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Stochastic optimization of a multi-feedstock
bioethanol supply chain under multiple uncertainties

Amin Zarei, Jun-Heok Lim , Jay Liu
Pukyong National University, Busan, South Korea

The global goal to reduce dependence on fossil fuels and mitigate greenhouse gas emissions has resulted
in focused on environmentally friendly and cost-efficient sustainable energy resource. Amongst various
candidate, biomass have attracted much attention in recent years. Most of the current biofuels are produced
from the grains of edible crops called first generation biofuels which can have detrimental effects on food
security, induce deforestation and show poor energy balances. Focusing on cellulosic biomass (second
generation biofuel) and microalgae (second generation biofuel) as feedstock are promising option for solving
this issue.

Biomass supply chain is included various processes and each of them has uncertainty parameters. The most
important parameters have uncertainty characteristics are: biofuel demand and biomass supply (biomass
yield, harvest rate and biomass quality). In this work, based on our parameters and specific biomasses we
address a multi-stage stochastic mixed integer programming of a biomass-based fuel supply network to deal
with these two main uncertainties. A real case study is carried out to explore the applicability of the proposed
model for South Korea.
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Feasibility study of sustainable bio-succinic acid production

J. Jay Liu, Rofice Dickson
Pukyong National University, Korea, 2L.ahore University of Management Sciences, Pakistan

Production of bio-succinic acid (bio-SA) from biomass has the potential to partially replace some
petrochemicals, reduce climate change by capturing carbon dioxide, and provide a cleaner environment by
managing waste streams. This study evaluates the economics, environmental impact, risk assessment, and
optimal-processing route of bio-SA production from multiple feedstocks (first, second, and third generation),
including (1) glucose, (2) corn stover, (3) glycerol, and (4) seaweed. A superstructure-based optimization
model consisting of 39 processing alternatives with a technology-readiness level of 7-9 is developed, and the
optimal topology for bio-SA production by maximization of the net present value under deterministic and
stochastic conditions is identified. Once optimization is completed, the framework provides clear guidance
for multi-criteria analysis, including the technical, economical, and environmental aspects of the biorefinery.
The results indicate that glycerol is the first best feedstock and corn stover is the second, producing bio-
SA at selling prices of 1.6-1.9 USD/kg and 1.7-2.0 USD/kg, respectively, through their optimal processing
pathways. Saccharina japonica (seaweed) is less suitable for large-scale bio-SA production due to the high
cost of seaweed and the inability of enzymes to hydrolyze alginate, which is one of the major carbohydrate
fractions (25-30 wt%) of this feedstock. The environmental results indicate that the optimal pathway from
glycerol is the most environmentally friendly process, followed by optimal processing pathways from
substrates such as corn stover, glucose, and S. japonica.
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Development of natural mineral based materials for
removal of aqueous pollutants

Sungjun Bae
Konkuk University

Since the environmental concern of aqueous pollutants has increased worldwide, much efforts have been
made on the development of novel and environmental-friendly materials for decontamination of wastewater
and groundwater. In this study, we developed natural minerals based remedial materials for removal of
organic (i.e., trichloroethylene, TCE) and inorganic (Cr(VI)) pollutants in soil and groundwater. Various
natural minerals were pre-tested for their reactivity towards target pollutants, dispersibility in the suspension,
and mobility in soil column and natural zeolite was selected as the most promising natural mineral. The Fe
and Fe/Ni dopped natural zeolites were prepared and used for removal of Cr(VI) and TCE, respectively. The
developed materials showed an almost 100% of removal efficiency for both experiments with high mobility
in soil column test. For Cr(VI) removal, Fe dopped natural mineral could reduce the Cr(VI) to Cr(IIl) via
electron transfer from the dopped Fe, while TCE was reduced to non-toxic byproducts (i.e., ethylene and
ethane) by Fe/Ni dopped natural zeolite. The results obtained from this study can provide a new insight that
natural minerals could be used as supports for development of remedial materials, which possess the high
reactivity and mobility under complex soil environment.
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Catalyst Design by Atomic Layer Deposition Technique
for Electrochemical Biomass Conversion

Hyung Ju Kim
Korea Research Institute of Chemical Technology

Theelectrocatalytic conversiontechnology ofbiomass derived oxygenates suchas glycerol presents a promising
method of coproducing renewable chemicals and hydrogen in an electrochemical reactor system that uses
oxidation chemistry and existing proton exchange membrane (PEM) technology to electrocatalytically convert
oxygenates into value-added chemicals and hydrogen. Glycerol is a valuable byproduct in the production
of biodiesel and fatty acids. Currently, global glycerol production (4.3 million metric tonne (Mt) per year)
has exceeded the demand for glycerol (2.0 million Mt per year) in 2015. As excess glycerol increases, it is
expected to progressively lower the price, thereby becoming largely available for glycerol derivatives. The
electrocatalytic oxidation process of glycerol is a promising technology that can produce valuable chemicals
such as dihydroxyacetone, glyceraldehyde, glyceric acid and glycolic acid by selective oxidation reaction and
electrical energy by full oxidization reaction. Electrocatalytic glycerol oxidations have been reported with Pt,
Pd and Au metal-based catalysts. However, only a few works have focused on changing and modifying the
metal catalyst surface with precise, atomic-level controllable techniques for efficient electrocatalytic glycerol
oxidation reaction. In this presentation we will introduce an efficient catalyst design strategy using an atomic
layer deposition (ALD) method that allows us atomic level surface control of metal catalyst, enhancing the
electrochemical glycerol oxidation performance.
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B-Environ. 273, 119037 (2020).
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Toward renewable plastics: process synthesis and
technoeconomic analysis

Wangyun Won Kyung Hee University

The utilization of lignocellulosic biomass for the production of bio-based plastic has increasingly received
great attention for promising technology to mitigate environmental impact. 2,5-Furandicarboxylic acid
(FDCA) is one of the promising renewable building block, which can substitute conventional petro-based
terephthalic acid (TPA). This study presents the integrated process for the co-production of FDCA, furfural,
and activated carbon from lignocellulosic biomass. Further, the proposed process is systematically assessed
via a wide array of technoeconmic analysis. Once biomass is fractionated into its major derivatives (i.g.,
cellulose, hemicellulose, and lignin), each derivative is processed separately as follows: (1) dehydration
of cellulose to 5-hydroxymethylfurfural (HMF), (2) oxidation of HMF to FDCA, and (3) dehydration of
hemicellulose to furfural. To recover the target products as well as recycle the solvents, effective separation
subsystem is designed and coupled with the reaction subsystem. In particular, heat exchanger network is
composed to reduce utility consumption via pinch analysis. From the technoeconomic analysis, we determine
the minimum selling price of FDCA as $1,380/ton, which is comparable to petro-based TPA ($1,445/ton),
meaning that the bio-based FDCA has potential to substitute the petro-based TPA. The sensitivity analysis
is conducted to point out the most influential economic and process parameters. Moreover, uncertainty
analysis using Monte-Carlo simulation method is performed to reflect the risk and uncertainty associated
with premature technology.
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A Study on Site Allocation Modeling of
Hydrogen Refueling Station

Soo Hwan Kim and Jun-Hyung Ryu
Dongguk University, Gyeongju Campus

Hydrogen is drawing an increasing attention as a source for sustainable energy source for transportation
section. In order to establish hydrogen infrastructure for transportation vehicles with, a large number of
Hydrogen Refueling Stations (HRS) should be constructed. However, it is financially burden to construct
multiple HRS within a short period of time to meet all requirements. It is realistic to prepare gradual expansion
plan in a systematic way for the maximal impact.

A new methodology to select the best site for HRS in this paper. At first, hydrogen demand at all potential
sites of HRS is computed in advance. In the computation, various data such as population, area, population
density, and number of hydrogen vehicles and other gasoline-based vehicles. Geographical Information
System (GIS) were used. Those data were used to determine the location priority for HRS. Based on the
estimated Hydrogen demand, the number of required HRS over multiple time periods was calculated. In this
paper, the computation is conducted by using public data and map APIs for calculating distance and driving
time between candidate sites. Using the number of HRS, a node-based location problem, P-median was
estimated. To evaluate the satisfaction level of HRS location, it was visualized based on the average distance
and the required driving time. The applicability of the proposed methodology is illustrated by a case of
Korean metropolitan city of Ulsan.

The further research on HRS would be followed with the rising global interest on green transportation
economy.

References

1. Staffell, L. et al., “The Role of Hydrogen and Fuel Cells in the Global Energy System.”, Energy Environ.
Sci., 12(2): 463-91 (2019).
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Clean Fuel Production Technologies based on Syngas
from the Gasification of Low Grade Fuels

Jin Wook Lee Plant Engineering Center, Institute for Advanced Engineering
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Development of distributed energy production
plant using coal

Ho Won Ra, Sung Min Yoon, Myung Won Seo, Tae-Young Mun, Ji Hong Moon,
Sang Jun Yoon, Sung Jin Park, Jae Goo Lee, Ho Tae Lee, Heon Jung
Clean Fuel Laboratory, Korea Institute of Energy Research (KIER)
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Figure 1. Schematic diagram and photographs depicting the KIER ICTL plant. (a) Coal-water slurry preparation, (b)
gasification, (¢) Rectisol® and (d) F-T process modules.
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Status of Technology to Reduce Greenhouse Gas in
Coal-fired Power Plant

Lee, Jaegoo Korea Institute of Energy Research
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A Study on Low Temperature Desorption of
Volatile Organic Carbon of Cylindrical cartridge fill
with waste activated carbon

Sin-Wook Kang, Seongwoo Lee, Doojeong Son, Moon Jo Han, Tae Ho Lee, Sung Oh Hong
Woo Jin Co.,Ltd, Soongsil Convergence Research Institute
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Clean hydrogen production from the high
temperature water-gas shift reaction using simulated
waste-derived synthesis gas over metal (Ba, Zr, Nd)
promoted Ce/Cu/y-Al203 catalyst

Seon-Yong Ahn, Hyun-Seog Roh Yonsei University

Metal (Ba, Zr, Nd) promoted Ce/Cu/y-Al203 catalysts were investigated for clean hydrogen production
from the high temperature water-gas shift reaction using simulated waste-derived synthesis gas. Ce-Ba/
Cu/y-AI1203, Ce-Zr/Cu/y-Al203, Ce-Nd/Cu/y-Al203 and Ce/Cu/y-Al203 catalysts were prepared by
a sequential impregnation method and applied to the water-gas shift reaction using simulated waste-
derived synthesis gas at a gas hourly space velocity (GHSV) of 50,060 mL/g-h. The physico-chemical
properties of Ce/Cu/y-Al203 catalysts promoted with various metals (Ba, Zr, Nd) were characterized
using various analysis techniques such as BET, TPR, XRD and N2O titration. The characterization
results for each catalyst were correlate with its catalytic activity in the high temperature water-gas shift
reaction using simulated waste-derived synthesis gas.
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Anticoagulant and antioxidant activities of sulfated
polysaccharides extracted from oyster mushroom
(Pleurotus ostreatus)

Amellia Dwi Rizkyana, Ho Cong Truc, Vikash Chandra Roy,
Anley Teferra Kiddane, Jin-Seok Park, Byung-Soo Chun

Department of Food Science and Technology, Pukyong National University
Institute of Food Science, Pukyong National University
Department of Microbiology, College of Natural Sciences, Pukyong National University

In this study, polysaccharides from oyster mushrooms (Pleurotus ostreatus) were extracted using subcritical
water extraction (SWE) from 120 °C to 180 °C, 20 minutes, and solid/ratio of 1/20. Polysaccharides attained
from selected conditions were chemically modified using CSA—pyridine method to enhance their biological
activities. The results showed that SWE at 180 °C recovered the most polysaccharides from the sample. The
sulfate content of modified polysaccharides was 16.83% with the degrees of substitution (DS) approximately
1.83. Fourier-transform infrared spectroscopy (FTIR) confirmed the success of the chemical modification
with the peaks of sulfite groups seen at the wavelength 796, 1223, 1379 nm. Both polysaccharides were
composed of only mannose in thin layer chromatography analysis. Regarding biological activities, sulfated
polysaccharides showed surprisingly strong anticoagulant activity by intrinsic blood coagulation pathways as
they extended the plasma clotting time for more than 3 times at a concentration of 15.62 png/mL as compared
with the blank. Besides, sulfated polysaccharides exhibited strong scavenging effects against reducing power
and hydroxyl free radicals. However, they showed a weaker effect on ABTS+ scavenging activity compared
to the native polysaccharide. Native polysaccharides and sulfated polysaccharides showed a low level of
cytotoxicity on normal cells, including HaCaT and HEK 293 with IC50 approximately 1463.6, 1401.7 and
1116.5, 603.9 pg/mL, respectively. Therefore, sulfated polysaccharides obtained from oyster mushrooms (P.
ostreatus) could be considered as an alternative to anticoagulant therapy.
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Depolymerization of Kraft lignin into valuable fuels in
an aqueous medium over ZnO-Co/N-CNTs

Umair Mushtaq, Jaeyong Park and Jachoon Kim

School of Chemical Engineering, School of Mechanical Engineering,
SKKU Advanced Institute of Nano Technology, Sungkyunkwan University

Because of global warming and the depletion of fossil fuels, the use of renewable energy resources to meet
current energy demands has received considerable attention. Lignin, which is an abundant and globally
distributed natural aromatic polymer, is one of the most promising renewable resources for producing
sustainable fuels and value-added chemicals [1]. Catalytic conversion of technical lignin to value-added
chemicals and fuels is important for realizing economically viable lignocellulosic biomass refineries. The
choice of catalyst and solvent is critical for the effective conversion of the technical lignin to chemicals and
fuels by cleavage of the C—C bonds. Catalytic depolymerization and hydrodeoxygenation of Kraft lignin
(KL) were investigated over bimetallic ZnO and Co deposited on N-doped carbon nanotubes (ZnO-Co/N-
CNTs) in an aqueous medium [2]. Almost complete KL conversion with a high bio-oil yield (52 wt%), a
high degree of deoxygenation (DOD, 59.0%), and a high monomeric yield (12.1 wt%) were achieved over
ZnO-Co/N-CNTs at 350 °C and 6 h reaction time. At 400 °C, the monomeric yield and DOD increased to
24.4 wt% and 61.0%, respectively. In addition, the produced bio-oil exhibited high-calorific values of 34.3—
37.0 MJ kg—1 because of the high activity of ZnO-Co/N-CNTs for hydrodeoxygenation. ZnO-Co/N-CNTs
outperformed most of the metal-supported catalysts including 5 wt% Pd, 5 wt% Ru, 5 wt% Pt, 66 wt% Ni,
and CoMo on various supports of activated carbon and alumina. The use of water as the solvent resulted in
much higher bio-oil and monomeric yields than those using methanol, isopropyl alcohol, and n-hexane. The
high bio-oil and monomeric yields with a high DOD in water make ZnO-Co/N-CNTs highly attractive in the
development of an environment-friendly technical lignin conversion process.
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Production of biodiesel from waste oil and fats using
supercritical fluid technology

