and
mastering the underlying chemo-mechanical failure mechanisms become essential. Herein, we reveal the
chemo-mechanical evolutions by operando monitoring the amplitude and heterogeneity of interfacial stress
through an embedded optical fiber sensor. We find that the uneven stripping/deposition of Li metal induces rapid
and non-uniform stress growth at the interface, deteriorating interfacial contact with the Li-filament growth. Based
on these insights, we replace Li metal with an architectural lithium-tin anode, which we find shows uniform stress
and thus improved performance even under low stack pressure. This work not only offers a quantitative way to
operando track the uniformity of interfacial stress but also provides critical insights into mastering the
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chemo-mechanics of ASSLBs.
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All-Solid-State Proton Batteries Capable of Operating Over a Wide Temperature Range
Lifen Long,Shengyang Dong,Huaiyu Shao*
University of Macau
All-solid-state proton batteries are promising energy storage technologies where a solid-state proton
electrolyte plays a crucial role. However, achieving fast proton conduction over a wide temperature range is
challenging. Here, a zirconium-based electrolyte, zirconium hydrogen phosphate (ZHP), shows potential. It shows
ultra-high ionic conductivity in the range of -40 to 120 °C (with values from 0.15 to 66.76 mS cm™), a wide
stability window (~5.5 V), and excellent long-term stability. Batteries with ZHP as electrolyte have a wide
operating temperature range of -40 to 120 °C (a total span of 160 °C), excellent 12,000-cycle stability at room
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temperature with 92% capacity retention. At -30 °C and 40 °C after 1000 cycles, the retention is 100% and 84.5%,
respectively. Moreover, because of its low corrosiveness, low-cost aluminum foils can be used as current
collectors instead of titanium foils. This work provides new insights into the design and application of
all-solid-state proton batteries over a wide operating temperature range.
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High-Loading CuS-Based Composite Cathodes for All-Solid-State Batteries
liangliang li**, Dengfeng Yu?
1. Lingnan University
2. Tsinghua University
All-solid-state batteries with sulfide-based electrolytes have recently attracted significant research attention
due to the high ionic conductivity and good processibility of sulfide electrolytes. To enhance the electrochemical
properties of all-solid-state batteries, such as areal capacity and cycle performance, it is essential to achieve
intimate contact between the active materials and the sulfide electrolytes in the cathode while reducing the content
of non-active materials, including electronically conductive carbon and the sulfide electrolyte itself. In this work,
we prepared a carbon-free composite cathode using copper sulfide (CuS) as the active material and lithium
argyrodite as the sulfide electrolyte via ball milling. Owing to the intimate contact between lithium argyrodite and
Cus induced by ball milling and the high theoretical specific capacity and relatively large electronic conductivity
of Cus, the all-solid-state batteries with a composite cathode containing a CuS loading of 10.2 mg/cm2 delivered
a high initial discharge capacity of 434.3 mAh/g (based on the cathode mass) and a high areal capacity of 5.5
mAh/cm2 at room temperature. Furthermore, at a higher CuS loading of 20.4 mg/cm2, an ultrahigh areal capacity
of 12.7 mAh/cm2 and a calculated specific energy of 955 Wh/kg (based on the cathode mass) were achieved at 60
degrees Celsius. Therefore, the carbon-free, CuS-based composite cathode demonstrates great promise for
application in high-energy-density all-solid-state batteries.
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Multidimensional Signal Evolution and Safety Analysis of Semi-Solid-State Batteries during Overcharging
Yongchao Yu,Lei Li*
Beijing institute of technology

Semi-solid-state batteries (SSSBs) are considered promising next-generation alternatives to conventional
liquid electrolyte lithium-ion batteries. However, their ability to meet emerging safety demands remains uncertain,
as recent studies have demonstrated that lithium dendrite nucleation and penetration in solid electrolytes during
slight overcharging or rapid charging can cause internal short circuits and battery failure. This study investigates
the overcharge behavior and thermal runaway (TR) characteristics of a large-format commercial SSSB (32 Ah).
The effects of charge rate and preload force on the evolution of multidimensional sighals—including expansion
force, temperature, and voltage—are comprehensively and quantitatively analyzed. Our findings reveal that the
expansion force is closely associated with gas generation within the cell and exhibits significant variations earlier
than temperature and voltage signals. This makes it a more reliable early warning indicator for TR, offering an
extended warning period of over 500 seconds before TR onset. While increasing the preload force limits cell
expansion and delays venting, it also postpones the onset of abnormal expansion force signals, thereby
diminishing the effectiveness of early TR warning. To further evaluate SSSB safety under various overcharge
conditions, we develop an improved Criteria Importance Through Intercriteria Correlation (CRITIC)-Entropy
combined weighting model, incorporating twelve key parameters from the perspectives of TR risk and severity.
The results indicate that SSSBs are more prone to risk and hazards at higher charge rates. Although increasing
preload force has limited influence on TR risk, it aggravates the severity of TR events. Finally, a hierarchical early
warning strategy based on multidimensional signal fusion is proposed. These findings offer valuable insights into
early TR detection and safety management in SSSBs.
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Fabrication and Process Optimization of Aluminum-Based Solid Electrolytes with Gradient
Phenanthrenequinone (PQ) Regulation
Yuanhang Hou,Huaiyu Shao*
University of Macau, N23 Avenida da Universidade Taipa, Macau, China

This study successfully fabricated aluminum-based solid electrolyte membranes via a solution casting
method, focusing on the effects of gradient additive PQ concentrations on material performance. The experiment
utilized a polymer matrix, an aluminum salt source, supplemented with a standard plasticizer and an organic
solvent. The preparation involved precise small-scale procedures, including dissolution, ultrasonic dispersion,
solution casting, and vacuum drying. All processes were conducted under strictly controlled moisture- and
oxygen-free conditions, with high-precision weighing and rigorous protocols to ensure data reliability. By
optimizing additive concentrations and process parameters, this work aims to achieve homogeneous and stable
solid electrolyte membranes, providing foundational materials and methodological insights for the development of
high-energy-density solid-state batteries.
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