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CO.utilization and rare earths enrichment by integration of
carbonation to alkali activation of Circulating Fluidized Bed coal
fly ash
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Abstract

Global warming and the transition towards renewable- and efficient energy have
provoked a circular economy. Byproducts and end-use-products are encouraging to
re-introduce to the production process as material, re-use, or convert to energy. Coal
fly ash has become a viable substitution source expanding rare earths resources since
it has significant rare earths content and the ubiquitous role of rare earths for
advanced- and innovative technologies. However, the processes for rare earths recovery
from coal fly ash are costly and demanding high techniques. Alkali activation is a
popular- and effective method to upgrade the content of the rare earths of fly ash
prior to the extraction process. The drawbacks of this method are extensive alkali
chemical consumption and high pH waste solution production. The carbonation method
is integrated to sustain the enrichment of rare earths content by neutralizing waste
solutions and regenerating alkali agents. In addition, a certain amount of CO, is
utilized during the carbonation process.This research explored the benefits of
carbonation method on sustainablealkali activation of Circulating Fluidized Bed coal fly
ash for towards rare earths enrichment and CO, utilization.
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Sustainable Arsenic Removal from Aqueous solution by simultaneous
precipitation and Carbonation

Youngju Song® - Mohd Danish Khan? - Ji—Whan Ahn*
a*Center for Carbon Mineralization, Mineral Resources Research Division, Korea

Institute of Geoscience and Mineral Resources

Arsenic presence even In trace amount In air, water or soil can be
carcinogenic for humans and with other wide range of biological effects. Induction of
arsenic in surrounding environment can include natural phenomena such as volcanic
emissions, weathering processes etc., and by various of anthropogenic activities
including mining, smelting operation, refining operations, pharmaceutical and chemical
manufacturing, traditional fossil fuels, and paper production. Literature are evident for
the removal of arsenic from wastewater by lime through precipitation process.
However, calcium arsenate a resulting precipitate can gradually becomes unstable in
CO2 rich aqueous environment. Therefore, a more stable and effective alternative is
required which can sustainably overcome this limitation. In this study, precipitation and
accelerated carbonation were carried out simultaneously at atmospheric pressure with
varying experimental parameters: CaO dosage, CO2 gas flow rate, and temperatures.
Ca0O was obtained from waste seashell, calcinated at 1000°C. It was observed that the
arsenic removal efficiency was enhanced by increasing CaO dosage and temperature.
Whereas, low CO2 gas flow rate (<100mL/min) favored arsenic removal. The maximal
arsenic efficiency reached ~ 97% with CO2 gas flow rate, temperature, and CaO
dosage of 100mL/min, 60°C, and 5g.
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Trend of Global Construction Industry and Carbon—neutral Strategy

applying Carbon Mineralization/Conversion Utilization Technology

Chaeyeon Lim®"Mohd Danish Khan"™Jiwhan Ahn®
Department of Earth Resources Environment Engineering, Hanyang University, Seoul,
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Since industrialization, greenhouse gas emissions have increased rapidly, which has
caused natural disasters including climate change such as global warming and rising sea
levels. Countries around the world are making efforts in terms of policies and
institutions to control carbon dioxide emissions with the goal of carbon neutral by
2050. Carbon dioxide is being emitted in large quantities from steel, chemical, cement
industries and coal power plants. To utilize carbon dioxide emitted from those
industries, many countries are making all—out efforts to commercialize various
technologies. In this paper, the trend of the construction industry, in which carbon
mineralization technology with a high level of technology and economic feasibility is

mainly used, and the carbon neutral strategy accordingly were analyzed.
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Removal of Phosphorus from Wastewater using Nano—calcium Hydroxide
and Aragonite Synthesized by Hydration or Carbonation of Waste
Seashells
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Phosphorus (P), a vital macronutrient for aquatic organisms, when surpasses
its  threshold limit can trigger unwanted environmental consequences such
eutrophication. In stagnant water bodies like ponds and lakes, the concentration of P
(1-2 mg L—1) can be detrimental for aquatic ecosystem. The removal of high (~ 20
mg L—1) and low (~ 1 mg L—1) P content have rarely been explored, and the
processes are either complex or expensive. In present study, a sustainable approach
has been suggested where waste bivalve seashells derived nano—calcium hydroxide
(NCH) and aragonite crystals were synthesized by hydration and wet carbonation
methods and subsequently used to eliminate high and low P content from aqueous
solution respectively. The synthesized NCH possessed hexagonal structural with
average size ranging between 100—400nm. The NCH were used to eliminate high P
content through a combination of surface sorption and chemical precipitation. Moreover,
aragonite crystals possessed acicular shape with an average crystal size of 21mm. The
synthesized aragonite were used to eliminate low P content by sorption process.
Response surface methodology highlighted that when NCH was used against high P
content, the maximum P removal efficiency(~99%) can be obtained with equilibrium
pH(~10.2), Ca/P ratio dosage(2.16), and temperature(25°C) in approximately 10 min
of residence time. Similarly, when aragonite was used against low P content, the
maximum P removal efficiency(~97%) can be obtained weith equilibrium pH(~10.1),
dosage(140mg), and temperature(45C) in approximately 10h of residene time.
Semi—quantitative mechanisms have been proposed for both removal processes through
analysing experimental data, molecular dynamic simulation, and elemental mapping. In
case of NCH, the removal mechanism indicates diffusion—controlled reaction, further
confirmed through shrinking core diffusion modelling. However, aragonite involved
surface electrostatic adsorption of Ca®* ions along with reactions between the
phosphate and calcium ions. Presented work showcased and auspicious potential of
waste seashell derived NCH and aragonite for the efficient P(high and low
concentration) removal from wastewater along with CO, mineralization.
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Research is actively being conducted on recycling spent coffee ground(SCG), that is
easily available around us, as adsorbents. It is reported that there is a remarkably high
possibility that SCG can be recycled as adsorbents, but it is believed that
commercialization technology has not been reached. Compared to other adsorbents,
activated carbon is the only adsorbent that can be used for separation or purification
without going through a pretreatment step of treating moisture in the air purification
process, and because the internal specific surface area is very large, organic molecules
with non—polar or weak polarity can be adsorbed more than other adsorbents. In
addition, since the adsorption heat or bonding force is lower than that of other
adsorbents, it is easy to detach adsorbents and energy required for regeneration can
be saved. Therefore, in this study, activated carbon was synthesised from SCG and
applied as adsorbent of odor removal of urine and feces from diapers. In the method
of synthesizing activated carbon with SCG, the SCG is dried at 100°C for 1 hour in a
dryer, and the dried SCG 1is carbonized at 550°C for 2 hours with N2 gas using a
carbonization machine. A coffee adsorbent is synthesized by supplying steam or carbon
dioxide to the activator and performing activation on the carbonized sample. NH; nd
Ho,S which are the main components of urine and feces odor respectively were
effectively removed by the activated carbon synthesized from SCG. Therefore, this
activated carbon can serve as an adsorbent of odor from urine and feces from diapers
and can indicate that activated carbon derived from coffee waste can be a major raw
material for renewable and sustainable adsorbents.
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Due to rapid urbanization and economic growth on all fronts in Vietnam, the municipal
solid waste and industrial waste have been become increasingly complex because of
the variety of reasons, as the increasing quantity, the changing composition of MSW,
raising the awareness of the public, and solid waste administration policies surrounding
communities and different cities. Based on a decision No. 491/QD—TTg signed by the
Vietnam Prime Minister in 2018 approving the adjustment of the National Strategy for
Integrated Solid Waste Management to 2025, with a vision to 2050, Vietnam is
committed to collect, transfer and treat 85% of household waste and 100% of
non—household waste by 2025. However, due to the limitation of regulations, policies,
and ineffective management methods, solid waste is causing serious health hazards,
including several communicable diseases, foul odors, nuisance, and environmental
issues. In reality, this plan is still far the government target in 2025. Thus, this
research aims to review the present system of solid and industrial waste, addressing
various aspects of solid waste generation such as current status, the legal system, and
the opportunities of solid and industrial waste recycling. The recycled material volume
1s minimal comparing to the national economy scale of Vietnam. There are tremendous
potential opportunities for moving towards a circular economy in recyclable solid waste
in Vietnam. Thus, the innovative solutions by CCUS technologies will propose suitable
solid and industrial waste management and recycling strategies that suit these

conditions with proven benefits for all stakeholders and sustainable development of the

country.
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abandoned coal mining system
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In recent years, climate change caused by global warming has emerged as a severe
problem, and each government has implemented several policies to solve this problem.
Therefore, energy resource development focusing on new and renewable energy received
special consideration currently. Geothermal energy among renewable energies has been
recognized as an efficient resource because climate conditions are not affected. It does
not require large spaces and unpolluted the surrounding environment. In addition,
underground water in coal mines is stable due to low-temperature changes and
relatively low enthalpy, so it was successfully utilized as a geothermal energy resource
by many studies worldwide. As a result, using underground water in coal mines as a
geothermal energy source can save energy and reduce the amount of CO2 generated by
building cooling and heating systems. This study analyzed and reviewed a heat
exchange energy-saving system using groundwater in a coal mine as a potential
geothermal resource. The system is analyzed by dividing it into two heat exchange loop
systems depending on the building type. The result shows that the groundwater from

coal mines can be used as an innovative saving-energy resource.
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CCA clinker synthesis from MSWI fly ash and red mud as carbon
mitigated cement supplement
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Municipal solid waste incineration (MSWI) are generally disposed to landfills which can
cause severe contamination to soil and nearby water bodies with various heavy metals
and excess chlorine. Moreover, it is very challenging to secure the landfills (later)
which were used to disposed MSWI. To overcome these environmental issues, a
sustainable approach is required in which MSWI can be used to synthesize valuable
materials to be used by construction industries. In this study, calcium
chloroaluminate(CCA) clinker was synthesized by using MSWI fly ash. In contrast to
original cement clinker with CaCO3 as main component, MSWI fly ash contains CaO, so
CCA clinker reduce COs; emissions during cement process and can substitute original
cement clinker in environment friendly way. Red mud, a bauxite residue rich in Al203,
was added to provide enough aluminum for synthesis of CCA and the experiment was
investigated with varying red mud content to determine the optimum ratio of MSWI f{ly
ash and red mud. The experiment was performed at 1000C, and CCA crystal was
analyzed by XRD and SEM analysis.
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Carbon Mineralization Potential in Coal Fly Ash by Accelerated
Carbonation
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The accelerated wet mineral carbonation technology can be an economic
approach for the sustainable carbon dioxide solidification. The alkaline earth metals
such as calcium and magnesium hold the affinity to form stable carbonate minerals at
favorable conditions. Coal fly ash is one such waste available in huge quantity with
abundant alkaline metal contents. Literature also suggests various sustainable routes for
the utilization of carbonated coal fly ash such as supplements in cement, concrete etc.
However, only limited research are available that highlights the carbon mineralizing
potential in coal fly ash. As carbon mineralization 1is strongly dependent on
experimental variables, this study focussed on the determination of carbon mineralizing
capacity with varying experimental variables such as carbon dioxide flow rate (100 -

1000 mL/min), liquid to solid ratio, and solution temperature (oC).
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A preliminary study on carbonation of Ca(OH)2—stabilized human urine

for removal of excessive calcium
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A maximum recovery of nitrogen from human urine can be achieved by calcium
hydroxide stabilization method that prevents enzymatic urea hydrolysis. This method
not only stabilizes hydrolysis of urea but also produces a product to be used as a
fertilizer. However, the treated solution is saturated with calcium that could be
excessive for plants and also forms scaling if urine concentration by advanced
technologies 1is required. This study, therefore, investigated that carbonation of
Ca(OH)2— stabilized urine could remove excessive calcium ions in the form of calcium
carbonate. First, Ca(OH)2 was used to stabilize the enzymatic urea hydrolysis of
human urine and calcium phosphate bi—product precipitated out. Then, CO2 gas was
bubbled at a different flow rate to the filtrate. Different concentrations of Ca(OH)2
and temperature have also been used to study the effect on the stabilization of urine.
As a result, 0.IM of Ca(OH)2 was found to be effective in the stabilization of urine.
Higher dosage of Ca(OH)2 caused high pH resulting in the destabilization of urine.
Additionally, the Ca(OH)2 served as an antibacterial agent for killing bacteria from the
human urine. Finally, carbonation of the filtrate removed 80-98% of excessive calcium
from the Ca(OH)2 stabilized human urine. Additionally, enzymatic urea hydrolysis was
not observed although the pH of the stabilized urine was decreased to &. The
carbonation process can also be considered as one way of sequestration of COZ2 gas.
Therefore, CO2 bubbling to a Ca(OH)2 stabilized human urine can be used not only to
remove excess calcium but also mitigate CO2 emissions.