Hong-shik Lee, Dohoon Lee, Sangyong Kim
Korea Institute of Industrial Technology
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Current status and comparison of VOCs treatment
technology in the domestic industry

Jihyeon Kim, Jin-ho Kim, Hyo-sik Kim, Jae-Hong Ryu, Suk-Hwan Kang
Institute for Advanced Engineering
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Hydrogenolysis of alginic acid over mono and bimetallic
ruthenium/nickel supported on activated carbon catalysts
with basic promoters

Seungdo Yang, Hyungjoo Kim and Do Heui Kim

School of Chemical and Biological Engineering,
Institute of Chemical Processes, Seoul National University, Seoul, Republic of Korea

Biorefinery, in which renewable resources are utilized on a large scale, is a potential alternative based on
biomass feedstocks. [1] Algal biomass, also known as the third-generation biomass, is inedible, lignin-
free, and shows rapid growth, and has significant advantages in biorefinery. [2] As the main component
of macroalge, alginic acid is a good carbon source for the production of various value-added chemicals
such as acids and alcohols. Hydrogenolysis of alginic acid over Ru, Ni and Ru-Ni supported on activated
carbon catalysts was performed in a batch reactor using NaOH, CaCO3, Ca(OH)2, and Mg(OH)2 as basic
promoters. Among the promoters used, NaOH provides the highest carbon efficiency and yield of glycols,
such as ethylene glycol and 1,2-propanediol. In addition, various organic acids such as lactic acid, glycolic
acid, and formic acid were produced in the form of salts. The hydrogenolysis of potential intermediates such
as sorbitol, mannitol, lactic acid, and glycolic acid demonstrated direct conversion of alginic acid to glycols
without sugar alcohols or organic acids as reaction intermediates. Furthermore, Ru-Ni bimetallic catalysts as
a function of the Ni/Ru molar ratio were used to increase the yield and selectivity to glycols. The highest yield
of glycols, 24.1%, was obtained when the Ni/Ru molar ratio was 1:1, due to the enhanced interaction between
Ru and Ni based on H2-TPR.
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Fabrication and Operation Characteristics of
PTFE membrane Bag-filter for Simultaneous
Removal of Combined Pollution
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Microfluidic preparation of highly monodisperse
organic-inorganic hybrid particles

Dong-Yeong Kim, Byungjin Lee, Kyoung-Ku Kang and Chang-Soo Lee
Department of Chemical Engineering and Applied chemistry, Chungnam National University
Department of Chemical Engineering, Dong-Eui University

This study presents a microfluidic method for preparation of organic—inorganic hybrid microspheres with
poly(Dodecanediolo Dimethacrylate-co-Trimethoxysillyl propyl methacrylate) (P(DDMA-co-TPM)) as
the core and silica nanoparticles as the shell. In this process, the monodisperse microspheres of P(DDMA-
co-TPM) were first synthesized via microfluidic approach of droplet generation combined with in situ
photopolymerization, and nanosilica particles gradually grew on the surface of microsphere via hydrolysis
and condensation of tetraethoxysilane (TEOS) in basic ammonium hydroxide medium without additional
surface treatment. The morphology, composition, and crystalline structure of the hybrid microspheres were
confirmed by scanning electron microscopy, transmission electron microscopy, Fourier transform infrared
spectroscopy, EDS, and XPS analysis, respectively. The results indicated that the shell of the complex
microspheres consists of Si02 microspheres with about 60 nm. Finally, we suggest the coating mechanism of
Si02 nanoparticles on the polymeric microsphere.



Effective mine dust monitoring and assessment
using a low cost sensor network

Sang-hun Lee
Keimyung University

The airborne dusts emitted from open pit mine or quarry sites can be dispersed into the neighboring regions
and deteriorate the air quality of the vicinity. The dust dispersion and its resultant environmental impacts
should be properly monitored and assessed, respectively. However, such tasks for mine dust dispersion
requires installation of a proper dust monitoring network with multiple sensors, prediction by mathematical
modeling, and relevant big data processing, which should often be cost and time consuming tasks and thereby
needs an effective strategy. Therefore, this study proposed a strategic systemized approach to facilitate the
mine dust monitoring and the impact assessment. This approach includes (1) deployment of low cost dust
sensors and establishment of the remote sensor network (2) application of dispersion modeling to predict dust
dispersion from emission sources to receptors located far from the monitoring sites (3) application of big data
processing to enhance the monitoring and the modeling data quality.
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CO2-assisted depolymerization of biomass
to fuels and chemicals

Han-Ung Kim, Jungho Jae
Pusan National University

Depolymerization of lignocellulosic biomass such as cellulose and lignin oftentimes involve the use of harsh
reaction conditions such as high acid concentration and elevated temperature. Especially, mineral acids such
as HCl are commonly employed to effectively attack the solid biomass structure which is not soluble in water
solvent. However, the use of mineral acid in biomass processing is not desirable due to separation and process
safety issues. Herein, we present the novel technology for mild-condition biomass depolymerization using
CO2 as an acid catalyst. The CO2 dissolved in water reacts rapidly to form carbonic acid and this, in turn,
partially dissociate to form hydrogen and bicarbonate, resulting in an acidic solution. By adding CO2 to the
reactor system up to 150 bar, the pH of water can reach ~3.0 at 150°C, which is sufficient to have catalytic
effect on biomass hydrolysis. We will discuss how this high-pressure CO2-induced acidity assists the biomass
depolymerization efficiency when combined with the heterogeneous catalyst for two cases: 1) hydrolysis of
cellulose to glucose over sulfonated activated carbon catalysts and 2) hydrogenolytic depolymerization of
lignin to phenolic monomers over supported ruthenium catalysts.
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Metallic monolith catalysts for selective catalytic reduction
of NOx with NH3 from industrial exhaust gases

Jae Hyung Choi, Chul-Ho Lee and Dong-Ha Lim
Korea Institute of Industrial Technology

To reduce the environmental pollution by NOx, selective catalytic reduction (SCR) process is the most
commercial De-NOx system in order to meet the requirement of emission regulation from industrial facilities
such as steelworks, power plants, industrial boilers, cement kilns and turbines. In generally, commercial
ceramic honeycomb catalyst (CHC) has been installed in SCR system. However, the CHC has some serious
problems such as low strength and easy destruction at various sources of exhaust gas. For these defects,
metallic structured catalyst (MSC) was applied to the SCR system. The MSC are made of thin metal foils,
flat and corrugated, formed into a honeycomb structure which is placed inside a metal shell. The advantages
of metal substrates are their high geometric surface area and low pressure drop associated with the thin walls.
In our study, the MSC for SCR was prepared using the SUS-based substrate by slurry wash coating method.
The coating slurry with inorganic and organic binders was controlled by pH and viscosity. The MSC was
fabricated with strong adhesion by coating, drying, and calcination process. The MSC was carried out the
SCR performance and durability test compared to the commercial honeycomb catalyst. The metallic catalyst
substrates could be a good alternative as a new type of SCR catalyst for marine engine and steelworks.
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Albumin Nanoparticle as a
Promising Carrier for Bilirubin

Seyedmohammad Moosavizadeh and Sung In Lim
Pukyong National University

Albumin is the most abundant protein in blood with a long circulatory half-life and a capability to bind
various nutrients, metabolites, and metals, lending itself to a promising vehicle for drug delivery as well as
adsorption. Of note, transformation of albumin into a nanoparticle greatly improves the capacity to occupy
payloads and tolerate harsh conditions, thus expanding its utility and compatibility. Here, we investigate
a potential application of albumin nanoparticle as a carrier encapsulating bilirubin for cancer treatment.
Bilirubin is a natural by-product of the hemoglobin catabolism and serve as an endogenous antioxidant that
eliminates reactive oxygen species (ROS). Oxidative stresses by reactive oxygen species (ROS) are known
to activate many cancer-promoting molecules, such as Ras, PI3K/Akt, ERK1/2, p38 MAPK, and JNK1/2.
Accordingly, bilirubin is deemed an effective anti-cancer agent as well as ROS scavenger. However, its low
water-solubility and high sensitivity to oxygen restricts further clinical developments, requiring an appropriate
drug carrier. We show that albumin nanoparticles could encapsulate bilirubin with a stable size around 120
nm, and a spherical morphology. The entrapment efficiency (EE) was around 60%, and the drug loading (DL)
was around 10%.
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Energy-saving pretreatment and fermentation of
microalgal strains to improve biofuels production

Geon-Soo Ha, Gyeong-Uk Kim, Shouvik Saha, Byong-Hun Jeon
Department of Earth Resources and Environmental Engineering, Hanyang University

Microalgae have been considered as one of the most promising feedstock for biofuels (bioethanol, higher
alcohols (C2-CS5), and biodiesel) production that can replace fossil fuels. The energy recovery from
microalgal is significantly influenced by their physiological properties such as cell wall thickness and
proportions of biocomponents. We developed a novel integrated approach to achieve unprecedented biomass
utilization (80-93%), conversion efficiency (46-48%) from Pseudochlorella sp., Chlamydomonas mexicana,
Chlamydomonas pitschmannii via microwave pretreatment (at 210 W, 2 min), successive fermentations,
and transesterification. Scanning electron microscopy visualized significant disruption of microalgal cells.
Carbohydrate fermentation by Saccharomyces cerevisiae YPH499 produced 0.45-0.47 g/g bioethanol yield
and fermentation of the leftover microalgal proteins after carbohydrate fermentation by S. cerevisiae S288C
produced 0.44-0.45 g/g higher alcohols yield. Fermentations served as a bio-pretreatment to enhance the
bioavailability of intracellular compounds, which minimized the use of expensive and laborious methods for
their extraction from the microalgal biomass. The transesterification of the remaining lipid portion produced
0.62-0.74 g/g biodiesel. Microwave pretreatment saving ca. 32 times specific energy than ultrasonic
pretreatment. This study provides a proof-of-concept that it can encourage the use of microalgal biomass for
cost-effective biofuels production in a large-scale process.
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Biodegradation of emerging contaminants
(sulfamethoxazole, sulfamethazine, and doxylamine) using
Iris pseudacorus and periphytic biofilm

Nikita Yadav, Sanjay P. Govindwar, Byong-Hun Jeon
Department of Earth Resources and Environmental Engineering, Hanyang University

Emerging contaminants (ECs) are affecting the environment and living beings even in trace amounts present
in waterbodies [1]. Bioremediation offers an alternative to conventional tertiary treatment of wastewater
through efficient removal of ECs in cost effective manner [2,3]. Iris pseudacorus and the attached periphyton
for synergistic biodegradation of three frequently found ECs was assessed in the current study. I. pseudacorus
showed removal values of 100%, 83%, and 78% for sulfamethoxazole (SMX), sulfamethazine (SMZ),
and doxylamine (DOX), respectively, at the concentration of 0.05 mg L1, and the respective values at
the higher concentration were 50%, 42%, and 59%, in 10 days. The mass balance according to individual
studies showed that the major removal mechanism for SMX and SMZ was biodegradation, while it was
bioadsorption for DOX. Furthermore, plants followed first-order kinetics for the removal of SMX and SMZ,
while pseudo-first order (0-1 day) and first order (1-10 days) kinetics were followed for DOX. The removal
rate of SMX increased by 26% on the first day with 1. pseudacorus and a periphytic biofilm consortium,
compared with the values corresponding to their individual performances. The identified metabolites of
SMX were less toxic than the parent compound. A phytoreactor (30 L) planted with I. pseudacorus and the
periphytic biofilm consortium facilitated improved removal of these ECs and reduction of organic/inorganic
compounds in secondary wastewater effluent. Thus, evaluating the synergistic effects of periphytic biofilm
with 1. pseudacorus helped in understanding the degradation mechanism of naturally formed consortium,
which could be exploited for wastewater treatment.
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Improved anaerobic digestion of lignocellulosic
components of rice straw fractionated by combined
hydrothermal and deep-eutectic solvent pretreatment

Bikram Basak and Byong-Hun Jeon
Department of Earth Resources and Environmental Engineering, Hanyang University

Lignocellulosic (LC) biomass is an abundant feedstock that can be converted into biomethane during anaerobic
digestion (AD). However, maximizing the bioavailability and conversion of LC-biomass during anaerobic
digestion is a key challenge because of recalcitrance and poor degradability of this biomass. In this study a
combined hydrothermal and deep eutectic solvent (DES) pretreatment strategy was employed to effectively
fractionate lignocellulosic components of rice straw i.e., hemicellulose, cellulose, and lignin for their efficient
conversion in AD for high-rate methane production. The hydrothermal pretreatment of rice straw was
optimized using a 3-factor, 3-level Box-Behnken design to determine the optimum temperature, concentration
of H2SO4, and pretreatment time. The optimization resulted in a maximum soluble sugar release of 166 mg
g—1 in the hydrolysate when the biomass was soaked in 0.6% v/v H2SO4 overnight and hydrothermally
treated at 150 °C for 90 min. Analysis by scanning electron microscopy, X-ray diffraction (XRD), and Fourier
transform infrared spectroscopy revealed that combined pretreatment promoted extensive disintegration and
fractionation of the lignocellulosic components of rice straw. The XRD analysis indicated 76% increase
in crystallinity index of pretreated biomass compared to that of the untreated control. Mesophilic AD of
pretreated biomass resulted in a significant boost of methane yield (406.59 mL g—1) which is 57% higher
than that with untreated biomass. While thermophilic AD of pretreated biomass resulted in 38% increased
methane yield (326.46 mL g—1) compared to that of untreated biomass. Combined hydrothermal and DES
pretreatment has demonstrated to be an efficient technique for enhancing the digestibility of LC-biomass such
as rice straw in mesophilic and thermophilic AD, accompanied by enhanced substrate utilization and methane
yield.
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Lignocellulosic biomass; Pretreatment; Anaerobic digestion; Biomethane; Rice straw.
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Metagenomic analysis of anaerobic co-digestion
revealed enhanced carbohydrate and lipid metabolism
in food waste and sewage sludge reactor

Swapnil M. Patila, Mayur B. Kuradea, Niraj R. Ranea and Byong-Hun Jeona
Department of Earth Resources and Environmental Engineering, Hanyang University

