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In steelmaking process, the corrosion of refractory
materials shortens the life of refractory, resulting in a
long-term shutdown due to frequent refractory replacements.
Thermodynamic assessments to such phenomena have
been studied allowing deeper understanding of the
corrosion process. In order to kinetically understand
such phenomena for the industrial purpose, however,
a model calculating the dissolution behavior of refractory
in slags is highly necessary. We are currently developing
software to calculate multicomponent ionic diffusion
in oxide melts and dissolution rate of oxide particles
in slags. In addition, interdiffusion coefficient database
for molten oxide melts is under construction based on
classical diffusion couple experiments.
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Steelmaking needs to handle molten steel, which
demands dry refractory that can be used for a long time
at high temperatures, especially for degasser snorkel,
ladle, and turndish parts. For these applications, a refractory
insulator should possess excellent thermo-mechanical
stability along with light weight. In addition, it should
have high corrosion-resistance without reacting with
the evolved gas, molten metal, and slag. Therefore, the
synthesis of macro-porous calcium-hexaluminate (CaO
*6ALOs, CAs) aggregates composed of CAg platelets was
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examined using various Ca- and Al-precursors. The
effects of annealing temperature, time, atmosphere, and
AlF; as a mineralizer on the formation of plate-shaped
CAs were studied. The Ca:Al ratio was adjusted for full
conversion to CAg, which is the most stable phase among
the CaO-AlLO3 intermediate compounds. The conditions
for the synthesis of plate-shaped CAs aggregates with
adequate strength were uncompromising, requiring heat
treatment at = 1500 °C for 15 h, which was also
significantly affected by the type and size of the
precursors. CAg aggregate synthesized directly using
coarse Al,O3 and CaO with 10 wt. % CaO*Al,O3 cement
as a binder phase revealed the optimal macro-porous
microstructure for castable refractory applications,
showing porosity and compressive strength of 65% and
2.9 MPa, respectively.
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Carbon dioxide capture, utilization and storage (CCUS)
technology is essential to achieving carbon neutrality.
CCS technology contributes to carbon neutrality, but
the limitation of not perfectly storing CO; is clear. CCU
technologies such as mineral carbonation have high
potential as the ultimate alternative to achieving carbon
neutrality. Achieving net zero emissions is particularly
important in the cement industry, which generates up
to 0.95 tonnes of CO; per tonne of cement produced.
Therefore, various efforts are being made to reduce CO;
of cement concrete. Calcium silicate cement (OPC) can
capture CO; semi-permanently in the cement matrix
by controlling temperature, humidity and CO, concentration.
Geopolymer concrete refers to a system in which vitreous



materials rich in Al and Si are activated by an alkali
activator, and has eco-friendly characteristics as it does
not require Portland Cement as a binder. However, the
CO; capture mechanism of geopolymer concrete is still
unclear. In this study, cementitious geopolymer samples
were prepared using a Powder Bed Binder Jetting 3D
printer and the process parameters, material properties
and mechanisms for CO; carbonation were investigated.
In addition, a reactive system for fixing CO; in a
cementitious geopolymer system was proposed and the
relationship between cement hydrates and carbonate
phases was analyzed. Samples from powder bed binder
jetting are expected to capture more CO; due to their
higher porosity than traditional cement concrete.
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