Keywords: Stabilization, calcium hydroxide, carbonation, excessive calcium
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Abstract

Silk protein that resembles real human skin is a promissing material for building
self—powered electronic skin (E—skin); it can be interfaced with a real skin
seamlessly and used as an artificial skin for energy harvesting and tactile mapping.
Here, we present various self—powered E—skin devices using silk protein structures or
films with integrated metal nanostructures based on triboelectric phenomena that can
harvest biomechanical energy and sense tactile activities. By touching the devices with
the naked skin, triboelectric signals can be generated. Because of the micro—to—nano
structures of the E—skins (with high surface—to—volume ratio), the contact—induced
electrification generates the power density of 6 mW/m2 and shows the pressure
sensitivity of 0.069 kPa—1. The high power generated by these E-—skin devices is
sufficient to activate low—power electronic devices such as LEDs, oximeters,
stopwatches. Additionally, the E—skin can be used as a tactile identifier for finger
movements with quantized real—time electrical signals and to monitor whole—body joint
movements for motion sensing. Advantages of the silk protien—based E—skin including
low—cost, ease of fabrication, biocompatibility, flexibility, and stretchability, empower
its usage for a seamless human—machine interfaces, energy harvesting, touch sensor,

and wearable bioelectronics.
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High Voltage Solid—State—Lithium—Battery with Oxide—based
Electrolyte
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The oxide—based lithium ion conductors have the advantages in application of lithium
battery due to their high mechanical strength and excellent stability in the air. Among
them, LiTa,POg shows good Li—ion conduction performance even at room temperature,
so it can be applied as an electrolyte material for all—solid—state battery. In this
study, the solid—state batteries were fabricated based on the solid electrolyte,
LiTasPOg and appropriate cathode materials such as LiFePO, and LiVPO.F. LiTasPOg
was synthesized via solid state method and its structure was confirmed through an
X—ray diffraction pattern analysis. The cathode material LiFePO, was synthesized via
solvothermal method, and surface carbon coating treatment was performed using
sucrose. Poly(ethylene oxide)—LiClO4, a polymer lithium ion conductor, was applied as
a buffer layer to suppress side reactions between LiTa,POs and the electrodes and to
reduce the interface resistance. The all—solid state battery assembled by combining
these components showed an initial discharge capacity of 157 mAh/g in a
charge/discharge experiment with a current density of 0.1 C. After 100 cycles of
charging/discharging processes, it showed 76 % discharge capacity retention versus the
initial discharge capacity. We tried to fabricate a solid—state battery with a high
operating voltage (3.4 V — 4.2 V). LiVPO,F was synthesized via solid state method
(550 C ~ 700 C). To improve the interfacial electrical conductivity of LiVPO,F,
carbon coating on the grain surface was attempted. The half cell test with
carbon—coated sample exhibited a stable charging/discharging behavior even at a high
C—rate (10 C). However, in the case of the all—solid—state battery to which
LiVPO,F/C was applied, it showed a very low initial discharge capacity (about 16
mAh/g), which is about 11% of the LiVPO,F reversible capacity (~150 mAh/g). The
decomposition of the poly(ethylene oxide) binder between the cathodic particles is
considered as a main operating—limit factor. To sove this problem, a quasi—solid state
battery which includes a liquid electrolyte in the electrode—solid electrolyte interface
was assembled and operated. Through this, it was confirmed that high voltage (= 4V)
operating of the oxide—based solid electrolyte LiTa,POg is possible.
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Direct alcohol formation from photocatalytic partial oxidation of methane
over TiO, modified by FeOx
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Partial oxidation of CHs to methanol is a promising root for the utilization and
optimization of methane, vyet, it comes with great challenges [1, 2].
Thermodynamically, the initiation of the reaction requires a highly energetic condition
due to the strong C—H bond (434 kJ/mol), but such a harsh condition is detrimental to
the reaction product [3, 4]. Photocatalytic oxidation could provide a chance to drive
the reaction selectively with photons rather than non-—selective high temperature
conditions. Herein, we report the selective oxidation of methane to methanol on TiO,
Nanosheet and P25 supported iron species with H»0, as the oxidant. The
Photocatalytic process was carried out under UV light of 5mW/cm?® with Pressures of 4
and 8 bar. The structure, composition, and optical properties of FeO,/TiO, were then
characterized by XRD, SEM, UV-vis spectroscopy and XPS. Meanwhile, to investigate
the presence of the methanol, FID, Mass spectrometry and NMR analysis was used.
We showed that increasing loading of FeOx on TiO, influenced the amount of alcohol
produce. Also, with higher concentrations of H:0. the amount of O, evolved increased
proportionately which enhance alcohol production to a certain extend. More especially,
there were great disparities between the amount of product for P25 and Nanosheet
with FeOy/TiO3(P25) providing a higher amount of products. This difference could have
been the result of the difference in surface structures between P25 and TiO;
nanosheet which could influence the selectivity of the products. The exact nature of

the reaction pathway and influence of various conditions is under further investigation.

1. Xie, J., et al., Highly selective oxidation of methane to methanol at ambient
conditions by titanium dioxide—supported iron species. Nature Catalysis, 2018.
1(11): p. 889—896.
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3. Wang, B., et al., Advances in methane conversion processes. Catalysis Today,
2017. 285: p. 147—158.
4. Schwach, P., X. Pan, and X. Bao, Direct Conversion of Methane to

Value —Added Chemicals over Heterogeneous Catalysts: Challenges and
Prospects. Chemical Reviews, 2017. 117(13): p. 8497—8520.
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ZnNiCo hydroxide/graphene—CNT hydrogel on surface—modified current

collector for high performance supercapacitors
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Ternary transition metal compounds are regarded as potential electrode materials for
supercapacitors due to the synergistic effect of multiple metal ions. However, their
sluggish redox reaction kinetics and poor conductivity lead to insufficient capacity
utilization. In this study, 3D graphene—CNT hydrogel (GCH) is used as a scaffold for
7ZnNiCo hydroxide, a ternary transition metal compound. The obtained hydrogel is also
grown on cationic polyelectrolyte—functionalized Ni foam, which is expected to increase
electrolyte—accessible areas and improved ionic/electronic conductivity. The surface
modification for Ni foam favors intimate interfacial bonding with active materials,
resulting in efficient charge transfer at their interface and good structural stability.
Moreover, metal cations in ZnNiCo hydroxide provide multiple oxidation states for
redox reactions and high electronic conductivity. As a result, beneficial from close
interfacial contact with Ni foam, the synergy of different metal cations and 3D porous
structure, the ZnNiCo/GCH electrode exhibits a high capacity, favorable rate capability,
and cycling stability.
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Optimization of catalytic pyrolysis for hydrogen production from CH4
without CO; emission

Hydrogen is mainly produced by steam methane reforming (SMR). This
process generate significant amount of CO, with Hs, thus it is necessary to provide
alternatives for the mass production of hydrogen without COs. Direct catalytic
pyrolysis of natural gas is attracting attention as a new strategy to develope CO;—free
hydrogen production. This process is attractive, with the products from reaction being
hydrogen and solid carbon. Also, since carbon floats on the liquid catalyst, it is
beneficial to use liquid catalyst for seperating the catalyst and the solid carbon. It can
prevent an deactivation of the catalyst when carbon grows on the surface of solid
catalyst during the reaction.

In this report, we mixed active metal (Ni, Cu) with high melting point and a low
melting point metal (Sn, Bi) as the solvent for methane decomposition. We achieved a
20% conversion rate with 14 ml Ni—Sn—based liquid metal for a small scale of bubble
column reactor. By adjusting various variables such as, residence time, bubble size,
structure of reactor, and the content of active metal, we estabilised factors affecting
the methane conversion. In particular, the liquid metal catalyst was controlled by the
size of the bubble and the residence time. With this factor, we eventually achieved a

methane conversion rate increased above 90% with 14 ml Ni—Sn—based liquid metal.

1. Upham et al., Catalytic molten metals for the direct conversion of methane to
hydrogen and separable carbon, Science 358, 917-921 (2017)
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Te—Flux—Controlled Chemical Vapor Deposition Synthesis of In—Plane
1D—2D Metal—Semiconductor MosTes—MoTe, Heterostructures

Hyeonkyeong Kim, Youngdong Yoo»*

Department of Energy Systems Research, Ajou University, Korea

'Department of Chemistry, Ajou University, Korea

Mixed—dimensional heterostructures can be utilized as advanced materials for flexible
electronics or optoelectronics due to their novel optical and electronic properties. Here
we report that we selectively synthesized in—plane 1D—2D metal—semiconductor
MogTes—MoTes heterostructures, 1D MogTes nanowires, and few—layer 2H MoTe,
films through a Te—flux—controlled chemical vapor deposition method. The composition
and phase of Mo/Te compounds are controlled by changing Te atomic flux. The 1D
MogTes nanowires are synthesized at low Te flux whereas few—layer 2H MoTes films
are obtained at high Te flux. Interestingly, in—plane 1D—2D metal—semiconductor
MogTes—MoTes heterostructures are formed at medium Te flux. The synthesized
1D—2D MosTes—MoTes heterostructures have sharp interfaces between the 1D MogTes
networks and the few—layer 2H MoTe; domains. As—synthesized in—plane 1D—2D
MogTes—MoTes heterostructures, 1D MogTes nanowires, and few—layer 2H MoTe,
films are characterized by Raman spectroscopy and scanning transmission electron
microscopy. The composition— and phase—controlled synthesis method developed in
this study will allow large—scale controlled fabrication of mixed—dimensional

heterostructures for various electronic and optoelectronic applications.
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Large—Area Selective Synthesis of Monolayer and Spiral MoSes by
Flux—Controlled Chemical Vapor Deposition

Joohyeon Ahn - Seongju Ha - Dong—Il Yeom' - Youngdong Yoo?*
Department of Energy Systems Research, Ajou University, Suwon, Korea
'Department of Physics, Ajou University, Suwon, Korea

