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1 Alkaline Stabilization: Optimization by response Lulit Habte Geoscience &
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3 Optimal Injection Locations for the Backfilling in . .
Korean Limestone Mines Yoon University
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4 Material L Uni )
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Currer.lt status and prospect of domestic Fa\fv ' Eu-Dug Korea of Mining

5 material supply and demand for commercialization Wh Ind A o
of carbon mineralization technology ang ndustry Association
Immobilization of Chromium hexavalent oxyanions Korea Institute of

6 in wastewater and coal ash leachate by in situ Chaeyeon Lim Geoscience &
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7 . . Geoscience &
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Enrichment from Fly Ash uan Mineral Resources
A Study on K—ETS Offset project methodology Korea Research

9 development of carbon mineralization technology for  Eundon Jeon Institute on Climate
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10 evelopment of Greenhouse Gas Reduction Wan Cheon Institute on Climate

Methodology of Rare Earth Extraction Technology
Based on Carbon Mineralization
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Nanostructured Materials and Nanoengineering for Hydrogen and Fuel
Cell Applications
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A variety of novel composite materials have been used/tested for next-generation
energy conversion devices. However, in many cases little is known about their
properties and performance, although such fundamental understanding is essential
for further advances in energy conversion technologies. Experiments may yield
many clues to the behavior of those materials, but the interpretations are often
controversial due largely to the difficulty of direct characterization. Under such
circumstances, first principles-based computational approaches have emerged as
one of the most powerful tools for design and development of new energy
materials. This talk will focus on introducing our ongoing efforts in energy
conversion materials. In the first part of my talk, I will discuss the properties and
performance of Pt-based nanomaterials and composites PEMFCs, particularly the
dissolution mechanisms of Pt-based nanomaterials near the surface and interface,
with comparisons to those in bulk Pt, as well as the surface and interface effects
on the anode and cathode performance, such as oxidation/reduction reaction rate
and stability. In the second part, I will present recent progress in our
collaborative theoretical and experimental efforts to explore electrolysis catalysts
with the stability, costs, and abundance for electro-powered hydrogen/oxygen
production.
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Strategies to achieve efficient next—generation multivalent ion batteries

93]t} (Hee—Dae Lim)”
Sl 38ty &A1Y (Korea Institute of Science and Technology)

Magnesium (Mg) batteries are a promising next—generation power source, due to
attractive properties such as double charges of divalent Mg®" ions, high volumetric
capacity (3,832 mAh cm ®), which is almost twice compared to that of Li batteries,
and the low price of Mg metal. However, the formation of ion—insulating interphase on
the surface of Mg metal In common organic electrolytes impedes transports of
multivalent ions, which has been a problematic issue for Mg metal batteries. Herein, to
address this issue, we propose two different strategies; (1) chemical tuning of the
interphase into Mg”"—conductive film and (2) the use of magnesiophilic scaffold as an
anode substrate. Our studies will offer a new insight to understand the role of
interphase and provide a guideline to design a better interphase for reversible Mg

metal batteries.
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As the increased demands for high energy storage systems to satisfy the
requirements of transport and electricity storage, an advance in battery performance is
mandatory. In fact, the conventional lithium—ion battery technology is predicted to
reach a limit in specific energy of 250 Wh kg !, thus, achieving a significant
improvement in energy storage requires new technologies that differs from Li—ion
based systems.

Among the promising, lithium—oxygen (Li—Q3) battery technology was already at the
center of attention a few decades due to its excellent intrinsic feature, the very high
theoretical gravimetric energy reached to 3,500 Wh kg™!. Despite a steep acceleration
in R&D effort, Li—0, battery technologies are not established for a commercial
product, and the technology roadmap has been extended to a 20 years window due to
some as yet unresolved challenges (high charge overpotential, electrolyte and carbon
decomposition, anode reactivity, and etc.). Therefore, the choice of an effective

catalyst as well as a stable electrolyte and electrode is the most important challenge

in the lithium—oxygen battery R&D.
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Nonequilibrium energy storage reaction of electrode particles in batteries
under high current density

ek
AT A AT NIALADTAE

A few—minute—long fast charging capability of Li—ion batteries (LIBs) holds the key
to the success of electric vehicles. For decades, it has been considered that the
Li—ion diffusion in crystalline electrode materials governs the rate capability of LIBs.
Extensive efforts, therefore, have been made to lower the activation barrier of Li—ion
migration by tuning the chemical composition and lattice parameters and by reducing
the length of Li—ion diffusion from bulk active materials to liquid electrolytes.
However, recent discoveries show that the enhancement of the rate of
solid—electrolyte charge transfer reaction, 7.e., exchange current density, wza surface
modification or utilization of different electrolytes drastically improves the
rate—capability of electrode materials. The results suggest us revisit the role of the
charge transfer reaction which possibly affects the kinetics of (de—)intercalation

reaction in batteries.

Here, we focus on lithium layered oxides widely used in LIBs. While the single—phase
behaviors are well established near equilibrium, some operando diffraction studies have
suggested phase separation during delithiation. Notably, the separation is not always
observed, and never during lithiation. Using a combination of operando diffraction, ex
situ nanoscale oxidation—state mapping, and a many—particle population model, we
unambiguously explain the origin of asymmetric delithiation and lithiation processes of
the single—phase material Lix(Nil/3Mn1/3Co01/3)02 (0.5 < x < 1) under high current
density. We confirm that the apparent phase separation is a repeatable non—equilibrium
process, but not the irreversible phenomenon observed only during the initial
delithiation. Our study suggests the importance of population dynamics in battery

electrodes, to develop fast—charging batteries.

Reference
J. Park, H. Zhao, S. D. Kang, et al., Nature Materials (2021), 20, 991—999.
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Kinetically favoured metastable phases are ubiquitous in nature. Crystals grown
from high—energy precursors often initially adopt metastable structures instead of
forming thermodynamically stable ground—state structures, depending on the initial
conditions, such as temperature, pressure or crystal size. As the crystals grow further,
they typically undergo a series of transformations from metastable phases to
lower—energy and ultimately energetically stable phases. Notably, the search for
metastable materials has mainly been heuristic, performed on the basis of experiences,
intuition or even speculative predictions, namely ‘rules of thumb’.

In this presentation, I introduce a new metastable hexagonal close—packed
(hep) palladium hydride (PdH,) synthesized in a liquid cell TEM. The metastable hcp
structure 1s formed through a unique environment developed in the liquid cell: a
sufficient supply of hydrogen (H) and an insufficient supply of Pd. These findings
provide thermodynamic insights into metastability engineering strategies that can be

deployed to discover new metastable phases.
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A Study on the technology valuation frame for energy startup and ventures
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Review of Laws and Regulations to revitalize domestic LNG Bunkering

Industry
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gas leak sensors at hydrogen refueling station
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Recovery of Nitrogen from Waste Diaper through Alkaline Stabilization:
Optimization by response surface methodology

Lulit Habte"” Guenho Kim' - Jiwhan Ahn"*
ICenter for Mineral Processing & Metallurgy Research, Korea Institute of Goescience And
Mineral Resources, > School of Civil and Environmental Engineering Department, Addis
Ababa institute of Technology (AAiT), Addis Ababa University

In this study, nitrogen has been recovered from waste diaper through alkaline
stabilization as a liquid fertilizer. Nitrogen is one of the most dominant as well as
difficult key nutrients to recover from human urine. Urine consists of 90—95% of total
nitrogen. However, nitrogen can easily be lost in the form of ammonia gas by
enzymatic degradation of urea. One method to prevent this loss is alkaline stabilization
that is cheap and easy to operate. As a result, nitrogen recovery from human urine
can be maximized. In this work, CaO synthesized from the waste shell was used to
prevent the enzymatic degradation of urea. The urine obtained from baby diaper that is
considered as one of the environmental concerns in the globe. The exponential growth
of the global disposable diaper market has created concern about the management of
the wastes produced after use. Environmental problems such as decomposition
problems, emission of greenhouse gases, pollution, and release of toxic chemicals are
the major impacts of waste disposable diapers which have to be managed properly. In
the experiment, three parameters were studied: CaO dosage, liquid/solid ratio (L/S),
and temperature. The experimental design has been conducted by response surface
methodology (RSM), Box—Behnken. The result highlights that 0.05M, 40 0C, and 5 of
CaO dosage, temperature, and L/S ratio respectively were the optimized condition for

obtaining maximized nitrogen recovery that is 2048.56 mg/L.
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Technological approach for utilization of fly ash and red mud as raw
materials of CSA cement in Vietnam: Achieving Net - Zero carbon by
2050

Nguyen Van duc!> Changwoo Lee? Jiwhan Ahn'*

ICenter for Mineral Processing & Metallurgy Research, Korea Institute of Goescience And

Mineral Resources, “Department of Energy Resources Engineering, Dong—A University

At the Conference of the Parties (COP26) in 2021, Vietnam's Government had
committed to the net—zero carbon emissions target by 2050. This can be considered
as a critical goal for Vietnam's Government to respond to climate change. Currently,
Vietnam has 25 coal—fired thermal power plants in operation. The total amount of ash
and slag disposal is about 13 million tons/year, of which fly ash accounts for 80% to
85%. Based on the Decision No. 452/QD—TTg of the Vietnam Prime Minister in 2017,
it has approved the scheme to promote the treatment and use of ash, slag, and
gypsum of thermal power plants, chemical plants, and fertilizers as raw materials for
production building materials and in construction works. However, after more than five
yvears of implementing the Prime Minister's Decision No. 452/QD—TTg although there
have been many efforts, the actual results have not yet reached the set goals. In
addition, based on the current plan on bauxite mining in Vietnam, the amount of red
mud discharged will reach 23 million tons by 2025; after ten years, it will be 230
million tons. Thus, a massive amount of fly ash and red mud has been discharged into
the environment. After COP26, Vietnam's Government issued Decree 06/2022/ND—CP
on January 7th, 2022. It regulates the mitigation of greenhouse gas emissions and the
protection of the ozone layer. Accordingly, the methods of mitigating greenhouse gas
emissions, including technologies, production processes, and services with low
greenhouse gas emissions, are encouraged to apply. In this study, it will discuss the
CSA cement technology with lower CO2 emission using fly ash and red mud as raw
material by carbon mineralization process. The ultimate aim of this study is to suggest
practical technological solutions that contribute to the overall goal of the Vietnamese
Government to reduce CO2 emissions to net—zero by 2050.
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A Case Study of Numerical Analysis to Select the Optimal Injection
Locations for the Backfilling in Korean Limestone Mines

Youngmin Yoon - Seokwon Jeon

Department of Energy Systems Engineering, Seoul National University

Backfilling the composite carbonate into abandoned mine cavities has been studied as
an alternative to overcome the low economic efficiency and storage limit of the Carbon
Capture and Storage (CCS) technique. In this study, we conducted a case study on
selecting the optimal injection locations for the backfilling in Korean limestone mines
through numerical analysis to establish a reasonable standard for the construction design
of backfilling the composite carbonate into abandoned mine cavities. Numerical analysis
was performed on the limestone mine in Samcheok, Gangwon-do, South Korea. Point
cloud data of the limestone mine cavities were obtained using LiDAR. A 3D model
applied to numerical analysis was generated by combining point cloud data with surface
topographic data. The strength reduction method was used to evaluate the stability of
the mine. To analyze the ground reinforcement effect of the backfilling, we conducted a
numerical analysis under the individual and sequential backfilling conditions for the mine
cavities and measured the vertical displacement of the surface. The numerical analysis
results showed that the factor of safety before the backfilling was 4.2, which is already
stable, but the factor of safety after the backfilling increased significantly to 6.6, and the
expected ground subsidence area changed. The applicability of this study can be
improved in that it is necessary to secure a sufficient factor of safety when considering
the abandoned mines and their long-term behavior. In addition, it was found that the
vertical displacement of the surface sharply decreased when backfilling the 130 level
gangway and the vertical displacement of the surface decreased as the injection volume
for backfilling increased. It indicates that the mine cavity volume can be a major factor
influencing the ground subsidence. Therefore, the cavity volume as well as the depth of
the cavity from the surface should be considered when selecting the injection locations
for the backfilling.
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An Empirical Study on CSA Cement and Backfill Material
for Abandoned Mine Openings

Hyeon—woo, Lee! - Byung—ryeol Kim? - Sung—Oong, Choi'*
'Kangwon National University, Korea Institute of Limestone & Advanced Materials

As the demand for electric power increases with the acceleration of electrification at
home and abroad, the needs for coal—fired electrical power plants are accordingly
increased. However, these coal—fired electrical power plants induce also many
environmental problems such as an increase of air pollutants, an increase of possibility of
land contamination by reclamation of coal ash, even though these power plants have good
economical efficiency. In the case of a by—product of coal—fired electrical power plants,
only 70% of them are recycled and the remaining 30% of by—product are fully buried in
the surrounding ground. Consequently, this study develops the backfill material using coal
ash for abandoned mine openings. The backfill material purposes increasing the coal ash
recycling rate as well as secure the mine area stability. ACI(2005) suggested that slump
flow 200 mm and uniaxial compressive strength 8.3 MPa or some more must be needed
for long—term stability and self—compaction with high—flowability backfill material. This
study tests the backfill material’s properties(P—wave velocity, moisture content, and
uniaxial compressive strength) and finds the optimal mixing proportion of backfill
material. The test specimens of backfill material are made by fixing the limestone
powder’s proportion at 40% and changing the green cement and coal—ash content. As a
result, the optimal mixing proportion was derived from limestone power at 40%, coal—ash
at 45%, and green cement at 15% for this study’s purpose.

