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A novel high flux MOFs embedded polysulfone
nanofiltration membranes for effective anionic
and cationic dye removal

Gnanasekaran Gnanaselvan, MSP Sudhakaran, and Mok Young Sun’

Department of Chemical and Biological Engineering, Jeju National University, Jeju, South Korea.

Fabrication of advanced and effective membrane filtration with high permeability, outstanding dyes removal, and anti-
fouling performances are highly essential for water purification. In this study, a novel met al-organic framework (MIL-
100 Fe) filler is embedded into the polysulfone nanofiltration membrane to achieve outstanding performances. The MOF
incorporated composite membranes examined by FTIR, XRD, FESEM, EDX, and AFM. The influence of MIL-100 Fe
on polysulfone membrane hydrophilicity and pore size enhancements was investigated and confirmed by water contact

angle measurement and FESEM analysis. The permeability and rejection of anionic and cationic dyes treated by dead-end

nanofiltration stirred cell. The increasing the pure water flux
Textile effluent PSF/MIL-100 (Fe) membrane

bod

from 67.8 to 219.8 L/m” h, and decreasing the water contact

angle from 64.7° to 45.4° of the composite membranes

were deep-rooted that the MIL-100 Fe incorporation boosts
the hydrophilicity and pore size improvement. Moreover,

the PSF/MIL-100 (Fe) membranes shown a high rejection

@ — Methylene blue
@ — Methyl orange
e — CI

® — Mg2+

percentage of dyes and exciting anti-fouling performance,

which all proves that MIL-100 Fe incorporated polysulfone

ts — SO,
composite nanofiltration membranes (PSF/MIL-100 (Fe)) ® — Ca
¢ — H,0

are promising materials for effective dye removal in water

ificati lication.
purification appication Fig. 1. Schematic representation of dyes removal by PSF/MIL-

100 (Fe) membranes
References

1. Gnanasekaran, Gnanaselvan, et al. "Removal of hazardous material from wastewater by using metal-organic framework
(MOF) embedded polymeric membranes." Separation Science and Technology 54.3 (2019): 434-446
2. Gnanasekaran Gnanaselvan, et al. "Performance of composite PES/MOF-5 membranes for the treatment of textile

wastewater." DESALINATION AND WATER TREATMENT 156 (2019): 220-228.
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World Energy trend after COVID-19

See Hoon Lee

Department of mineral resource and ennergy engineering, Chonbuk National University
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1. BP, Energy Outlook 2019, https://www.bp.com/en/global/corporate/energy-economics/energy-outlook.html
2. IEA, Global Energy Review 2020, https://www.iea.org/reports/global-energy-review-2020
3. IEA, World Energy Outlook, https://www.iea.org/topics/world-energy-outlook
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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/
v-Al,O; catalyst
Seon-Yong Ahn, Hyun-Seog Roh*

Yonsei University

Metal (Ba, Zr, Nd) promoted Ce/Cu/y-Al,O; 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-Al,O,, Ce-Zr/Cu/y-Al,O;, Ce-
Nd/Cu/y-Al, 05 and Ce/Cu/y-Al,O; 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-Al,Oj; catalysts promoted with various metals (Ba, Zr, Nd) were characterized using
various analysis techniques such as BET, TPR, XRD and N,O 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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Preparation of Physicochemically stabilized PANPs
Nanocatalyst in the Hydrogel Microparticles
Kyoung-Ku Kang and Chang-Soo Lee’

'Department of Chemical Engineering and Applied Chemistry, Chungnam National University,
99 Dahak-ro, Yuseong-gu, Daejeon, 34134, Republic of Korea