Methanogenesis, a complex biological process influenced by numerous intrinsic and extrinsic factors, can be
optimized and full-scale applied through understanding the interrelation between the degradation mechanism
and microbial community composition, along with an in-depth analysis of metabolic pathways [1-3]. In
anaerobic co-digestion, to determine the optimum FW concentration along with wastewater treatment sludge
and reactor conditions, this study was carried. The effect of higher substrate loading on microbial abundance
and the methanogenic community was studied. Higher methane production and short lag phase were observed
in the lower FW reactor group (<4%) while extended the lag phase and incomplete substrate utilization
observed in the higher FW reactor group (>6%). Low FW concentration increased methane production by 5.2
to 8.1-fold. The optimum FW concentration was 4% as the highest methane production (8.1-fold) with a short
lag phase of 5 days observed. The Long-chain fatty acids (LCFAs) degradation was directly dependent upon
initial FW loading concentrations, and up to 99% LCFA degradation occurs at 4% FW reactor. The addition
of either 8 or 10% FW inhibited methanogenesis due to the accumulation of VFA and low LCFA reduction.
Under optimum biomethane production (4% FW), Methanosaeta and Methanosarcina were abundant,
indicating their role in methanogenic and syntrophic acetogenesis, along with enhanced metabolic pathways
specific for carbohydrate and lipid metabolism. The addition of 2% FW in AD increased the methane yield
4-fold, without a lag phase. The current study recommends running reactors at 4% (v/v) FW loading to attain
the maximum substrate utilization and methanogenesis.
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Syntrophically associated microbiota induced
methanation in anaerobic digestion of
various organic waste

Shouvik Saha, Mayur B. Kurade, Geon-Soo Ha, Byong-Hun Jeon
Department of Earth Resources and Environmental Engineering, Hanyang University

Globalization creates rapid increment in industrialization to meet the societal needs. One of the biggest areas
of growth is the agro-food industries, which generate and discard enormous amounts of organic waste such
as fruit and vegetable processing wastes (polysaccharidic waste) and animal by-products (lipidic waste)
into the environment [1, 2]. Biomethanation through anaerobic digestion (AD) is the most reliable energy
harvesting process to achieve waste-to-energy following augmentation with various organic waste due to
their high organic content and theoretical conversion efficiency, compared to sewage sludge (40-50%) alone
[3, 4]. Our investigation revealed the improved digester performance depends on its microbial syntrophy
during the AD and the substrate type. A positive association between propionate-oxidizing acetogens (i.e.,
Anaerolinea, Bellilinea, Levilinea, and Longilinea) and acetoclastic methanogens such as Methanosaeta
and Methanosarcina in the AD of polysaccharidic waste accelerated the methanogenic activity by seven
times in the digesters. In contrast, syntrophic interactions among acetogenic long chain fatty acid oxidizers
Syntrophomonas and acetate-oxidizing Clostridium with Methanosarcina improved the methanogenic
activity 63% of the lowest lipidic waste loading. Thus, alteration in the digester feeding with heterogenic
organic waste causes diversification in the digester microbiota and impacts the intricate interspecies networks
and their performance for improved methanation.

Keywords

Syntrophy, Anaerobic digestion, Organic waste, Acetoclastic methanogens, Methane.
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Characteristics of the emission of the fine dust and the
effectiveness of prevention facilities in the metal processing/
chemical industry of Sihwa/Ansan smart-hub

Tae Ho Lee, Han Kyu Yang, Seung Yul Yoo, Hyeok Jin Oh, Yeo Jin Choi
Soongsil University, SiHeung Green Environmental Center
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Sustainability Comparison of Domestic Production
of Green Hydrogen and Hydrogen Produced from
Imported Green Ammonia

Malik Sajawal Akhtar, Jay Liu
Department of Chemical Engineering, Pukyong National University, Busan, Korea

Moving to the hydrogen economy entails challenging decisions from economic processes to environmental
environment and social acceptance. Hydrogen must be derived from renewable energy and abundant energy
in cost-effective, environmentally, and socially sound ways to ensure sustainability. The cost barrier in the
domestic production of hydrogen from renewable energy sources such as solar and wind is creating a room
to import clean energy to produce cost effective and environment friendly hydrogen. Government of the
Republic of Korea unveiled the ‘The Roadmap of Hydrogen Economy’ in earlier 2019. This roadmap
appeals the investors and technologists to think out of the box for the hydrogen energy and to meet the
hydrogen challenge countries like Japan and South Korea are thinking to import hydrogen from low-emission
processes. The plan of importing green NH3 from Australia and generate H2 after thermal cracking, needs
an intensive analysis on the basis of environment and economic sustainability. This research will result an
in-depth sustainability comparison of both cases and provide input in decision-making processes at both
industry and hydrogen technology policy-makers level.
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Effect of reaction temperature and space velocity on the
hydrocracking of polycyclic aromatic hydrocarbons on
transition metal/zeolite catalysts

Huiji Ku, Seungkyo Oh,Yeongseo Park, Gi Bo Han, Byung Hun Jeong, Jong-Ki Jeon
Kongju National University, Institute for Advanced Engineering, Agency of Defense Development
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High-throughput, Multiscale Computational
Evaluation of Metal-organic Frameworks for
Energy-efficient SF6/N2 Separation

Jaehoon Cha, Seongbin Ga and Yongchul G. Chung
Department of Chemical and Biomolecular Engineering, Pusan National University

We combined high-throughput molecular simulation with process-level simulation to computationally screen
CoRE MOF database 2019[1] with the aim of high-performing materials for SF6/N2 separation. The top
3 materials are finally selected as the promising adsorbents based on the energy consumption evaluation
in each VSA and PSA cases. For the PSA simulation, ideal PSA cascade simulation is suggested to boost
the SF6 maximum purity. The relations between the structural properties of MOF, the adsorption isotherm
shapes of the top materials, and the adsorption process performance is analyzed looking at the top 10 screened
adsorbents.
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Renewable Energy System for Hydrogen Production
Via Alkaline Water Electrolysis with Battery
Energy Storage System

Haider Niaz, Gyeongbeom Yi, JunHeok Lim and J. Jay Liu

Intelligent systems laboratory, Department of Chemical engineering, Pukyong National University, Busan, South Korea.
Department of Chemical engineering, Pukyong National University, Busan, South Korea.

The continuous expansion of renewable energy demands a need for control and storage strategies to ensure
stable and reliable energy supply. Small amounts of energy storage can be efficiently stored in batteries
and supercapacitors, whereas for long term storage, chemical component such as hydrogen is considered
as a suitable candidate. Among various hydrogen production routes, alkaline electrolysis is the most mature
and industrially widespread water electrolysis technology for green hydrogen production [1]. Therefore, in
this study, a dynamic modeling approach for renewable hydrogen production via alkaline water electrolyzer
(AWE) is employed to overcome the fluctuating nature of renewable energy using operational control [2].
The model consists of a solar energy supply coupled with AWE and an energy storage system (ESS). ESS
helps meeting the energy instabilities by providing partially stored energy during daytime in batteries, at
times of no energy availability (i.e., night) or energy fluctuations (i.e., due to weather conditions) to the AWE
avoiding frequent startups and shutdowns, hence providing a continuous green hydrogen production system.

References

1. Ulleberg @. Modeling of advanced alkaline electrolyzers: A system simulation approach. Int J Hydrogen
Energy 2003;28:21-33. doi:10.1016/S0360-3199(02)00033-2.

2. Tijani AS, Yusup NAB, Rahim AHA. Mathematical Modelling and Simulation Analysis of Advanced
Alkaline Electrolyzer System for Hydrogen Production. Procedia Technol 2014;15:798-806. doi:10.1016/j.
protcy.2014.09.053.



Analysis of operation characteristics of Bio-oxy CFBC
with indirect S-CO2 cycle
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A large area analysis method in particle phase
according to the incineration of the agricultural
plastic film waste

Yong-kyu Ko, Coong-sik Yoon, Young-im Kim, Tae-Han Kim,
Boo-hun Choi, Junhee Lee1,Yong-ju Kim

Application LAB. COXEM Co.,Ltd,
Department of Environmental Landscape Architecture, Sangmyung University

Air quality problems caused by fine dust are difficult to respond systematically in agriculture, which has limited
activity data compared to other industries. There is open-air incineration as a representative cause of the major
impact of fine dust in rural areas. In particular, non-collected agricultural plastic film waste can contaminate
soil organic matter and adversely affect agricultural productivity (Steinmetz, 2016), and incineration of
agricultural plastic film waste generates a large amount of dioxin (2,228pg/kg), reporting the possibility of
deteriorating farmers' health (Kim, 2008). To this end, the main types and samples of agricultural plastic
film waste missing from the existing open-air incineration study are taken, and the element characteristics
of particulate pollutants in agricultural agricultural plastic film waste are identified by linking them with
normalized activity data. Previously, to know the elemental characteristics of pollutants, only a portion of the
pollutants could be measured with a regular electron microscope, and it was difficult to accurately measure
pollutants because additional sample preprocessing was included for observation. To compensate for this,
electronic microscopes that can preserve sample samples and analyze them face-to-face have recently been
developed to identify the elemental characteristics of all pollutants as a new analysis method of pesticide vinyl
sample analysis. In order to monitor the incineration of agricultural plastic film waste, micro-particle analysis
technology was applied. This allows the systematic classification of the number, size, and composition of
particles for the entire filtered area. Therefore, based on this, we would like to introduce the characteristics
of pollutants in particulate matter according to the incineration of vinyl greenhouse waste and confirm the
importance of management of agricultural plastic film waste.
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Anthracite combustion simulation in a
Pilot scale oxy-CFB
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Synthesis of Activated Carbon Adsorbents derived from
Waste Coffee Powder for Dye Adsorption.
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Department of Chemical Engineering, Konkuk University

I 3te] Wk FA A 2.gj0] AAEA SAEA G FS v A5 ek, mebA] 58999 9
Qo] B BAE] AV HEA BeF AFolth £A0d BAS AASE V)%l 4, H2, U
o, A7), St o) qlid], 1 FAe B0l dekehn, £ulEo] 4 Al 228:510] 2 A
He AT o Med 0w ALgETh Be A8 QAT FAAR ks, A Lol =, MOF
5 ofe] £7 FHAT) A Hx v, 1 F BYSLE 1R WEY B8 HYE §
S AzEH, He MEAHOR B 0 AR FH S-S wolx gro] Ashrhs WS ) w dlnk

St A AR TR el et AS] o AR T8 F7beka, B o) HA T
Wel A5 Qe AATATE AL A B B9 A W8S gk & 5 gom, FAhae BAE o]e)
2 3% T 5 Yok B ATNNE ML AANATE ol goto] BYVLE Axsn FH TPl S
BOASICE AT ol SR o] $91] A L AV 2 S22 7] 92 S

= Agspglon, Alxd B4 "dae v T eS 7 As El Sl

T A2 A Y O 2 St Al ] 7] 2 A A X AR (NRF—-2020R1A4A2002854)

References

1. Ktzas et al. "Removal of dyes from aqueous solutions with untreated coffee residues as potential low-cost adsorbents:
Equilibrium, reuse and thermodynamic approach" Chem. Eng. J., 180-190, 148-159 (2012).

2. Huang et al. "Activated carbons prepared by the KOH activation of a hydrochar from garlic peel and their CO2
adsorption performance" New carbon materials., 34(3), 247-257 (2019).

3. Tiwari et al. "Adsorption of CO2 on KOH activated N-enriched carvon derived from urea formaldehyde resin :
kinetics, isotherm and thermodynamic studies", Appl. Surf. Sci., 439, 760-771 (2018).

62



Fabrication and optimization of
methoxy-nonafluorobutane microcapsules
for fire suppression

Dong Hun Lee, NaYeon Kim, Hyun Sung Jang, Dong Seop Choi and Ji Bong Joo
Konkuk university

The damages by electrical fire have been dramatically increased in recent years. The initial installation
cost of automatic fire extinguishing systems is high and there is a concern of malfunction which causes
greater damage. It is well known that the microencapsulation of liquid fire extinguisher agent is one of the
good strategies for preventing a fire without manual operation. The microencapsulation through complex
coacervation is considered as one of the most suitable processes for the microencapsulation of highly
volatile liquid materials due to their low vaporization temperature and relatively high permeability which
can reduce losses of core materials. In this study, we report a simple synthetic strategy for encapsulating the
highly volatile eco-friendly liquid agent, methoxy-nonafluorobutane, which have fire suppressing properties
through complex coacervation. Furthermore, we incorporated inorganic materials in polymer shell matrix for
enhancing both long-term stability and fire extinguishing performance, since inorganic materials generally
have higher thermal conductivity and mechanical strength. Characterizations results allow us to identify the
effect of inorganic solid species in polymer matrix on fire suppression performance.
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Process optimization of blue ammonia
synthesis including carbon capture and storage at low
temperature/low pressure

Beom Ju Shin, Ji Hun Mun, Bong-Keun Choi, Seung Mo Kim, Jong Ho Moon
Department of Chemical Engineering, Chungbuk National University

Currently, ammonia is produced through the Harbor-Bosch process developed in the early 1900s. This process
is conducted at a high temperature/high pressure of 350°C or higher and 250 to 300 bar or higher, which
consumes a lot of energy and emits large amounts of greenhouse gases. To solve this problem, development
of a technology capable of producing ammonia at low/low pressure using hydrogen is in progress. In this
study, the blue ammonia synthesis process using the general Haber-Bosch method and the low temperature/
low pressure synthesis process were conducted comparative analysis. The comparison factors are energy
efficiency, operating cost, and equipment cost.