180 —

3 days curing
7 days curing

14 days curing
28 days curing

orme

Uniaxial compressive strength (kgf/cm2)

. . <Property test specimen 0;
<Backfill material perty P 3

40 45
‘s curing> Fly-ash content (%)
mixing> . .
<Uniaxial compressive strength of

coal—ash content and day of curing>

Fig. Making process of test specimen and result of uniaxial compressive strength test
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Current status and prospect of domestic raw material supply and demand
for commercialization of carbon mineralization technology

Eu—Dug Whang'*, Changwoo lee?

Korea of Mining Industry Association, ?Department of Energy Resources Engineering, Dong—A

University

Mineral carbonation is a process in which insoluble carbonate is formed by the reaction
of carbon dioxide with a compound containing metals such as calcium (Ca), magnesium
(Mg), and iron (Fe). Theoretically, oxides of alkaline earth metals (Ca, Mg, etc.) are
required as raw materials for mineral carbonation, but they can also be obtained from
some natural minerals such as silicate rocks or alkaline industrial by-products (or
wastes). Natural minerals include olivine (Mg2SiO4), serpentine (Mg3Si205(0OH)4), and
wollastonite (CaSiO3), which are widely distributed on the surface. It is estimated that
more than 13 million tons of carbon dioxide can be treated using these natural minerals
that exist in Korea. However, as of 2018, the total domestic carbon dioxide emission
was 727.6 million tons, and even if all of these natural silicates are used, the treatment
effect is less than 2% of the annual carbon dioxide emission. In addition to natural
silicate minerals, industrial by-products containing alkaline earth metal oxides include
waste concrete/cement, steel slag generated in steelmaking processes, combustion
by-products such as ash and waste asbestos. If calcium and magnesium contained in
these industrial by-products are utilized, a significant amount of carbon dioxide can be
separated from the atmosphere. More than 100 million tons of by-products from
domestic industries are generated every year. When industrial by—products are used for
mineral carbonation, energy consumption due to mining, grinding, sorting, and high
crystallinity is relatively low, unlike natural minerals. In addition, since it is continuously
generated every year, it can be supplied stably and has significant advantages in terms
of being able to process industrial wastes/by-products in an environmentally friendly
manner. In general, steel slag contains about 30 to 60% of CaO or MgO, and it is
expected that carbon dioxide immobilization of more than about 14 million tons per year

will be possible if these industrial wastes or by—products are used.
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Immobilization of Chromium hexavalent oxyanions in wastewater and coal
ash leachate by in situ carbon mineralization

Chaeyeon Lim!? - Mohd Danish Khan? - Junhyun Choi? - Heeyoung Shin? - Hyunjung
Kim" - Ji Whan Ahn**
"Department of Earth Resources Environment Engineering, Hanyang University, “Center
for Mineral Processing & Metallurgy Research, Korea Institute of Geosciences and

Mineral Resources

The IPCC has envisioned a target of sequestering ~32 Gt of atmospheric carbon
dioxide (CO3) by 2020-2030 to achieve the climate goals (limit warning 1.5 °C). Carbon
mineralization i1s a technology used to sequester atmospheric CO; by reacting with
alkaline waste to form mineral carbonates and holds immense potential in reducing
global warming. However, the alkaline wastes such as coal ash, bauxite residue, and
steel slag contain heavy metals that can be hazardous to the environment when leached
out. According to the EPA, chromium(VI) oxyanions leaching from coal ash is a serious
issue due to its toxicity. Cr(VI) concentration in coal ash leachate can reach 5,000 ppb,
much higher than the threshold standard of 100 ppb for surface/ground water. In this
study, in situ carbonation experiments were conducted for the immobilization of Cr(VI)
oxyanions in wastewater and coal ash leachate. Thermodynamic simulations were carried
out to identify the reaction possibilities and formation of any Ca-Cr related products. To
obtain maximum immobilization efficiency, experimental parameters such as the CaO
dosage, solution pH, temperature, and CO, flowrate were investigated. Results revealed
that the solution pH and CO, flowrate affected Cr(VI) immobilization to a greater extent
than the other studied parameters. We hypothesized that Cr(VI) immobilization occurs by

surface adsorption and incorporation of Cr(VI) within calcium carbonate crystals.

Acknowledgement

This research was also supported by the National Strategic Project-Carbon
Mineralization Flagship Center of the National Research Foundation of Korea (NRF)
funded by the Ministry of Science and ICT (MSIT), the Ministry of Environment (ME)
and the Ministry of Trade, Industry and Energy (MOTIE) (2017M3D8A2084752).

This research was financially supported by the Ministry of Trade, Industry, and Energy
(MOTIE), Korea, under the “Infrastructure program for industrial innovation” supervised
by the Korea Institute for Advancement of Technology (KIAT)(P0018011).

_69_



m 2022495 SHRO|LR|EE| 2AGHAUES| =

[EEAMM9. 2050 EtAFES 9

rok

e =s 7| el

Enrichment and Association of Rare Earth Elements with Unburnt Carbon
Obtained from Coal Ash

Mohd Danish Khan', Lai Quang Tuan? and Jiwhan Ahn!*

!Center for Mineral Processing & Metallurgy Research, Korea Institute of Geosciences

and Mineral Resources, “Department of Resources Recycling, University of Science and

Technology

Coal is considered as a complex geological mineral comprising both inorganic and
organic matter including crystalline and amorphous mineraloids. These minerals
incorporate considerable quantity of rare earth elements (REE) associated with both
inorganic and organic mineral contents. Plethora of studies are available demonstrating
the association and enrichment of REE in coal ash while only meager research focused
on the REE association with unburnt carbon content in coal ash. In this study,
microflotation was applied to separate unburnt carbon from circulating fluidized bed
coal fly ash and ~ 24 wt. % of unburnt carbon was successfully separated. It was
observed that around 323 ppm of REE was associated with unburnt carbon which on
proper burning enriched by 1.68 times i.e 543 ppm. Transmission electron microscopic
images integrated with EDS confirms the presence of REE in unburnt carbon. The
distribution of heavy rare earth elements (HREE) in unburnt carbon content
significantly increased (~ 28 wt. %) revealing positive attachment of HREE with
unburnt carbon. Lastly, molecular dynamic simulation was applied for the identification
of C—REE possible interactions based on lowest energy and surface adsorption along
with substitution/cation exchange as the possible interaction mechanism was observed.
Presented work highlighted an auspicious potential of unburnt carbon to interact REE

along with the associated mechanism.
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Novel Alkali Activation Integrated Carbon Mineralization towards CO,

Sequestration and Rare Earths Enrichment from Fly Ash

Lai Quang Tuan'?, Mohd Danish Khan', and Jiwhan Ahn'*

!Center for Mineral Processing & Metallurgy Research, Korea Institute of Geosciences

and Mineral Resources, “Department of Resources Recycling, University of Science and

Technology

Coal ash has been a promising source for CO; sequestration and rare earths recovery.

Combustion of coal in the Circulating fluidize bed boiler produces high—calcium coal
ash as limestone (CaCO;3) is added to capture sulfur. Consequently, there is a
significant amount of free CaO being available for COs; capture. In addition, coal ash
has been considered as the alternative source for rare earths. In this study, alkali
activation using NaOH was performed to activate the reactivity of rare earths through
breakage of amorphous aluminosilicate phase. Rare earths was enriched by significant
dissolution of major elements such as Si, Al, and Fe. Furthermore, post alkali
activation, carbon mineralization using CO; and Ca(OH), was integrated to recycle
NaOH, precipitate Si and Al, and promote CO, mineralization. Alkali activation
comprised of 15 g CFBC coal fly ash mixed with 300 mL NaOH (5 M) for a
residence time of 2 h at a temperature of 100 oC. Carbon mineralization process
included CO, dissolution in alkali activated solution (carbonation step 1) followed by
CO; mineralization in carbonate mineral (carbonation step 2). The dissolution of Si, Al,
and Fe was 54.5 %, 66.76 %, and 6.25 % respectively, which resulted in the
enrichment of REEs by 1.49 time i.e. from 385 ppm to 575 ppm. Mineral carbonation
precipitated 85.75 % SiO,, 99.6 % Al,O3, and 100 % FesOs. The sequestered quantity
of CO, in the product was 37.58 g per 15 g fly ash used, which is equal to 2.505 kg
CO; can be sequestered per kg of fly ash.
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A Study on K—ETS Offset project methodology development of carbon
mineralization technology for rare earth element concentration

Eundon Jeon - Wan Cheon - Chungkook Lee

Korea Research Institute on Climate Change, Carbon Expert Group

Since the 2019 UN Climate Summit, 121 countries have joined the Climate Ambition
Alliance and selected 2050 carbon—neutral as the global agenda. Since the president
announced the 2050 carbon—neutral plan in his 2020 National Assembly Policy
Address, Korea has been establishing specific implementation measures and strategies
for carbon—neutral, along with the declaration of carbon—neutral to keep up with
climate change trends at the city and corporate level. Carbon—neutral can be achieved
by reducing greenhouse gas emissions through technology reduction and offset the rest
through carbon credits, raising the need for a greenhouse gas reduction project
methodology that can be certified as carbon credits.

In this study, a methodology for reducing greenhouse gases through the Korea
emission trading scheme among domestic and foreign policies that can be certified for
carbon credits was developed. To this end, a standard process model was selected
through analysis of the carbon mineralization technology(Insitu—PCC technology) used
as a rare earth concentration technology. A key element of methodology development
were derived by analyzing the similar methodology of Clean Development Mechanism
(CDM), which has a carbon dioxide reusing reduction project model. Based on this, a
methodology for reducing greenhouse gas emissions under the korea emission trading
scheme offset project has been developed and approved by the government. Based on
the approval of this methodology, it is expected that carbon mineralization technology
can be expanded to greenhouse gas reduction projects, and it is believed that it can

contribute to achieving carbon—neutral through securing carbon credits.
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A Study on the Analysis of Emission Sources for Development of
Greenhouse Gas Reduction Methodology of Rare Earth Extraction
Technology Based on Carbon Mineralization

Wan Cheon'? - Eundon Jeon! - Chungkook Lee!
'Korea Research Institute on Climate Change, Carbon Expert Group,
“Kangwon National University Graduate School, Environmental Management and Policy Cooperative Course

Since the Paris Agreement adopted at the 2015 UN Climate Change Conference and
the 2019 UN Climate Action Summit, 121 countries have joined the Climate Ambition
Alliance, and 2050 carbon—neutral plan has emerged as a global agenda.
Carbon—neutral refers to confirming the current greenhouse gas emissions, reducing
them as much as possible through reduction actions, and offsetting the remaining
greenhouse gas emissions. In the Korea 2050 Carbon Neutral Strategy, Korea
presented CCUS technology as a key means of carbon—neutral.

In this study aims to develop a methodology for calculating the amount of greenhouse
gas reduction by using rare earth elements extraction technology based on carbon
mineralization technology. Methodology development proceeds in the order of defining
the standard process of greenhouse gas reduction technology, establishing project
boundaries and deriving emission sources, setting baseline scenarios and checking
additional criteria, and analyzing quantification techniques by emission source.