Heterogeneous hydrogel catalysis containing PANPs (Pd nanoparticles) with uniform micrometer size was designed
and fabricated by the micromolding method. The preparation of PVP (polyvinylpyrrolidone)-stabilized PANPs was
performed by microwave heating and then as-synthesized PANPs were immobilized in the hydrogels using a PDMS
(polydimethylsiloxane) micromold. The immobilized PANPs were physically stabilized by the trapping in the hydrogel
networks and chemically stabilized by the hydrogen bonding induced between PVP and hydrogel matrix, PEGDA
(polyethylene glycol diacrylate) and PEG (polyethylene glycol). In addition, this approach was given the high dispersity and
physicochemical preservability of immobilized PdNPs inside the hydrogel microparticles at the same time. The improved
PdNPs stability in the hydrogel microparticles were proved by using various characterization methods. The catalytic
performance of heterogeneous Pd nanocatalysts was evaluated by the hydrogenation of 4-nitrophenol as a model reaction.
Compared with the direct use of PANPs as catalysts, the hydrogel networks decreases the initial reaction rate, however, the
Pd nanocatalysts immobilized inside hydrogel provide advantages as heterogeneous catalysts. Furthermore, due to hydrogen
bonding and entrapment of polymer matrix, formed between PANPs and hydrogel matrix, the stability of immobilized

PdNPs as a heterogeneous nanocatalyst improved in both liquid phase reactions and long-term storage.
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Design and Synthesis of Carbon Composite Nanomaterials
as Anodes for Secondary Batteries

Jung Sang Cho’

Chungbuk National University
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1. Kwon, O. H., Oh, J. H., Gu, B., Jo, M. S., Oh, S. H., Kang, Y. C., Kim, J. K., Jeong, S. M., Cho, J. S., “Porous SnO2/C
Nanofiber Anodes and LiFePO,/C Nanofiber Cathodes with a Wrinkle Structure for Stretchable Lithium Polymer Batteries
with High Electrochemical Performance” Advanced Science, 2001358 (2020).

2.0h, S. H., Kwon, O. H., Kang, Y. C., Kim, J. K., Cho, J. S. “Highly Integrated and Interconnected CNT Hybrid
Nanofibers Decorated with a-Iron Oxide as Freestanding Anodes for Flexible Lithium Polymer Batteries” J. Mater. Chem.
A, 7(20), 12480-12488 (2019).

3. Cho, J. S., Y. J. Hong, Y. C. Kang. “Design and Synthesis of Bubble-Nanorod-Structured Fe,O,—Carbon Nanofibers as
Advanced Anode Material for Li-Ion Batteries” ACS Nano, 4026-4035 (2015).

4. Cho, J. S., Y. C. Kang. “Nanofibers Comprising Yolk—Shell Sn@void@SnO/SnO, and Hollow SnO/SnO, and SnO,

Nanospheres via the Kirkendall Diffusion Effect and Their Electrochemical Properties” Small 11, 4673-4681 (2015).
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Photoautotrophic hydrogen production of Rhodobacter
sphaeroides in microbial electrosynthesis cell

Shuwei Li', Mutyala Sakuntala', Young Eun Songl, Ji-ook Heo', Minsoo Kim', Soo Youn Lee %,
Min-Sik Kim’, You-Kwan Oh', Jung Rae Kim"

'School of Chemical and Biomolecular Engineering, Pusan National University, Busan, 46241, Republic of Korea
*Gwangju Bioenergy R&D Center, Korea Institute of Energy Research (KIER), Gwangju, Korea)

The conventional photoheterotrophic hydrogen productions by purple sulfur bacteria (PSB), need additional organic
substrates as carbon and energy sources. In this study, a novel photoautotrophic hydrogen production of R. sphaeroides with
concomitant CO, uptake was investigated in a microbial electrosynthesis (MES). Under applied potential of -0.9V vs Ag/
AgCl 3M KCl to cathode, R. sphaeroides produce large of hydrogen with CO, as sole carbon source under illumination
condition operation. The initial planktonic cell from inoculation (0.07 ODg,) rapidly decreased less than 0.01 within one
day with -0.9V, whereas the biomass formation on the cathode electrode gradually increased during the MES operation.
The electron and carbon flow under photoautotrophic condition were estimated in MES. The Glutamate as nitrogen
source, significantly enhance hydrogen production (328 mL/L/day) as compared to NH,CI (67 mL/L/day) in average. The
photoautotrophic condition with 6000 lux increases CO, consumption and simultaneous biomass formation on the cathode

electrode, while MES-driven electron and proton transfer enable to produce.