Department of Chemistry, Ajou University, Suwon, Korea

Transition metal dichalcogenides (TMDCs) are attracting much attention due to their
novel electronic, optical and catalytic properties. TMDCs, two—dimensional layered
material, exhibit various layer—number—dependent properties such as indirect to direct
bandgap transition. Monolayer TMDCs have been extensively used for novel 2D
electronics, flexible optoelectronics, and efficient catalysis, due to their exceptional
physical and chemical properties. On the other hand, spiral TMDCs prepared by
screw—dislocation—driven growth have been utilized as a novel platform for various
nonlinear optics due to their interesting optical properties. In addition, spiral TMDCs
have been employed as efficient catalysts for hydrogen evolution reactions due to their
many active edge sites. However, the large—area selective synthesis of monolayer and
spiral TMDCs is quite challenging. Here we report the structure—controlled large—area
synthesis of monolayer and spiral MoSe; by a chemical vapor deposition method using
MoSe, powder as a precursor. Monolayer MoSes is synthesized when the MoSe,; flux
is low, whereas spiral MoSe; is obtained when the MoSe», flux is high. As—synthesized
monolayer and spiral MoSes are characterized using optical microscopy, atomic force
microscopy, Raman and photoluminescence spectroscopy, and second harmonic

generation measurements.
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Ion exchange reaction and ionic conductivities of ATasPO4
(A = H, Li, and Na)

This work focuses on the crystal structures, phase transition, and ionic transport
properties of novel three—dimensional framework oxides, ATa,POgs (A=H, Li and Na).
The lithium—ion conducting oxide, LiTa;POg was synthesized. In the structure of
LiTasPOs, the TaOs octahedra and PO, tetrahedra are linked via corner—sharing to
form an unprecedented anionic framework, [(TaOg:)2(POyr)]", providing a 3D pathway
for lithium—ion conduction. The sintered pellets exhibit excellent lithium—ion
conductivities, with a bulk conductivity of 1.6X107°Scm™' and total conductivity of
2.5%107*Sem ™! at 25°C. A new proton conducting material, HTa,POs, was synthesized
through a proton ion—exchange reaction on LiTa,POs. HTa,POg is isotypic with
LiTas,POs. The protons occupy two different crystallographic sites in the void space of
the [TasPOg] —framework. The compound exhibited good proton conductivity: c.a. 2X10
-6 U at 300C, which is superior to those of protonated NASICON-type

compounds. NaTasPOg was also prepared via sodium ion—exchange reaction on

Sem—

LiTasPOs. NaTasPOg shows an irreversible phase transition from a—NaTa,POg to 3
—NaTa,POg with increasing temperature. The direction of the phase transition observed
for NaTa,POs is completely opposite to that of LiTaPOs. The conductivity of a
—NaTa,POg (5.3X107°Secm™! at 309C) is significantly higher than that of B—
NaTa:POg (1.9%107'Scm™ at 300C), which can be attributed to the difference in the

sodium conduction pathways of the two structures.
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The study of Fiber Optic Cable Structure for LNG Leakage Monitoring

Ahri Lee, Sukyong Song, Seungjun Han, Yunseob Han, Hyomin Sim
AP Technologies Inc.

LNG A4, HWH, sto]xe}gl o] C‘J%j*é% - th 53] LNG A4 T 819
Al AREE = ARt JJrOl gl AL {FAZE FEEOl VWA YA AP ako]
oh At o R AY Wae ThATA LNG Q-] Aol o3 HA FLEHEE AGw
FH RYPAE o] &3ste] EEAE FASARL, AfFdel o vtavh A LKA o m AT
o2 harEEAdel =k
2 =R E LNG AlA9] 7lAFAS 7As7] 918t DTS(Distributed Temperature
Sensor)9} FA o] 5 o] &3 2L=7A] WS o] &3l FAF AA AolES AFESHE DTS
Al 2=’ Aol ol Heko] Zps A A 7] wiitel FAd TR Ao A AREERT] el Qb gk
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& Aol M= LNG ARl spozeflos aaHQl Frlol&e 725 A Al
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AolE & HEEx 2% AW HAE, 542 HAER JgHQny. 42 HAEs
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Aol e LNG Aol A 7k 4 w4 A 13 AEHOR ALEE 4 Yu AoE Tx
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Technical Trend of Data Center employing the Cold Energy of LNG
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Criteria Analysis of liquid hydrogen storage tank for design and
insulation performance
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Expected Life Calculation of Hydrogen Pressure Vessel according to the
Evaluation Protocol of Hydrogen Embrittlement in KGS AC111 Code
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A Study on the Allowable Cycle Number of Hydrogen Pressure Vessels
by Fatigue Evaluation of AD2000 Code
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Pilot testing of membrane separation process for the COZ2 capture from
LNG flue gas

SAE, AAF, G, o34, FA4", A4

gellof el ql, “gh=r A g Ab v e

Membrane—based gas separation process is one of the next generation technologies
for carbon capture, utilization and storage (CCUS). Increasing global warming and the
CO2 reduction plans up to 2050, so—called to ‘net—zero’, require scale—up
demonstration and commercialization of post—combustion capture technologies. In
accordance with the development of various materials and processes targeted to
CO2/N2 separation, the membrane process was tested in lab—scale and followed by
bench—scale. Carbon dioxide capture pilot studies were conducted at power plants and
industrial sites. Here, we manufactured a multi—stage process using polysulfone and
polyimide membranes as a mobile system, and conducted and evaluated pilot studies at
Korea District Heating Corporation, The design, demonstration, operation and evaluation

of research evaluated by various emission sources will be presented.
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Development of application technology using microalgae and waste heat for reduction of
COy, and production of useful materials on flue gas of urban LNG power plant
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3 1. Avoidable exergy destruction and corresponding cost flow rate for CGAM system
& - Avoidable exergy | Corresponding Condition to obtain
Component ( Ep) destras/}{%r)l i ig?é(g/ol;)\)l unavoidable exergy destruction
Air Compressor 0.054 0.6 0.784 90 % compressor efficiency
- B 10 CMinimum temperature
Air Pre-Heater 0.0164 2.056 2.687 difference
. = = 1000 K for air and 1770 K for
Combustion Chamber 0.267 6.54 8.546 products
Gas Turbine 0.027 1481 1935 92 % lurbine
efficiency
. 10 C Minimum
Heat-Recovery Steam Generator 0.345 2.63 3.437 temperature difference
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Room temperature strong luminescence of CdS nano—clusters
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1. Abstract

Room temperature strong luminescence of CdS quantum dot in a waveguide sol gel
matrix synthesized with 3—(trimethoxysilyl)propyl methacrylate (TMSPM) doped with
15 wt. % of zirconium was observed. The viscosity of the waveguide sol gel was
drastically increased in initial hydrolysis step and slow down thereafter. The
UV—visible spectrum shifted to the blue with the increase of the Cd** concentration
after H»S exposure implying the hydrogen bond and dangling bond formation near by
the CdS nanocrystals due to the excess amount of H,S for the low concentration of
Cd?*. Luminescence intensity increased as the time passed after H,S exposure. The
band gap energy also increased with the time, which indicated that the extra amount
of HsS gas evaporated in the sol gel matrix and apparent quantum dot size decreased
due to the reduction of hydrogen bond and dangling bond around the CdS quantum dot.

Keywords: CdS, sol gel matrix, absorption red shift, luminescence blue shift

1. Introduction

Nano—particle CdS semiconductor room temperature photoluminescence was
reported for the first time in 1996 [1]. Cadmium sulfide nano—particles were attracted
due to the high photoconducting properties [2—3]. Semiconductor quantum dots form
intermediate state between bulk crystal and molecular clusters. Theoretical modeling of
the quantum dot properties, such as discrete quantized energy levels, is close to the
molecular system. The predicted transition energies for different dot sizes are
excellent matches with the absorption spectra, but on the other hand, the
photoluminescence (PL) spectra does not match compared with the absorption spectra.
The photoluminescence spectra are broader and lower energies. These quantum dot

systems can be applied for optical switching, optical amplifier, laser diodes, and

4) The corresponding author should be addressed; Email: kkang@kiu.ac.kr
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electroluminescence devices. The ideal system to understand nanoparticles and to apply
high quality optical device would be molecularly dispersed quantum system.
The sol gel process can produce high purity glass and control its composition

[4]. Sol—gel process can be obtained pure glasses by hydrolysis and condensation of
alkoxide monomers. The hydrolysis replaces -OR groups by groups of -OH and the
subsequent condensation reactions form Si—0O-—Si bonds. Hybrid sol gel process
replaces —OR groups to -OH groups and subsequently form Si—0O-—Si bonds for
waveguide fabrication [5—7]. Trimethoxysilylpropylmethacrylate (TMSPM) composed
of three methoxy groups and one propylmethacrylate group. Many scientists and
researchers utilized TMSPM for the lithography due to the easy lithography [8—10].
This paper reports the viscosity with aging time, viscosity and film thickness
relationship, CdS quantum dot concentration dependent UV -—visible absorption spectra
and time dependent PL spectra after H,S.
2. Experimental
2.1. Sol—gel preparation

TMSPM (0.02 mole) was placed to the round bottom flask and one and half molar
ratio of nitric acid solution (0.01 N) was added to the sol gel backbone material. The
sol was pre—hydrolyzed for one hour. One to one molar ratio of zirconium isopropoxide
and methacrylic acid was added slowly to the pre—hydrolyzed sol. The zirconium
doping level was 15 wt. % against sol gel back—bone material. Additionally, 5 wt. %
doped TMSPM film and vinyltrimethoxysilane (VTMS) film were prepared to compare
the film qualities.
2.2. Viscosity and thickness measurement

The sol—gel was separated from the sol batch. Viscosity measurement was

performed at 23 °C with calibrated number four viscometer. The separated sols were
spin coated onto silicon wafers at 1800 rpm and preheated at 110 °C for 60 min. The
film thickness was measured by an atomic force microscope (VEECO Dimension
3100/Nanoscope V).
2.3. UV—Visible absorption spectra

Cadmium acetate was added after aging the sol—gel for 48 h. Various amounts of
cadmium acetate were added to the sol—gel with stirring. UV—visible spectra were
obtained with quartz substrate coated with cadmium doped sol—gel before and after
HsS exposure. Depending on the cadmium concentration and exposure time, the film
color slowly changed to pale yellow. Using a Thermo Scientific Genesys 10S
UV -—visible spectrometer, UV—Visible spectra were obtained before heating.
UV —Visible spectra were obtained after heating at 85 °C for 5 min

. During the heating process, the film color changed to intense yellow.
2.4. Luminescence Spectra

Due to the photoluminescence intensity is sensitive for sample position and angle,
all the sample position and angle were fixed. Less than 0.1 % intensity variation was
obtained each set up. Various concentrations of cadmium doped sol gel films were
prepared. Using a Hitachi 4500 Fluorescence spectrometer, photoluminescence spectra

_69_



m 2021HE SHLO|L{Z|5tE| ZAGHAHIES| =

were recorded before heat treatment and after heat treatment at 85 °C for 15 h with
excitation wavelength at 355 nm.
1. Result and discussion
1.1. Optical microscope images

Cadmium ions were dispersed into the hybrid sol gel matrix. When cadmium
acetate dissolves into the sol gel matrix, the Cd** ion can be easily stabilized due to
the sol gel matrix has large amount of —OH bond, which has two lone pair electrons.
Cadmium ion can interact with oxygen molecule and forms cadmium ion and oxygen
molecule complex. With this idea, molecularly dispersed cadmium sulfide film was
considered. Because the sol gel matrix is flexible before completely heat curing or UV
curing, H»S gas can be easily delivered to the cadmium ion, can react with cadmium
ion, and form cadmium-—sulfide—oxygen complex due to the large amount of oxygen
molecules near by the cadmium ion. Broad photoluminescence spectrum suggests large
number of molecules involved in the cadmium resonance structure. The following
pictures show different matrix sol gel films. Optical microscope images of 15 wt. %
zirconium doped films are shown in Fig. 1(a), 5 wt. % zirconium doped sol gel film in
Fig 1(b), and vinyltrymethoxysilane film in Fig. 1(c), respectively, with magnitude of
250. Only 15 wt. % zirconium doped film shows high film quality.