As a result of the study, rare earth elements extraction technology defined a standard
process as a concentration process in 10 stages and an extraction process in 17
stages. The main emission sources for each process were indirect emission sources
due to the use of external electricity and external heat, and the greenhouse gases
emitted were CO,, CHj, and N>O. The project boundary was set as an area that
includes both greenhouse gas emission sources in the concentration process and the
extraction process. Based on this study, it is intended to develop a methodology for
calculating the amount of greenhouse gas reduction in rare earth elements extraction
technology by conducting follow—up studies such as setting baseline scenarios and

analyzing quantification techniques for each emission source.
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Development of urea—based eco—friendly reducing agent for nitrogen
oxide reduction
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Study of CO2 Capture Membrane Process from LNG Power Plant Flue
Gas
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The Case Study of the Leakage Monitoring in LNG Pipeline
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Aging Condition Monitoring of XLPE Insulated Cable
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A Study on Specific Heat According to Deterioration
of XLPE Insulation Cable
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AR A2 E E AEAEH g dAA dFEd
AHE AATEA AN
Implications of Keyword Network Analysis in Global Research

Literatures on Energy System Integration and Sector Coupling

Nyun—Bae Park - Mina Sung - Won—Yong Lee

R&D Planning and Coordination Division, Korea Institute of Energy Research

As the share of variable renewable energy such as solar and wind power increases,
reliable energy system integration or sector coupling becomes an important issue. This
paper searched for system integration or sector coupling as keywords in the energy
subject using the Scopus database, and analyzed 500 papers from 1993 to 2022. The
search date is December 1, 2021. A social network analysis was conducted on the
keywords of the literatures. The conclusion is as follows. First, literatures related to
system integration or sector coupling are increasing as renewable energy has increased
rapidly and is expected to increase further in the future. Second, those literatures are
being actively published in China, the United States, and European countries, where the
competitiveness and deployment of renewable energy technologies are leading. Third,
those literatures deal with a wide range of issues such as maximizing power
generation by optimizing various renewable energies, storing excess electricity or
converting it into other energy such as hydrogen. Fourth, those literatures are actively
researching areas such as energy conversion, energy system modeling, environment,

power system, energy storage, and optimal system integration.

Acknowledgements : This work was conducted with the support of the Korea Energy
Technology Evaluation and Planning (KETEP) funded by the Ministry of Trade,
Industry and Energy (NP2021-0093).
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AHE-T YA aETY JFFAEZ(EERS) A3 2 7fAdw¢t
Current status and improvement of heat Energy Efficiency Resource
Standards (EERS)
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Hydrogen Embrittelment Based Life Expectancy Evaluation of Hydrogen

Pressure Vessels according to Various Crack Modes
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Study on Insulation Performance Test Methodology and Liquefied
Nitrogen—Hydrogen Conversion for Liquefied Hydrogen Storage Tank
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Thermodynamic Analysis about Variable Supply Condition on Slush
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Hydrogen Production Process Using Spray Method

874 v Ador FEUE FAE dntt Frleke 4 FAE U] fla H2
TAaE YA FYste AAES HE T o Fho Wrrt vl so} Ax|Eke] A
FHA QL olgr7F vt ol & JHAdstaA H=TE 8008 o] F AA| T4 FEHE Hytsto
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Techno—economic analysis on 300 MWe class combined cycle power

plant(CCPP) fueled by natural gas/hydrogen mixture

A 1047 7] F olstiae) FrE A%H0R F5ea 9or, 400ppmE W
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FF7/EF FAAZS A AA/A 7|9 slush 49 A H]E 4
A Economic Analysis on Slush Hydrogen Containing Liquid and Solid

phase for Long—term and large—scale Storage

33 - 759 - A - FAH4E
AEMAYAFAE X273 ITE 15

gazpads] AN FA o FHAR N oA
AUA L FaduA e Fgo] A&sEn Jrh F4

woto w7157 3 = AuAYEs}
i SNARERY FEeU AU Ae] Ao ny FQsA AN 9] 1)
Fol BAFPLEL A9 Ute Bstn Ak HAW Fat BAFe] H4u Wwst
Ao ol dew A%e eE nghHE 93

% (Compression)atA v o3}
%(700bar 713, 41 kg/m™)ol
].

= o
(Liquefaction)3te] A 3sl= wkoto] mgFolth 714 &4
H| A AEFA (71 kg/m®)S AFLE ul 90K e HEZHoz 9l
A w2 5o ddy 274 (Boil—off gas)oll tidk 2] 7F Aotk AA/arA] 7]
1ol slush 74+ IAZF 7HA & §3l E(Heat of fusion)®2 FE7t2 AA7F 7Hssd &
L5 °F 15% ol &7 aL, X3 ddTS HuA A ¢ 7] el a8
Al FAaAE7 |2 F2E a1 o
Aol A= AA/aLA] 71Nk slush 4 A 71w &/ T Al mE v
= shal, NA FA7t sdek 29 FFU)/AER A A8 EE oyA |
gete] mluegitt dE84o 2 A Fuo Ag Hu 156% ol WA &4 1
glom Mual oy} AJAERH= 9F 27% oA HA(AQ NI A)~E v]g E3H)F}
stlth. olggt AvE EdiE ALte 99 Agd A 8($/keg—Hy)S
33%7MA A= AL AT = Ak A2H o7 dA|F4e] dEE IAFLE [
A28 H7]E sHARE AFEE FUte] wE BALAAS d&F

il

jud

ek

b

Zbel e AFVAF gash Tk Age ATAHsE Aosh S s oY
A Ao Qs 7€ RARE AF g M AR Aoz FAHAe

[
©° 2

do] Aoz 353 (A

)

HArel TR Qe FEASE/AENEYSI|ENS
M 3% 21CTAP-C163636-01)

oolr

_99_



" 202295 ghIol|uz|ets| FAIRMEHRS| =

THEA o5 28 QLS A% 7IA-RE JE8A4 Ht
A evaluation of weather information in forecasting model of wind power

generation
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A Study on the Dynamic Behavior of Semi—submersible type Floating
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Offshore Wind Turbine by Fairlead Position
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Status of SnS solar cells

Vasudeva Reddy Minnam Reddy ° Gedi Sreedevi * Ignatius Andre Setiawan * Park

Hyeseon * Shin Yeonju * Kim Boyeon * Kim Dong Hyo * Salh Alhammadi * Woo Kyoung
Kims
School of Chemical Engineering, Yeungnam University, 280 Daehak—ro, Gyeongsan
38541, Korea.

* Corresponding author (wkim@ynu.ac.kr)

Tin monosulfide (SnS) is a promising absorber material for thin film solar
cells and it has garnered tremendous interest because of its fascinating properties
including suitable band gap, high absorption coefficient, earth abundance, and excellent
stability. Over the past several years, intensive efforts have been made to enhance the
photovoltaic efficiencies of SnS solar cells using many promising approaches including
interfacial engineering, surface passivation, additive engineering, and band—gap
engineering of the charge transport layers and active light absorbing SnS materials.
Recently, doping strategies in SnS light absorbers have gained attention as they
promise to play important roles in controlling band gap, regulating film morphology, and
passivating grain boundaries, and thus resulting in enhanced carrier transport, which is
one of the most challenging issues in this cutting—edge research field. Here, an
overview of SnS thin films and solar cells and their fundamental properties are
provided. Recent advances in doping strategies in SnS thin films and solar cells are
then discussed to provide in—depth understanding of the effects of various dopants on
the photovoltaic properties of SnS materials. In conclusion, the personal perspectives

and outlook to the future development of SnS solar cells are provided.
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Investigating the effect of bicarbonate ion for the photoelectrochemical
production of HsO9

Adeel Mehmood - A& - 29"

o} ri st o U4 A 25 83}

In energy and environmental research, hydrogen peroxide has drawn increasing
attention due to its wide applications. Compared with the traditional anthraquinone
process, the electrochemical (EC) and photoelectrochemical (PEC) synthesis of Hs0, is
environmentally friendly with renewable energy source. Inspired by the photovoltaic
and electrolysis technology, the photoelectrochemical water oxidation system has been
tuned to produce a high—value—added product and be a competitive strategy for
solar—to—fuel conversion. Water oxidation by two—electron is a promising route for
the efficient production of hydrogen peroxide. Most of the recent research work
focused on the designing and development of a novel catalyst for two—electron water
oxidation. However, the effect of electrolyte species determining the selectivity of
water oxidation has not been investigated. Herein, we performed the
photoelectrochemical and spectroscopic experiments for the confirmation of HCO3™ as a
redox catalyst for the selective 2e” —water oxidation reaction. The faradaic efficiency
of the H,O, peroxide production increases exponentially with decreasing the applied
voltage suggesting the involvement of peroxocarbonate species (HCO, or Cy0627) in
2e” water oxidation reaction in carbonaceous electrolyte system. Our finding
establishes that, H.O, production rate significantly depend on the concentration of

HCO3™ ion which serves as redox catalyst at relatively low potential.

- 103 -



m 2022495 SHRO|LR|EE| 2AGHAUES| =

AAA vHolgE o] &3 At (Daily—scale) AH A7} (Levelized Cost of
Electricity)#4] ¥ P2G $HAHFEZ
A Analysis on P2G Operating strategies and Levelized Cost of

Electricity by Daily scale economic analysis methodologies

Bgs - oY - FFE - HEW - 34
As7lEdTd SRNEAAYAFAE AJALE 1TSS 1w

AT HALS 2] H3E feA] AAelyA el drjrgo] 7t whet Ay
Ao A AEeg 542 AEAEY Az Gl s F vk Al GA L9
A AYETa SR QA AYAFY et AAEHE EAE BA s A g
Fol< g g]7|wke] ESS(Energy Storage System)o] &-8&¥ 1 glov), AAoUxLel &
o ®Hgo] 7hEstde wet &=/ EF7] AFE F = Power to gas 7ol g
AT Power to gas 7| wWale AAAUA AT AHA S F&&Fato] = HAY S}
v dogdgE 8 (Water electrolysis) & &3l 4= Ai/AGS & oj& THE ds
AR & FahdAdsdx] 2y T &8ss dxA AHAEE 7lEolth AN 7]
A 2 wet FRiske Al UAde] E83 dEAEY Fa% vus 1Hg A%
|4E SAHo= Adst Power to gas AYE 937 ofHrt. AR dE S99
T2 AL AGSATFA(SMP)S S8l (P A R of|So] 7hestal, Adeduxde] A
AIZE A€ d7bE EA8 T o]E9 HaE F3l Power to gas®] M EFo] 7St
ok shANE olelgk FRg o] A ®etr] flEiA= REEAl AT (Year—scale) o] FAHL3]| 4]
&S YR Edetal ol5S AVt ety dEdtste WHEEY Askd Aol Hestt

oAM= AR YL A9 (Daily—scale) AHF U7 =& 93 Uy EY
AN S NSt ol5S Fal AU dHAV Aol Thsd AAA Hlidely
RES JPdeditt. 3 AEdAtE oO5 RdS T dS5d dY Fo/aEY Ad5S
3l AITHAESA Ao frEY] HlaE E% &9 dAEEE siith Eg olE Ea
g A9 FALVME BASle] dEFAo g AEE A4S A £ e Wt s
Al =ekaith

o o747}
217491 (20213030020280, £ A A% F84 Ut 99 o
J

O
DE [e) o) =
37k 2 29 BF &7

Aol A dS ol 3y

7] o] =R oRIYE ARG EAAALE) ALY
2]
£3F P2X 71&9 AAA

- 104 -



m 2022495 SHRO|LR|EE| 2AGHAUES| =

Ag 204 BZ-g0 2dd g
Thoma number7} 5 S nX+= g3k
Effect of Thoma Number on Flow Characteristics in Turbine Mode of a
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Exergy Analysis of LAES for Liquid Air Energy Storage
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Estimating the demand function for residential heat through district

heating system using time series data

O]A_]dé* . Zd‘?_‘a]** . ‘Pr%:‘—-if‘***
REE e LR R e EE R S R s R
AR, ALY E TSt v el U A ¢ Feta

ofmtEC] i Al WA F sl Ao dHdds Fa AakdE 4, LNG
B3 od, &7 oA EAstE Hd T8 ol&dte & B JdHS Ao
wpebA] A ke B WAl E o 2ATRAE A wfEstaL w2 dUA] EE&S Kol
e A7, B AqdlE AE4ow g BEystal vk 2 ATeA s A
W 71Nk FEE o] gk o E FEte] a9 AT EAd B ASHEAS B F
stazl ket ol & fE] =ul A Al e Arks AA|ghe Sk A| ALY
198858 202074419 271 FE§ 4 I AAYE ARE Foo 4TS VAe =&
AT E Aos & #8359 FuyE AT 4 83T F4S 3 HAxASH
(ordinary least squares)¥ FHAAHX}H (least absolute deviations)S 22 # &3}