References

1. Grattieri, M.J.P., Sciences, P. Purple bacteria photo-bioelectrochemistry: enthralling challenges and opportunities.
Photochemical & Photobiological Sciences, 19(4), 424-435 (2020).

2. Guzman, M.S., Rengasamy, K., Binkley, M.M., Jones, C., Ranaivoarisoa, T.O., Singh, R., Fike, D.A., Meacham,
J.M., Bose, A.J.N.c. Phototrophic extracellular electron uptake is linked to carbon dioxide fixation in the bacterium

Rhodopseudomonas palustris. Nature communications 10(1), 1-13 (2019).
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Effect of chemical reactions on attrition of binary solid
species in sorption-enhanced chemical looping reforming

Jun Young Kim"?, and Dong Hyun Lee”

'Institute of Convergent Chemical Engineering and Technology, Sungkyunkwan University, *University of British
Columbia, *Sungkyunkwan University

The effects of chemical reactions on the attrition of oxygen carrier particles and CO, sorbent based on a chemical looping
reforming (CLR) process with intrinsic CO, capture were analyzed. Iron/hematite as an oxygen carrier, and limestone/lime
as a CO, sorbent were tested in a jet attrition apparatus. Particle attrition was measured as a function of temperature and gas
concentration, with and without reactions. Iron oxidation and limestone calcination increased the particle attrition, whereas
hematite reduction and lime carbonation reduced particle attrition due to changes in the mechanical properties of particles.
Attrition was shown to depend on the fuel, CH, concentration, as well as temperature. The presence of binary solid species
increased the attrition due to the increased number of particle collisions.

FEd

1. Kim, J. Y., Ellis, N., Lim, C. J., and Grace, J. R., “Effect of calcination/carbonation and oxidation/reduction on attrition of
binary solid species in sorption-enhanced chemical looping reforming,” Fuel, 271, 117665 (2020).

2.Kim, J. Y., Ellis, N., Lim, C. J., and Grace, J. R., “Attrition of binary mixtures of solids in a jet attrition unit,” Powder
Technology, 352, 445-452 (2019).
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A study on the effect of a agglomeration effective diameter
model to binary solids segregation index

Woo Chang Sung', Jong Wook Bae', Dong Hyun Lee"

'Sungkyunkwan University

H AFo A= agglomeration effective diameter model®] gas—solid F53°l|4 binary solids segregation®]
F= 93FS CPFD (Computational Particle Fluid Dynamics) simulation @ AF8-8-%= Z2o| A EAE9c},

CPFD simulationS Barracuda®S ©]&3t33L cold bed A#L W7ol 0.05 m, =°]7} 1.3 m ¢l ofZ LA 2|0 A

RS

A=At & EZF 7L E29 flotsam 2 FCC catalyst (E—cat) 7} o] %o, HAAEE 69 um,
el 1700 kg/m® o|t}, 3 = B4 F BAL B4l jetsam S 2L glass beads 7} 0] 8591, HHUELE 165

um, Y& 2,500 kg/m? o]Qlth, BAREE sintered metal A& 2] porous plateS AFEEIA L, -2 flotsam®] U,
(=0.345 cm/s) A HE JA7E Hol7] AlRSh= Uy, 7HA] 871 AES Hasteict Ad-S F3 segregation?]

IQ—A

§'3P‘ F49 992 st o, T oE 2¢ke] 2uEE 42 4 9%lth. CPFD simulation®] A=
AlS A e} 2 U= simulation 21E 47] $519] agglomeration®] -2 |, effective diameterE WHste] AAHS

Y3t oict. Effective diameters WgohA] ¢fal A4S o, agglomeration®] WASH= FCC catalystsw= 54

Umf 7} A4gEEE 22 32 Yegislen, o= Y f50lA A48t ¥ mixingo] 2 WAsh= A&
Fx3kct, $HH, agglomeration {2 W9 effective diameterE WIS A}, A AT} FARGE 2QFe] Axf &
segregation®] TAYSH= §<4 99 simulationS F3 B = ULt