Finally, the process was optimized to have a production capacity of 20kg/day.
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Steam reforming of methane over porosity
controlled spherical nickel catalyst

Dong Seop Choi, Jiyull Kim, Nayeon Kim, Dong Hun Lee and Ji Bong Joo
Konkuk University

As great interests on hydrogen energy increases, hydrogen production technologies are extensively being
studied. Among the various methods for producing hydrogen, it is well known that hydrogen production
through steam reforming is the most economical way. Since methane has the highest H/C ratio among several
hydrocarbons, steam reforming of methane is considered as the efficient strategy for the mass production
of hydrogen. In the industrial catalytic process, the catalyst is pelletized into a shaped one with several mm
in size to solve the pressure drop problem. However, the reaction rate is faster than the intraparticle mass
transfer rate in the steam reforming conditions, resulting that the active metals in the bulk catalyst are not
sufficiently utilized. In this study, the pore characteristics of the spherical A1203 support with several mm in
size were finely adjusted through acid treatment. Active Ni metal nanoparticles are supported on the spherical
Al203 by wet impregnation followed by calcination. The physicochemical characteristics of the catalysts are
studied by XRD, N2 physisorption, H2-TPR, and TGA analysis. We systemically investigate the relationship
between the controlled pore property and catalytic performance in the steam reforming of methane reaction.
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Characteristics of
Sr0.92Y0.08Til-xVx03-6 (x =0.01, 0.04, 0.07, 0.12) anode
for using H2S fuel in solid oxide fuel cells

Jun Ho Kim, Jeong Woo Yun
Chonnam National University

Sr0.92Y0.08Til-xVx03-6 (SYTV) with perovskite structure was investigated as an alternative anode
to utilize hydrocarbon fuels in solid oxide fuel cells. To improve the electrochemical performance of
Sr0.92Y0.08TiO3-6 (SYT), titanium was substituted with vanadium at the B-site of Perovskite. The SYTV
synthesized through the Peccini method was chemically compatible with the YSZ electrolyte without the
formation of additional by-products under operating temperature conditions. As increasing substitution
amounts of vanadium, the oxygen vacancy increased. V doping in SYT reduced the energy from which
oxygen vacancies formed. Ionic conductivity increased due to the oxygen vacancies generated in this way.
In addition, resistance to sulfur poisons of several hundred ppm or more contained in hydrocarbons was
also increased. The battery performance is 19.30 mW/cm? for a 1% substituted battery and 34.87 mW/cm?
for a 7% substituted battery depending on the degree of substitution of vanadium in Hz at 850 °C. The
cell performance using H2 fuel containing 1000 ppm of H2S at 800°C was 23.37 mW/cm? in a battery
substituted with 1% vanadium and 73.11 mW/cm? in a battery substituted with 7% vanadium. Accordingly,
the possibility of SYTV as an alternative anode was confirmed.
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Effect of Tin Dopant on Titanium Dioxide
Supported Platinum-Tin Bimetallic Catalyst For Low
Temperature CO oxidation.

NaYeon Kim, Ji Yull Kim and Ji Bong Joo
Konkuk University

Removal of carbon monoxide (CO) is a significant issue in the fuel processing which is the most popular
strategy for hydrogen production. Bimetallic platinum-tin catalysts are well-known as efficient catalysts for
oxidation process due to their synergistic bi-functional mechanism, ability to dissociate molecular oxygen
at low temperature and superb adsorption of both atomic oxygen and CO. In this study, we synthesized
titanium dioxide supported platinum-tin bimetallic catalyst for low temperature CO oxidation process with
different amount of tin. Titanium dioxide not only provides oxygen to active sites due to its abundant oxygen
vacancies, but also prevents metal sintering of active platinum nanoparticles. We confirm that our titanium
dioxide supported platinum-tin bimetallic catalysts show excellent performance for low temperature CO
oxidation and the amount of tin on titanium dioxide support affects the catalytic performance of Pt based
catalysts.
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Fabrication of paper-based analysis
device using PDMS coating

Jin Sol Choi, Heon-Ho Jeong
Chonnam National University, Chonnam National University

Paper-based microfluidic analysis devices (WPADs) have recently attracted attention for their wide range of
applications, including point-of-care diganostics and environmental material detection. To date, printing is
the most adopted method due to its low cost and simple procedure. PDMS(polydimethylsiloxane) is the most
popular polymer in microfluidic research due to its ease of fabrication, transparency, low electrical conductivity
and elasticity. We applies a contact printing technique that uses plastic stamps to form a hydrophobic barrier
using PDMA. We optimize the WPAD fabrication by controlling contact conditions including spin coating rate,
reagent ratio, and contact time. These pPADs can be used for field analysis or even in developing countries.
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A management strategy of wastewater sludge to reduce
exposure of micro-plastics to the ecosystem

Min-Kyu Ji Korea Environment Institute
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Development of cosmetic materials using grape
skin extract and Chamaecyparis obtusa distillate extract
Eun Min Shin, Ju Yeon Kim, Si Eun Park, Eun Saem Lee,

Eun Chae Hwang and Chang- Joon Kim
Department of Chemical Engineering, Gyeongsang National University
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Drying and Micronization of Ecamsule using
Supercritical Antisolvent Method

Aye Aye Myint, Minsang Lee and Jaehoon Kim

School of Chemical Engineering, School of Mechanical Engineering,
SKKU Advanced Institute of Nano Technology, Sungkyunkwan University

Ecamsule (tetrephthalylidene dicamphor sulfornic acid, C28H3408S2), also known as Mexoryl SX, is a
water-soluble and photostable organic UVA sunscreen agent [1]. Ethanol was used during the acidification
step of the ecamsule synthesis process to produce light-yellow ecamsule powder. Because the ecamsule
powder used in sunscreen product formulations should be highly pure and completely dry, ethanol should be
almost completely removed from ecamsule—ethanol solutions. Typically, ethanol is separated from ecamsule—
ethanol solutions using conventional techniques, such as vacuum distillation, superheated-steam drying, and
hot-air oven drying. Conventional drying techniques present disadvantages, such as high energy consumption,
high cost, and long duration. Moreover, they can cause damage to organic molecules via non-homogenous
heat transfer, which reduces the ecamsule production profit. Therefore, the development of a fast, complete,
energy efficient, and inexpensive alternative drying technique for the separation of ethanol from ecamsule—
ethanol solutions without damaging the chemical structure of ecamsule, is highly desirable. In this study, we
demonstrated that the supercritical antisolvent (SAS) technique with supercritical carbon dioxide (scCO2)
as the antisolvent can be used to obtain completely dry and uniform micronized ecamsule powder from
dilute ecamsule-ethanol solution with high recovery. The effects of different operating parameters, such as
temperature, pressure, initial concentration of ecamsule solution, and solution flow rate on the recovery yield,
ethanol removal efficiency, surface morphology, particle size, and chemical, thermal, and textural properties
of dry ecamsule powder were investigated. To elucidate the ecamsule precipitation mechanism during the
SAS process, the Hansen solubility parameters (HSPs) and relative energy differences were used to analyze
the solubility of ecamsule in scCO2—ethanol mixtures under the studied conditions.
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Subcritical Water Extraction of Highly Bioactive
Compounds from Red Ginseng Marc and
Their Antioxidant Activities

Aye Aye Myint, Rugian Cao and Jaehoon Kim

School of Chemical Engineering, School of Mechanical Engineering,
SKKU Advanced Institute of Nano Technology, Sungkyunkwan University

Although red ginseng marc (RGM) is a by-product obtained during manufacturing of various commercial
ginseng products, it still contains various bioactive compounds such as saponins, proteins, and polysaccharides
[1]. Extracts recovered from RGM have been demonstrated to possess several functionalities and bioactivities,
which are useful for numerous applications in food, nutraceutical, pharmaceutical products, and biomedicine.
Despite of its potential health benefits, RGM has been routinely discards as a waste or applied as a low-
value products of animal feeds and fertilizers currently. Several processes have been developed for obtaining
valuable compounds from by-products and residues, among of which subcritical water extraction (SWE) is
considered as a green alternative that shows high promise from both a technical and economical perspective
[2]. However, the use of SCW for the recovery of highly bioactive compounds from RGM is limited.
Therefore, the main objectives of this study were to determine the efficiency of the SWE technique in the
extraction of biologically active compounds from RGM powder and to gain insight into the mechanism of
reactive extraction. We explored a range of extraction temperatures, pressures, times and stirring speeds,
particle sizes of RGM, and ratios of RGM to water loading in order to maximize the yield and bioactive
activity of the extract. The antioxidant capacities of the extracts were assessed using three in vitro methods:
2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, Trolox equivalent antioxidant capacity (TEAC/ABTYS) assay,
and ferric reducing antioxidant power (FRAP) assay to compare the antioxidant activity values obtained
using these methods.
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Operational parameters optimization of newly
developed online system for water toxicity assessment
using sulfur oxidizing bacteria and RSM

Umair AliToor, Sang-Eun Oh
Department of Biological Environment, Kangwon National University

In this study a newly developed online system for assessing the toxicity of heavy metals based on EC values
was introduced using Sulfur oxidizing bacteria (SOB). The EC probe was fixed with 7 mL capacity acrylic
reactor connected with computer program for the generation of online graph. For optimization studies
Box-Behnken design (BBD) module of response surface methodology (RSM) was used and selected three
parameters were temperature (25°C ~ 35°C), media volume (1.5 ~ 3 mL) and amount of SOB (1 ~ 3g). The
other configuration of experiments were SOB particle 0.5 ~ 2 um size, 5 mL/min air flow and run for 30 min/
feeding cycle. The Cr6+ used as a model toxicant and to find the EC50 values using different concentrations
of Cr6+ (0 ~ 25ppm Cr6+). The statistical significance of experiments were analyzed by analysis of variance
(ANOVA) and results showed that the model is significant for the experiment design of newly developed
small vials reactor. The lowest EC50 value of 4ppm Cr6+ was found at the condition of 30°C, 2g SOB and
2 mL of media. The desirability value of 1 showed 42 combination of independent variables and only one
combination (SOB amount 1.67, media volume 2.32 and temperature 31.33 °C) was selected for validation
of mode. The validation of results show 3.41 ppm Cr6+ which is well under the 5% range and this also
verify the model suitabiltiy. The results of this study showed that new machine is able to assess the toxicity
in 30 min time and applied RSM model are also able to optimize the operational parameters of the newly
developed toxicity measuring system. The method also found simple, robust, sensitive and comparable to
other biological assays available.
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Study on the effect of IrO2/TiO2 catalyst coated
Titanium PTL on PEMWE process through electrolysis
performance and impedance analysis

Tuan Linh Doan, Han Eol Lee, Taekeun Kim

Department of Chemical Engineering Education, College of Education, Chungnam National University, Korea.
Graduate School of Energy Science and Technology, Chungnam National University, Korea.

Porous transport layer (PTL) in polymer electrolyte membrane water electrolysis (PEMWE) systems is
an important component, which not only works as current distribution factor but also provides a porous
media for mass transport. PTL surface passivation occurs commonly when the PEMWE cell operating under
harsh conditions (high temperature, acidic environment) and long-term operation. One of the solutions for
preventing surface passivation is coating a stable thin layer of catalyst on PTL. In this study, by combining
two methods: spray-coating and thermal treatment, a thin layer of [rO2/TiO2 was deposited on the surface
of the Ti-PTL to prevent the passivation and improve the performance of the PEM electrolyzer. The [rO2
layer was expected to reduce the cell Ohmic resistance and improve the stability of the Ti-PTL due to the
preventing of TiO2 forming. By changing the IrO2 catalyst loading on the surface of the Ti-PTL, 3 samples
with different catalyst loading (0.3 mg/cm2, 0.7 mg/cm2, 1.3mg/cm2) and pristine PTL were investigated
to access the effect of catalyst loading on the water electrolysis cell performance. The impedance results
indicated that cell Ohmic resistance and impedance with coated PTLs were slightly lower than the one with
pristine commercial PTL. Moreover, the polarization curve results showed that cell performances of coated
PTLs were better than pristine PTL and increased with the increase of catalyst loading on the surface of PTLs.

References

1. J. Kristof, J. Mink, A. De Battisti, J. Liszi, “Emission FTIR studies on the formation mechanism of IrO2/
TiO2 based coatings”, Electrochim. Acta. 39, 1531-1535 (1994)

2. R. Badam, M. Hara, H.H. Huang, M. Yoshimura, “Synthesis and electrochemical analysis of novel [rO2
nanoparticle catalysts supported on carbon nanotube for oxygen evolution reaction”, Int. J. Hydrogen
Energy. 43, 18095-18104 (2018).

3. E. Oakton, D. Lebedev, M. Povia, D.F. Abbott, E. Fabbri, A. Fedorov, M. Nachtegaal, C. Copéret, T.J.
Schmidt, “IrO2-TiO2: A High-Surface-Area, Active, and Stable Electrocatalyst for the Oxygen Evolution
Reaction”, ACS Catal. 7, 23462352 (2017).

4. Majasan, J. O., lacoviello, F., Shearing, P. R. & Brett, D. J. L. Effect of microstructure of porous transport

layer on performance in polymer electrolyte membrane water electrolyser. Energy Procedia 151, 111-119
(2018).

77



2021 SHEEHI|&%3| @ HEHTA

Synthesis of antibacterial film derived from seaweed
Yun ha Song, Hee Chul Woo

Department of Chemical Engineering, Pukyong National University
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A study on endothermic decomposition of
methylcyclohexane using a wavy form microchannel
reactor coated with different amounts of H-ZSM-5 zeolite
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Department of Biochemical and Chemical Engineering, Dongguk University
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Electrochemical Properties of Freestanding
Flexible Sulfur-NiO-Carbon nanotube Composite for
Lithium-Sulfur Batteries

Yun Jung Shin, En Mei Kim, Sang Mun Jeong Chungbuk National University
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Resolution and Resin Comparison of
Three-Dimension Printing Technologies

Seung hui An, Heon Ho Jeong
Chonnam National University, Chonnam National University

With the dramatic increment of complexity, more microfluidic devices require 3D structures. The traditional
multi-step photolithography is time-consumine and labor-intensive and also requies precise alignment
during the fabrication of microfluidic devices. A direct experimental comparison of the two 3D printing
technologies domination microfluidics was conducted using a open channel microfluidic device, the design
of which was optimized for each printer: Polyjet, digital light processing stereo-lithography(DLP-SLA).
Printer performance was evaluated in terms of feature size for mass manufacturing. Polyjet was suitable
for microfluidic fabrication with minimum features of >500pum. DLP-SLA fabricatied a minimum channel
size >100pum. Compared with Polyjet, resolution better than Polyjet and showed suitable for microfluidic
fabrication. Microfluidic application requring precise control of flow. In discussion of limitations channel size
of these printers, the various size width of high in 3D-printed microchannels should find wide applicablity in
drug delivery, tissue engineering, organ-on-a-chip platforms.
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Preparation and application of iron-nitrogen-carbon
composite as the electrocatalyst for oxygen reduction
reaction of zinc-air battery

Suijin Lee, Dong-gun Kim, Seong Kwon Jeong, Eun-hee Lee, Hye-won Jeong and Pil Kim
Jeonbuk national university
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Effects of Various Metal Oxide Promoters on
Ni-Based Catalyst for Low-Temperature Steam
Reforming of Methane

Ji-Hyeon Gong, Min-Ju Kim, Kyung-Won Jeon, Won-Jun Jang

Department of Infrastructure System Engineering, Environmental Engineering, Kyungnam University,
Department of Environmental and Energy Engineering, Kyungnam University
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Synthesis of Pt-Ni hollow nanoparticles for
oxygen reduction reaction and investigation of
structure control mechanism

Dong-gun Kim, Sujin Lee, Seong kwon Jeong, Eun-hee Lee, Hye-won Jeong and Pil Kim
Jeonbuk national university
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Preparation and characterization of
Co-N-C with Carbon Shell-Coated Nitrogen Species for
oxygen reduction reaction

Eun-hee Lee, Dong-gun Kim, Sujin Lee, Seong Kwon Jeong, Hye-won Jeong and Pil Kim
Jeonbuk National University
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Performance characterization of silicon/carbon
nanocomposite with buffer space for the anode materials
of lithium ion batteries

Seong Kwon Jeong Dong-gun, Kim, Sujin Lee, Eun-hee Lee, Hye-won Jeong and Pil Kim
Jeonbuk national university(School of Semiconductor and Chemical Engineering)
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Preparation and characterization of catalyst
supports using the biomass precursors

Hye-won Jeong, Dong-gun Kim, Sujin Lee, Seong Kwon Jeong and Pil Kim
Jeonbuk National University

Anode A=rolli= AR 9] AbstE FX1817] §3F F 53} Cathode A==
SulSo] AT, oW FHuj o] GAEA H] xH A AV|AEAo] =2 '
A2 T A4 gl A A= vek, Latkstebs, o] akslek A= A

o] #tt.