@ o R

Fig. 1. Optical microscope images of (a) 15 wt. % zirconium doped sol gel film, (b) 5
wt. % zirconium doped sol gel film, and (¢) VTMS sol gel film.

3.2. Viscosity and thickness relationship
An investigation of film thickness and viscosity 1S necessary to fabricate

reproducible film thickness. The viscosity was drastically increased for the 15 wt. %
zirconium doped sol gel during the initial one—hour prehydrolysis process (2.30 Cp to
7.39 Cp). The viscosity increased 3.16 Cp in 20 min (from 7.39 to 10.55) after
zirconium addition. The viscosity slowly increased for 40 h (about 0.13 Cp/h). After 40
h, the viscosity increased at a higher rate (about 0.35 Cp/h) than the former 40 h period
as shown in Fig. 2(a). The film thickness and viscosity has linear relationship until 16 Cp
and shows out of linear relationship thereafter.
3.3. UV—visible absorption spectra

The bulk CdS band gap is 2.42 eV [11] with direct band gap semiconductor.
Various band gap energies of CdS nanostructures were reported including 3.2 eV with
thin CdS film (2—3 nm) [12], 2.54—2.65 eV with 8.5—12.5 nm CdS nanoparticles
[13], and 2.58 eV with grain size of 10 nm [14]. Fig. 3(a) shows concentration
dependent UV-—visible absorption spectra. The band gap energies for the 2613, 9795,
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14905, 25300, 40297, 66788, and 107043 ppm films based on the optical transition of
the first excitonic mode are 3.14, 3.16, 3.18, 3.20, 3.22, 3.25, and 3.31 eV,
respectively. Surprisingly the band gap energy shifted toward blue as the cadmium
concentration increases. This phenomenon can be explained with the Fig. 2(b)
representing high concentration of Cd ion after H,S exposure and Fig. 2(c) showing
low concentration of Cd ion after H»S exposure. For the low concentration films, extra
amount of H»S may form hydrogen bond nearby the cadmium ion, which feels larger
quantum state than the high concentration films and shifts the absorption peak toward

red.
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Fig. 2. (a) aging time dependent sol gel viscosity and (b) sol gel viscosity vs. film

thickness.
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Fig. 3. (a) UV-—visible absorption spectra with various concentration of Cd**,
conceptual view of (b) high concentration of Cd®* and low concentration of Cd*".

3.4. Luminescence Spectra

Photoluminescence spectra of CdS films were shown in Fig. 4(a) before and after
H,S exposure. Small luminescence peak at 416 nm (2.98 eV) appeared before H,S
exposure due to the silica [15]. The H,S exposed sample was placed to a desiccator
for 2 h and obtained the luminescence spectra. A broad emission peak was observed at
approximately 513 nm (2.42 eV) as shown in Fig. 4(a). To investigate the time
dependent luminescence characteristics after H»S exposure, emission spectra were
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recorded after H,S exposure with the passage of time and showed in Fig 4(b). PL
intensities increased, and emission peak shifted toward blue as the time passed. The
shift of band gap energies was shown in Fig. 4(c), which shifted toward higher
energy. These phenomena can be explained that the excess amount of H,S initially
forms hydrogen bonds around the cadmium ion. The extra amount of H,S gas
evaporates and reduces the hydrogen bonds and dangling bonds with the time [16—17].

. . . . .
(a) — Before H,S Exposure‘ 1(b) — ol (©)
— After H,S Exposure — A— Em"m 2.36

- V % ~ "

N
@
[

14
N
@

L
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.
T T T 7 7 T T T T T ' 2.24- -
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Time (min)

Fig. 4. (a) PL spectra before and after H,S exposure, (b) time dependent
luminescence spectra after H.S exposure, and (c) time dependent band gap energy
shift after HsS exposure.

4. Conclusions

Zirconium doped (15 wt. %) TMSPM sol—gel was synthesized. CdS nano dots
were incorporated to the sol—gel by adding of Cd®* and exposing of H,S gas. The
viscosity of the zirconium doped TMSPM sol—gel were measured each step. The
UV —visible absorption peak was shifted to the shorter wavelength with increasing CdS
concentration. The photoluminescence intensity was increased and the band gap also
increased after H»,S exposure.
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Fabrication of SbsSes thin film solar cells
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Recently, Antimony selenide (SbsSes) has attracted global interest as a solar absorber
due to its outstanding opto—electric characteristics and binary composition with
environmentally favorable components. It possesses a high saturated vapor pressure
below its melting point, which opens up promising avenues for developing industrially
sustainable vapor deposition processes similar to those used in conventional CdTe solar
cells. In the present work, SbsSes; absorbers were prepared by the two—step process.
At first, metallic antimony (Sb) layers of different deposition times (7, 11, 15, 23,
and 30 min) were deposited on Mo substrates using DC sputtering and then they
selenized in rapid thermal process (RTP) system. The XRD patterns revealed that all
the diffraction peaks could be well indexed to the orthorhombic crystal structure of the
pure ShsSes phase. The Raman scattering spectra showed the characteristics modes of
Sh,Ses at 188, 210, and 253 cm . The SEM images of prepared films showed the
large crystal grain morphology. The optical band gap energy values were found to be
varied in the range of 1.1—1.4 eV. Under the simulated AM1.5G solar irradiation, the
Sb23 device offered a Jsc of 29.8 mA/ecm? a V. of 259 mV, and an FF of 28%, thus
achieving an efficiency of 2.13%. The Sb—23 device showed maximum EQE response
about ~38% at about 550—650 nm, then declines both at shorter and longer
wavelengths Therefore, this work has conclusively demonstrated that Sb deposition

time of 23 min is preferable to the thin film solar cell application.
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of Waste Batteries
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A Study of Deduction of Evaluation Items for Common vent applied on
Stationary Solid Oxide Fuel Cell
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A Study on the amendment to the Evaluation of Thermal Efficiency for Buildings to

Spread the Supply of Stationary Fuel Cell
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Fuel Gas Supply System using the hydrogen storage in Metal Hydride
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Metal hydride (MH) is a class of metal alloy to have the property of chemically
hydriding or dehydriding from metals(M) by direct chemisorption or dissociation of
hydrogen (Hereafter, H2) gas. Metal hydride stores hydrogen with a high bulk
density, and have the advantage of being able to store hydrogen at normal
temperature at a relatively low pressure, unlike other hydrogen storage methods
such as high-pressure hydrogen or liquid hydrogen. In this research, Ti-Cr-V-Fe
alloy is considered for the metal hydride for hydrogen storage in Fuel Gas Supply
System (Hereafter, FGSS) of hydrogen ships. The exothermic reaction occurs in the
process of hydriding and endothermic reaction appears on dehydriding in this
metal hydride.

An electric propelled sea surface cleaner vessel with 2MW class PEMFC is
considered as target vessel for MH FGSS installation. The hydrogen stored in MH
supplied to PEMFC as fuel. M-BOP (Mechanical-Balance of Plant) system is also
equipped for supplying air to PEMFC. The H2 FGSS consists of MH storage tank,
H?2 buffer tank, Heating water storage tank with Water pumps, Electric heaters.
Because dehydridng is endothermic process, heating medium supply system is
prepared for MH FGSS. When the normal operation condition, H2 supplying
process from metal hydride is progressed by supplying necessary heat (heating
medium: circulated heating water through the water pump) to the MH storage tank
by dehydriding process until the MH reaches equilibrium pressure. Due to
relatively low reaction rate compared to variation of electric power demand, H2
buffer tank is considered for secure vessel operating stability and a backup battery
system also be equipped for corresponding to abrupt electric load change.

In this research, process engineering was conducted using HYSYS (ASPEN
SOFTWARE) based on the above mentioned information. Optimal H2 FGSS
operation concept considering with safety would be proposed as a result. The
installation of H2 FGSS on the target vessel was also conducted. And the HAZID
was carried out for secure the safety.
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Development of Safety Code for Portable Fuel Cell Power system

applied on Unmanned Aerial Vehicle
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A Study on the Analysis of Safety Issues and the Demonstration

Evaluation for Overseas Expansion of Stationary Fuel Cell
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A study on the Development of Safety Standards for Fuel Cell Islanding

and Grid—Connected Operation
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Efficiency enhancements on the fiber type dye sensitized solar cells by

introducing catalytic electrode.
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Self—powered and flexible integrated solid—state fiber—shaped energy

conversion and storage based on CNT yarn
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Solar energy is the environmentally clean, renewable, and unlimited energy sources
and is a promising alternative to meet the increasing energy needs of modern society.
Solar cells have long drawn great attention through intensive research because they
can harvest solar energy from sunlight and convert photon into electron with high
power—conversion efficiency (PCE). However, the power output of photovoltaic devices
can hardly be free from intermittent fluctuations in the intensity of solar radiation.
Integrating energy—harvesting and —storage devices as a self—powering system can
solve the factors of obstruction by simultaneous storage of the electricity and
manipulation of the energy output.

Among various flexible integrated energy sources, the fiber—shaped photocapacitors
(FPCs), which consist of the fiber—shaped dye—sensitized solar cells (FDSSCs) and
fiber—shaped supercapacitors (FSSs) have raised a great attention. The previously
designed FPCs were series—connected structure that shares one electrode of a
fiber—shaped solar cell and a capacitor, making it difficult to produce two separate
devices. In addition, an inevitable energy loss occurred on the electrodes that
connected the two devices.

a flexible carbon nanotube yarn (CNTY) with improved mechanical and electrical
properties is used as a shared electrode to create solid—state FPCs (SS—FPCs). In
addition, CNTY was doped into n— and p—type using polyethyleneimine (PEI) and iron
(III) chloride (FeCls) to improve the electrocatalytic behavior of CNTY, respectively.
The optimized SS—FPC based on p—type material—doped CNTY, which integrates the
high specific capacitance of the solid—state fiber—shaped electrochemical energy
storage (SS—FES) unit with 78.26 mF cm™? and a high power conversion efficiency
(PCE) of the solid—state fiber—shaped dye—sensitized solar cells (SS—FDSSCs) unit
with 5.50%, exhibits a remarkable over all energy conversion efficiency of up to
4.69% and excellent discharging time of about 6 min owing to the synergistic action of

the two units.