Al

1. Li, P, Lan, X., Xu, C., Wang, G., Lu, C., Gao, J. Particuology, 7(4), 269-277 (2009).
2. Mckeen, T., Pugsley, T. Powder Technology, 129(1-3), 139-152 (2003).
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Commissioning Result of CO,/H,O Co-electrolysis BoP System

Woohyun Jung*, Donghwan Jeon, Gi hoon Hong, Ingoo Kwon

Institute for Advanced Engineering(IAE)

A AbskE AEE o]gste] AR 2AA =& &fste] sAE Aibste Ve A9 & 23l wet
oJAFBFEA(CO)E ol ®3fishe 33 (Co—electrolysis) 7|&=2] Ago] 7hesto] 23 H ojitsietas 24

yo 1r K

et 4= 9l y|eg FE Uy )
olyst CO, 43 Al A" 7]& _V_iﬂ AskHE A& AR (Solid Oxide Fuel Cells, SOFCs)Y 1-2=215}(Solid Oxide
Electrolysis Cells, SOECs)e} &0 & ¥h-8-7] 127} SARE EAES 71|12 Qth, sHAN &4 L5227} ¢ =11 7o}

719 353 Hugt H= HAlo] tha Afolstng Ad = 374] AR vjR L &4 e digh A+F Zash

%
Aol

QAo AlE B3 714N 918 28 79 914 o] that BoP(Balance of Plant) A9 AAste] LA
kol FAsel Bad L4 A4S Y] stel THE A Lay—outd MAAL, Stream™E FF
RS 2N A2 AP, ol B} FAlo 2eo] FFEL Feed—gas?] LEES 800T7H SejwA
PPAQ SARAS FAT 4 ATk EF AW AVE B3 AR Alxgol] it A 1F W A A
S 5 Aolm, olefd 1 UAS wrefsto] AR TS 28 AAR AF AFS AP Aol

AR}

e

21 AFIEAI R (MOTIE) 2} 30177143 7HAKETEP)S] X912 wro} a3k 11 2| U,
(No 20182010600400)
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Hydrodynamic characteristics according to the temperature
increase of the liquid phase in a pressurized bubble column

Keon Bae', Gang Seok Go’, Nam Seon Noh’, Yeong Il Im’, Dong Hyun Lee'

"Sungkyunkwan University, *Korea Institute of Energy Research, *Hankyong National University

7F%) bubble column®j|A] air—heating medium oil systemof| 48] &%= Z7}of w2 4=835H% EA] 9] H3IlE 4517
&) A= edch WA 0.097 m, =0] 1.8 m9| cylindrical stainless columnoilA] A3lo] 4=3J=| Q) AlFof AMg-%
MA|= heating medium 0il(SK Therm 300)2 AFgsIYon 7|A= airS ARSI Distributor? opening
fraction2 0.128% ©|™ hole sizew= Imm, 7|5+ 12702 A =Sk, AQtoA] 3.5 MPa 39 12.3 mm/s ~ 31.7
mm/s 7] 5452 WA AYPS =59t sk chamber W& 3kW ¢ HE7|E AA|ste] column WH-2
2= A=(21.91), 50T, 70T, 80T o& A} ASAA AFS st om 7T 2&o4 gas holdup 574,
optical probeE ©]-&3F chord length 42 XYttt Aol G2 =2 viscosityoll s HF=
A A= At 7127F WEE QL old Yo R Qldl gas holdup 4dd] WA ST ¥iH
217} Z71gef| Wt viscosityZl WolA ™ 7]3E9] bubble dispersion®] €3] dojwttl Bubble chord lengthe
2o M= e STl Wt 12mmFE 6mm 7HA] FASFIAL, & 2 =0l o ¥Stel| wE bubble size

omm ol Wk} 7o) glgic,

S

N

1. Besagni, G., Inzoli, F., and Ziegenhein, T., “Two-phase bubble columns: A comprehensive review.” ChemEngineering,
2(2), 13 (2018).
2. Idogawa, K., Ikeda, K., Fukuda, T., and Morooka, S., “Formation and flow of gas bubbles in a pressurized bubble column

with a single orifice or nozzle gas distributor.” Chemical Engineering Communications, 59(1-6), 201-212 (1987).
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Simple one-pot preparation of CeFeO,;-GCN for
micropollutants degradation under UV-LED