Durbin—Watson SAIFSZ A3 d, 12 AlLAT(serial correlation)©] $l

Aol Fo4T 1%olA 712tso] 12k Aldde] EAlst= Aoz ddy. o

T Al gE€Ads @] d AR FEste ek o 282 9
=il

ofl
s
!
o
i
o
RS
ry
N
_O|L
2
)
[y
=
o
=
=
o
o
ot
!
o,
:
;ofi'
M/'\
8z
TS
E‘JW
=
X 8
2 o
N
o M’y 35
O]
%}déz% u:_%_l
oY, —
frlrg‘%lr{nﬁ
-
o F
e
T Xkl

Mol fol4E 1%014 7124HA gt Aty 45ae 299

AR Sel A ANE F-EATLS &

AR ket wEa 24E mEe £
Pz

Z o
40
£ 2AA §O95F 5%004 EARCE folad FHA $5B
1

ol
)
i
N

fitl
o,
£
T
N
~

>
o,

oo it
)
rir
td

it
ol
)
2
o
B 5
i
-
N C'_>C4 :10 ‘i}‘
o
&
M
:
9
>
ofil rlo
)
2
o
fru
Ho
1o,
ol

S AR G AEe FYshe =
dd 744 A8 SR, ARG e e

FF T4 T OFE Bopld FuARE ofd Ut

- 107 -



ok
Measuring the economic impacts of hydrogen economy in South Korea:

An input—output approach
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A Study on the Establishment of Fusion Standards for Application of
PE100 Material Pipe to City Gas Field
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An Analysis of the Impact of Coal Power Cap on Electricity Market in
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Suggestion of a Methodology for Rational Costing of Certificated

Emissions Reduction
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CNN-LSTM using transfer learning based the electricity power load

prediction model in a peak time for campus building
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Gas—Phase Selective Oxidation of Methane into Methane Oxygenates

Zhenchao Xu!, Eun Duck Park'?
ol skl of L x| A] 2~ ¥l &3}

Department of Energy Systems Research, Ajou University

Methane is an abundant clean resource and its direct conversion into value-added chemicals has
been an attractive subject for its efficient utilization. This method can be more efficient than the
present energy-intensive indirect conversion of methane via syngas, a mixture of CO and H,.
Among the various approaches for direct methane conversion, the selective oxidation of methane
into methane oxygenates (e.g., methanol and formaldehyde) is particularly promising because it
can proceed at low temperatures. Nevertheless, due to low product yields this method is
challenging. Compared with the liquid-phase partial oxidation of methane, which frequently
demands for strong oxidizing agents in protic solvents, gas-phase selective methane oxidation has
some merits, such as the possibility of using oxygen or H,O as an oxidant and the ease of
scale-up owing to the use of heterogeneous catalysts. Based on above background, herein, we
summarize recent advances in the gas-phase partial oxidation of methane into methane
oxygenates, focusing mainly on its conversion into formaldehyde and methanol, and elucidate the

key role played by catalysis in this process.
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Partial oxidation of methane with hydrogen peroxide over Fe—zeolite
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Optimization of MPPT control system for PV generator using PSO

algorithm

PV generators are usually installed with inverters to generate AC power. The
voltage—current relation is determined by PV module Weather conditions including
irradiance and ambient temperature. Electrical generation power is finally determined
by the inverter control system that are made of several sub—control systems. Of all
sub—control system for the inverter, maximum power point tracking (MPPT) control
system has the greatest effect on the electrical generation power. Optimal MPPT
control algorithm setup varies by the installation place and time. Therefore,
Optimization of MPPT control algorithm is necessary to maximize the PV generation
power. In this paper, we propose a novel method for finding the optimal parameter of
the MPPT algorithm using particle swarm optimization (PSO) algorithmm, which is one
of the powerful evolutionary search algorithms, and the proposed method is validated
with the simulation of PV system. The validation result shows the proposed method

can maximize the generation power effectively.
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Design and Implementation of Demand Forecast Algorithm in Smart Farm
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A Study on High-Polygon Mesh Generation Techniques Applied by

Image Deep Learning
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Missing Values in Renewable Energy Data
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A User Interface for Apartment Complex Business Model Analysis Simulator
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in Accelerated Life Test of Vertical Multistage Centrifugal Pump
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A Study on Glass Transition Temperature According to Deterioration
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acid type and temperature
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of Fluid System and Associated Components in Nuclear Safety Related Equipment

FZH - TH3}

FaFAAAY(F), AT

1. A&

vl= NRCE AR 2 A Reg. guide 1.164(°'17)E =& Commercial Grade Item Dedication
(e]3} CGID)7Fe] =211 EPRI-3002002982(EPRI NP—5652 Rev.l + EPRI TR—102260)
g Slsksleh ool HAl CGID 7hel=elell vigh = 284 HAEE &3 CGID #& At
A (A A, A, AR 2 AR )l wkgo] F st

Reg. Guide 1.37 EPRI=30020029829] FZEA 5 st vl fAIAZ ALgo] ojg A
CGID A #oll W= A=AE AES L o] e Pafete] S3dol gk B7hrt s
2. "= AR a7

Reg. guide 1.37—2007, “Quality Assurance Requirements for Cleaning of Fluid Systems
and Associated Components of Water—Cooled Nuclear Power Plants’s= ASME
NQA—-1-1994, Part II, Subpart 2.1“Quality Assurance Requirements for Cleaning of Fluid
Systems and Associated Components for Nuclear Power Plants’E % <l(endorse)3}al $J
3. =l AIAR A8VIE R A%

AP AS] 3A] A2016-13% “PAEAES] FARS AFazddd #d 7El
2} KEPIC QAP-2 9#8 #2RZ 71&ed L1 “9Azdds FAA% #8771 A4
e FARZS 9A"e AEsh) S A AlRd 1A QA SN Al et
(Construction Package)s°l 3l 7|75 483t Yk
4. 71327]17](Basic Component)®l] tfgt <]

™=

R sl AA D AFE FE w= CGIDAAS AETH o FHc AngFEa
orA7)E G AFE vAE FRE, A%, 717 e ¥ES Juist. v
EPRI-3002002982(EPRI NP—-5652 Rev.1)el uwet = 7]&7]7] Q7% qk ofy g},
b AA, 24, AL A, AR, FEuA, 1ga stede] AANE, A<
ol gk AME Au|~E Eghet
5. A&

ul=2] CGID A %ol EPRI NP-56520]4 EPRI-3002002982% /HAEHA 7]E7]
geole] ALt WAHUAT. o= & =ul CGIDAHelA Ab&atal = kA
Aule] digh §o]g] WMAS Fall HAl 7l=v]e Eo] 87-% k. EPRI-3002002982
E=4s Bate] 7177 AYd fAAE 2 BEvve] AAEE UES wrdstal, At
7 A2 A FJHEAE Fte] obddd v A, HA 2 Ao tidk CGID A1 A
el

A~ = A~
TH T 5 ok

il

- 162 -



m 202295 Y=roAets] FAtE s =

A HAFBAE Fule] x|, AAF € Al tigk s dvrEE AE A8 1F
A Study on Domestic Commercial Grade Item Dedication Application for

Installation, Inspection and Testing in Nuclear Safety Related Equipment
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Calculation of unit cost of electricity generation based on actual solar
radiation data for economic feasibility study of SMR—water electrolysis

linked system in the middle east
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The Study of Root Cause Analysis about Increasing Conductivity and
TOC(Total Organic Carbon) of Stator Cooling System at Nuclear Power Plant
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Consideration of ALARA Committee management scope for the
implementation of Radiation protection optimization during NPP

decommissioning project
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A Review of Domestic and Foreign Decommissioned Nuclear Power

Plants and Industrial Environment
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A Case Study of Radioactive Waste Tracking Management of

Decommissioning of Nuclear Power Plant
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A Case Study of Digital System Applicable to Nuclear Power Plant

Decommission Project
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Enhanced properties of SnS films doped with Zn

Yeonju Shin ¢ Boyeon Kim ¢ Ignatius Andre Setiawan ¢ Hyeseon Park ¢ Dong Hyo
Kim < Gedi Sreedevi * Vasudeva Reddy Minnam Reddy < Salh Alhammadi * Woo
Kyoung Kim*

School of Chemical Engineering, Yeungnam University, 280 Daehak—ro, Gyeongsan
38541, Korea.

* Corresponding author (wkim@ynu.ac.kr)

SnS is a currently investigating light—absorbing material for solar cells
because it possessing high stability in ambient environment, high absorption coefficient
in the visible range, and abundant elemental storage. To improve the power conversion
efficiency of SnS—based solar cells, Zn was doped with various concentrations. The
introduction of ZnCl in SnS film is also found to regulate the film growth for enhanced
crystallinity. Further, Zn doping effect on properties such as the optical bandgap,
crystallinity, chemical composition, morphology, and carrier concentration of SnS films
1s studied. Zn doped SnS films showed polycrystalline nature. The results indicate that

7Zn doping is effective way to enhance the properties of SnS films.
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Green Synthesis of Silver Doped Indium Sulfide Nanoparticles and

Investigation of their Photocatalytic Performance

Hyo Jeong Hwang ¢ Salh Alhammadi * 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 InyS; nanoparticles properties and on the
corresponding photocatalytic degradation activity of the organic pollution has been
investigated. In this work, In:S; doped with Ag with different concentration were
prepared using conventional chemical solution process. All the prepared Ins,S;s
nanoparticles were characterized using several analysis techniques. The XRD results
demonstrated that’s all the prepared nanoparticles have a polycrystalline cubic crystal.
Further, the Ag—doped In,S; XRD peaks were shifting to lower 26 indicating the
success incorporation of Ag inside the In»Ss; crystal lattice. 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 InsS;. The
photocatalytic ability of the pure In,S; and Ag—doped In,S; nanoparticles were
investigated systematically and compared for the decomposition of methylene blue dye
(MB) and rhodamine b (RhB) under visible light illumination. Overall, the result
showed an excellent improvement of In»Ss photocatalytic performance after doping with

silver.
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Preliminary Evaluation of Pool Temperature according to Operation Time
of Primary Cooling System after Normal Shutdown in Pool Type

Research Reactor
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Numerical Analysis for the Installation Design of Flap Valves outside the

Research Reactor Pool
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Credibility Assessment of Modeling and Simulation for the Evaluation of

Explosive Threats to Nuclear Power Plants Using the Delphi Method
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Establishment of Performance Evaluation Method and Index by

Standardization Study on the Biometric Recognition System
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The purpose of this study is to establish a biometric system performance evaluation
method and index. Therefore, in this study, standardization guidelines were investigated
focusing on ISO/IEC 19795, which is the basis of biometric test standards in
international. KISA, TTA and KS standardization guidelines in Korea were investigated.
According to ISO/IEC 19795, biometric performance evaluation can be divided into
three categories: technology evaluation, scenario evaluation and operation evaluation. In
the case of nuclear power plants, the group was not specified because various
members such as employees, workers, foreigners and students enter, so operation
evaluation were excluded in this study. When designing a technology evaluation, the
target group should determine whether it is suitable for the evaluation purpose. Other
factors (temperature, light, humidity, etc.) known or suspected to affect biometric
performance when collecting target group can be controlled. In addition, data that is
not suitable for the evaluation purpose should be removed through validation of the
target group. When designing a scenario evaluation, target group should be selected so
that their distribution is similar to the user population to use the system. The
experimenter shall report the composition of the target group, including age and gender
distribution. Since the experimenter cannot evaluate all environmental factors,
environmental factors must be selected in the design stage before the test. At this
time, the environmental factors (lighting, background, temperature, humidity, etc.)
should be obtained with a sufficient time difference so that temporary environmental
conditions can be characterized. A 'robustness test' can be used to quantify the degree
of performance impact. Performance evaluation index are divided into major items and
minor items. The major items include FTE (Failure To Enroll rate), FTA (Failure To
Acquire rate), FNMR (False Non—Match Rate), FMR (False Match Rate), FRR (False
Rejection Rate), FAR (False Accept Rate), EER (Equal Error Rate), ROC curve, DET
curve, etc. The minor items include template creation average time, test template
creation average time, average self—comparison time, average time compared to others,
extraction time, matching time, throughput, maximum template size, etc. The results of
this study could contribute to enhancing the level of physical protection of nuclear
power plants. This work has been supported by the Nuclear Safety Research Program
through the Korea Foundation of Nuclear Safety(KOFONS), using the financial resource
granted by the Nuclear Safety and Security Commission(NSSC) of the Republic of
Korea. (No. 2106014)
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Analysis of requirements for Adopting Counter Unmanned Aerial

Systems in Nuclear Facilities

With the recent development of the drone industry, the spread of commercial drones
has expanded, and the use of drones in various fields is increasing. Accordingly, not
only the use of drones for peaceful purposes, but also the use of drones as combat
vehicles in conflict zones are frequently occurring. A typical example is the attack on
an oil refinery in Saudi Arabia. With this as an opportunity, interest in building a
drone protection system for national important facilities has increased, and research is
underway to establish a drone protection system for one of the important national
facilities, a nuclear power plant.