_84_



= 20215 GHo|LRete 2L LR =

:1/_"\ 07] ugﬂ _?45/_2. o]_g_a‘} }\4 0‘6:] oﬂg_ 7 E]]Oobﬁx],] s tsok/J-
Enhance Efficiency of Fiber Dye—Sensitized Solar Cells Obtained Using

Metal Organic Frameworks
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Fiber—shaped solar cells have been the subject of intensive attention and
development in various ways in recent years. Even though this field is only in its
infancy, Metal—organic frameworks (MOFs) are one such material that has been
utilized to further improve power conversion efficiency (PCE) of solar cells. The
MOF —integrated dye—sensitized solar cells (DSSCs) have demonstrated the potential
to build solar cell devices as efficiently as traditional solar cells. Herein, the PCE of
solar cells was improved by synthesizing MOF—801 into mesoporous—TiOy (mp—TiOs)
layer, which was used as a photoanode in fiber—shaped dye—sensitized solar cells
(FDSSCs), which are inherent in flexibility. The MOF—801s decorated mp—TiO; based
FDSSC decreased the As value, resulting in effective electron extraction with improved
Jsc, while also increasing the &y, value to prevent the recombination of photo—induced

electrons, resulting in improved FF and consequently high PCE.
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Current status on industrial greenhouse gases emissions intensity
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A Case Study on the Applicability of Exergetic and Thermoeconomic

Analyses to Establish R&D Strategies—Gas Turbine System
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T g ]% 552 R&D W 7171 A8 Wagr 2

Table 10 Avoidable exergy destruction and corresponding cost flow rate for gas turbine system

L \UN . Corresponding Condition to obtain
£, Avoidable exergy .
Component — destruction rate (MW) cost flow unavoidable exergy
Ep rate($/h) destruction
Air compressor 0.1331 13.720 250.2 96% compressor efficiency
Combustion chamber 0.319 67.964 1239.0 No pressure drop
Gas turbine 0.009 5.809 105.91 96% turhine efficiency
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Comparison of current status of domestic and foreign energy transition

policies and implications
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Experimental study of thermal—hydraulic characteristics of glycerol
based DES

Myunghyun Pyo*, Siwon Seo*, Jaeyoung Lee *

*School of Control and Mechanical Engineering, Handong Global Univ., Pohang, 37554, Korea

Key Words: ¥5=# (Thermal—hydraulic), DES(Deep Eutectic Solvent), ©]-=A(Ilonic liquid),
A &A(friction factor), @AEA G (heat transfer coefficient)

Abstract
DES is a material that is attracting attention as a substitute for ionic liquids, but few
DES are known in detail for their thermal—hydraulic properties. Therefore, the dynamic
and heat transfer characteristics of glyceline, glycerol—based DES, were studied
through this study. This study was limited to only the laminar flow region, and an

experiment was performed, and for this,

an experimental device was designed and

made. Through the friction factor measurement experiment, it was confirmed that
glyceline is a Newtonian fluid. And through the HTC measurement experiment, it was
confirmed that the result was the same as the heat transfer theory for water. This
means that glyceline DES has the same dynamic and heat transfer characteristics as
water, which means that the thermal—hydraulic characteristics of glyceline can be
judged through the familiar thermal—hydraulic characteristics of water.
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A Study on the Management Method of Baffle Former Bolt in Nuclear
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A Study on Human Factors Affecting Nondestructive Testing

(Manual Ultrasonic Testing) of Nuclear Power Plants
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Decommissioning Nuclear Facility
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Numerical Validation of Upstream Straight Lengths for Venturi Tube
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A Method for Optimized Management of LTP of In—Service Inspection
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Cooling Assessment according to Graphite Reflector Arrangement in
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Current Status and Future Changes of Non—destructive Testing of Main

Condenser Tubes in Domestic Nuclear Power Plants
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A metric proposal for energy justice in Korea's energy policy
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An Analysis of Domestic LNG Automobile Refueling Code and Stations
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A Review for Refueling Station Safety through Monitoring Data Analysis
of Domestic Mobile LNG Refueling Stations
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Inverter performance improvement to improve the efficiency of two
stage cascade refrigerating machine
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Abstract : We conducted new research and development to improne the performance of
the two stage cascade refrigerating machine. New technologies have been developed
for efficient use of energy. Enviromental pollution prevention technology ueing electric
energy was used. Energy saving and machine performance improvement system was

utilized.
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A research on customized energy efficiency measures for manufacturers

using Smart Energy Platform
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Research on renewable energy private—led supply projects and

distributed energy systems
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performance over Zn incorporated MFI zeolite
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Electrospun carbon nanofibers containing NiSe; anode for high
performance and capacity in potassium—ion hybrid capacitors
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Hybrid capacitors are considered as one of the best energy storage devices owing to
their amazing operating lifespans, high charge—discharge rates, notable power density,
cost—effectiveness, and feasible fabrication. Specially, potassium—ion hybrid capacitors
(PIHCs) are considered as promising alternatives to lithium—ion/sodium—ion hybrid
capacitors (LIHCs/SIHCs). Potassium has a wide potential window of —2.93 V similar
to that of standard reduction potential of lithium (—3.05 V vs. SHE). However, the
size of potassium ion (1.38 A) is larger than that of lithium ion (0.76 A), leading to
the sluggish diffusion rate. This problem causes low capacity and poor cycling
performance.

In this study, PIHCs that offers complementary superiorities to that of PIBs were
developed. At the first, a low—cost preparation of electrospun carbon nanofibers
containing nickel(Ni—CNF) were synthesized and followed by the selenization process
(NiSe;—CNF) to increase conductivity and increase capacity, leading to the long cycle
stability of PIHCs. The surface morphology of materials were studied using a
field—emission scanning electron microscope (FE—SEM) and Transmission electron
microscopy (TEM). The physical properties of samples were also investigated by
X—ray photoelectron spectroscopy (XPS) and X-ray diffraction (XRD) analysis. Their
electrochemical characteristics were carried out to measure the long cycle life and
capacity of PIHC by cyclic voltammetry (CV), and electrochemical impedance
spectroscopy (EIS) methods. Our work provides new insights and design strategies for
developing high—performance potassium hybrid super capacitor for large scale

applications.
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Study for nitrogen and sulfur co—doped zeolitic lithium titanate oxide

anode for high performance lithium—ion batteries
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Rechargeable Lithium—ion battery (LIB) with high energy density, long cycling life,
and full potential operating window has great demand in our life. Currently, LIBs with
graphite anode cannot fully meet the requirements of energy storage applications due
to poor stability at high current density and some serious safety concerns. To
overcome the limitations of the graphite, many researches on a promising alternative
lithium titanate oxide (LTO) material are being carried out, which offer superior
cycling stability and high operating voltage (1.55V vs. Li/Li"). However, LTO also has
intrinsic disadvantages of reaction kinetics and low theoretical capacity (175 mAhg ')
originated from its poor electrical conductivity and low diffusion coefficient. Therefore,
most researches focus on porous materials and structural change to increase electrical
conductivity and facile movement of lithium ions.

In this study, zeolitic LTO structures were synthesized by hydrothermal process using
high concentration of lithium hydroxide solution. In addition, N and S co—doped zeolitic
LTO was prepared through heat treatment with thiourea, leading to the improvement of
electrical and ionic conductivity due to the ratio increase of Ti**. The crystallinity and
chemical properties of zeolitic LTO structure were studied by X-—ray diffraction (XRD),
X—ray photoelectron spectroscope (XPS), and Fourier—transform infrared spectroscopy
(FT—IR). The morphology was confirmed through field—emission scanning electron
microscope (FE—SEM) and Transmission electron microscopy (TEM). The surface
area and pore size were measured via Brunauer-Emmett-Teller (BET) nitrogen
adsorption—desorption analysis. The electrochemical performance was investigated by
cyclic voltammetry (CV) and galvanostatic charge/discharge cycling, and electrochemical

impedance spectroscopy (EIS).
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Electrochemical Study of Novel Nanostructured Metal Vanadate as a

Cathode for Rechargeable Aqueous Aluminum-—Ion Batteries
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Aluminum Ion Batteries (AIBs), regarded promising next—generation energy storage
systems, exhibit low cost, fast charging capability, excellent cycle performance, and
stability. Furthermore, aluminum is a abundant trivalent metal in reserves and has a
theoretical volume capacity (8.04 Ah/cm?®) that is about four times that of lithium
(2.06 Ah/cm®). AIBs have been mainly studied as a non—aqueous system with an ionic
liquid C(AICIL[EMIMICI) electrolyte. However, high cost and corrosiveness are still
major disadvantages of applications. To overcome it, safe and inexpensive alternative
aqueous electrolytes are being studied. In aqueous AIBs, transition metal oxides,
transition metals, and graphite materials are widely used as cathode materials, which
can reversibly charge and discharge AlI’' ions. Among them, vanadium exhibits various
cations phase ranging from divalent(V*") to pentavalent(V°") that can form various
compounds, so vanadium—based cathode materials are being studied in various battery
systems.

In this study, a vanadium—based material is used as a cathode to study aqueous AIB.
Particularly, AlV30s (AVO) can exhibit reversible intercalation/de—intercalation of Al®*
ions and excellent structural stability. In addition, it is possible to improve the
electronic conductivity under the influence of the inserted aluminum metal ions.
H11A1,V60252 (HAVO), in the form of water molecules inserted into AVO, has excellent
stability and reversibility without structure deformation. The pillars in HAVO are the
V-0 layers which make fast diffusion of AI’* ions and improve electronic conductivity.
In addition, pre—inserted water molecules can provide electrostatic shielding to metal
ions and improve ion diffusion ability. Therefore, three—dimension(3D) AVO and HAVO
spheres were synthesized and electrochemically analyzed as cathode materials in
aqueous AIB.

Figure 1. SEM images of (a) AVO and (b) HAVO hollow spheres.
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Rechargeable aluminum ion batteries(AIBs) have been considering as a new generation
large—scale energy storage systems and promising post—lithium—ion batteries. It has a
lot of advantages compared to lithium—ion batteries, such as the cost—effectiveness of
Al metal anode, high energy density, quarter—million cycle life, and chemically stable
metallic aluminum anode. Moreover, the AIBs have a high volumetric specific capacity
(8.0 Ah/cm®) compared to that of lithium (2.06 Ah/cm®) due to the three—electron
transfer redox properties. However, AIBs suffer from a lack of reliable cathode
materials with desirable intercalation sites for high energy density. Also, the sluggish
chloroaluminate anions (AICl,~ and Al,Cl;”) diffusion kinetics due to the large size of
ions cause the limitation for the practical application. Therefore, the study of the AIBs
has recently developed for the conversion reaction of aluminum ions instead of its
intercalation. Over the past few years, AIBs have been investigated theoretically and
experimentally for finding appropriate conversion cathode materials like V505, TiO,,
NiS, and MoS; owing to their high capacitance, superior rate capability, and excellent
cycling stability.

In this study, a binary metal sulfide (nickel cobalt sulfide) was investigated as a
cathode material for AIBs. The flower—like NiCo,S; was prepared by the facile
hydrothermal method. Thereafter, it converted to highly conductive carbon composites,
which can be used as promising cathodes for accelerating electrochemical reaction
kinetics in AIBs. The structural morphology of NiCo0:S; composites was investigated by
scanning electron microscopic (SEM) and X-ray diffraction (XRD) methods. The
electrochemical properties of NiCo0,S, as efficient AI’" ions storage cathodes in AIBs

by studying the galvanostatic charge/discharge cycling and long—term cycling stability.
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A Study of Aluminum/Perylene polyimide/Graphene Composite Batteries
with Urea—based lonic Liquid Analogs
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Recently, rechargeable aluminum—ion batteries (AIBs) have attracted much attention
for large—scale energy storage systems as well as promising alternatives for Lithium
batteries owing to their high—volumetric—specific capacity and superior safety,
low—cost and abundant Al source. However, the lack of cathode materials with the
desirable capacity and AI°" insertion/extraction Kkinetics has severely limited their
potential applications. Due to the high abundance of carbon, hydrogen, and oxygen, and
structural diversity and flexibility, small organic molecules/polyimides are good choices
as the cathode materials for AIBs.

In this study, we report a perylene—based aromatic polyimide with highly conductive
graphene (PI—AQ/G) as composite organic cathode material for favorable [AICls.L,]1"
(where L= Urea and n—Et—Urea) uptake Kkinetics in AIBs by using a low—cost
AlCls/Urea and AlCly/n—Ethyl—urea ionic liquid electrolytes. AIBs with PI-AQ/G
composite cathode exhibited an initial high specific capacity of 265 mAh g ! in
AlCls/Urea IL and 256 mAh g ' in AlICls/n—Et—Urea IL at a current density of 100
mA g! with a promising long—term cyclic performance. Various ex—situ experimental
studies have also been carried out to reveal and understand the binding site of the
carbonyl group of the perylene—based aromatic carbonyl composite through a proposed
mechanism. Our work would be provided new insights and guidance on the design of

composite organic carbonyl materials for Al—storage performance enhancement.