=9
X
1o
2
o
2

1
o
[,

£ O e
o
ol
[N
o
au?
[

Nk
°
g
1o
N
0%

h

okt A2l 3 S B AE A
G & A ZSA T AxE g4
S At ar o] gAllof] ME-S X st FullE A2 & A7]3EA]

O "o

87



2021 3H=24E0|g8t] e UHUA

Fabrication and Characteristic of Pd Coated Hydrogen
Membrane with Electroless Plating

Min Chang Shin, Xuelong Zhuang, Yeon Kyung Oh, Seo Jeong Yun, Su Ji Lee, Jung Hoon Park
Department of Biochemical and Chemical Engineering, Dongguk University
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Hydrogenation of l-Methylnaphthalene over Transition
Metal/Alumina Catalysts in Trickle Bed Reactor

Seung Kyo Oh, Huiji Ku, Gi Bo Han, Byunghun Jeong, Jong-Ki Jeon
Kongju National University, Institute for Advanced Engineering, Agency for Defense Development

thshA] vbek= €151 4 (Polycyclic aromatic hydrocarbons, PAHs) = -3 2] v o] t}& 2 7] o]A}e]
o WA g E sk 7] = 74103015}[1] PAHs+ 57, WA (carcinogenic), 713824
¥} (teratogenic effect) 53 A= 53 Wk 1. gAe, F23l, sheh4 Arst & 7} 22 PAHs 9] A
A= 2l ARJPE AR, o] 23t 374 =21 Oﬂﬂx] A7} g B3 ]z vh [3]. webA, S =
Zo] Gx 5 Sl & &-8-3to] PAHsO F43tE 213sh= d-50] €] o] oot 54A] Full=
Y TS WS 22 Suf| Fof[4-6] o B AFSE = Ao R F AR vk Full= ST A

A A ol] Aol wE& EA 0}01 A zst o™, BET, TPD, TPR = &3l Sl S iEAs3lth & A7
o = PAHs 2] model reactant®*] 1—methylnaphthalenes ©]-83}9] Trickle—bed reactor HH-&7]&
&l Sl o] Wk slehw o] A 8 st
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Physical properties and de NOx performance evaluation
of TiO2-mayenite for reducing particulate matter

Ji Hye Park, Gwang Hee Cho, Min Woo Hong, Kwang Bok i

Department of Chemical Engineering Education Chungnam National University,
Graduate School of Energy Science and Technology Chungnam National University
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Sustainable Synthesis of CoNi/MgAI204 Catalyst for
Efficient Steam Reforming of Methane

Dong Hyun Kim, Hyunjoung Kim, Ahmed Al-Shahat Eissa,
Jaehwan Jung and Kyubock Lee
Graduate School of Energy Science and Technology, Chungnam National University

Ni-based catalysts are the most promising noble-metal free catalysts for catalyzing the steam reforming of
methane (SRM). However, they tend to deactivate due to the coke deposition. Adding another element to Ni
has been reported to promote the catalytic activity and coke resistance. Herein, we report a one-pot synthetic
approach for fabricating CoNi/MgAI204 catalyst. The addition of Co to Ni has been explored to greatly
enhance the catalytic performance and coke resistance when the catalyst applied for the SRM reaction. At
Co/Ni weight ratio of 1/6, the catalyst displayed a significant enhancement in the CH4 conversion efficiency
(82.7%), comparing to 59.8% for the catalyst prepared in the absence of Co. More importantly, it showed
better resistance to carbon deposition. The great improvement in the performance as a result of adding Co,
is due to the synergistic effect between the different metallic components, and strengthening the interaction
between the active metals and support. The insights obtained from this study may have broad applications in
developing highly stable CoNi based catalysts for high-temperature reactions.
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Equilibrium behavior of high-pressure
binary mixture for the allyl methacrylate and vinyl
methacrylate under CO2

Ki-Hyeon Dong, Ji-Won Gwak, Cheol-Woong Park, Hun-Soo Byun
Department of Chemical and Biomolecular Engineering, Chonnam National University

The equilibrium solubility and thermodynamic properties for the two-component mixture of allyl methacrylate
and vinyl methacrylate in supercritical CO2 were reported. Solubility determinations were performed through
the synthetic method at T = (313.2 to 393.2) K and p = (4.01 to 16.27) MPa. The obtained results indicated
that the solubility of supercritical CO2 was found to increase monotonically with the augmented of system
temperatures and mole fraction of (allyl methacrylate and vinyl methacrylate) in binary (solute + solvent)
mixtures.

The solubility curve of allyl methacrylate and vinyl methacrylate in the carbon dioxide + allyl methacrylate
and carbon dioxide + vinyl methacrylate systems increases as the temperature increases at a constant pressure.
The carbon dioxide + allyl methacrylate and carbon dioxide + vinyl methacrylate systems exhibit type-I phase
behavior. Moreover, experimental solubility was adequately correlated with the Peng-Robinson equation of
state. RMSD for the carbon dioxide + allyl methacrylate [kij=0.035, nij=-0.035] and carbon dioxide + vinyl
methacrylate [kij=0.032, nij=-0.015] systems using two parameters determined at 353.2 K were 8.02 %
and 4.32 %, respectively. Also, RMSD of carbon dioxide + allyl methacrylate system predicted by adjusted
factors at the each temperatures was 4.11 %.
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Surface control of anode porous transport layer of
PEMWE using Sulfuric acid
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Fabrication of zein and k-carrageenan colloidal
particles for encapsulation of quercetin: In-vitro release
behavior and antioxidant activities

Vikash Chandra Roy, Md. Abdur Razzak, Truc Cong Ho, Jin-Seok Park and Byung-Soo Chun

Department of Food Science and Technology, Pukyong National University,
Department of Fisheries Technology, Hajee Mohammad Danesh Science and Technology University,
Institute of Food Science, Pukyong National University

The present work aims to prepare and stabilize quercetin (Q) loaded zein colloidal nanoparticles using
k-carrageenan (KC) as a stabilizer. A simple antisolvent precipitation method was used to fabricate the
zein-KC colloidal nanoparticles at pH 5.0. The findings revealed that the newly prepared Q-loaded zein-
KC complex colloidal particles had spherical shapes, a particle size below ~300.0 nm, a high magnitude of
negative zeta potential (~-45.0 mV) and encapsulation efficiency of 62.0%. In aqueous environments, the
anionic KC coating on the surface of zein colloidal particles modified the particulate and physicochemical
properties of the encapsulated Q and enhanced its water dispersibility, thermal stability, and pH-mediated
controlled release.The observed improvements were ascribed to hydrogen bonding, hydrophobic and
electrostatic interactions among Q, zein, and KC. In addition, Q-loaded zein-KC complex colloidal particles
demonstrated strong antioxidant activity. KC coated zein colloidal particles, therefore, have great potential
for use in hydrophobic nutraceutical encapsulation.
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Constant Current and Constant Voltage Operation
Characteristics of Membrane Capacitive Deionization

Jeong Moon Lee, Jae Eon Ko, Tae Seung Choi, Tae Ok Kwon, Wang Geun Shim
Sunchon National University, S&M Co., Jukam Co. Ltd.

=72] €< (Capacitive Deionization, CDI) 7] A5, 357 4 A7 524l vl g o=z vt
< AUAE et 3 o R AR U CDI ¥ olle v gaTxAs0] daA5E
BHAOZ AME-E 3 Qlom 53] o] w3 (Jon exchange membrane)©] #8-¥ #H 7|l 237
(MCDD < 71== CDI -4 el vlsll & afo] & 54 vehdv Z12]a o]2]§k CDIgE MCDI &7
A= A5 (CC: Constant Current) &F A9 (CV: Constant Voltage) 33 &% H2lo] nHzx o7 %
S} ueb 2 AT A = Hol e84 F (MAC: Maximum Allowable Charge) ©]&< 7|WFo. 2 &}
o JAFTHY FAged A AYS Feysta 2o o WS vlwsilth AdS st 2
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High-Throughput Discovery of MOF for Ethane/
Ethylene Separation: Molecular/Process Simulation and
Experimental Validation

Sunghyun Yoona, Seongbin Gaa, Minjung Kangb, Chang Seop Hongb and Yongchul G. Chunga

School of Chemical Biomolecular Engineering, Pusan National University,
Department of Chemistry, Korea University

Ethylene (C2H4) is one of the most important feedstock in petrochemical industries and is usually produced
by the thermal cracking of hydrocarbons. This process inevitably yields ethane (C2H6) and the removal
of ethane is one of the most challenging separation tasks due to their similar physicochemical properties.
For the separation of ethane/ethylene mixture, conventional cryogenic distillation processes can be replaced
if an energy-efficient separation technology can be developed such as adsorption-based separation. The
performance of an adsorption-based separation process depends critically on the development of advanced
adsorbent materials that can selectively adsorb ethane over ethylene.

Recently, metal-organic frameworks (MOFs) have attracted much attention in hydrocarbon separation
because of their high pore volumes, designable pore characteristics, and countless structural possibilities. In
addition, high-purity ethylene can be obtained in a single step with MOFs that preferentially adsorb ethane
over ethylene. In this work, we include process simulations in the high-throughput computational screening
work to explore more than 14,000 MOFs in the CoORE MOF 2019 database, which finally provides the
best performing adsorbents for C2ZH6/C2H4 separation. Grand canonical Monte Carlo (GCMC) simulation
and ideal VSA simulation results show that top three MOFs (CEYPUT, CEYPUTO1 and UFATEAO1)
have superior ethylene recovery compared with other MOFs in the CORE MOF database. The discovered
MOFs were synthesized for testing its feasibility. The test results reveal that UFATEAO1[Ni(IN)2] survives
due to their stabilities. Moreover, the potential energy surface analysis, adsorption energy distribution and
DFT optimized configuration results illustrate the underlying mechanism of ethane-selective adsorption in
Ni(IN)2. The separation performance is assessed by the ideal process simulation, which shows that Ni(IN)2
is superior to many of the adsorbent materials reported to date for ethane/ethylene separation.
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Experimental and Modeling Study of
CO2 Solubility in Blended Amine Aqueous Solution
Using Electrolyte-UNIQUAC model

Bong-Keun Choi, Seung-Mo Kim, Beom-Ju Shin, Ji-Hun Mun, Jong-Ho Moon
Department of Chemical Engineering, Chungbuk National University

This paperreports the measured experimental data for CO2 solubility inablended amine aqueous solution (AMP+MDEA,
MEA+AMP, DIPA+AMP). The CO2 solubility was measured at different amine mixing ratios (Aminel:Amine2:H20
=9:21:70, 15:15:70, and 21:9:70 wt %) and absorption/desorption condition of temperatures (323.15 and 383.15 K).
The successive substitution method [1] was used for calculating the mole fractions of all molecules and electrolytes
(cations and anions) from the equilibrium, along with the material and charge balances. The electrolyte universal
quasichemical, e-UNIQUAC suggested by osama et al. [2], model was used to investigate non-ideality in the liquid
phase. Calculations of CO2 solubility and optimizations (parameter regression) were conducted by in-house model in
MATLAB®) 2020a version. Using the above mentioned thermodynamic models, the CO2 solubility behavior, such as
the partial pressures of CO2 in the gas phase, mole fractions of all components in the liquid phase, pH variations, heats
of absorption were estimated.
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Towards Accurate Prediction of Pore Size Distribution in
Nanoporous Materials using Machine Learning

Yu Chen, Seungyun Han,Yongchul G. Chung

School of Chemical Engineering, Pusan National University

Pore size distribution (PSD) is one of the most critical properties to characterize nanoporous materials,
especially for chemical separation. The current state-of-the-art techniques for obtaining the PSD use an
adsorption isotherm as an input to various methods, such as Horvath-Kawazoe (HK), Barrett-Joyner—
Halenda (BJH), non-local density functional theory (NLDFT), and quench solid density functional theory
(QSDFT), developed for idealized surfaces. The adsorption community has widely adopted and routinely
used these methods in the literature to characterize new and already synthesized nanoporous materials.
However, recent studies in the literature show that these well-established methods can be sensitive to small
structural defects[2]. Toward this end, in this work, we developed a machine learning (ML) approach to
predict the PSD of a class of nanoporous materials such as metal-organic frameworks. We compared and
discussed the developed ML model with the current state-of-the-art methods.
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Thermodynamic performance evaluation for
MEA/DIPA mixed amines from the perspective of a
Vapor-Liquid Equilibrium

Ji-Hun Mun, Beom-Ju Shin, Seung-Mo Kim, Bong-Keun Choi, Jong-Ho Moon
Chungbuk National University

This paper reports the newly measured experimental data for CO2 solubility in a blended aqueous
solution of monoethanol amine (MEA) and di-isopropanol amine (DIPA) at different amine mixing ratios
(MEA:DIPA:H20 = 9:21:70, 15:15:70, and 21:9:70 wt %) and working temperatures (323.15, 343.15,
373.15 and 383.15 K). Additionary, the ratio of 15:15 was conducted with different concentrations of water
(60, 70, 80 wt.% H20). The successive substitution method [1] was used for calculating the mole fractions
of all molecules (four molecules) and electrolytes (three cations and five anions) from the equilibrium, along
with the material and charge balance equations (12 equations). The Novel shortcut method suggested by
Lee et al. [2] was used to investigate regeneration energy of stripper for process optimization. Using the
above mentioned thermodynamic models, the partial pressures of CO2 in the gas phase, mole fractions of all
components in the liquid phase, heats of absorption, and cyclic capacities of CO2 according to the absorption/
desorption temperature and the blending ratio of MEA/DIPA/H20 were estimated.