In this paper, the factors to be considered when introducing a drone protection
system to a nuclear facility are analyzed. Unmanned aerial vehicle threats can be
broadly classified into three categories: commercial drone threats, cargo—loading
threats, and weaponization threats. A commercial drone threat is a threat to drones
classified for hobby or business use, a cargo—loading threat is a case where the drone
1s equipped with an object that can become a threat, such as an explosive, and a
weaponization threat is a case where the drone is modified or used as a weapon. Most
commercial drones are rotary—wing drones, and even if a multi—drones of a kind are
used as a threat, it is unlikely to cause significant damage to nuclear facilities.
Neutralization of rotorcraft drones is also relatively easy compared to fixed—wing
drones. In reality, drones that can cause sabotage attacks are fixed—wing drones that
are being used in a number of terrorist attacks. Fixed—wing drones are much faster
than rotary—wing drones and, unlike rotary—wing drones that produce noise from
propellers, the gliding method also generates less noise. In order to prevent this,
accurate and fast detection and neutralization processes are essential. Currently,
nuclear facilities are considering protection against the threat of unmanned aerial
vehicles (drones), and unmanned aerial vehicles (UAVs) legally refer to unmanned
aerial vehicles weighing 150 kg or less. In general, the unmanned aerial vehicle can
have a payload weight of about 60 to 70% of its own weight, meaning that it can
theoretically carry an object weighing about 100 kg. This is beyond the scope of
general commercial drones, and it is necessary to consider the threat to the level of

flight equipment when introducing protective equipment.
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Analysis of Verification Methods to Improve Credibility of Simulation

o7}

N
-
gy
N

"

w el el

A 7]

)
=

3 A

gl =

=

=

3 LS—-DYNA

S

% 9

=

7}

|

(e]

oz

—

0

> 4

o
HH
oy

BIN
—

0
o

B

o

5}71

1715

3

S T
=

EEREE

o

Aladlold el zpA| o] AFA AL

L

R

A el A

A=k

SE7F 894 7]

HAZE St whebAd
dol =

Z}
=,

240

_T_(_

¥ AL

el
.ﬂu.o

No

!

Ry

NJo
@
)
o

—~
o

<
R

il

alz

R

R
M

1 LS—-DYNA A7}

Stk olg 98

7}

o]
a1

il

B

No
R
oy

—

0

iy
=y
T

pild

il

=
=]

A%

T

kel
el

R

P
T

kel
el

ot

Agre] A9 wol

q

s

2 7]t

A2 ot

TAR ] Ayt (No. 2106014)

- 180 -

A A &}

=

=

2 4% A%

Fo

=]
fua



n 20220 % Sk R8s FAEe g .

FAZEAYE A8 FA B ALk AF B4
Analysis of Current status of Key Elements for Regulation of Target

Set Identification

Z}A] hx

FodAdSAsd =40 ad

For the physical protection of nuclear power plants, need to identify target sets and
establish the guidelines for protection equipments of target sets. Lack of legal and
regulatory basis for target set identification and vital area identification in Republic of
Korea.

In this study, the current status was analyzed by deriving 3 key elements necessary
for the regulation of identification of target sets through the results of R&D tasks
related to the target set and the experience of the vital area identification review.

IAEA Nuclear Security Series No. 20 (category: principles, subject: objectives and key
elements of the national nuclear security system), No. 13 (category: recommendations for
physical protection of nuclear materials and nuclear facilities), In No. 27-G (category:
implementation guidelines, title: physical protection of nuclear materials and nuclear
facilities), target sets are identified, potential impact is evaluated in case of damage to
the target, and graded approach and depth of the target is applied.

Regarding regulatory key element 1 (assumption), KINAC/RS-107 applied the ITAEA
Nuclear Security Series No. 16 to the policy considerations before the vital area
identification process, but more specific and practical standards for target sets
identification are insufficient.

Regarding regulatory key element 2 (radiation impact criteria), the terms 'unacceptable
radiological consequences’ and 'high radiological consequences’ are used in the
Radioactive Disaster Prevention Act, but there is no specific standard.

Regarding regulatory key element 3 (facility operation status), KINAC/RS-107 required
the operation of light-water reactor type nuclear power plants to be operated by
changing the core area based on mode 4, but there is no standard for heavy-water

reactor and other nuclear facilities.
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Study on Methods for Passive Supply of Auxiliary Feedwater

to Steam Generator in Nuclear Power Plants
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In this paper, the effects of the spontaneous combustion inhibitor on the surface of
the coal stockpile in the coal yard was investigated by numerical analysis. First, the
numerical analysis method of the present study was compared with the results of the
previous study by analyzing the case in which the spontaneous combustion inhibitor
was not applied, while the effects of spraying the spontaneous combustion inhibitor for
the prevention of spontaneous combustion onto various areas and positions was also
analyzed.

The wvalidity of the result from the numerical interpretations was verified in
comparison with the results from the experimental and numerical interpretations which
had been previously reported without using the inhibitor. The configuration of the coal
stock pile for the interpretation was triangular (15 m of height and 40 m of width) to
be approximately the same as that of conventional coal yards, and the interpretation
conditions such as the direction of the wind and physical properties were the same
before and after applying the spontaneous combustion inhibitor. The region in the
incline of the coal stockpile to which the spontaneous combustion inhibitor had not
been applied was set up for the air and heat to be passed under the interior boundary
condition, while the region to which the inhibitor had been applied was designated as
the wall boundary condition of the adiabatic conditions in order to prevent the
permeation of air and the heat transfer to the surface of the coal stockpile. For the
comparative analysis of the effect on preventing spontaneous combustion by designating
various application regions, the incline of the coal stockpile was equally divided to 10
regions to carry out the interpretation. A function of the width and height of the coal
particle was generated by considering the size distribution, which was applied to the
interpretation tool as a user—defined function. The continual change of the particle size
was given so that the particle size becomes larger as it becomes higher in height, and
closer to both of the end edges.

As a result, the larger the application area of the spontaneous combustion inhibitor,
then the more effective it is for preventing spontaneous combustion as it blocks the
oxygen inflow into the coal stockpile, while, when spraying the spontaneous combustion
inhibitor from the bottom of the coal stockpile, then the greater the effect it has on
the prevention of spontaneous combustion. In conclusion, it was most effective to
spray the spontaneous combustion inhibitor from the bottom of the coal stockpile up to
about 30% of the height of the coal stockpile, when considering the economic aspect.
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Piezoelectric Wind Energy Harvesting(PWEH) using Vortex—Induced
Vibrations (VIVs)
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The realization of a carbon—neutral society in preparation for global warming is
inevitable, and there is high expectation for green energy, especially for wind power
generation. Apart from large wind power generation technology, this study 1s an
innovative wind energy technology without blades, which focused on converting the
vibration caused by the vortex flow pat a cylinder into electrical energy. Unlike free
vibration, the main purpose of this study is to combine the resonance with an energy
harvesting device and to convert the mechanical energy into usable electrical energy
using piezoelectric film. Single layer of a polyvinylidene—fluoride (PVDF) film with
silver electrode on both side was used. In order to make the resonance occur, the
natural frequency of the device should be close to the vortex shedding frequency.
Since the wind tunnel for this study has a wind speed of 3 to 10 m/s, the vortex
shedding frequency can be calculated using Strouhal number of 0.21. Considering both
the vortex shedding frequency and the size of the wind turbine, the havesting device
was designed with a cylinder with the diameter of 50mm and a center carbon rod with
the diameter of 2mm. Around the cylinder, four PVDF films were attached to a carbon
rod with the diameter of 0.8mm and spaced with 90 degree. The open—circuit voltage
of the PVDF film with the thickness of 80 was measured by using a shaker and power
amplifier. The testing frequency was fixed at 15/Hz which is close to the natural
frequency of the device. For the closed—circuit test, the load resistance were varied
from 1ML to 10ML2. The power was then calculated and the experimental data was
compared to the theoretical values. Using the wind tunnel, the piezoelectric energy
harvesting device was tested by varying the wind speed and the results was compared

with the results from closed—circuit test.
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Hazard Identification Analysis(HAZID) of Fuel Cell Propulsion Ship
Based on 2MW Class PEMFC
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Modeling Liquid H2 Fuel Cell Propulsion Based on PEMFC
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Process analysis on 300 MWe class combined cycle power plant(CCPP)

fueled by natural gas/hydrogen mixture
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High—performance N,S doped transition metals (Fe,Co) based on carbon

nanofibers as electrocatalyst for oxygen 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 eco—friendly energy that does not emit
harmful substances. One of the ways to utilize such hydrogen energy is to convert
chemical energy into electrical energy through fuel cells. Among them, proton exchange
membrane fuel cells (PEMFCs) is spotlighted for transportation due to its short start
time. The oxygen reduction reaction (ORR) is also a particularly important reaction in
the energy conversion system of fuel cells. The catalyst for ORR uses generally a Pt
catalyst supported on carbon materials, which has disadvantages of high price and low
durability. Therefore, it 1s necessary to develop a catalyst to replace it. Today, many
researchers are conducting a study to reduce the catalyst price dramatically by using
platinum alloys or non—platinum—based transition metals.

In this study, we synthesized a metal hybrid nitrogen doped carbon nanofiber
catalyst (M—N—C, M = Fe, Co) via the electrospinning method. The synthesized
catalyst has a large surface area of nanofibers with evenly distribution of transition
metals, leading to an increase in active sites and then an improvement in ORR. In
addition, nitrogen and sulfur were codoped by wusing thiourea, leading to the
improvement of electrical conductivity and the high performance. The developed
M—N-C catalyst exhibits the high performance not only in acid media but also in
alkali media. The as—prepared M—N-C catalyst was characterized by SEM, TEM,
XRD, Raman, and XPS analysis. The effect of M—N—-C for ORR activity and PEMFC
performance has been systematically investigated. For the electrochemical
characteristics, CV, LSV, and EIS were measured using rotating disk electrode (RDE)

with the overpotential, half—wave potential, and limiting current.
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Designing a Zeolitic LisTis012 anode with enhanced Ti’* defects 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 1its poor electrical conductivity and low diffusion coefficient. In this
study, zeolitic porous LTO structures were synthesized by hydrothermal process using
high concentration of lithium hydroxide solution. The sample color changes from white
to blue through the calcination process, indication an increase in Ti®" defects.
Therefore, the electronic and ionic conductivity of LTO can be improved by increasing
the ration of Ti** and changed structure, leading to make the movement of lithium ions
easier and the to enhance the capacity. The crystallinity and chemical properties of
zeolitic LTO are studied by the X-ray diffusion (XRD), X-ray photoelecron
spectroscope (XPS), and Raman Spectroscopy. The changed structure was perfornace
confirmed through field—emmison scanning electro micoscope (SEM) and Transmission
electron microscopy (TEM). Nitrogen adsorption—desoption measurements to measure
Brunauer -Emmett—Teller(BET) surface areas and porous structures. The
electrochemical performance of zeolitic LTO was investigated by the cyclic

voltammetry (CV) and charge/discharge cycle test.
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Optimization of anode electrospun rGO coated NiSe nanostructure on

carbon nano fibers for potassium—ion battery anode materials.
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Potassium—ion battery (PIBs) are considered as promising alternatives to
lithium—ion/sodium—ion battery (LIBs/SIBs). 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, we develop metallic materials as anode in PIBs for performance
improvement. At the first, a low—cost preparation method of electro spun nanofibers
containing nickel and graphene oxide (GO—Ni—NF, nickel nanofibers containing
graphene oxide) were synthesized and followed by the calcination process,
GO—Ni—CNF (nickel carbon nanofibers containing graphene oxide) was gotten. Finally
rGO—Nip g5Se—CNF (nickel selenide coated rGO carbon nanofiber) was synthesized
using selenium powder through the selenization process, leading to the increasing
capacity and stability during cycles. 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), X-ray diffraction (XRD) and Raman
spectroscopy analysis. Their electrochemical characteristics of PIBs were carried out to
measure the long cycle life and capacity via cyclic voltammetry and charge/discharge

cycle test.
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Performance and long-term durabilityof SPEEK/GNF,
SPEEK/UGNF, and SPEEK/SOs;H-UGNF membranes for PEMFC
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Synthesis of poly(arylene piperidinium)—based anion exchange membrane
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for alkaline fuel cell with excellent electrochemical performance,

mechanical performance and alkali stability
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Improved physicochemical and electrochemical properties of anion
exchange membrane for fuel cell application