Choe Earn Choong', Kien Tiek Wong', Hyeseong Kim', Seok Byum Jang', So Yeon Yoon', Min Jang'*

'Kwangwoon University, 20, Gwangun-ro, Nowon-gu, Seoul, 01897, Republic of Korea

In this study, cerium ferrite modified graphitic carbon nitride (CeFeO;-GCN) were prepared by doping various amount
(0-5%) of CeFeO; on melamine for thermal polymerization. The photocatalytic performance of GCN and CeFeO,-GCN
were conducted under UV-LED (dominant emission line at 400 nm) for sulphamethoxazole (SMX) degradation. The
characterization study of GCN and CeFeO;-GCN composites were performed using X-ray diffraction (XRD), Fourier-
transform infrared spectroscopy (FTIR) and Field Emission Scanning Electron Microscope (FESEM) to investigate the
influence of CeFeO; modified on GCN. Our results found that 1% of CeFeO, doped on GCN achieved higher SMX removal
efficiency (~10-folded higher) than GCN. Scavenger experiments revealed that superoxide and hydroxyl radicals are the
main ROS contributed to SMX photodegradation. Photocurrent and EIS measurements concluded the CeFeO; doped on
GCN enhanced the charge transfer and photocurrent production, thus, boost up the photocatalytic activity. Accordingly, our
work provides an available one-pot photocatalyst preparation strategy and those photocatalyst can be activated under low

energy light source (LED) for degrading emerging water contaminants.
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Figure: (A) Kinetic experiment for SMX removal and (B) scavenger experiments for 1%-CeFe0,-GCN.
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Piezophotocatalytic degradation via spontaneous atomic
polarization of BiOCI/BiVO, cored BiFeO; under
ultrasound mechanical stress
Kien Tiek Wong, Seok Byum Jang, Choe Earn Choong, and Min Jang

*e-mail : minjang@kw.ac.kr, heejaejang@gmail.com

The BiFeO; is acknowledged for exhibits large ferroelectric polarization (P) and G-type antiferromagnetism with high
transition temperatures, making it appealing for applications in non-volatile logic and memory devices [1]. However, more
recent research has shifted the application of piezoelectric materials in the field of water treatment, especially in degradation
of emerging organic pollutants. In this study, piezoelectric properties of BiFeO, was used to enhance the charge carrier
separation from the photoexcited BiIOCI/BiVO, to degrade atrazine (ATZ, herbicide) with the assistance of ultrasound (US)
wave and visible light. In Figure 1, the results show that insignificant amount ATZ were removed by either adsorption or US
degradation. However, 100% of ATZ were removed within 90 min when BiOCI/BiVO,/BiFeO; were exposed to US wave.
When BiFeO, were subjected to an external force (i.e. US wave), the atomic structure of BiFeO, were displaced from their
original position gaining a net positive and negative charges on the opposite outer surfaces. This spontaneous polarization
under mechanical stress leads to the flow of free charge carriers in the opposite direction leading to the generation of highly
reactive -‘OH and -O, radicals. On top of that, the polarization of BiFeO, core will assist the charge and hole separation of

BiOCI/BiVO,, leading to higher photocatalytic activities. To confirm this, -OH scavenger was applied in the system, and

resulting negligible amount of ATZ removed.
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Fig. 1. Kinetic degradation of ATZ under (a) Ultrasonication and (b) Halogen Lamp (UV cut-off].
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1,3-Propanediol production of Klebsiella Pneumoniae L17
from glycerol using ZVI

Daseul Kong. Jiyun Baek, Hyeon Sung Im, Changman Kim, Jung Rae Kim*

School of Chemical and Biomolecular Engineering, Pusan National University, Busan, 46241, Korea
Fax: +82-(51)-510-3943 E-mail address: j.kim@pusan.ac.kr