Keywords

Monoethanolamine(MEA), Diisopropanolamine(DIPA), Activity coefficient models, CO2 solubility,
Regeneration energy
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The Effect of Mixing Ratio on CO2 Solubility in a Three
Blended Aqueous Solution of MEA, DEA and TEA

Seung-Mo Kim, Bong-Keun Choi, Beom-Ju Shin, Ji-Hun Mun, Jong-Ho Moon
Department of Chemical Engineering, Chungbuk National University

Amine solution as a chemical solvent is widely used in an absorption process for removal of acid gases from
natural, refinery and synthesis gases. amines are classified into primary, secondary, tertiary, diamine and
steric hindrance amine according to the sort of amine group. Among them, MEA (Monoethanolamine) is
widely used as the solvent for the CO2 absorption process because of the absorption capacity and low cost.
DEA (Diethanolamine) has lower reaction enthalpy and is less corrosive than MEA. TEA (Triethanolamine)
is expected to increase CO2 loading ratio. CO2 absorption capacity, pH, liquid mole fraction and cyclic
capacity are calculated using MATLAB-in-house model. Also, the liquid mole fraction is compared to the
simulation result and NMR data in a liquid phase. Calculations of simulation results were conducted by
MATLAB® 2020a version.
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Manufacture of Denitrification Catalyst for PTFE filter

Byung Chan Kwon, Jin Ho Boo, Dohyung Kang, No-Kuk Park,
Jang hun Lee, Sang Yeon Hwang, Myung Jo Seo
School of Chemical Engineering, Yeungnam University, Korea Dyeing & Finishing Technology Institute,
Institute for Advanced Engineering, Micro-one Inc.
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Effect of the reduced iron species in
fermentation of glycerol to 1,3-Propanediol using
Klebsiella Pneumoniae L.17

Da Seul Kong, Changman Kim, Jaerhim Yu and Jung Rae Kim
School of Chemical and Biomolecular Engineering, Pusan National University

1,3-Propanediol(1,3-PDO) is a high value-added product that used as adhesives, laminates, and food additives.
For efficient production of 1,3-PDO, sustainable and non-toxic regeneration of NADH is of great importance.
ZVI (Zero-Valent Iron) can provide reducing equivalent for 1,3-PDO synthesis from glycerol as an electron
donor. Klebsiella pneumoniae has a 1,3-PDO production pathway from glycerol and has been extensively
investigated as exoelectrogens. In this study, we attempt to produce 1,3-PDO from glycerol by using an
electrochemically active strain, K. pneumoniae .17, and ZVI as an electron donor. As a result, the production
of 1,3-PDO using ZVTI has increased significantly to 24.23 +1.33 mol/l. These results implicate that ZVI can
regulate the bioconversion of electroactive strain such as K. pneumoniae L17, therefore improve glycerol
conversion into value-added platform chemicals.
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Development of catalytic combustion system
for VOC removal

Hyo-sik Kim, Jihyeon Kim, Jin-ho Kim, Suk-Hwan Kang, Jae-Hong Ryu, No-kuk Park
Institute for Advanced Engineering (IAE), Yeungnam Univ.
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Synthesis and Properties of waterborne polyurethane
with self-healing function

Seon Yeong Gwon, In Kyu Paik and Eun Ji Kim
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Study on the economic and environmental impact of
applying Urea to the cement SCR process

Jin-ho Kim, Hyo-sik Kim, Ji hyeon Kim, Suk-Hwan Kang, Jae-Hong Ryu, Soon-Seop Shim
Institute for Advanced Engineering (IAE), Keumkang C.N.T
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Bubble(or dew)-point behavior of binary system for the
2-(diethylamino)ethyl acrylate and 2-(diethylamino)ethyl
methacrylate in supercritical carbon dioxide

Cheol-Woong Park, Ki-Hyun Dong, Ji-Won Kwak, Hun-Soo Byun
Department of Chemical and Biomolecular Engineering, Chonnam National University

In this investigation, the equilibrium conditions of high pressure mixture for the 2-(diethylamino)ethyl
acrylate and 2-(diethylamino)ethyl methacrylate in supercritical carbon dioxide are presented of (pressure +
composition) space. Both mixtures (2-(diethylamino)ethyl acrylate + carbon dioxide) and (2-(diethylamino)
ethyl methacrylate + carbon dioxide) were investigated at (313.2 to 393.2) K and at (5.0 to 20.9) MPa to get the
phase equilibria data. The phase separation of (vapor + liquid) behavior for the 2-(diethylamino)ethyl acrylate
and 2-(diethylamino)ethyl methacrylate play a momentous function as the organic solvents in a diversity
of industrial processes. The two (2-(diethylamino)ethyl acrylate + carbon dioxide) and (2-(diethylamino)
ethyl methacrylate + carbon dioxide) components have mixture critical curves that appears maxima in the
(p-T) plot between the Tc (critical temperatures) of 2-(diethylamino)ethyl acrylate and carbon dioxide or
2-(diethylamino)ethyl methacrylate and carbon dioxide. The two component systems of (2-(diethylamino)
ethyl acrylate + carbon dioxide) and (2-(diethylamino)ethyl methacrylate + carbon dioxide) mixture display
type-I in simplest behavior. The experimental results for the (2-(diethylamino)ethyl acrylate + carbon dioxide)
and (2-(diethylamino)ethyl methacrylate + carbon dioxide) are modelling with a general cubic equation of
state containing the (kij, nij) adjustable parameters.
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System improvement study for efficient SCR process
operation

Jihyeon Kim, Jin-ho Kim, Hyo-sik Kim, Suk-Hwan Kang, Jae-Hong Ryu
Institute for Advanced Engineering

7138 e 4] AAaAsHE(NOx) & AlAS] Q8 sheEdds By Sdols 244
SCR(Selective Catalytic Reduction) ¥7o] 7=} it} ojuf SCR ¥4 2] 4 72
350CoH, Sz} A vkg7] WH-2 IFEUo(NH3) & FALE WA Aeld oz guks-
w7k o) A AqkskHE (NOx) o] A7tk kAR A0 2 -] == wi7kAe] -5 1By
e} /g o] skl ) e Qo] tl7| g ndr o whet A aAbsHE vjEso] A AL
o NOx A &S wtEaofsiy, BAE = R Yol 5 B e 4= Q)= v|ih-g-5 = (o)== A
TAE Fareh) S HAg}s|ofdtt) o] F 71K QA E WHEHA|7]7] $18F 82 &8 A S e ]
sto] R Yote] Fg S R dslal Alofstaial B AFE &SI t) & AT AR Adu]eo) M 49
L FH2l Plated type?] FulE F2Fstal om, vi7kA A 2] &30l 400 Nm3/hw<l SCR 2H|E 7
El3

=
Foko] Hhg-=%1 NO°FNH3E MFCE 4 810] &3k3ith SCR AH] A - F-ihef] 2424915 538
o= s skRe wEeelaL, Mk HolH S VT 0% PR Yol 35 Aol 7} e A A Bttt

B A= 2018 % A EAA Y F-0] A1 o7 Fhato| ] # 7] <eH 7Y (KETEP) ¢ A ¢
Azt (No.20181110100320)

108



One-pot conversion of alginic acid into furfural using
Amberlyst-15 as a solid acid catalyst in y-butyrolactone/
water co-solvent system

Hyungjoo Kim, Seungdo Yang, and Do Heui Kim

Seoul National University

One-pot conversion of alginic acid, which was derived from brown algae, to furfural was investigated using
various solid acid catalysts. Among the solid acid catalysts tested, Amberlyst-15 showed the highest activity
in furfural production in aqueous media. When the effect of reaction media was examined, it was found
that y-butyrolactone/water co-solvent system was selected as the most appropriate system for the reaction.
Maximum furfural yield of 32.2% was obtained using Amberlyst-15 at 210 °C for 20 min. Catalyst showed
gradual deactivation behavior as the reaction proceeded, although the catalyst recovered its activity upon the
simple treatment with sulfuric acid. N2 adsorption-desorption experiments, FT-IR, back titration, and CHNS
analysis were applied to investigate the physicochemical property of post-reaction samples, confirming that
the leaching of the active sulfonic acid group and decrease in acid density was the major cause of deactivation.
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Effect of Gallium modification methods and
Regeneration on Co-aromatization of Methane and
Propane over Gallium-modified ZSM-5 catalysts

Yong Hyun Lim, Min Yeong Gim, Kwan-Young Lee, Do Heui Kim
Seoul National University, Korea University

Methane, the major component of shale gas, is well known for its chemical inertness and its direct transformation
to value-added products such as BTX proves to be greatly challenging. Non-oxidative methane aromatization
requires high temperature(~700 oC), and the extreme reaction condition leads to practical limitations such as
severe catalytic deactivation. The use of propane as a co-reactant lowers the thermodynamic barrier and the
co-aromatization of methane and propane is feasible at lower temperatrue(~550 oC).

In this study, Ga-modified ZSM-5 catalysts were prepared by different methods(wetness impregnation,
hydrothermal synthesis) and their performance in co-aromatization was investigated. Regeneration
experiments were also carried out and each catalyst, which turned out to display distinct catalytic behavior,
was characterized by XRD, BET, and Solid-state NMR.
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Catalytic co-pyrolysis of cellulose and linear low-density
polyethylene over MgO impregnated catalysts having
different acid-base property

Hae Won Ryu and Do Heui Kim Seoul National University

Catalytic pyrolysis can be applied to upgrade the quality of pyrolysis product. In addition, the co-feeding of
hydrogen sufficient plastics can increase the yields of aromatic hydrocarbons and calorific value of bio-oil[1].
Among various kinds of catalyst applied to the catalytic pyrolysis of biomass and biomass/plastic mixture,
zeolites are known as the most efficient catalysts for producing aromatic compounds due to their proper shape
selectivity and high acidity. Compared to zeolites, base catalysts are more resistant on the deposition of alkali
metals to the catalysts. In addition, base catalysts prefer to form CO2 instead of CO and H20 formation
than acid zeolites, suggesting the increase of carbon and hydrogen contents in product oil also by using base
catalysts[2]. Especially, MgO is known as a cost-effective alkali metal which can decrease the corrosiveness
of bio-oil by converting acids to ketones[3]. In this study, catalytic co-pyrolysis of cellulose and linear LLDPE
over different MgO loaded catalysts (Bulk MgO, MgO/C, MgO/A1203, MgO/ZrO2) were investigated to
know the effect of different supporting materials of MgO on the production of value-added bio-oil.
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CO2 Methanation Reaction over Noble Metal
Catalysts Supported on Al@AI203 Core-Shell
Microstructure with Controlled Surface Morphology

Dohyeon Han and Doohwan Lee
University of Seoul

Recently, as the importance of eco-friendly energy has emerged, studies on CO2 capture, which is a
conventional chemical reaction, particularly CO2 conversion into fuel, are being actively conducted. In this
study, in order to increase the performance of the heterogeneous noble metal (Ru, Rh) catalyst used for CO2
methanation, a core-shell microstructure with aluminum core was introduced as a support, and the reaction
activity change according to the morphology of the surface was observed. The Al@AI203 microstructure
was prepared by hydrothermal reaction of aluminum metal or solvothermal reaction of NH4Cl and MgCl12
solution, followed by calcination, and has surfaces in the form of 3D nanocuboid, 2D nanoplate, and 1D
nanorod, respectively. Since the controlled surface exhibits different acid properties depending on the exposed
crystal plane [1], it exhibits different interactions with the active metal phase [2]. 1wt% Ru and Rh noble
metal phases, used in the CO2 methanation (CO2 + 4H2 -> CH4 + H20) reaction, impregnated on this Al@
Al203 microstructures, and compared the metal-support interaction by identifying the CO2 conversion and
selectivity.

References

1. Jackyoung, L. et al. “Critical role of (100) facets on y-Al203 for ethanol dehydration: Combined efforts of
morphology-controlled synthesis and TEM study,” Appl. Catal. A, General, 556, 121-128 (2018).

2. Charlotte V. et al. “Understanding carbon dioxide activation and carbon-carbon coupling over nickel”, Nat.
Commun, 10(5330), https://doi.org/10.1038/s41467-019-12858-3, (2019).

112



Thermodynamic Equilibrium Analysis and
Catalytic Reaction for the Optimization of Reaction
Condition in the Steam Reforming of Biogas

Jee-Eun Kim, Jin-Hee Kim, Kyung-Won Jeon, Won-Jun Jang

Department of Infrastructure System Engineering, Environmental Engineering, Kyungnam University,
Department of Environmental and Energy Engineering, Kyungnam University
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Thermodynamic Equilibrium Analysis for
Hydrogen Production from Hydrocarbons emitted
from Painting Facilities
Yeon-Ho Lee, Jee-Eun Kim, Ji-Hyeon Gong, Kyung-Won Jeon,

Cho-Hee Yoon, Won-Jun Jang

Department of Infrastructure System Engineering, Environmental Engineering, Kyungnam University,
Department of Environmental and Energy Engineering, Kyungnam University
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Preparation and Release Properties of Functional
Acetaminophen Loaded MBS/PVA based Biomaterials
for Transdermal Drug Delivery

Han-Seong Kim, Heon-Ho Jeong, Wang-Geun Shim, Soon-Do Yoon, Hun-Soo Byun

Department of Chemical and Biomolecular Engineering, Chonnam National University,
Department of Polymer Science and Engineering, Sunchon National University

This study focuses on the synthesis of functional acetaminophen (AP) loaded biomaterials for a transdermal
drug delivery using mung bean starch (MBS), polyvinyl alcohol (PVA), sodium benzoate (SB) as a
crosslinking agent, glycerol (GL) as a plasticizer, and melanin (MEL) as a photothermal agent. The prepared
AP loaded biomaterials were characterized and evaluated for FE-SEM and physical properties such as tensile
strength (TS), elongation at break (%E), solubility (S), and swelling behavior (SB). The photothermal effect
and AP release properties for functional biomaterials were examined with the irradiation of 808 nm NIR
laser (1.5 W/cm2). When the 808 nm NIR laser was irradiated on functional biomaterials with/without the
addition of MEL for 21 min, the temperature of MEL non-added biomaterial was increase to 26 °C from 29
°C. However, MEL added biomaterial was increase to 26 °C from 40 °C. Results indicate that there is the
photothermal effect of prepared biomaterial with the addition of MEL. Based on the results, the AP release
properties was performed using standard buffer solutions and artificial skin. The results could be verified that
AP release rates of MEL added AP loaded biomaterials were 1.2 times faster than that of MEL non-added AP
loaded biomaterials by the irradiation of NIR laser for 21 min. From the results, we suggest that functional
biomaterials can be applied as a biomadical material for acute pain-killing treatment.