Iyappan Arunkumar' * Ae Rhan Kim' ¢ 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

The increasing demand for clean sustainable energy resources directed the attempts to
find an alternative to fossil fuels. One of the promising alternatives is hydrogen, which
1S not readily available as H, but can be produced from a variety of abundant
substances including water. Fuel cells are efficient devices to convert the fuel (H,)
and an oxidant (O,) directly into electricity without harming the environment. Anion
exchange membrane fuel cells (AEMFCs) are beneficial compare to proton exchange
membrane fuel cell (PEMFC) that are potentially operable with transition metals (c.a.,
Ni, Ag, Co) as electrocatalysts to promote sluggish oxygen reduction reaction at high
pH. Anion exchange membrane (AEM) plays vital role as promising electrolyte in
several next—generation electrochemical devices. High ionic conductivity and
physicochemical stability are highly needed properties for commercialization of AEMs.
In this study, acid functionalized graphene nano fiber (GNF) was used as filler to
improve aforementioned properties. A series of GNF incorporated anion exchange
nanocomposite membranes were prepared by simple solution casting method with the
different wt.% of GNF. The structural, morphological, electrochemical performance
were certainly studied. The obtained results were indicated that the water uptake,
water contact angle and hydroxide conductivity was enhanced with the addition of GNF
in the polymer matrix. The overall result concluded that anion exchange membrane
with functionalized GNF nano filler would be the promising electrolyte for fuel cell
application.
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Synthesis of ZnSe by Green Chemical Precipitation Method for
Photocatalytic Application

Muhammad Hanif Ainun Azhar - Salh Alhammadi - Vasudeva Reddy Minnam Reddy and -
*Woo Kyoung Kim

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

The wusage of semiconductor materials for photocatalytic application have been
developed more in the past few decades because of their versatility and promising
potential. Zinc selenide (ZnSe), one of the more earth—abundant semiconductor, has
been studied as photocatalyst for photodegradation use. In this work, ZnSe
nanoparticles (NPs) was fabricated by using a simple, cost effective, and reproducible
chemical precipitation method to further enhance its ecological friendliness potential.
The prepared ZnSe NPs was then characterized by using several analysis techniques.
The XRD characterization showed that the ZnSE NPs have a cubic crystal structure
and preferred orientation on the (111) plane, while SEM imaging revealed spherical
ZnSe NPs with the size of about 80 nm. XPS observation confirmed that the ZnSe NPs
have an almost identical ratio of 1:1. The measurement of ZnSe NPs photocatalytic
performance was evaluated by photodegradation of several different organic pollutants

and showed an excellent performance.
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Synthesis, Characterization and Applications of Novel transition metal

aerogels

Hee Yeon Do, Ramya Ramkumar, Jae—Jin Shim, Woo Kyoung Kim"
School of Chemical Engineering, Yeungnam University, Gyeongsan, Gyeongbuk 38541,
Republic of Korea

*Corresponding Author E—mail: wkim@ynu.ac.kr

Aerogels are an emerging field of interest, especially metal aerogels have
gained much attention in the past few years. This is due to their unique properties
such as ultra—low densities, high surface area and high porosity, in comparison to their
bulk and nano counterparts. Here in we have successfully synthesized transition metal
aerogels with rich properties for applications in energy and sensor sectors. The
as—synthesized aerogels were characterized using SEM, TEM, BET, FTIR and XRD
techniques to ascertain their morphological and physical properties. The aerogels were
effectively applied as active electrode materials for energy storage applications. The
aerogels performed much better than their nano equivalents. Hence these aerogels can
be employed for fabricating working two—electrode energy storage devices in the
future applications.

Keywords : Aerogels, ultra—low densities, energy, sensor, energy storage.
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Photocatalytic Performance of Ce doped InsS3/rGO Nanocomposite

Prepared by Simple Hydrothermal Process

Seong Uk Moon * Salh Alhammadi * Woo Kyoung Kim#*
School of Chemical Engineering, Yeungnam University, Gyeongsan, Gyeongbuk
38541, Republic of Korea

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

In this work we report the simple and green synthesis of Ce doped In:Ss/rGO
nanocomposite by hydrothermal process. The prepared Ce doped InySs/rGO
nanocomposite was characterized by several analysis techniques. The SEM results
showed the successful grown of In,Ss; at the surface of graphene sheets with flakes
morphology. The XRD results showed that, all the prepared Ce doped InySs/rGO
nanocomposite has cubic crystal structure regardless of Ce dopant concentration. The
chemical composition and surface structure of the prepared Ce doped InySs/rGO
nanocomposite were investigated by XPS. The XPS survey spectra showed the
elements including In, S, C, Ce, and O were observed in the survey scan spectrum for
all the samples, and no impurities were detected. Further, The XPS analysis results
confirmed the successful formation of In»S; and the transformation of graphene oxide
to reduced graphene oxide by hydrothermal process. The photocatalytic ability of the
Ce doped InySs3/rGO nanocomposite with different Ce dopant concentration was
investigated systematically and compared for the decomposition of Rhodamine b

(RhB)under visible light illumination and showed an excellent performance.
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Novel transition metal aerogels as promising candidates for renewable

energy storage devices
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Department of Chemical Engineering, Yeungnam University, Gyeongsan—si, Daegu,
South Korea

*Corresponding Author E—mail: wkim@ynu.ac.kr

ABSTRACT

In the field of energy storage and conversion, there is a high demand for a device
delivering high energy and power density. In search of this device, transition metal
aerogels and the annealed metal aerogels were employed to design and fabricate a
two—electrode supercapacitor device. Transition metal oxide aerogels are a fascinating
class of compounds that have gained a lot of attention in the last decade due to their
exceptional and unique properties such as high porosity, high surface area and ultralow
density. The physicochemical properties of the as—synthesized aerogels were
characterized by XRD, SEM, TEM, BET and XPS studies. The annealed metal aerogels
show interesting high specific capacitance with good cycling stability (up to 1000
cycles). The supercapacitor also exhibited a high energy density and a power density
at a moderate current density. The practical application of the aerogel was

demonstrated by fabricating a two—electrode device.

Keywords: supercapacitor; metal aerogels; porosity; surface area; energy storage.
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Lanthanum doped CoSe3 supported on carbon nano tubes as efficient
electrocatalysts towards Oxygen Evolution Reaction

Karthikeyan S C!' - Natarajan Logeshwaran! - 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

As hydrogen emerging as one of the cleanest ad reliable future fuel in replacing the
typical fossil fuels. To make this much more efficient present efficient and expensive
noble metals like Platinum, Ruthenium and Iridium based catalysts are to be replaced
with economical transition metals. This will improve the wide commercialization of the
Hydrogen fuel based economy. OER, the cathodic reaction for batteries and water
electrolyzers, still remains as an enigma due to their reaction Kkinetics. Many of the
contemporary researches are focused on developing a cheap and effective
electrocatalyst without compromising their activity towards oxygen evolution reaction
(OER). In this work, we developed a lanthanum doped cobalt based electrocatalyst
supported on a carbon matrix as a promising electrocatalyst and studied thee
electrochemical performance towards the HER. Physico—chemical characterization such
as XRD and FE—SEM analysis confirmed the formation of the Iridium oxide decorated
Manganese oxide rods. The Electrochemical -characterizations such as cyclic
voltammetry, linear sweep voltammetry, electrochemical impedance spectroscopy and
chronoamperometry demonstrates its superior electrocatalytic activity with very low
overpotentials and high stability in 1M KOH electrolyte. This study provides a
potential non noble electrocatalyst with significant electrochemical performance in
replacing the present noble metal based electrocatalysts.
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Synthesis of core—shell based Pt@MoS; supported graphite nanofiber
nanocomposites for oxygen reduction reaction

Shanmugam Ramakrishnan® - Milan Babu Poudel' - Ae Rhan Kim! - Dong Jin Yoo '?
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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

The development of highly durable and efficient energy storage conversion and
storage devices is an essential task for the research community. Therefore, it is very
important to design and synthesize a highly durable core—shell based electrocatalyst
for fuel cell and metal—air battery applications. Herein, we have synthesized
hierarchical structured MoSs; on graphite nanofiber (GNF) by using a hydrothermal
method at 180 °C for 12 h. Furthermore, the Pt—aniline complex was coated on
MoS,/GNF and calcination at 500 °C. Finally, the resulting Pt—C core—shell based
elecatalyst was characterized by various analytical techniques such as Scanning and
Transmission electron microscopy (SEM and TEM), X-ray diffraction method, Raman,
and X—ray Photoelectron Spectroscopy (XPS). The optimized electrocatalysts provide
an enhanced half—wave potential (V vs RHE) in the oxygen reduction reaction. These
synthesis strategies provide the new pathway to the development of core—shell
electrocatalyst for ORR, to improve the electrochemical performance of fuel cell and
metal—air battery devices.

Keywords: Hierarchical Structure, Electrocatalyst, Oxygen evolution reaction,
Core—shell.
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Rational design of ternary layered double hydroxide and iron oxide on
three dimensional hollow and porous carbon nanofibers as binder free
electrode for high performance supercapacitors

Milan Babu Poudel' - Ae Rhan Kim! - Shanmugam Ramakrishnan! - 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

The rational design of advanced structures consisting of multiple components with
excellent electrochemical capacitive properties is one of the crucial hinderance to be
overcome for high performance supercapacitors. The performance of the supercapacitor
electrodes depends primarily on the materials of the electrodes. In the state of art
intriguing ternary layered double hydroxide (LDH) with iron oxide (Fey03) with
conductive layer 1is one of the efficient approaches to improve the electrical
conductivity of electrodes, which could largely boost energy density and power density
of the supercapacitors. As a result, the combination of bimetal LDH and conductive
materials is supposed to enhance electrical conductivity. This work presents the
fabrication of binder—free electrode composed of ternary layered double hydroxide and
FesOs anchored  three dimensional  porous and  hollow  carbon nanofiber
(ZnMgAl—-LDH/Fe;0;—HPC) nanostructure and used as an efficient electrode for
supercapacitor applications. Various characterization techniques like, Field emission
scanning electron microscope (FE—SEM), energy—dispersive X-ray spectroscopy (EDS),
high—resolution transmission electron microscope (HR—TEM), X—ray diffraction (XRD
and X—ray photoelectron spectrometer (XPS) were analyzed. Moreover, taking to the
advantage of the multidimensional rational nanostructures, unique porous networks, and
excellent intrinsic conductivity, the ZnMgAl—LDH/Fe;03—HPC significantly boost the

capacitive performance and long—term stability.
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Non—noble electrocatalysts on the conducting GNF as an efficient HER

electrocatalyst for anion exchange membrane water electrolysis
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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

Increasing fossil fuel depletion seeks immediate focus and needs to develop alternative
renewable resources for future generations. Water electrolysis is the predominant way
for hydrogen production among numerous viable renewable energy resources. Recently,
the anion/proton exchange membrane used in water electrolysis applications played a
vital study in practical hydrogen production developments. Transition metal—metal
dichalcogenides, such as manganese or iron—based chalcogenides such as
manganese/iron—sulfides and selenoids, have attracted much attention because of their
abundant availability, eco—friendly green, and more extended stability properties.
However, the limited active sites and significant electron conductivity of transition
manganese sulfide—based materials hinder their performance in hydrogen evolution
reaction (HER) and oxygen evolution reaction (OER) applications. Here, we developed
bimetal supported (manganese—iron) based sulfides on the conducting carbon
substrates (MnFeS;—GNF) as an efficient catalyst for HER applications. Further, we
carried out detailed characterization techniques such as 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) to confirm the successful formations bimetal MnFeS,;—GNF as an efficient HER

electrocatalyst for anion exchange membrane used water electrolysis.
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Quantum dot copper—based metal sulfides as an excellent cathodic

material for CO, reduction reaction
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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

