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3D printing or additive manufacturing of glass recently
draws attentions as this allows for forming complex
shapes made of glass, which are otherwise difficult to
make with traditional forming processes, while keeping
the superior inherent properties of glass such as
mechanical strength, thermal- and chemical-durability,
compositional tunability, and optical transparency.
Multi-material 3D printing technology further explores
the material design capability using glass as well as its
potential functionalities. KIMS (Korea Institute of Materials
Science) proprietary multi-material 3D printing technique
has successfully demonstrated various 3D structures
printed with multi-ceramics and with different
functionalities. In collaboration with KIMS, this study
suggests an approach of forming 3D complex structure
with designed material properties by combining multi-
aterial printing technique and selecting combinations
of glass compositions to print. One simple embodiment
of the 3D designed multi-glass structure shown in this
study is the core-shell structure with two different
compositional glasses having dissimilar glass transition
temperature (Tg) and thermal expansion coefficient
(CTE). Selecting combinations of glass compositions or
its modification is important as this determines not only
the co-sintering capability without cracking during the
binder burn-out or sintering step or immature sintering
of one of the glass compositions but also the mechanical
properties of the sintered 3D parts—imparting compressive

residual stress in the shell layer which then results in
higher fracture resistance. The hardness value of the
fully sintered multi-glass core-shell structured part is
shown to be equivalent to that of the chemically
strengthened parts by ion exchange. For effective
multi-glass precision 3D printing and its co-firing, one
must consider the thermal properties, physical properties,
particle properties, and sintering behavior of those
multiple compositional glasses to print.
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The mixed-alkali effect, characterized by non-linear
variations in transport properties and glass transition
temperature (T, has been extensively studied in glass
science. This investigation focuses on mixed-alkali
borate glasses to elucidate the complex interplay between
Te fragility, and structural properties. Differential
scanning calorimetry (DSC) is utilized to determine Ty
and fragility, while nuclear magnetic resonance
spectroscopy (NMR) provides structural insights. The
results demonstrate a consistent negative deviation in
T, and fragility with alkali mixing, regardless of the alkali
combinations or total alkali oxide content. Notably, the
maximum deviation in Ty consistently occurs at the
midpoint of mixing, in agreement with the matrix-
ediated coupling model. The ratio of tetrahedral boron
units (Ny) does not exhibit significant variations with
alkali mixing, underscoring the influence of mixed
alkalis themselves on glass properties. Additionally, no
clear relationship is observed between the fragility
deviation and T, deviation, indicating that the depression
of fragility is not solely attributed to the depression of
T, in contrast to previous research. These results
contribute to a deeper understanding of the mixed-alkali
effect and its impact on glass properties in alkali borate
systems, providing valuable insights for the design and
development of functional glasses.
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G6-8 | Development of halide-based glass-ceramic
electrolyte for all-solid-state batteries (ASSBs)
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All-solid-state lithium-ion batteries using inorganic
solid-state electrolytes instead of organic liquid electrolytes



are expected to be the next-generation batteries due
to their high electrochemical stability, non-flammability,
reliability, long cycle performance, high energy density,
and applicability for large-scale batteries in electronic
devices. Especially, Glass-ceramic electrolytes have
garnered significant attention due to their impressive
ionic conductivity, wide potential window, absence of
leakage and environmental impact, robust chemical
stability, and non-flammable characteristics. In this
study, based on the Li,O-LiX (X= Cl or Br)-B,03-Al,0;
glass system was developed by adjusting the content ratio
of B,O3 and AL Os. The glass matrix was prepared through
the conventional melt-quenching technique. The
halide-based glass was sintered at 530 °C (Tc-Crystalline
temperature) for 6hr. The XRD pattern of the
glass-ceramic solid electrolyte sample was identical to
the single phase of LisB4Al301,Cl. Owing to its high
crystallinity and density, the halide-based glass-ceramic
electrolyte (LBACL-electrolyte) exhibited a total ionic
conductivity of 1 x 10* S/cm. Finally, the assembled
coin cell with the LBACL-electrolyte, LiCoO; as cathode,
and Li foil as anode was charged and discharged by
using a battery cycler.
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