PTCDA (1 eq.) 2,6-DAAQ (1 eq.)

In situ Polymerization

i, 0 —
- IaTe s
e g e ‘{E‘}:‘ Imidazole,

>

-

4 175 °C for 24 h

Graphene

PI-AQ/G Composite

Figure 1. Schematic illustration for the synthetic method of perylene
polyimide/graphene (PI—AQ/G) composite cathode for AIBs.

- 139 -



m 2021145 Sh2o||Lz|8te| ZATHEHIES| =

Research about natural gas dehydroaromatization of Ce—incorporated
Mo/HZSM—5 catalyst and coke oxidation

*

= A
ol of

A4g - o

SOt 33

s

ol

a3}

El

Mo/HZSM—5 catalyst, which is representative catalyst for MDA reaction, loses its
catalytic activity because of coke accumulation. There are many research in progress
to regenerate catalyst by coke oxidation of reduction. By introducing CeO, to
Mo/HZSM—5, we inteneded to increase efficiency of coke removal with coke oxidation.
CeQy catalyst is widely used oxidation catalyst due to its great redox ability generated
from different oxidation number of Ce ion. In this research, Ce was introduced by
different method, and effects of Ce introduction were studied.

Natural gas dehydroaromatization and regeneration experiments were operated with
mixed gas copying composition of shale gas. Catalyst and coke properties were found
by XRD, NH3;—TPD, N, adsorption/desorption, and TGA. Effect of CeO, introduction to

catalytic activity and coke removal were found in this research.
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Desulfurization by using Copper Aerogel
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School of Chemical Engineering, Yeungnam University, Gyeongsan—si, South Korea

*Presenting author, “Corresponding author: wkim@ynu.ac.kr

Abstract: Metal aerogels have unique properties such as high porosity, low density,
large volume and high surface area. We have successfully synthesized copper aerogels
using room temperature approach employing a strong reducing agent (NaBHy) in an
ethanol:water mixture. The copper aerogels formed a continuous network with highly
porous structure as confirmed by SEM studies and exhibited sharp crystalline peaks as
confirmed by XRD techniques. Further, the aerogels were characterized by using BET,
TEM, FTIR techniques for understanding the chemical and physical properties in detail.
Desulfurization is an essential step to produce hydrogen gas from petroleum coke, and
it requires high porosity and high surface area for high efficiency. High porosity and
high surface area of copper aerogels indicates high sulfur capacity in desulfurization

test by using gas chromatography.
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Figure 1: SEM image and BET surface area of copper aerogels

- 141 -



= 20215 GHo|LRete 2L LR =

3k 31814 SEYAS Zhe Sol2udake] S $13] imide group©]
7HIAZ =4E Q-PPO Al 2 EAAEY
Preparation and characterization of Q—PPO introduced imide group as a
crosslinking agent for the development of an anion exchange membrane

with enhanced chemical stability

s st 47 73t
2AE ey ek, Fabehatal oy < A& ¥ 2k sk (BK21 FOUR)

w73 ¢
A A el

]ix%:
1} 7
o WA, 43 44 oA H JAAY EAS zEE poly(phenylene oxide)(PPO)E
A2 AFEEF o Friedel—Craft acylation ¥F5-S E3] w8 A3 A<l FEEwE z}
AEA o g FAE E=Qetdlth. S EEME Aes 38%® 4 on, ol%
J bifunctionalized imide (BFI) group= AF&3sle] 43} whe-8 =33t} 44
3} 9w 7}uAQl BFI= dianhydride®t theFst -39 pyrrolidines AF§3le] 1:2 Wakd| =
FAste] Fulstelon, 200% oo dAeE Fste] aglst vhES HaAsgitt. o

r&% r&*l Moo

£

)
Yo W B
N
il

ek A2 APspgieh. wheba, A9t imide groups AR AL-g-3}
SR oz EFE BASNGA NTAS 2t AR Audd @ Lol

o
1}
[o

Al EHgk BFI 287 22 2Hdstd PPO (CM-PPO)SF T3] vl &o uheh aizte]
A4 es 2dst9lon, 'H NMR 2 FT-IRel 9] 7x2&4& a3k 7tad
e At ALEARS BFI 2H8-7]0l &87F S7kekel wheh dAobg o] Srtekdlen, a
oA HEE AFHsES HolFody. Friz, Jtadd | Fol2ugn2 JddE yx=
47pst 2ol ESiE AL Abeh wlaste] e shehA kg S Holgo s, dzekdl
ARAAE Fol2ugtutowny w9 fFpairt= A2 A8

- 142 -



= 20214E SHLol|iR(ate] At LET =

71%3 | g—CsN, =& E3)) 953 ﬁ}dﬁ WA © A7)38HA
Aes 2t

o
[U
A

Development of an anion exchange membrane with improved chemical
durability and electrochemical performance through the introduction of

g—C3Ny derivatives
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A study on the characteristics of anion exchange membrane according to

the degree of branching for AEMFC application
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Ti0, with remarkable electrochemical properties for Polymer Electrolyte

Membrane Fuel Cell Application
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Estimation of LCOH with Water Electrolysis
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53l 44U 7HLCOH, Levelized Cost Of Hydrogen)E AF&3t9tt. LCOHE 4
Atdrkel AAAEA wHow #53PLAY7HLCOE, Levelized Cost of Energy)<l
AR FAEHA FHE dAVIAE FFEaANEY] dAAVIAE Yol AAbsith
LCOH 2HgAe] F8 Waye ol &E, Ay, AFAot, o] &E2 4 AHdn 9
Ao AaksF div] A4 RS vt LARANE AV, AFEed, ARG
ol slEete vl golth. AEH|= AuHE P FoH &S xS HjEE Selth
FAM7] &8 2 7)E 23S RENA 2017 2xd A5 7]y
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Development of transition metal—carbon nanofiber catalysts for oxygen
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reduction reaction

The increase in carbon dioxide emissions has been a direct cause of climate change in
recent years. Hydrogen energy is one of the most promising alternative renewable
energy sources that can replace fossil fuels. Fuel cells using hydrogen energy are
classified into several types according to their use. Among them, PEMFC has the
advantage of high efficiency and low operating temperature. The oxygen reduction
reaction (ORR) is also a particularly important reaction in the energy conversion
system of fuel cells. The catalyst for ORR generally uses a platinum catalyst
supported on carbon, which has disadvantages of high price and low durability.
Therefore, it is necessary to develop a catalyst to replace it. Today, many researchers
are conducting studying to reduce the catalyst price dramatically by using platinum
alloys or non—platinum—based transition metals.

In this study, a metal hybrid nitrogen—doped carbon nanofiber catalyst (M—N-C,
M=Fe,Co) was synthesized through electrospinning. Electrospinning method used to
make carbon nanofibers easily. The active sites on nanofiber—structured carbon for
ORR can be increased by doping transition metals. Therefore, nitrogen(N) and
sulfur(S) were codoped by using thiourea, leading to the improvement of electrical
conductivity and the high performance. The developed M—N-—C catalyst can show high
performance not only in acid media but also in alkali media. Therefore it can be used
as an PEMFC catalyst or water electrolysis catalyst. The as—prepared M—-N-C
catalyst was characterized by SEM, TEM, XRD, BET, and XPS analysis. The effect of
M—-N-C for ORR activity and on PEMFC performance have been systematically
investigated. Their electrochemical studies were measured in oxygen—saturated
perchloric acid solutions and potassium hydroxide solutions using a rotating disk
electrode (RDE).
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sheet composite &vj 72
A novel noble—metal—free 1D CuCo—LDH nanoneedles/2D g—CsNy

sheets heteronanostructure composite as an efficient bifunctional

A

electrocatalyst for photo—electrocatalytic water Splitting
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The ongoing and ever—increasing energy demand with fast depletion of fossil fuels
have created the search for alternative renewable energy resources, such as solar,
wind, hydrogen, and biomass. Therefore, development of low—cost
photo—electrocatalysts capable of water splitting wusing highly efficient noble
metal—free electrocatalyst is an economical and green approach to generate hydrogen
and oxygen. Recently, graphite—like carbon nitride (g—CsN,), a metal—free polymeric
semiconductor with inherent chemical and thermal stability, and a moderate band gap
of 2.7 eV, has generated a lot of interest in various fields like photocatalysts, energy
storage materials in battery systems and photo/electrocatalyst for water splitting.
Compared to transition metal oxide and sulfides, g—Cs3N; is composed of strong
covalent bonds between carbon and nitride atoms and demonstrates high stability in
acidic and alkaline electrolytes, which is favorable for visible light harvesting solar
systems.

Herein, a novel copper cobalt layer double hydroxide (CuCo—LDH) nanoneedles and
graphitic carbon nitride (g—Cs3Ny) sheets composite was prepared purposely to form a
hierarchical cactus—like structure. The hybridization between CuCo—LDH and g—C3N4
i1s an efficient electronic coupling between both the hybridized components. Due to
their highly conductivity, durability, and long—term stability, containing a carbon hybrid
composite 1s a highly promising material for total water splitting. The field emission
scanning energy microscopy (FE—SEM) image reveals that CuCo—LDH nanoneedles
grown on surface of g—C3N; sheets is well formed. The overall water splitting
performance of the catalyst exhibits a very low cell voltage of 1.53 V to achieve a
current density of 10 mA/cm? with a stability of 30 h with no loss of potential. This
work provides a new insight into the design and synthesis of highly stable
electrocatalyst for commercial water electrolysis in renewable electrochemical energy

conversion.

- 150 -



m 2021145 Sh2o||Lz|8te| ZATHEHIES| =

2 gz gA=iy 37 43 792 59
ddEs 532 L 1Y% GARS AR
Binderless coke and high—density carbon block production

by air blowing method from coal tar pitch

Seungjoo Park*®, Seon Ho Lee®*°, Song Mi Lee®?, Jin—Woo Park®®, Doo—Hwan Jung®™*

'Fuel Cell Laboratory, Korea Institute of Energy Research (KIER), Daejeon,
34129, Republic of Korea
2Advanced Energy and System Engineering, University of Science and
Technology (UST), Daejeon 34113, Republic of Korea
*Department of Chemical and Biomolecular Engineering, Yonsei University, Seoul
03722, Republic of Korea

High—density carbon blocks are much lighter than metals and have excellent
mechanical, thermal, and electrical properties. In particular, it maintains excellent
physical properties even in harsh environments such as ultra—high temperature, high
pressure, and chemical composition. As a result, it is used in automobiles, aircraft,
rockets, etc., improves fuel efficiency, and is also used in various heat—dissipating
materials, heat insulating materials, electromagnetic wave shielding materials, etc.
based on its excellent electrical and thermal characteristics.

In this study, a binderless coke, which is a primary material, was produced by
heat—treating at 470°C while flowing a mixed gas of air and nitrogen from a coal tar
pitch. Then, using this raw material, a high—density carbon block was produced by
cold pressing at 50 to 250 MPa.