Keywords

Transdermal drug delivery biomaterial, Melanin, Photothermal effect, Acetaminophen, Release properties
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Hydrogen production from ammonia
decomposition using Pd-based membrane reactor

Tae-Woo Kim, Doo-Won Seo, Se-Gi Byun, Hyo-Jung Hwang, Shin-Kun Ryi
Department of Chemical and Biomolecular Engineering,
Energy Materials Laboratory, Korea Institute Energy of Research (KIER)
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Synergistic effects of supercritical CO2 and
activated carbon catalysts on the hydrolysis of
cellulose to glucose

Han-Ung Kim,Young-Kwon Park, and Jungho Jae
Pusan National University, University of Seoul

Cellulose is a renewable chemical feedstock that can replace petroleum oils. The depolymerized derivatives
of cellulose such as glucose and furans are attractive green monomers for the synthesis of plastics, surfactants,
high-octane number gasoline, diesel fuels and medicines. In this respect, various kinds of heterogeneous
catalysts, including sulfonated carbons, sulfonated silica, zeolites have been studied for the efficient hydrolysis
of cellulose to the targeted monomers such as glucose [1]. However, the conversion of cellulose to glucose
is highly limited due to its high crystallinity induced by a large number of intramolecular and intermolecular
hydrogen bonds in cellulose structure and low solubility to water solvent. The ball-milling of cellulose was
reported to effectively decrease the cellulose crystallinity and increase the water solubility, thereby enhancing
its hydrolysis rate significantly. So far, the use of sulfonated carbon catalysts with the pretreatment of cellulose
with ball-milling achieved the highest glucose yield of as high as ~75%. Among many catalyst system,
sulfonated activated carbon catalysts have shown to be highly effective for the hydrolysis of cellulose because
abundant surface hydroxyl groups act as the adsorption sites of cellulose while the sulfonic acid groups
anchored by the sulfonation treatment well catalyze the cleavage of the -1,4-glycosidic bonds of cellulose.
However, the extremely harsh ball-milling conditions (300 rpm, > 48 hrs) and long reaction time (> 24 hrs)
are still required to obtain the high glucose yield (> 60%), decreasing the process efficiency. In this study, we
investigate the effect of supercritical carbon dioxide on the hydrolysis of cellulose over sulfonated carbon
catalyst as an additional source of acidity. We demonstrate the enhanced hydrolysis rate of cellulose by the
combination of supercritical CO2 and activated carbon catalysts by a series of kinetic experiments.
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Electrochemical properties of supercapacitors using one-
step hydrothermal synthesized Ni@Ni3S2 electrodes

Jiasheng Chen, En Mei Jin, Sang Mun Jeong
Chungbuk National University
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In-situ FT-IR analysis for dehydration of
lactic acid on KBr-exchanged zeolites

Jichan Kim, Jae Hyung Choi, Dong-Ha Lim, Jungho Jae
Pusan National University, Korea Institute of Industrial Technology

Lactic acid (LA) derived from biomass is a potential green feedstock to produce acrylic acid (AA) which is a
versatile monomer in petrochemical industry. As LA is easily produced through fermentation of saccharides,
the dehydration of LA to AA can be an alternative route to the current propylene oxidation process. Prior
study showed that high selectivity of AA is possible with alkali-exchanged zeolites with the proper strength of
acid and base sites. Specifically, Bo Yan et al. showed that dehydration selectivity of LA can reach as high as
~80% on KBr-exchanged Beta and MFI [1]. However, the reason behind the enhanced selectivity, especially
from the mechanistic point of view, is not well understood. Therefore, our study aims to reveal the dehydration
mechanism of LA on high-selectivity KBr-exchanged ZSM-5 through in-situ FT-IR by comparison with
low-selectivity Na- and KNO3-exchanged ZSM-5. We find that the proton of carboxyl group in LA is ion-
exchanged with potassium/sodium cation of zeolite as the first step of the reaction, forming potassium lactate.
Importantly, the degree of ion exchange is directly correlated with AA selectivity, i.e., the higher the formation
of lactate, the higher AA selectivity. Then, the in-situ generated Br@dnsted acid sites on zeolites act as the
active sites for the dehydration of lactate to acrylate. The final step is the reverse ion exchange of potassium
cation of acrylate with the proton of zeolites, forming acrylic acid. On KBr-exchanged zeolites, the IR peak of
acrylate completely disappeared at 200°C, which is much lower than those of other catalysts, suggesting that
the dehydration is very facile over the highly selective catalyst. The detailed characterization of the catalysts
revealed that the Br anion deposited on zeolite surface impact the acidity and basicity of K-ZSM-5 greatly,
providing the further insight into the link between the zeolite acidity/basicity and AA selectivity.
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Reaction Properties of Ni/Mg/Al LDHs-like
Catalysts for Hydrogen Production of S. japonica-derived
Liquefied oil by Steam Reforming

Seong Chan Lee, Hee Chul Woo
The Institute of Cleaner Production, Pukyong National University
Department of Chemical Engineering, Pukyong National University
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Effective big data processing strategy for
low-cost sensor-based dust monitoring

Sunghyun Bae, Ji-eun Choi, Jinho Yoon, Sang-hun Lee
Keimyung University

A dust monitoring and modeling system with low-cost sensors and a standard air dispersion model should
be effective for cost efficiency and facilitation of utilization. However, this can be problematic sometimes
because of poor reliability of the low-cost sensor measurement and the simplified model performances as
well as requirement of handling a big dataset from the sensor monitoring and the modeling. Therefore, this
study suggests a big data processing strategy, specifically in order for a mine dust monitoring with low-cost
sensors and a standard air dispersion model such as AERMOD. The big data processing system for this study
should address three categories of the issues; (1) calibration & validation (2) automatic fault detection (3)
key data summarization. In addition, this study would discuss the various big data processing techniques to
resolve the tasks above, from the simple linear regression to the artificial neural network algorithm.
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Installation of a mine dust monitoring network
using low cost sensors

Jinho Yoon, Sunghyun Bae, Ji-eun Choi, Sang-hun Lee
Keimyung University

Dispersion of airborne dusts emitted from mine sites threatens regional environments and human health and
therefore requires a proper dust monitoring system. However, installation and operation of the monitoring
system of dust dispersion is typically a cost-consuming task because the system requires multiple stations
with expensive airborne dust sensors. Alternatively, it is recommended to use of low cost sensors that can
be adopted as a practical option if the resultant monitoring quality is reliable. Therefore, this study proposes
a low-cost dust sensor network to be installed to monitor the dispersion of airborne dusts from open pit
limestone mines. The monitoring system is successfully installed with remote telecommunication with
LTE (Long Term Evolution) and TCP/IP (Transmission Control Protocol/Internet Protocol) basis as well as
multiple low cost dust sensors equipped in individual monitoring stations.
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Air quality modeling strategy for
mine dust dispersion

Ji-eun Choi, Sunghyun Bae, Jinho Yoon, Sang-hun
Keimyung University

Mine dusts generated from various mining activities give harmful effects to environments and human
health. Therefore, a proper air quality management focusing on mine dust dispersion is often required with
understanding of its physical mechanisms and relevant prediction. To resolve this issue, a modeling approach
with air dispersion model is desirable to be applied to quantify the mechanisms and predict spatiotemporal
distribution of mine dust in dispersion. In addition, the model data should be properly calibrated and validated
by the measured dataset. Therefore, this study would propose an air quality model strategy for the prediction
of mine dust dispersion. Especially, reliability of the model prediction and modeling of particle size effects in
various phenomena on mine dusts such as deposition, turbulent diffusivity, wind erosion, and agglomeration
are emphasized.
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Should We use Argon Isotherms to Analyze the Surface
Area of Nanoporous Materials?

Seungyun Han, Archit Datar, Li-Chiang Lin and Yongchul G. Chung
School of Chemical Engineering, Pusan National University
William G. Lowrie Department of Chemical and Biomolecular Engineering, The Ohio State University

Surface area is one of the most important physical properties of porous material. Generally, surface areas
are determined from a nitrogen adsorption isotherm using the Brunauer—-Emmett-Teller (BET) method.
However, a recent [UPAC report recommends using an argon adsorption isotherm instead of the nitrogen
adsorption isotherm to compute the BET surface area due to the purported “orientational” effect [ 1]. However,
the magnitude of such effect has not been fully characterized in the literature, making it difficult for the
community to accept the new standard for porous materials characterization. In this study, we carried out
large-scale molecular simulations to investigate the orientational effect of nitrogen and its impact on accurately
determining the surface area. Molecular simulation results show that the monolayer coverage (obtained directly
from the BET analysis) of a material significantly differs between nitrogen and argon adsorption isotherms.
Additional analyses from the molecular simulation snapshots suggest that the discrepancies originate from
the inefficient packing of nitrogen molecules compared to argon molecules on the surface.
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The Catalytic activity of Mn based catalysts coated
on metallic monolith for low-temperature
SCR of NOx with NH3

Chul-Ho Lee, Jae Hyung Choi, Dong-Ha Lim
Korea Institute of Industrial Technology

The selective catalytic reduction (SCR) of NOx with NH3 is the major technology to reduce nitrogen
oxide emissions from stationary sources. The commercial SCR catalyst focused on the V-W based ceramic
honeycomb catalyst, which has several disadvantage such as high reaction temperature (300-4000C), poor
sulfur resistance and price. For these problems, many researchers have reported the Mn-containing catalyst
with high efficient activity in low-temperature NH3-SCR. In this study, the Mn-based low-temperature (L-
T) SCR catalysts coated on the metallic monolith were prepared by dip-coating method. The catalyst coated
on the SUS-based substrate was prepared by dip coating techniques using slurry wash coating method. The
metallic monolith catalyst was fabricated with strong adhesion by coating, drying, and calcination process.
The catalytic performance of Mn based L-T SCR catalysts were tested with/without the SO2 species at 220
oC. The Fe promoted Mn based catalyst showed enhanced NOx conversion and SO2 tolerance, suppressing
the formation of ammonium bisulfate.
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Low temperature SCR, de-NOx, metallic monolith, slurry coating, dip-coating
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Computation particle flow analysis of cyclone
dust collector for establishment of exhaust gas
pretreatment process
Jun Hyung Seo, Young Jin Kim, Kye Hong Cho, Jin Sang Cho
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Efficient Oil-Spill Remediation via Solar-driven
Evaporation Combined with Adsorption by
Carbonized Photothermal Fabric

Dong Hyun Kim, Byoung-Min Lee, Soyoung Jeong,
Anush Mnoyan, Jae-Hak Choi, Kyubock Lee

Graduate School of Energy Science and Technology, Chungnam National University
Department of Polymer Science and Engineering, Chungnam National University

The conventional remedy to remove the spill-oil on water is performed by adsorption using known inorganic
(vermiculite, carbon material, sepiolites, and zeolites) and organic (natural fibers-based, such as cotton
fibers, corn stalk, and non-woven wool) sorbents. Along with the high adsorption capacity (3-80 g g-1) and
good regeneration ability, the inorganic ones have poor buoyancy causing the sinking of the adsorbent. The
organic sorbents despite the low price, eco-friendly properties, and fast removal of oil through the pore-filling
mechanism are limited in capacity due to a small pore volume. Thus, the development of novel materials and
technologies for fast and efficient oil-spill remediation is needed.

Here, we propose a new concept for oil-spill remediation, based on solar-driven evaporation of oil combined
with adsorption (SEOA). In this method, the light crude components are evaporated by photothermal heating,
and the heavy components are adsorbed in the adsorbent. We designed photothermal adsorbent, by carbonizing
pristine non-woven fabrics through relatively low-temperature thermal treatment, providing low cost, highly
efficient, and ecofriendly SEOA. Solar-driven evaporation was accelerated more than 3 times, enabling the
fast removal of a light fraction of crude oil (~70%). Moreover, the highest oil removal capacity (110 g g-1)
was achieved among ever-reported oil-adsorbents through the combination of solar-driven evaporation of
light oil components and adsorption of the remaining oil.
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Preparation of water soluble micro needles

Seung Won Kang, Young Joon Lim, Chul Woo Lee
Dept. of Chemical and Biological Eng./RIC, Hanbat National University
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Enhanced bioelectricity generation by
PDA/PPY-CF modification for high performance
anode in microbial fuel cell

Minsoo Kim, Shuwei Li, Eunseo Kim, Jung Rae Kim
Pusan National University

Microbial fuel cells (MFCs) convert chemical energy directly to electrical energy via electrochemically
active microorganisms. Such bacteria exchange respiratory electron with electrode via extracellular electron
transfer (EET) through biofilm matrix. Therefore, the interaction between microbes and electrode surface is
a key factor to increase power density of MFC. In this study, a novel polydopamine(PDA)/polypyrrole(PPY)
modified carbon felt by a facile electrodeposition method for an improved MFC performance. The MFC
equipped with PDA-PPY-CF anode presented 500 mW/m2, which was 1.5, 1.15, and 1.13 times greater than
those of the unmodified carbon felt (CF), PDA-CF, PPY-CF, respectively. PDA has superior hydrophilicity
and adhesive force for biofilm development, while PPY provides electrochemically active sites for electron
transfer between biofilm and anode. Results from Raman spectroscopy, Brunauer-Emmett-Teller (BET) and
Contact angle analysis show increase in the physicochemical properties of PDA/PPY-CF. Furthermore,
the electrochemical analysis on the modified anode confirmed the bioelectrochemical activity and reduced
electrochemical impedance. These results show that modification with PDA/PPY provides excellent
electrochemical properties for electrochemically active biofilm for MFC, therefore enhance performance
MEC for bioelectricity generation and bioconversion.
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Carbon felt electrode for Electrochemical
detection and removal of
endocrine disruptor, bisphenol A

Minsoo Kim,Young Eun Song, Jiu-Qiang Xiong, Kyoung-Yeol Kim, Min Jang,
Byong-Hun Jeon, Jung Rae Kim
Pusan National University, Ocean University of China, University at Albany,
Kwangwoon University, Hanyang University

2,2-Bis (4-hydroxyphenyl) propane (bisphenol A) is a precursor in many industrial and manufactural resins, plastics,
and polycarbonate, as well as an endocrine disruptor in humans and animals. Hence, the real-time sensing and in-situ
removal of BPA are in strong demand. Here, this study evaluated a method for the electrochemical detection of BPA using
a carbon felt electrode. BPA was detected by cyclic voltammetry. During detection, the BPA was electropolymerized
to a non-conductive lump and layer on the electrode surface. Simultaneously, the capacitance and electrochemical
properties of the carbon felt decreased. The peak current and BPA concentration showed a linear correlation, and the
estimated detection limit was 4.78 x 10-7M. The BPA electropolymerized carbon felt could be regenerated successfully
by ultrasonication. The detection and quantification of BPA in real water samples showed satisfactory recoveries of
98.4 - 101.0%. The carbon felt exhibited high sensitivity and reusable, excellent performance in detection of BPA in
real water samples, which expect that carbon felt-based electrochemical analysis is applicable development of in-situ
and on-site detection and removal of endocrine disruptors as well as BPA.
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Dynamic box method of aquifer injection to improve
particle transfer effect

