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Empowering all-solid-state Li-ion batteries

with self-stabilizing Sn-based anodes

Young-Han Lee, Do-Hyeon Kim, Jeong-Myeong Yoon, In-Chul Choi,
Jeong-Hee Choi, Ki-Joon Jeon®, Yoon-Cheol Ha", and Cheol-Min Park®
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All-solid-state Li-ion batteries (ASSLIBs) are promising but face several challenges, especially
regarding Li-metal anodes prone to dendrite formation and Si-based anodes with limited
performance. To address this issue, we propose a self-stabilizing Sn-based anode. While Sn anodes
suffer from agglomeration during cycling, transition metal-Sn anodes, specifically FeSn, anodes,
self-stabilize during cycling by exhibiting uniformity and densification without cycling-induced
agglomeration, owing to their unique electrochemical- cycling-induced size reduction and distinctive
mechanical properties. A full cell with an FeSn; anode, a LiNipsCo0g2Mng20; cathode, and a LigPSsCl
solid electrolyte exhibits highly reversible areal capacity (15.54 mAh cm™ at 100 mg cm™ cathode
loading), excellent rate capability (74.5%/83.2% retention over 1,000 cycles at 10/20 C), and
exceptional energy density at high current densities. The self-stabilizing FeSn, anodes offer high
energy density, compatibility with solid electrolytes, safety, wide operating temperature range, cost
effectiveness, and scalability, thereby accelerating the realization of superior ASSLIBs.
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Advanced Materials

Volume 36, Jul. 2024, 2403191 (Impact Factor : 27.4)

Design of Fluorinated Elastomeric Electrolyte for Solid-State Lithium Metal
Batteries Operating at Low Temperature and High Voltage

Jinseok Park, Hyeonseok Seong, Chanho Yuk, Dongkyu Lee, Youyoung Byun,
Eunji Lee, Wonho Lee, Bumjoon J. Kim=*
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This work demonstrates the low-temperature operation of solid-state lithium metal batteries (LMBs)
through the development of a fluorinated and plastic-crystal-embedded elastomeric electrolyte
(F-PCEE). The F-PCEE is formed via polymerization-induced phase separation between the polymer
matrix and plastic crystal phase, offering a high mechanical strain (=300%) and ionic conductivity
(=0.23 mS cm—1) at —10 ‘C. Notably, strong phase separation between two phases leads to the
selective distribution of lithium (Li) salts within the plastic crystal phase, enabling superior elasticity
and high ionic conductivity at low temperatures. The F-PCEE in a Li/LiNi0.8C00.1Mn0.102 full cell
maintains 74.4% and 42.5% of discharge capacity at —10 ‘C and —20 °C, respectively, compared to
that at 25 °C. Furthermore, the full cell exhibits 85.3% capacity retention after 150 cycles at —10 °C
and a high cut-off voltage of 4.5 V, representing one of the highest cycling performances among the
reported solid polymer electrolytes for low-temperature LMBs. This work attributes the prolonged
cycling lifetime of F-PCEE at —10 °C to the great mechanical robustness to suppress the Li-dendrite
growth and ability to form superior LiF-rich interphases. This study establishes the design strategies
of elastomeric electrolytes for developing solid-state LMBs operating at low temperatures and high

voltages.
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September 2024, online published (Impact Factor : 13.0)

S@FeS,; Core-Shell Cathode Nano material for Preventing Polysulfides Shuttling and
Forming Solid Electrolyte Interphase in High-Rate Li-S Batteries

Dong Guk Kang, Farkhod Azimov, Dahye Seo, Garyeong Park, Min-Geun Oh,
Hyeon Gyu Lee, Young Joo Lee, Hyun Min Jung,* and Seung-Wan Song*
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Lithium-sulfur (Li-S) battery is a potential next-generation energy storage technology over
lithium-ion batteries for high capacity, cost-effective, and environmentally friendly solutions.
However, several issues including polysulfides shuttle, low conductivity and limited rate-capability
have hampered its practical application. Herein, a new class of cathode active material with perfect
core-shell structure is reported, in which sulfur is fully encapsulated by conductivity-enhancing FeS,
(named as S@FeS, ), for high-rate application. Surface-stabilized S@FeS, cathode exhibits a stable
cycling performance under 200 times higher rates (1-2 C, charged in 30-60 min) than standard rates
(e.g., 0.1-0.5 C, charged in 2-10 h), without polysulfides shuttle event. Surface analysis results reveal
the unprecedented formation of a stable solid electrolyte interphase(SEI) layer on S@FeS, cathode,
which is distinguished from other sulfur-based cathodes that are notable to form the SEI layer. The
data suggest that the prevention of polysulfides shuttling is owing to the surface protection effect of
FeS, shell and the SEI layer formation overlying core-shell S@FeS,. This unique and potential
material concept proposed in the present study will give insight into designing a prospective fast

charging Li—S battery.