Electrochemical COy reduction reaction (CO;RR) is the most promising and effortless
remediation to crack the challenges in the CO, conversion method. This can lead to
generating value—added products in the potential range of —1.90 to —0.33 V. Still, it
1s far from selectivity, higher efficiency, and high energy density. Due to its sluggish
proton—coupled electron transfers and multiple secessions of reaction intermediates.
Developing the high overpotential and elegant morphology and structural
electrocatalysts is necessary. Copper—based materials are the unique family of
electrocatalysts capable of converting CO, into diverse valuable products. Though,
Cu—based electrocatalyst suffers from selectivity and long—term stability. Here we
have prepared bimetal copper—based sulfides (Cu—XS,) as an efficient electrocatalyst
for the electrochemical COs, reduction reaction. Further, we have carried out XRD,
RAMAN, UV-VIS, SEM, and EDAX analyses to confirm successful material
preparation.
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Inspection trends and quality characteristics of catalysts for diesel fuel
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A formation kinetics of HQ clathrate with N, CH4 and CO,

Chang Yeop Oh - Ji—Ho Yoon'
Department of Convergence Study on the Ocean Science and Technology, Ocean
Science and Technology School(OST)

Clathrates are crystalline inclusion compounds formed by interactions between host and
guest molecules that form cavities or channels where guest molecules can reside.
Among the various organic hosts, HQ has three common crystalline variations,
designated a—, B—, and y—forms. Pure a—form HQ (a—HQ) is a stable form that
reacts with guest molecules to convert its structure to a B—form HQ (B—HQ)
clathrate. Various guest molecules such as O, Ny, CO,, HsS, CO, and CH; can easily
be trapped in the cages of a B—HQ clathrate framework. This B—HQ clathrate has
cavities suitable for capturing various guest molecules over a wide range of
temperature (up to ~ 353 K) and under moderately low pressure—conditions (<1
MPa). Recently, HQ clathrates, have been reported as a potentially good medium for
storage and gas separation because HQ has some advantages over water molecules
when forming clathrate compounds. In this study, a constant pressure condition of 4
MPa was formed using a ISCO syringe pump at 293K, and the HQ samples and each
gas (Ny, CHy and COj) were reacted in a high pressure cell by a gas—phase reaction
method. Using a syringe pump, it 1s possible to accurately measure the inclusion
behavior for each gas by reacting under constant pressure conditions. We investigated
the formation kinetics, gas uptake and cage occupancy of the HQ clathrates formed
with No, CHs and CO,. This study presented that it is useful to be aware of guest
behaviors of HQ clathrates formed from various gas (N, CH,; and CO;) in order to

extend the new technologies of storage and separation of target gas through HQ.
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Naphthoquinone based colorimetric and fluorescence chemosensor for

selective detection of metal ions in aqueous medium

Sayfiddinov Dilmurod' ¢ Ramasamy Santhosh Kumar®' ¢ Dong Jin Yoo

"Department of Biology/Natural science of Graduate school, Jeonbuk National
University, Jeollabuk—do 54896, Republic of Korea

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

Industrialization has resulted in the release of a large number of heavy metals into the
environment, seriously threatening human life. Excess consumption of these metal ions
may lead to various neural disorders. Hence, heavy metal ions are the most relevant
and significant metal ions to study about its biological and environmental impacts.
Several analytical techniques have been reported for the detection and quantitative
analysis of metal ions. Among various optical sensors available today, fluorescence
chemosensing probes have attracted increasing attention and are recognized as the
promising tool for the detection of specific targets because of their simple operation,
rapid response, and ability to bioimage live human or animal cells. Therefore, we
report an easily accessible colorimetric and fluorescence probe
2—(phenylthio) —3—((2—(pyridin—2—yl) ethyl) amino) naphthalene—1,4—dione for the
selective and sensitive detection of heavy metal ions in an aqueous solution. The
chemosensor will be synthesized in two steps via Michael—like addition and
nucleophilic substitution reactions. The binding mechanism of probe for metal ions will
be confirmed by Fourier transform infrared analysis, NMR titrations, and mass
(electrospray ionization) spectral analysis. Properties of the probe such as sensitivity,
reversibility and the limit of detection for metal ions will be examined. Moreover,
bioimaging studies will be executed to demonstrate that the chemosensing will be an
effective fluorescent marker for the detection of metal ions in living cells and
zebrafish. Importantly, the probe will be being predicted to be able to discriminate
between metal ions in human cancer cells and metal ions in normal cells.
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equipment based on big data
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CGID A o] wredso] gl# 2t} EPRI 3002002982 = =4S bEALEjol A
Tul-¢] A&} Frt D N HANE ] disl] s Eskaiz) gk
2. EPRI TR—106439 &%

oxg 7]7]o] s x]x<el EPRI TR-102348, "Guidelines on Licensing Digital
Upgrades", IEEE 7—-4.3.2—1993, "Standard Criteria for Digital Computers in Safety
Systems of Nuclear Power Generating Stations": TIX9Y 7]7]9] H7IE 93 FFA] % o]
A9t Dedication W2 2ZEO] 7|uk7]7]o] gk DedicationA] 3| AEojof g FA) o
e Aatar 9% 2th TR—106439% Dedicationr] A4S B etal 71E % 3 (EPRI
NP—-5652, NP—6406, TR—102260, IEEE 7—4.3.2—1993, EPRI TR—102348)3} X3}
gAs & e WS AFsoh
3. w9 ALds 4

ol AF3k npel o] m=e EPRI 30020029825 CGID X How ezt glo] tjxg
7171ell W8 EPRI TR—-1064395 #4331 ). g dea] TR-1064392 A L3)l=
WA A 4707 9ol U A= Reg. Guide 1.152(IEEE Std. 7—4.3.2—2003¢] 32 B~F
= u|%2l) EE= Reg. Guide 1.152 A70el A9} 7ol 10 CFR 50.55a(h)(2)¢] +A ] w
IEEE Std. 279, "9x18 2 B35 A~ gigh 7]&"s A 83sha A
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A Study on the Applicability of CGID Guidelines to Nuclear Safety

Related Calibration and Test Services
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EPRI 3002002982, 11%(Commercial Grade Services)olA 3% wnpe} o] Al -wA
o] duttAEFAAST el x| i T AL B & F3 CGIDE +
s Q- 7sta vk 12%(Use of Dedication to Accept Accredited Calibration Services)<
A AAE B Al ILAC-MRA Z3AEA 7178 &l J1Awe d57|#o sy
A4S CGIDE 9173stal Atk U.S.NRC7} 518 NEI 14-05(Guidelines for the
Use of Accreditation in lieu of Commercial Grade Survey for Procurement of Laboratory
Calibration and Test Service) AEE &3l =ul-9] ILAC FEJAARAA 7IF25E CGID F
FS 9 T WYHES HES KOLASE 53 Ag-uAEAA CGID A& dld)
B7kskaat ek,

2. NEI 14—-05 o] Q&

D Al Q1571 ISO/IEC 17025:2005 % ISO/IEC 17011:2004 &5, F7}F 714

484 208 Wi, wEFEL Y AARe] 5 ILAC 47170l o4
831 F47F dastrh 2) ik CGID 71=R7k A4S &
Standard) 831l 54 el &<l CGID AgA el A%
Aol ILACIIAME 7384 & 8948 #d 71 71&8
Fordel ISO/IEC—-17025:2005 28 Q1512 7]9R1A] & o] dasirt.
3) TuiARlE FujA A ZFA Al NEL 14-059 55 A(QA Program Template) 9} #Zo]
A e B FHAAE At ok gt 4) Q157 ILAC ZE A2 o] go] o 3]
F71H(3ATe) HAES e 5) "= ALY BUHE Fd ILAC ZEA e
CGID AR (Nupic #AMEE) o] s5sttt A5 Wit
3. KOLAS 914 &3 9 ILAC 947+ 54 H7}

1) = A 7]F+= WTO-TBT(World Trade Organization—Technical Barriers to Trade)®l
W} ILAC-MRA A3 eAdA7| 49} AetAd H7F(Conformity Assessment)ol] #3F A&
AAstal, S7FRE7)EY A4, A15x, A21F, A23x AG-AA# AH 5, 17
T7IEH AAE A6 AF-AHAIEe] AT, A W #e ol #g ME AR
(187179 HA ok 22w A" A48 7]49 H4X)) 2 =41 7] (ILAC-MRA) o
w2} ISO/IEC 17000 “A3Hd3d7F 8o 9 vl =]’ ISO/IEC 17011 “A3H33 773 1A
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&akar At
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A Study on the Method of CGID Applicability of Calibration Services by

International Laboratory Accreditation Cooperation
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A4 TAL 7HEF AUl D7) ARl dE PHE AT
A Methodology Study on Selection of Equipment for Preventive Maintenance

During Operation at Nuclear Power Plants

PAEE AL F2E, AlF 2 7]71(SSCs)ell tist MRS sty 98] g onk
8] (Preventive Maintenance) F3o] FH o7 Q5L o, n=dxe 29 AHHY
10CFR50.65, "Requirements for monitoring the effectiveness of maintenance at nuclear power
plant"ol] w2} =2 <HAAIE thske] 7% M| (On—line Maintenance)E 33kl At}

Fes Y] AES 29 13 o] AR EE FEihda A4 #de] gle x|,
SG71EA A HAE LA A A (Allowed Outage Time)W 8|58 73k Aw],
tEdol e AnQl Ag-oln, s &AgA AR ] FEREA B A P AR 28-S
sstol A% F b, AR e 1A So® ARZE Bk s A Alelei.
3 AEo]l AR AFAezs Audy 71715 Agalok eh=dl oluf Y 29 22 A

7153 =8 = AA (Functional Importance Determination) ZEAMAE &83o] A AZH o=
Ve An garIzE AA-E § U =24 Z37F No Impactl] 4-¢ HE9
237 Au)7F EQ8, Minor, Critical?l A-$-olw I35 AHE F3sto] &Hd 4 okAA

2 ATE S AgdAIAN EFEAE T3 Auxde a&4 &8 9 AuFEE S
AN A FF AAH DAL AU E G A4 7o Aor dudn
| B LT =
lNO
I Does the activity require the unit to be YES
| sremsi s o = .
YES b

I Does the activity include significant parsonnel satety
or radiation hazards that exist only if done on-line? =
l o MH EEIIHQ Jln Low

Dogs the activity require a local leak rate test YES
hat cannot be performed at full powel

lNo

Diaen the.olidty requira a. EMT. on other aparaiiy.
that cannot be perfarmed on-fine?

luo

Does the activity pose an WES
Tisk to unit avarlability?

YES

Does the
activity require

reduction?

Perform During
Refueling Outage

Can the activity
wait until the
next refueling?

restrictions?

Perform On-Line

a8 1 7bes A WAlE A ZEAS a9 2 Ve AT oEEA AL
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OAd FH|AXAME S8 dAH LA oG A AT
A Study on Optimizing Preventive Maintenance of Nuclear Power Plant Using

Digital Maintenance Procedures

Ul GAEA LA il gigk bdAd H AXAdES SHEy] s oo
F714 2 oA (Preventive Maintenance) S 33t Uth A oAd] 3L 98l

A
Zo] 7|4k Au|Hx}A (Paper—based maintenance procedure)E AFE3 9ot A ¢3tEd

B l

J
i

FYAE Y, AN TR D AR GY5Y A0S AR 548 gk
el EARE HAH AAAE @A Folslw FuAAAE CAEsse] HulYn
doleulo) s A Ea 4 V1&TE, A FAZIRY AATE AN B4
BelE Bolol WAL B2AE ERHoR wT Ut Yool Bas,

SAH AR st 2ol BN £AE S Aol Foldlek @ Aeu
FABZEaPe] AAe] HFHAYS A ke
Fol/luk gl 4YPES U3 ol FHY
2 A 4L dAd 5 ek g
dlole ol H&ste] 3D Al Falgn, An 2L 4w
ARG AFoZ BRI} HolE o] 2akste]
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108 448 5 45 34 A7

28 A 2| AEIE R 325 3 |
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CslE X33 F8&9A Alag E 825 AAE AT slo|=o]E 7]k
23}
Hydrate—Based Desalination for Cesium and Iodine Removal from

Csl—containing Solution

d&EA - A
Department of Convergence Study on the Ocean Science and Technology, Ocean
Science and Technology (OST) School, Korea Maritime and Ocean University, Busan