Ju-Hyeok Kwon, Chengjia Liu, Do-Hyeon Kim, Kung-Won Choi, and Byong-Hun Jeon
Department of Earth Resources and Environmental Engineering, Hanyang University

The utilization of in-situ remediation methods is increasing as it offers anumber of economic and environmental
advantages [1]. However, the injection of inadequate materials for the contact with target contaminant or the
short contact/retention time to react with the target materials due to heterogeneity of subsurface make the
conventional methods inefficient [2]. In this study, we tried to increase the retention time of the treatment
materials in the aquifer through dynamic box methods to resolve the channeling effect. The box has a volume
of 0.12 m3 with a water-saturated zone containing intersection of sand and clay layers. Tracer tests were
performed by pulse-feeding the salt solution in different depth of the box at different cycles (0.5 and 1 hour)
to analyze the concentration of the tracer materials, particle delivery time, and geophysical characteristics. A
control experiment was also performed to compare the performance of dynamic box method. Variation on
the injection depths did not change the tracer materials’ arrival time, which usually varies in the conventional
method due to the channeling effect. When pulse-fed, the retention time was increased significantly which
indicates improved degree of particle delivery. Thus, the dynamic injection method could improve the
remediation efficiency by increasing the interaction between the particles and soil when a material is injected
for subsurface remediation.
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The effect of Aluminum Oxide Nanoparticle on
freshwater microalga, Scenedesmus obliquus

Hyun-Jo Ahn, Mayur B. Kurade, Swapnil M. Patil, Byong-Hun Jeon
Department of Earth Resources and Environmental Engineering, Hanyang University

Nanoparticles are inevitable by-products of modern industry. Despite their various applicability, it poses
severe environmental and human health hazards, such as cell membrane disruption, neurodegenerative
disorder, and water treatment processes disruption. Also, it may cause negative influences on the wastewater
treatment process by interfering with the degradation and removal of emerging contaminants by microbial
agents. In this study, we investigated the comprehensive effect of aluminum oxide nanoparticles (AI203NP)
on a green microalga, Scenedesmus obliquus, and their effects on the removal of an emerging contaminant,
sulfacetamide. The effects induced by AI203NP were analyzed by several bio-physiological aspects:
growth inhibition, changes in biochemical components, gene expression, and biodegradation capacity for
sulfacetamide. The result shows that microalgal growth only impacted at higher concentrations (=50 mg
L-1) of AI203NP where dry cell weight and pigments of S. obliquus were significantly inhibited. After
14 days of cultivation, up to 15% of growth inhibition and 23% of chlorophyll concentration reduction of
S. obliquus was observed at 100 mg L-1 of AI203NP with 1 mg L-1 sulfacetamide. The gene expression
of five functional genes (psbA, ATPFOC, Lhcbl, and HydA) that are related to photosynthetic system of
freshwater microalgae were downregulated up to 69.99, 66.32, 47.37, and 64.89%, respectively, and the
expression level of Tas was upregulated up to 369.45% in the presence of AI203NP. Although there was the
insignificant influence of AI203NP on the removal of sulfacetamide, 8% and 12% removal of sulfacetamide
was observed at 50 mg L-1 of AI2O3NP with 1 mg L-1 and 15 mg L-1 of sulfacetamide, compared with 13%
and 17% removal in the control. The exploration of this study has provided a deeper understanding of the
environmental effects of AI2O3NP and confirm the potential of microalgae mediated water treatment system
under nanoparticle induced stress.
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Standardization of surfactant mediated washing of
contaminated soil

Liu Chengjia, Ju-Hyeok Kwon, Do-Hyeon Kim, Kung-Won Choi,
Prakash Krishnaiah, Byong-Hun Jeon
Department of Earth Resources and Environmental Engineering, Hanyang University

Surfactant mediated soil washing is one of the most effective methods for remediation of diesel contaminated
soil [1]. Tween 80 (Polysorbate 80) is believed to be most efficient surfactant for soil washing, globally [2].
However, micelles formed by surfactant and diesel are adsorbed on soil particles, resulting in the reduction of
diesel removal rate [3]. In this study, a batch experiment was performed to determine the optimum condition
for efficient removal of diesel from the contaminated soil using different concentrations of Tween 80 (0%,
0.01%, 0.1%, 0.5%, 1%, and 1.5%, v/v) at different pH values (4, 5.5, 7, 8.5, and 10) and applied to varied
clay ratios (0%, 5%, and 15%, w/w). In absence of clay (0%), the washing efficiencies in all pH were around
73-76% for different Tween 80 concentrations, indicating higher diesel removal rate. The diesel removal
rate of 71% was achieved using 1.5% Tween 80 at pH 10 with 15% clay, which was maximum among the
experiments with clay. The analysis of GC-MS revealed that the removal patterns of different n-alkanes were
similar and showed no preference under different conditions. These indicate that alkaline environment and
sandy soil assisted the effective diesel removal from contaminated soil.
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Microbial upgrading of acetate into succinate
by Pseudomonas putida

Mutyala Sakuntala, Himanshu Khandelwal and Jung Rae Kim
School of Chemical and Biomolecular Engineering, Pusan National University

Succinic acid offers great potentials as a platform chemical in bio-based plastics, solvents, adhesives, and resins.
Succinate is an intermediate in TCA cycle and can be produced in reductive TCA pathway by fermentation.
Hence, in this study, we attempted a novel bioconversion pathway for succinate production from acetate, which
a fermentative byproduct and anoxic biodegradation of organic contaminants. An industrially applicable host
strain, Pseudomonas putida was used as a biocatalyst. Various genetic engineering techniques were applied
such as acetyl-CoA synthetase overexpression and succinate dehydrogenase deletion. This study provides a
strategy to utilize the conventionally known refractory substrate such as acetate, and simultaneously produce
succinate with novel pathway.
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CO2 electrosynthesis of polyhydroxybutyrate
using Rhodobacter sphaeroides

Shuwei Li, Minsoo Kim, Da Seul Kong, Jung Rae Kim
School of Chemical and Biomolecular Engineering, Pusan National University

To alleviate the greenhouse effect and climate change, it is of great importance to develop sustainable CO2 capture
and utilization. The microbial electrosynthesis (MES) has been highlighted to convert CO2 to value added metabolites
and intermediate chemicals by using electrochemically active bacteria as biocatalyst and electricity as reducing power.
However, the MES only produced simple organic acids or alcohols from CO2. In this study, we presented a novel
bioelectrosynthetic pathway for polyhydroxybutyrate (PHB) production using a photosynthetic bacteria, Rhodobacter
sphaeroides. The electrode attached R. sphaeroides directly uptakes electrons from the electrode surface, while the
suspended Rhodobacter sphaeroides utilize the electrochemically evolved hydrogen as electron mediator to convert
CO2 to polyhydroxybutyrate (PHB). The results show that MES-driven electrons and protons transfer enabled direct
conversion of CO2 into higher-value added organic matter such as PHB.
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Selective isolation of electroactive
Pseudomonas strain using tungsten nanoparticle for
enhanced bioelectricity generation in Biofuel cell

Khandelwal Himanshu, Mutyala Sakuntala, Young Eun Song, and Jung Rae Kim

School of Chemical and Biomolecular Engineering, Pusan National University

Pseudomonas sp. has been known to have diverse capability of feedstock conversion and bioremediation
for recalcitrant organic contaminants, thus extensively studied for its metabolic pathway and recombination
purposes. Recently, Pseudomonas sp. has been highlighted for production of valuable commodity,
bioremediation, biosensor and wastewater treatment, therefore many Pseudomonas strains have been screened
by various isolation strategies. Some Pseudomonas sp. showed an electrochemical activity which transfer
their respiratory electron to carbon electrode with simultaneous electricity generation in a microbial fuel
cell. Bacterial cells carry out direct electron transfer by forming biofilm and/or indirect transfer via electron
shuttle to deliver respiratory electron. In this study, we isolated a novel Pseudomonas strain using blue white
screening method using tungsten nanoparticle. The enrichment stage used a designed growth media to pose
selective pressure for growth of Pseudomonas from mixed inoculum. Pseudomonas aeruginosa sp.(HK07)
was isolated and was tested for electrochemical and bioconversion activity (Poster).

References

1. Muhamad Hanif Md Nor, Mohd Fahmi Muhammad Mubarak, Hassan Sh Abdi Rahman Elmi, NorahimIbrahim,
Mohd Firdaus Abdul Wahab, Zaharah Ibrahim, “Bioelectricity generation in microbial fuel cell using natural
microflora and isolated pure culture bacteria from anaerobic palm oil mill effluent sludge”, Bioresource Technology
, Volume 190, August 2015, Pages 458-465.

2. Jinwei Zhang, Enren Zhang, Keith Scott, and J. Grant Burgess, “Enhanced Electricity Production by Use of
Reconstituted Artificial Consortia of Estuarine Bacteria Grown as Biofilms”, Environmental Science & Technology,
2012, 46 (5),2984-2992.

138



dsF Py M
LRSI Blo || RUBH

Development of ecotoxicity assessment using
kit-type sulfur-oxidizing bacteria (SOB) for
detection of BTEX toxicity in water

Seung Gyu Kim1, Heon Seop Eom1 and Sang-Eun Oh
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Direct contact toxicity assessment of
contaminated field soils based on the oxygen consumption
activity of Sulfur - Oxidizing Bacteria (SOB)

Ebenezer Ashun and Sang-Eun Oh

Department of Biological Environment, Kangwon National University

In this study, 11 uncontaminated and 9 contaminated field soils with varying geophysical and physicochemical
characteristics were assessed for their toxicities based on the oxygen consumption activity of sulfur-oxidizing bacteria
(SOB). Levels of oxygen consumption the reference soils were high and ranged between 7.9 mL and 9.5 mL while due
to the presence of toxicants in the contaminated soils, oxygen consumption ranged between 0.4 to 5.4 mL. Inherent test
variability (Cvi) values ranged between 1.22% and 3.88% while variation due to soil natural properties (Cvns) ranged
between 3.52% and 16.9%. Determined Minimal Detectable Difference (MDD) values ranged between 2.12% to
4.25%. The determined toxicity threshold of 20% was established based on the computation of the Maximal Tolerable
Inhibition (MTI). The levels of inhibition in the contaminated soils ranged between 42% and 100% above the 20%
designated threshold. This observation makes all the contaminated soils toxic to SOB. A condition caused by elevated
concentrations of heavy metal and organic contaminants. Notwithstanding the inhibitory effect induced by heavy metals
and organic contaminants on SOB, increased proportions of clay and silt in test soils caused a reduction in oxygen by
SOB. Overall, the oxygen consumption assay of SOB proved capable of evaluating the toxicity of contaminated field
soils and was sensitive to heavy metals than organic contaminants. The procedure described in the herein is robust and
suitable for the rapid toxicity assessment of contaminated field soils with the advantage of ease of handling, rapidity of
testing compared to other procedures that employ the use of elutriates, and sophisticated equipment’s and tools.
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Development of solid-phase bioassay using
immobilized microalgae (Chlorella Vulgaris) to
evaluate heavy metal-induced soil toxicity

Fida Hussain, Sang-Eun Oh

Department of Biological Environment, Kangwon National University

A method for a solid-phase soil toxicity test using immobilized microalgae Chlorella vulgaris was developed using soil
spiked with heavy metals. Mostly, soil toxicity assessments are based on evaluating soil elutriates or extract toxicity
or sand. Liquid-phase bioassays depend on the extraction of toxicants from a solid-phase using water or various
organic solvents and subsequent exposure of aqueous eluents to test microorganisms. This approach cannot reveal
contaminants' actual toxicity in solid-phase due to indirect interfacing between contaminants and microorganism.
Microalgae is widely used in aquatic toxicity test, but it has rarely been employed in soil toxicity test because the soil
particles make it difficult to count microalgae and block photosynthesis. In the case of free microalgae bioassay, it is
challenging to separate microalgae from soil particles for endpoint measurement. Immobilized microalgae have the
potential to overcome the difficulties encountered with free algae in solid-phase soil toxicity test. The present study was
conducted with direct exposure of immobilized microalgae to soil spiked with mercury (Hg2+), silver (Ag+), copper
(Cu2+), and cyanide (CN-) for 72h in a 25 mL vial-based kit-type bioassay. Oxygen evolution in the gaseous phase as
an indicator of photosynthetic activity in the bioassay were determined over 72 h exposure time. The toxicity of four
selected heavy metals was assessed. Concentrations of 4.43, 4.18, 3.10, and 61.3 mg/kg were obtained as EC50 values
for Hg2+, Ag+, Cu2+, and CN-, respectively, to inhibit oxygen evolution in microalgae (Chlorella vulgaris). Toxicities
in decreasing order of strength were CN- > Ag+ > Hg2+ > Cu2+. Results obtained in the current studies demonstrate
that immobilized microalgae bioassay is a suitable tool for evaluating the heavy metal-induced toxicity of the soil.
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Physiological and electrochemical properties
of a novel electrogenic bacterium enriched under high
organic load in MFC

Bhim SenThapa, T. S. Chandra, Sang-Eun Oh
Department of Biological Environment, Kangwon National University
Department of Biotechnology, Indian Institute of Technology Madras

The electroactive property in bacteria are been investigated extensively in recent times. The ecological, physiological
and metabolic activity in such electroactive bacteria have been explored in bio-electrochemical cells. One such
novel electrogenic bacteria was enriched under high organic load over a period of six months. Acclimatization of
microbial consortia and metabolism of organic compounds in MFC were observed as increase in potential over time
and reduction in COD, respectively. Isolation of pure culture was done by dilution plating method and isolated over
35 electroactive bacteria in MFC. 16S rDNA of isolates were collected, purified, amplified in PCR and sequencing of
the transcriptome was done. The sequence was analyzed and phylogenetic identification studies were performed which
revealed this bacterium as Kluyvera Georgiana. The physiological and genetic studies of this bacterium was studied in
different conditions. The electroactive property of this bacterium was observed with its ability to produce over 200 mW
m-2 of power density. Colonization and biofilm formation on the surface of electrode was observed under SEM. The
expression levels of pili and flagella genes in this bacterium were found to be higher in MFC conditions compared to
that grown in normal conditions. The pili genes were found to be expressed in higher amount in biofilm forming cells
than in suspension cells. The present study has reported the physiological, metabolic and electrochemical properties of
anovel electrogenic bacterium, Kluyvera Georgiana enriched in MFC.
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