KIT Energy News / Vol. 16 / 2024.10.15.

August 2024, online published (Impact Factor : 4.8)

ikl

Polymer Composites

AIxi3

Synthesis of a novel fluorinated polyimide for preparing thermally

conductive polyimide composites

Wondu Lee, Jihoon Kim, Hyeokgi Hong, Hohyeon Noh, Dabin Park, Hyun Min Jung*, Jooheon Kim#*
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A fluorinated polyimide (PI-FTD) was synthesized for preparing a thermally conductive PI
matrix and composites. Additionally, surface-treated boron nitride (BN) was incorporated
into the PI-FTD via the solution casting method to form efficient heat paths along the
through-plane direction. The resultant composite demonstrated remarkable characteristics,
including an impressive through-plane thermal conductivity of 3.6 WmK™!, a substantial
tensile strength of 69.4MPa, and excellent thermal stability. When this composite was
applied to light-emitting diodes, it effectively managed heat, reducing the operating
temperature by 29°C. The PI-FTD/BN-OH composites can potentially improve thermal

management in electronic devices.
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Sonochemical oxidation activity in 20-kHz probe-type sonicator systems
. The effects of probe positions and vessel sizes

Iseul Na, Younggyu Son"
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The 20-kHz probe-type sonicator systems were investigated for the enhancement of the cavitational
oxidation activity under various geometric conditions including vertical and horizontal probe positions
and vessel sizes/volumes as a following study to our previous study. The sonochemical oxidation
activity (mass-based I3- ion generation rate) increased significantly for all vessel size conditions as
the probe was placed close to the vessel bottom, owing to the expansion of the sonochemical active
zone induced by the reflections of ultrasound at the bottom and the reactor wall. A concentric
circular active zone is observed at positions close to the bottom. The highest sonochemical activity
was obtained at 1 cm (vertical position) in the 20 cm vessels (input power: 50 %). At the vertical
positions of 11 cm to 7 cm, no significant difference in the sonochemical activity was observed for
all input power conditions (25, 50, and 75 %) because no meaningful reflections occurred. Higher
sonochemical activities were obtained at an input power of 75 % owing to the increased power and
strong reflection. The highest cavitational yield considering the energy efficiency was obtained at 6
cm (vertical position) for 75 % of all power and geometric conditions. Horizontal probe position tests
showed that the asymmetric formation of the sonochemical active zone could significantly enhance
the sonochemical activity. The highest activity was obtained at 1 cm (vertical position) and 2.5 cm
(horizontal position) in the 20 cm vessel.
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Journal of Water Process Engineering
Volume 64, July 2024, p105588 (Impact Factor : 6.3)

Synthesis of multifunctional Ti/RuO;-ZnO composite catalytic electrodes
for electrochemical oxidation and hydrogen production

from toluene-containing wastewater

Yong-Beom Cho, Sung-Eun Lee, Tae-Oh Kim®
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Developing electrodes that effectively perform indirect oxidation on nondecomposable organic
compounds is a key objective in electrochemical oxidation research. This study focuses on
fabricating a Ti/RuO;-ZnO electrode through a simple pyrolysis method on a Ti substrate etched with
hydrochloric acid. Hydrochloric acid etching played a pivotal role in enhancing coating stability by
markedly increasing the Ti substrate's surface area and hydrophilicity. Analyzing the linear sweep
voltammetry revealed that the electrode exhibited a low overvoltage of the oxygen evolution reaction,
reaching 221 mV at 10 mAcm—2, indicating effective use as an active anode. The electrode's
performance was evaluated by removing toluene contained in a 0.1M NaCl solution at pH 5. The
electrochemical reaction generated active chlorine in the solution, oxidizing 98.66 % of toluene over
3 h and concurrently producing 25.62 mL of hydrogen. This study presents a simple and effective
synthesis of a RuO;-based active anode, demonstrating its potential application not only in removing

toluene from wastewater but also in hydrogen production.