49112, Korea

In this study, a hydrate—based desalination (HBD) technology is proposed for
treatment of radioactive wastewater, especially from Csl—containing solutions. CHCIF,
was selected as a hydrate former for HBD process at relatively mild conditions. The
thermodynamic effects of Csl on CHCIF, hydrates were investigated with phase
equilibria. The dissociation phase curves of CHCIF; hydrate with CsI (0, 5, 10, and 20
wt%) were shifted to higher pressures and lower temperatures as the concentration of
Csl increased. To identify the crystal structure and guest occupation, X—ray diffraction
and Raman spectroscopy measurements were performed. The results obtained showed
that Csl did not affect the original structure of hydrate but weaken the stability of gas
hydrate formed with Csl compared to pure CHCIF, hydrate. The formation kinetics of
CHCIF, clathrate hydrate with CsI show that the properties of formation kinetics, such
as apparent rate constant derived from a new kinetic model and initial reaction rate,
depend on the sub—cooling temperature and the concentration of Csl solution. We also
confirmed the validity of the HBD process for Cs* and I~ ion exclusion via hydrate
formation with comparing the calculated results for Cs™ and I~ concentrations in the
liquid phase during multi—stage formation of hydrate at high and low initial
concentration of Csl with the experimental results. These results provide useful

information for freshwater recovery from radioactive wastewater by HBD process.
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A& ¥ NCM(LiNiCoMnOp) ZH-& A&3 4 3YARkg 7| 2dAF
A Basic Study of Selective Hydrogen Reduction from End—of—Life of
NCM(LiNiCoMnO-)

ABSTRACT : ¥ Aol E ALE CM(LiNiCoMnQ») 258 Ni-Co 7 ELS 3|4
371 Y& CO, 72 dwke & Aeld 4 3 ve 7]x AFE APt NCM 15¢g

< 900, COsg 300cc/minell A 1AIZF WA A A E(LiCO9) 3 w548k (NIO, CoO,

ot

£ Hob
z

MnO)2 &2 a3tk wks & AEe eitg ) 345482 Bofl s Sl Aol &
ggate] Bt HEF 20 SFT 1:309] mH|E SAIZF Fob skl o et
s T3 B E S99 F54sES EYslt gEel AAE" T4 Ee A8
2 A WS E3) Ni, Co9t MnO2] Aoz 3|8} =439 210 T8
15gS FH 2o FYPste] Hyy 300ce/minolA 1A13F ¥H-EA AT ol W% 1= 500T,
700C, 900C 2 WA A AYS A3yt vk F 42HE2 XRD ¥ XRF #4118 2A 3}
pa=g

7191= ¢ NCM(LiNiCoMnO,), A& % 4 3¢, Ni—Co f= %
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Synthesis of Waste Seashell Derived Nano—calcium Carbonate by
Carbonation for the antibacterial activity on Total bacteria and E.coli

Geun—Ho Kim' - Lulit Habte! - Ji—Whan Ahn'*
ICenter for Resource Recovery Research, Korea Institute of Geosciences and Mineral

Resources

Improvements in nanotechnology in the past decade has created various opportunities
for the evaluation of biologic effects such as antibacterial effects of nanoparticles. In this
study, Nano-calcium carbonates (aragonite and calcite) were synthesized waste shell
through a simple and low-cost wet carbonation method. Waste shell was first calcined
at 900C for 2hrs to produce calcium oxide. Aragonite nanoparticle was then synthesized
by varying molar ratios (i.e.,, 1-3) of magnesium chloride hexahydrate and calcium oxide
(Mg:Ca). Whereas, calcite nanoparticle was synthesized by injecting CO, gas into a Ca®'
slurry at optimized conditions. The purpose of this study was to evaluate the
antibacterial activity of calcium carbonate nanoparticles on E.coli and total bacteria.
Synthesized calcite and aragonite nanoparticles were applied on aged SCG with different
weight percentage. Bacterial count was conducted by mixing the spent coffee ground
(SCG) and NaCl solution (0.85wt%), and diluted to 10~'~ 107 °. Then, 1 mL diluted
samples were poured on 3M petrifilm and incubated in an oven at 37C for 48hr. As a
result, calcium carbonate nanoparticles showed very good antibacterial effect on both
total bacteria and E.coli. 2wt% of calcium carbonate nanoparticle was the optimum
dosage to deactivate the bacteria. Therefore, the use of calcium carbonate nanoparticles
as anti-microbial agent is recommended in different fields of food industry and

agriculture.
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Carbon Mineralization derived Precipitated Calcium Carbonate as a Filler
Material for Polymer Composites: A Circular Economy Approach

Kim Tae Hyoung: Mohd Danish Khan- Ji Whan Ahn

Center for Resource Recovery Research, Korea Institute of Geosciences and Mineral

Resources

Globally, plastics are being consumed in large quantities owing to its plethora of
applications such as in households, automobiles, agriculture, packaging materials etc.
Since 1990, the demand for plastics has surged by 5% annually. With the ongoing
covid-19 pandemic situation, the use of plastics has increased further and hence the
assocliated plastic waste. Additionally, on exposure to direct sunlight, plastic not only
emits methane, ethylene, etc. and contributing to greenhouse gas but also degrade into
microplastic in seawater due to photochemical phenomena thereby multiplying its adverse
affects and participate in food chain of aquatic microorganisms and humans. Therefore,
in order to tackle the plastic waste associated problems, the linear economic cycle of
'production—consumption—disposal’ must be replaced with the circular economic cycle of
'production-consumption-recovery-recycling’. According to the worldwide COP26
International Methane Pledge, the world seeks to reduce methane emissions by 30% until
2030. Carbon mineralization derived precipitated calcium carbonate (PCC), a polymer filler
material holds the potential to considerably solve aforementioned issues by valorizing
plastics into polymer composites. In addition, these polymer composites can be employed
in manufacturing automobile parts that consecutively reduce total automobile weight and
associated carbon emission. The precipitated calcium carbonate (PCC) technology not
only engage carbon dioxide and waste plastics, but also provide economic value that

makes it a critical technology for achieving a circular economy and carbon neutrality.
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A Study on the Analysis and Optimum Selection of Heavy Metal
Stabilization Methods for Household Waste

Yeonho jeong! - Mohd Danish Khan! - Ji Whan Ahn!
ICenter for Resource Recovery Research, Korea Institute of Geosciences and Mineral

Resources

Extensive research on municipal solid waste incineration (MSWI) ashes has been
conducted over the last few decades in order to develop more effective recycling and
waste management systems. Despite comprehensive investigation and the consequent
improvements to MSWI ashes, recycling programs for MSWI ashes are limited due to
the existence of high heavy metal contents. A novel carbon mineralization technology
that has the potential to extensively immobilize heavy metal ions in MSWI and be used
in a variety of applications is receiving global interest. In addition, due to high calcium
and magnesium concentration, MSWI can potentially sequester a substantial amount of
carbon dioxide, contributing in climate change mitigation. Carbon mineralization technique
should be applied to large-scale plants in order to adapt it to the real world. Therefore,
in this study the application scenarios and research trends linked to heavy metal

stabilization by carbonation of MSWI ash were reviewed.
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Analysis of Research Trends in Prediction of Oil and Gas Production
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Analysis of biodiesel status to utilize non-used materials
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Policy and development status of sustainable aviation fuel(SAF)

olm|& . AA2*

FA R veEaTaE ATALY

20200 o] ©raTH AAolgte AAIA HaE It Y wAREE 7] F(ICAO)
= AT @4 A 2 A3 A& (Carbon Offsetting and Reduction Scheme for
International Aviation, CORSIA)S 202135 & 2z o i e dA A o2 Al g3ttt =2
7V ZE S F sl vhe] @ &F - (Sustainable Aviation Fuel, SAF)+= 7] A {7

e el 2A7FEE Hd 80% HAaAl7Ie ZEaE dv vlol e ddyiE AV E
5 EE AAYE S IS T FAE g3 gAdzeH, 71E ARA gl
 50% &3tste] AFEE F 9 v = 5 A EH 3 (ASTM) A Fischer Tropsch, HEFA
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Physical and Electrical Properties of Zinc—tin—oxide Thin Films
Deposited by Combinatorial Approach
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Seon Park - Seok Jin Jang and - *Woo Kyoung Kim

School of Chemical Engineering, Yeungnam University, Gyeongsan, Korea

Bifacial solar cell (BFSC) configuration is expected to provide better conversion
efficiency when mounted vertically as building—integrated photovoltaics or as noise
barriers. Even though the CIGS solar cell is a promising technology to be used in a
BFSC configuration, one of the hindrances of its development is the lack of a suitable
transparent layer to be used as a back contact. The electrical performance of the
contact layer usually deteriorates when the temperature of the subtrate is ramped up
to 550 - 650 °C during deposition of the CIGS absorber layer. Zinc stannate in both
perovskites (ZnSnOs) and inverse spinel (Zn,SnO4) forms was reported as compounds
that are chemically and thermally stable and therefore might be a suitable candidate to
be used as a transparent back contact for the CIGS—BFSC. A combinatorial approach
with two separate targets of ZnO and SnO, was used to sputter deposit the
stoichiometric composition of ZnSnOs; and Zn».SnO, films. The deposition process was
held for 1 h at a substrate temperature of 300 °C and rotational speed of 60 rpm.
Target powers during sputtering was then adjusted to achieve the stoichiometric
composition. The film properties were then characterized by GI—-XRD, SEM, and
Hall-Effect measurements. All deposited films ranging from Zn,SnO, to ZnSnOj;
compositions were found to have an amorphous nature despite being subjected to 300
°C temperature during 1 h of the deposition process. A resistivity of around 1.68 x

1072 Q.cm was achieved by a film with composition near to ZnSnO; stoichiometric.
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Effect of sputtering parameters on the properties of SnO2 films

Kim Dong Hyo - Ignatius Andre Setiawan - Park Hyeseon ‘- Shin Yeonju - Kim Boyeon

- Gedi Sreedevi - Vasudeva Reddy Minnam Reddy - Salh Alhammadi, and Woo Kyoung
Kim*
School of Chemical Engineering, Yeungnam University, 280 Daehak—ro, Gyeongsan
38541, Korea.

* Corresponding author (wkim@ynu.ac.kr)

Nowadays, lots of efforts have been devoted to exploring electron transport oxide
materials. Among various electron transport materials, SnO2 is an effective electron
transport material for perovskite solar cells because of its high electron mobility, wide
bandgap, long chemical stability, and suitable energy level. To date, various fabrication
techniques have been proposed to synthesize SnO2 electron transport layer, the PSCs
with SnO2 films still show an unsatisfactory photovoltaic performance compared with
Ti02—based PSCs. Sputtering is promising technique to prepare SnOZ2 film. Therefore,
we deposited SnO2 films on glass substrates by sputtering at different conditions. With
creasing the substrate temperature, power and time, the thickness of SnO2 films
increases. The crystallinity of SnO2 films is also improved with increasing substrate

temperature. At lower temperature, SnO2 films are amorphous.
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* Corresponding Author (wkim@ynu.ac.kr)

Sb2Ss is a promising materials for extremely thin absorber (ETA) solar cells. To
improve the performance of Sb2Ss solar cells, Zn was doped with different amount.
Molecular precursor ink 1is prepared using SbCls, ZnCle, and thioacetamide. The
prepared ink is used to deposit the films on glass substrate by spin—coating process.
The structural, optical, and electrical are studied using various characterization
techniques. The deposited Zn—doped Sb2Ss films exhibited the orthorhombic crystal
structure. Change in the surface morphology of Zn—doped Sb2Ss films is observed by
scanning electron microscopy. The band gap of Zn—doped Shb2Ss films is evaluated
from optical transmitted data. The electrical properties of Zn—doped Sb2Ss films is
also studied.
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School of Chemical Engineering, Yeungnam University, Gyeongsan, Gyeongbuk
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*Corresponding author’s e—mail: wkim@ynu.ac.kr

Currently, as an alternative buffer layer to the toxi cadmium sulfide (CdS), the
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 Cu(In, Ga)Se, light absorber.
Further, the SnS, consists of low—cost, earth abundant, and non—toxic elements. This
work presents the successful synthesis of SnSs; 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 has a stoichiometric composition of
Sn and S. The Raman spectroscopy has showed a characteristic peak at 316 c¢cm™' that
corresponding to the hexagonal SnS, phase. The calculated band gap energy from
absorbance spectra of SnS, film is found to be ~2.8 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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Effect of sputtering power on the properties of Zn2SnO4 films
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This work presents the effect of sputtering power on the properties Zn2SnO4 thin
films deposited by the RF magnetron sputtering technique varying the sputtering
power. As the sputtering power increases, it was observed that the thickness of
Zn2Sn04 thin films increases. The structural, electrical, and optical properties of the fi
Im are studied using various characterization techniques. Hall—effect measurements
revealed n—type conductivity with carrier concentrations of 1x1019 cm—3. The films
show transmittance over 85%. Surface morphology of Zn2Sn0O4 thin films is observed
by SEM.
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