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1. Recent Progress on Novel Thermoelectric Materials for Thermal Energy Harvester ZIZE] | SRR DTS ZHTA

Thermoelectric(TE) technology has attracted much interest in waste-heat recovery and active cooling/heating due to its reversible conversion
h between temperature gradient and electricity. The performance of the TE device tends to be significantly depending on materials properties,
e expressed as dimensionless figure of merit (ZT). Of many TE materials, Bi,Te, alloys are very promising in commercialization because they show
.,:.E 4 superior ZT performance in the low temperature range of 273-473K,. However, there are still limitations to enhance ZT values for more wide applica-
v, tions but also to respond to the huge demand of small-sized and shape-conformable devices in the conventional process. Thus, in this presentation,
we introduce the latest results at KIMS to design favorable microstructures that overwhelm the conventional matters by using atomic-scale defect
engineering. Furthermore, we also deal with advanced fabrication methods of high-performance TE devices including 3D printing techniques in

viewpoint of powder materials.

[ 3

2. Digital Twin—-Driven Modeling and Simulations for Advanced Battery Design 0|28 | DGIST oLz 238ta}

Not only electric vehicles but also various loT devices are representative examples for the electrified life of human being at present. However, to power
@ them longer and more reliablely, we are developing more advanced batteries as a point of energy density, power density, safety, etc. For this purpose,
. the experiment must be an excellent starting point for battery researchers to do routinely. But, as the battey type diverses and its design gets compli-
e cated, modeling and simulations become more essential to save valuable resources. Furthermore, digital twin technology, to make a replica of an
m actual thing, is expanding its application area from meter- to micron-meter-level, which is quite small enough to apply to advanced batteries as well
as conventional litthium-ion batteries. Herein, we will introduce a new battery design methodology based on digital twin-driven 3D structural and
electrochemical modeling. Especially, once 3D structures are formed, veiled properties like contact area between materials, effective electronic or ionic
conductivity, and overpotentials can be quantatized and optimized. Thus, we will show some case studies how to use this platform technology in

understanding and design advanced batteries.
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We report the effect of surface modifying of NCM80 [Li(Ni,,Co,,Mn,,)02] cathode material and the properties of a composite solid electro-
lyte(CSE) prepared through particle control of the active filler Li ,La,Zr, ,Ta, ;O,, on the performance of all-solid-state batteries (ASSBs).

In first part, we show the effect of surface modification of NCM80 [Li(Ni,,Co,,Mn,,)O,] cathode material on the performance of all-solid-state
batteries (ASSBs) with oxide-based organic/inorganic hybrid solid electrolytes. Ni-rich cathode material Li(NixCo“,X)/ZMn“,X) /Z)OZ (x)0.6) (NCM)
with high specific capacity and a layered structure is a suitable cathode material for next-generation energy storage systems, particularly electric
vehicles and portable device, for the ASSBs. However, for the ASSBs, resistance at the interface between cathode and solid electrolyte is larger than
that of the liquid electrolyte because of point contact. To solve this problem, we fabricated a composite cathode material encapsulated by
amorphous garnet-type solid electrolyte and La, (Ni, ;Li, ) O, nanoparticles. Therefore, the structure, cycling stability, and rate performance of the
composite-NCMB80 cathode material in ASSBs with oxide-based organic/inorganic hybrid electrolytes were investigated.

In second part, in the case of CSE prepared by combining PEO, LLZTO or BM-LLZTO, the total ionic conductivity was LLZTO CSE (3.2x 10*Scm™)
and BM-LLZTO CSE (2.2 x 10* S cm™) rather high at 70 C. But the calculated lithium ionic conductivity shows that BM LLZTO CSE (6.0x 10 S
cm’) is higher than LLZTO CSE (4.6 x 105 S cm™). This trend was confirmed through ’Li NMR analysis, through which lithium ion transport
pathways change according to particle size. In addition, in the Li/CSEs/Li symmetric cell experiment, BM-LLZTO CSE showed lower overvoltage
characteristics than LLZTO CSE.