By introducing oxygen into the Binderless coke, the volatile matter content can be
reduced by inducing the cross—linking reaction of the volatile matter to increase the
molecular weight at medium or high molecular weight, and the occurrence of swelling
after carbonization can be prevented. Can be made and the tissue can be made finer.
And it was found that B—resin and O/C ratio are in a cross—section relationship with
each other, which has a great influence on mechanical properties. The tendency of
mechanical properties is displayed in the same way, and singular points appear
especially when molding at a pressure exceeding 200 MPa. This illustrates the fact
that the B—resin content has a greater effect than the O / C ratio when molding at
high pressure. As a result, the density of CB—N7A3-250, which appeared with the
best physical characteristics, was 1.79 g / cm3, the bending strength was 106 MPa,
and the shore hardness was 99 HSD. This is because the [B—resin content is the
highest at 3.7 wt%, and the physical properties steadily increase even when molded at

high pressure.
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Manufacture of wet/dry Carbon/CNT/epoxy resin bipolar plate for fuel

cell
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The role of ReOy in the Pt/Al,O3 catalyst to improve

perhydro—dibenzyltoluene dehydrogenation reaction
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Consequence Analysis of Hydrogen Refueling Station
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Analysis of Domestic and International Standards related to Performance

Evaluation of Pressure Sensors for Hydrogen Vehicles
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A Study on the Derivation of a Safe Distance according to the Length of
the Jet Flame and the Intensity of Radiant Heat and Consequence

Analysis in a Domestic Hydrogen Refueling Station
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Preliminary Analysis of the Effect of Operating Conditions on a

Research Reactor Plate Heat Exchanger
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Numerical Analysis of Pressure and Velocity for Primary Cooling System

in an Optimized Research Reactor against LOCA
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Management Status for Reactor Vessel Bottom Mounted Instrument
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Prediction of Coastdown Period in the Nuclear Research Reactor
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Feasibility of unsaturated fatty acid feedstocks as green alternatives in
bio—oil refinery

JY Jeon - Y Han - YW Kim - YW Leel - S Hong2 - DW Hwang - IT Hwang
Korea Research Institute of Chemical Technology, 1Seoul National University,

2Gwangju Institute of Science and Technology

Abstract
Bio—oil contains plant, animal, fish, and micro—algae oil, and more than 200 million
tons are produced annually. However, many edible and non—edible bio—oils are still
under development, and their value and feasibility have yet to be determined. The vast
majority of bio—oils produced in the world have a very high unsaturated fatty acid
content (70~98%), which could be used as a renewable, eco—friendly alternative to
petroleum. Hydrolysis (or transesterification) with ethylene metathesis technology
converts unsaturated fatty acids to C4~Csp oil fragments. These oil fragments are a
sustainable chemical technology used in chemical industry platform technology and
carbon dioxide abatement green chemical technology, and as a petrochemical substitute.
These platform chemicals also have their own market but are used as raw materials
for other products (polymers, surfactants, synthetic lubricants, plasticizers, other
specialty chemicals, general purpose chemicals, biofuels, etc). The biodegradability and
biocompatibility of the polymeric materials made from the oil mean that it is also
possible to develop diverse functional products with high added wvalue such as
toothpaste, dandruff treatment shampoo, and melanin pigment removal cosmetics,
medical and shape memory polymer materials. According to the cradle—to—gate
analysis for environmental impact and economics, the total carbon dioxide emission
reduction per ton of soybean oil was estimated to be 1.5 kg kg ! products. Moreover,
the metathesis of soybean oil ($680/ton) with additional raw materials ($237.4) will
generate a value that is 7.5 times higher at $6857. Due to the biodegradability and
biocompatibility of the products made from bio—oils, it is expected that wvarious
functional products with high added value will be developed and that industrial
applicability will be greatly expanded in the near future. In addition, for the
development of various derivatives, fusion and cooperative research in chemical fields
such as catalytic engineering, organic chemistry, polymer chemistry, maintenance

chemistry, and reaction engineering are essential.

Keywords: bio—oils; fatty acids; refinery; oleo chemicals; platform chemicals; biofuel
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Rational design of High Durable and Efficient core—shell bimetal oxide@
porous carbon sheet Electrocatalyst for water splitting application

Shanmugam Ramakrishnan!, Dong Jin Yoo ?

"Department of Energy Storage/Conversion Engineering of Graduate School(BK21
FOUR), Jeonbuk National University, Jeollabuk—do 54896, Republic of Korea

“Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 54896, Republic of Korea

The creation of high efficiency storage devices is a critical issue for the
scientific community, therefore non—precious based electrocatalysts with highly
active and long—lasting energy conversion applications are challenging task.
Herein, we have synthesis core—shell bimetal oxide on a porous carbon sheet
by using solvothermal method and then followed by calcination method. The
synthesized core—shell electrocatalyst has been characterized with various
analysis techniques such as Transmission electron microscopy, Scanning
electron microscope, Micro—Raman, X-ray diffraction analysis,and X-ray
photoelectron spectroscopy. The bimetal oxide core—shell on highly graphitic
carbon provides a large surface, increased electron conductivity, and good
synergistic effect between bimetal oxide and graphitic carbon shell, results
electrocatalyst provide excellent durability towards water electrolysis
applications.Optimzed electrocatalysis shows improved performance of OER (E
Mo =225 mV) and HER (Enjy =210 mV) and excellent durability test for 30h.
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Classification of the efficient electrocatalyst for oxygen reduction
reaction

application

Ramasamy Santhosh Kumar!, Dong Jin Yoo 2

"Department of Energy Storage/Conversion Engineering of Graduate School(BK21
FOUR), Jeonbuk National University, Jeollabuk—do 54896, Republic of Korea

“Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 54896, Republic of Korea

Toward realistically design  hierarchical nanostructures with  unique
surface/interface features is very significant due to their multi—functionalization
in energy storage and conversion systems. Generally, single metal oxide and
tri—metal oxide as electrode material is still unsatisfactory for its slow
electron transportation and inevitable structural collapse. To address these
issues, oxygen element—induced interface—tailoring hierarchical NizO4, NiCo0204
and NiCoMoO, nanostructures on supported reduced graphene oxide with high
electrochemical activity are reported through a simple hydrothermal process.
The hierarchical NiCoMoO,@rGO nanostructures presents excellent oxygen
reduction reaction performance with the detailed characterization techniques of
high—resolution  transmission electron microscope (HR—TEM), X-ray
diffraction (XRD), inductively coupled plasma optical emission spectrometry
(ICP—OES), Raman spectroscopy and X—ray photoelectron spectrometer (XPS)
were analyzed. Furthermore, we evaluated the electronic structure and ORR
mechanism of Ni3O4, NiMo:O,; and NiCoMoO, using DFT calculations via the
Vienna ab initio simulation package. Thus, the present work paves the way to
development of high surface area, hierarchical structured, metal oxide—based

electrocatalysts for oxygen reduction reaction.
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Bimetal supported nitrogen doped graphene nanofiber as an efficient
electrocatalyst for oxygen evolution reaction

Natarajan Logeshwaran!, Dong Jin Yoo '?

"Department of Energy Storage/Conversion Engineering of Graduate School(BK21
FOUR) Jeonbuk National University, Jeollabuk—do 54896, Republic of Korea

’Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 54896, Republic of Korea

Hydrogen is considered one of the most important green and clean energies,
which aimed to be ruled the energy industry in future. Water splitting
technology i1s a widely convenient technology for the hydrogen production
process.  Recently, transition  metal-metal chalcogenides, especially
manganese—based chalcogenides such as manganese—sulfides, selenoids have
attracted much research attention because of their abundant earth crust
availability, eco—friendly green, and longer stability. However, the limited
active sites and significant electron conductivity of transition manganese
selenoid materials hinders their better performances in hydrogen evolution
reaction (HER) and oxygen evolution reaction (OER) applications. As a result,
the combination of bimetal selenoids and conductive materials is supposed to
enhance electrical conductivity. Herein, we have reported manganese iron
selenoids anchoring on high conducting nitrogen heteroatom doped graphene
nanofiber substrates (MnFeSe—NGNF) as an efficient catalyst for OER
applications. Detailed characterization techniques of field emission scanning
electron microscope (FE—SEM), energy—dispersive Xray spectroscopy (EDS),
high—resolution transmission electron microscope (HR—TEM), atomic force
microscopy (AFM), X—ray diffraction (XRD, thermogravimetric analysis (TGA),
inductively coupled plasma optical emission spectrometry (ICP—OES), Raman
spectroscopy and X-—ray photoelectron spectrometer (XPS) were analyzed.
Moreover, post—analysis mortem reports also were examined to compare the
material deformation after 100 hours of stability and 10000 cyclic voltammetry
cycles
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Optimized bimetal nanoparticles supported on nitrogen—doped graphene
nanofiber for hydrogen evolution reaction

Vijayapradeep Subramanian®, Dong Jin Yoo 2

"Department of Energy Storage/Conversion Engineering of Graduate School(BK21
FOUR), Jeonbuk National University, Jeollabuk—do 54896, Republic of Korea

’Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 54896, Republic of Korea

Hydrogen is studied as a promising clean energy source, developing high
active and longer durable, cost—effective electrocatalysts becomes inevitable
for energy storage and conversion application. Water splitting is considered a
promising electrochemical application for hydrogen production. Where oxygen
evolution reaction (OER) and hydrogen evolution reaction (HER) are essential
core reactions for water electrolysis, in this present study, we developed a
non—noble bimetal coated nitrogen—doped graphene nanofiber as an efficient
electrocatalyst for hydrogen evolution reactions using a cost—effective and
straightforward hydrothermal method. Typically prepared electrocatalyst
morphology and structural characterizations were further analyzed with the
transmission electron microscope (TEM), field emission scanning electron
microscope (FE—SEM), atomic force microscopy (AFM), X-ray diffraction
(XRD), thermogravimetric analysis (TGA), inductively coupled plasma—optical
emission  spectrometry (ICP—OES), Raman spectroscopy and X-ray
photoelectron spectrometer (XPS). Moreover, the post—morphology analysis
also were examined to compare the material deformation after 100 hours of

stability test and 10000 cycles of cyclic voltammetry test.
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Iridium oxide nanoparticles decorated on MnO; nanorods supported
reduced graphene oxide as efficient electrocatalyst towards oxygen

evolution reaction

Karthikeyan S C!, Dong Jin Yoo 2

"Department of Energy Storage/Conversion Engineering of Graduate School(BK21
FOUR), Jeonbuk National University, Jeollabuk—do 54896, Republic of Korea

“Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 54896, Republic of Korea

Clean hydrogen becomes a promising candidate for the next generation fuel
requirements replacing traditional fossil fuels. But the high cost and limited
availability of noble electrocatalyst materials like Platinum, Ruthenium and
Iridium limits the widespread usage and commercialization. Recent researches
are focused on providing a suitable low cost electrocatalyst with non
compromised electrocatalytic activity for oxygen evolution reaction. OER, the
cathodic reaction for batteries and water electrolyzers, still remains as an
enigma due to their reaction Kkinetics. It becomes inevitable to overcome the
sluggish reaction Kkinetics in order to enhance the water splitting and other
renewable techniques. In this work, we demonstrated a hydrothermal synthesis
of Iridium oxide nanoparticles decorated over the MnO,; nanorods with rGO
substrate as an efficient electrocatalyst and analyzed their electrochemical
activity towards oxygen evolution reaction. Physico—chemical characterization
such as XRD, FE—SEM, TEM and Raman analysis confirmed the formation of
the Iridium oxide decorated manganese oxide nanorods supported on the
reduced graphene oxide substrate. The Electrochemical characterizations such
as cyclic voltammetry, linear sweep voltammetry, electrochemical impedance
spectroscopy and chronoamperometry demonstrates its superior electrocatalytic
activity with very low overpotentials, faster reaction kinetics and high stability
in 1.0 M KOH electrolyte.
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Effect of high electron density aryl monomer on the conductivity and
stability of Anion Exchange Membrane fuel cell (AAEMFC)

Iyappan Arunkumar®, Dong Jin Yoo 2
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FOUR), Jeonbuk National University, Jeollabuk—do 54896, Republic of Korea

’Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 54896, Republic of Korea

Alkaline anion exchange membrane (AAEM) have received widespread attention
in the field of energy materials for future energy conversion technology.
However, enhancing its hydroxide ion conductivity and mechanical stability is
highly challenging for commercialization of alkaline anion exchange membrane
fuel cell (AAEMFC). The OH™ ion present in the alkaline solution often
degrade the polymer backbone and reduce fuel cell performance. Recently,
highly stable, conductive Poly (aryl piperidinium) (PAP) based polymers are
developed for anion exchange membrane. A series of high electron density
membranes are prepared by simple solution casting method. Initially, the
anion—conducting polymer synthesized by superacid—Fridel crafts
polymerization and quaternized by methyl iodide. The structural characterization
of polymer and membrane are analyzed by H'NMR and FTIR. Surface
morphology of the membrane are analyzed by field emission scanning electron
microscope (FE—SEM) and atomic force microscopy (AFM). Ionic conductivity
and mechanical stability of resulting PAP membranes are studied and discussed
briefly. Further, Alkaline stability, oxidative stability, swelling ratio, elongation
at break, thermal stability, and water uptake studies depict the utilization of

these polymer membrane in alkaline anion exchange membrane fuel cell.
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Classification and prediction of bubble chord length with gas dispersion

patterns in bubble column reactor with machine learning

Sang Gu Yeo!, Jun Young Kim'? and Dong Hyun Lee!”
School of Chemical Engineering, Sungkyunkwan University'
2Institute of Convergent Chemical Engineering and Technology, Sungkyunkwan
University (dhlee@skku.edu®)
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Synthesis, Characterization, and Photocatalytic Properties of In,Ss for
Photocatalytic Applications

Bo Gyeong Mun!, Salh Alhammadi!, Sreedevi Gedi, Vasudeva Reddy Minnam Reddy,
Abdelrahman M. Rabie, Mostafa S. Sayed, Jae—JinShim, Hyeonwook Park and Woo
Kyoung Kim=*

School of Chemical Engineering, Yeungnam University, Gyeongsan, Gyeongbuk 38541,
Republic of Korea

*Corresponding author’s e—mail:wkim@ynu.ac.kr

The effect of Silver (Ag) doping on In»Ss; nanoparticles properties and on the corresponding
photocatalytic degradation activity of the organic pollution and on hydrogen production by
photoelectrochemical water splitting has been investigated. In this work, pure In.S; and
Ag—doped In,S3 were prepared using conventional chemical solution process. The different
Ag concentration were used to optimize the doping concentration. The XRD results
demonstrated that’s all the prepared nanoparticles has a polycrystalline cubic crystal
structure. The XRD results indicates Ag doping didn’t affect the In,Ss crystal structure due
to the absence of foreign phases which all the appeared peaks are (111), (113), (004),
(115) and (044) are corresponding to the cubic crystal structure of InyS;. The chemical
bonding states and composition of the prepared nanoparticles were confirmed from XPS
results, which the results showed all the samples has identical structure of In»Ss. The
photocatalytic ability of the pure In»Ss and Ag—doped In,S; nanoparticles were investigated
systematically and compared for the decomposition of Rhodamine B (RhB), methylene blue
(MB) and tetracycline (TC) under visible light illumination. Overall, the Ag—doped In,S;
exhibited better performance than pure In»Ss; of visible—light photocatalytic degradation of
TC and MB with higher removal efficiency. Furthermore, the Ag—doped In,S; NPs showed
improved hydrogen production via photoelectrochemical water splitting compared to pure
InySs NPs.
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Understanding reaction mechanism of reverse water—gas shift reaction
on CeOy,—based catalyst using DFT calculation
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Mechanisitc insights into the effect of newly developed dye anchor
counter electrode in enhancing the efficiency of dye sensitized solar
cells

Gyuho Shin. Hyojung Jung- Ganesh Koyyada. Jachong Kim.
Department of Chemical Engineering, Yeungnam University

Constrained absorption nature of the dye sensitized solar cells (DSSCs) is one of the
key limiation in attaining the optimum efficiency. In this report, we have adopted the
newly developed DACE technique to achieve panchromatic absorption nature in solid
state DSSC. Herein, TVP208 and DPP13 have been synthesized and explored for the
DACE based DSSC, and the effect of DACE electordes have been studied
systematically by comparing with the traditional SS—DSSC devies. TVP208 and DPP13
dyes have shown complementary absorption nature, a prerequisite for obtaining
panchromatic absoprtion in DACE. The SS—DSSC device with TVP208 sensitized
working electorde and DPP13 based DACe electrode (SS—Device2) has shown higher
efficiency of 5.08%. The enhanced efficiency of DACE based SS—DSSC devices than
the traditional SS—DSSC devices could be attributed to the improved light harvesting
property by employing DACE electrode. The improved IPCE for the DACE based

devices signify the contribution of DACE electrode in increasing the device efficiency.
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Wet chemical synthesis and characterization of WO3; as an effective
photoanode for solar water spliting

Sungwoo Kim. Seyoung Kim- Sravanthi Burragoni. Jachong Kim.
Department of Chemical Engineering, Yeungnam University

This work focusses on facile, single step, cost—effective method using to synthesize
WO3; nanostructure as a photo—anode for solar water splitting. The X-—ray diffraction
(XRD), Scanning electron microscopy (SEM), Diffuse reflectance spectroscopy (DRS),
and Linear sweep voltammetry (LSV) have been characterized to investigate the effect
of reaction time on structure, morphology, optical and photo—electrochemical properties
of the films, respectively. The results have shown that the reaction time is a
remarkable parameter that controls morphology, optical and photo—electrochemical
characterizations of the product. It is found that the solar water splitting system has
achieved 2.08mAcm 2 photocurrent density with 2h—photoanode, which is ~58% higher
than that of the lowest systems with 4h—photoanode. The improvement could be
attributed by the suitable amount of WO;3 on fluorine doping tin oxide — FTOglass that
maximizes the charge transfer and separatioin, and reaction points onto the

photo—anode.
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A study of the effect of TADF as an energy Relay dye for fluorescence
resonance energy transfer—based solide state dye—sensitized solar cells

Jieun Lee. Jaemin Jang: Ganesh Koyyada. Jachong Kim.

Department of Chemical Engineering, Yeungnam University

The effect of thermally activated delayed fluorescence (TADF) materials, 4CzBN
material as an energy donor (energy relay dye) in fluorescence resonance energy
transfer(FRET )based solid state dye sensitized solar cell (SS—DSSC) have been
studied using TVP208 as an energy acceptor. The perfomances of the TVP208 dye
sensitized SS—DSSCs were compared by systematically changing the concentrations
(0.0, 0.05, 0.10 and 0.15 wt%) of donor molecule, 4CzBN. The FRET-—based
SS—DSSC has achieved 5.17% power conversion efficiency (PCE) with 11.52 mAcm 2
current density (Js.) at 0.10wt% of 4CzBN, which was 22% higher than that of the
pristine SS—DSSC. The improvement in PCE performance could be ascribed to the
enhanced light—harvesting property of FRET—based SS—DSSC device, as demonstrated
from the increased incidient photon to current conversion efficiency (IPCE). Further,
time resolved photo luminescence (TRPL) experimnets were performed with and
without FRET donor to analyze electron injection (K Jrate and FRET contribution (n
rret) in enhancing the SS—DSSC efficiency. This study predominantly accentuates the
potential of using TADF materials as the ERD in FRET based DSSC, conceivably
opening up new insights into the developmnet of highly efficient DSSCs based on
TADF materials.
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A novel photoelectrochemical cell improvement for hydrogen production
using organic dye based on facile wet chemical coating
fluorine—Ti02/WO3; photoanode

Haeseong Oh. Yuhyun Choi. Mohan Lakavathu . Jachong Kim.

Department of Chemical Engineering, Yeungnam University

A good photo—electrochemical (PEC) anode should possesses sufficient light —
harvesting properties, charge transportation, and electron—hole pair separation. Herein,
we reported a novel WOs/fluorine—TiOs/organic dye as an efficient photo—anode by
multiple strategy of intergrating facial wet chemical coating method and introduction of
the organic dye. The as—prepared photo—anode generates high PEC performance with
photocurrent density of 1.54 mAcm™? measured in phosphate buffer at 1.23V versus
Ag/AgCl reference electrode under simulated AM1.5 light illumination, which is 111%
and 41% higher than that are of only WOs3; and WOs/fluorine—TiO,. The remarkable
improvement could be benefited from the high surface area and electron trapping points
of the fluorine—TiO, that provides better charge transport and separation as well as

enhanced light harvesting efficiency by the organic dye introduction.
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Synthesis of SnS; Nanoparticles by Facile Chemical Precipitation Method for
thin film Cu(In,Ga)Se; Solar Cells

Salh Alhammadi!, Sreedevi Gedi, Vasudeva Reddy Minnam Reddy, Woo Kyoung Kim*

School of Chemical Engineering, Yeungnam University, Gyeongsan, Gyeongbuk 38541,
Republic of Korea

*Corresponding author’s e —mail:wkim@ynu.ac.kr

Currently, as an alternative buffer layer to CdS, tin disulfide (SnS;) has been investigated
due to its suitable wide band gap (~2.9 eV) to transmit most of the solar light spectrum to
the CIGS absorber. further, SnS. consists of low—cost, abundant, and non—toxic elements.
This work presents the successful synthesis of SnS, nanoparticles using a facile chemical
precipitation method. The prepared SnS, nanoparticles were used to deposit the SnS. thin
film by spin coating technique. The X-—ray photoelectron spectroscopy (XPS) results
showed that synthesized SnS. nanoparticles and SnS, films have stoichiometric composition
of Sn and S. The raman spectroscopy has also yielded useful results in the study of surfaces
which showed a characteristic peak at 316 cm™! corresponding to the hexagonal SnS, phase.
The calculated band gap energy from absorbance spectra of SnS, film is found to be ~2.9
eV. The fabricated CIGS device with SnS. as buffer showed the conversion efficiency
(~5%) close to the efficiency (~7%) of device fabricated with CdS as reference buffer

layer.
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Structural Design of Metal Wire Filter to Reduce Mist Emission
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A Fundamental study on the interchangeability of hydrogen enriched

domestic boiler
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The development of rice husk biochar with chitosan and magnetite for
simultaneous efficient heavy metal removal in aqueous solution and easy

magnetic separation

HAS - A3 - A - HET - AYY - A - HE2

oolEo](F), ‘AT st AE gt}

In this study, the removal of heavy metal (i.e., Cu(Il)) was investigated using
chitosan modified magnetic biochar derived from rice husk (CM—RH—-BC). Results of
XRD and FTIR analyses indicated that the amino groups were chemically bound to the
functional groups on the biochar surface after chitosan modification. Moreover mineral
contents analyse results show that nitrogen content(%) of chitosan modified RH—BC
was higher than non—modified RH—BC. The above—mentioned analyse results also
show that magnetite particles were successfully embedded into biochar. To determine
the adsorption capacity, batch experiments were conducted to investigate the
adsorption effect under different initial concentration (C,=1, 2.5, 5, 10, 20, 30, 40,
50, 60, 70, 80 and 90mg/L) at pH 6 for 24hours. Langmuir and Freundlich adsorption
models were used to describe static isotherms and constants. The data fitted well with
Freundlich adsorption model at Q.. value of 89.60mg/g for Cu(II) ions. This work
suggests that chitosan modified magnetic biochars may be used as an effective,
low—cost, and environmental—friendly adsorbent to remediate heavy metal

contamination in the environment.
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Current Status and Technology Trends on Domestic and Overseas

Carbon Capture and Storage(CCS) Projects
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