1,3- PDO (1,3-Propandiol) is a highly value added product which is widely 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 electronic donor. Klebsiella
Pneumaniae has 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 un-purified crude glycerol produced from biodiesel process by
using a electrochemically active strain, K. pneumoniae L17 and neutral red(NR) as a mediator. The results showed
significant increase of 1,3-PDO production using the ZVI. It seems that unidentified component in a crude glycerol may
bring synergetic effects for both cell biomass and 1,3-PDO production. These results implicate that ZVI can regulate
the bioconversion of electroactive strain such as L17, therefore improve glycerol conversion into value-added platform

chemicals.
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Microbiota facilitated greater methanation in anaerobic
digestion of slaughterhouse waste

Shouvik Saha, Mayur B. Kurade, Geon-Soo Ha, Swapnil M. Patil, Byong-Hun Jeon"

Department of Earth Resources and Environmental Engineering, Hanyang University, Seoul 04763, Korea (Republic of)
*Corresponding author. Tel: +82 2 2220 2242, E-mail: bhjeon@hanyang.ac.kr

Rapid growth in human civilization results in an increasing demand for livestock products to accomplish the needs
of society, which subsequently generates animal by-products (20 to 45% of the live animal total mass) originating in
slaughterhouses [1]. Anaerobic digestion (AD) is considered as a reliable energy harvesting process to achieve waste-
to-energy following augmentation with SHW due to their high organic content and theoretical conversion efficiency,
compared to sewage sludge (40-50%) alone [2,3]. Our investigation revealed the dependence of improved digester
performance to its microbial shift during the AD. The methane yield was significantly improved (121-152%) through
the utilization of lipid (95-98%) in SHW-augmented digesters, compared to sewage sludge alone in control. Abundance
of the acidogens, Firmicutes (41-54%) throughout the exponential phase followed by Bacteroidetes and Synergistetes
accelerated the utilization of SHW (VS: 85-90%) due to their preeminent role in acidogenesis and acetogenesis. Among
methanogens, the dominance of Methanosaeta (86%) at the beginning of digestion was gradually overpowered by another
acetoclast, Methanosarcina (68—87%) in SHW-augmented digesters. Syntrophic association of acetogens, Sporanaerobacter
(up to 17%) and Syntrophomonas (up to 11%) with acetoclastic methanogens led the methanogenic activity toward the
acetoclastic methanogenesis. Thus, microbial diversity in SHW-augmented digesters facilitated the AD for better recovery

of biomethane.

Keywords: Syntrophy, Anaerobic digestion, Slaughterhouse wastes, Acetoclastic methanogenesis, Methane.
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Phyto-degradation of emerging contaminants from
secondary wastewater using Iris pseudacorus

Nikita Yadav, Sanjay P. Govindwar, Byong-Hun Jeon"

Department of Earth Resources and Environmental Engineering, Hanyang University, Seoul 04763, Korea (Republic of)

Emerging contaminants (ECs) are affecting the environment and living beings even in trace amounts present in waterbodies
[1]. Phytoremediation offers an alternative to conventional tertiary treatment of wastewater through efficient removal of
ECs in cost effective manner [2,3]. Iris pseudacorus was evaluated for the removal of ECs such as sulfamethoxazole (SMX),
sulfamethazine (SMZ), and doxylamine (DOX), which showed 100-50%, 83-42%, and 78-59% removal, respectively
from lowest to highest concentrations in 10 days. 1. pseudacorus followed first order kinetics for the removal of SMX and
SMZ, while DOX removal followed both pseudo first order (0-1 day) and first order (1-10 day). Major removal mechanism
for SMX (67.5%) and SMZ (47.9%) was biodegradation. DOX showed bioadsorption (40%) following biodegradation.
Phase I and II enzymes including aniline hydroxylase, peroxidase, glutathione S-transferase, and DCIP reductase were
elevated by 175%, 629%, 462%, and 840%, respectively during phytotreatment of SMX. Phytoreactor (30 L) planted with
I. pseudacorus phytobeds also exhibited removal of these ECs and reduction in organic/inorganic components of secondary
wastewater effluent. Toxicity of identified metabolites of SMX was less than the parent compound. Thus, the potential of I.

pseudacorus to remove/degrade the ECs could be useful in wastewater treatment.

Keywords: Phytoremediation; Iris pseudacorus; Sulfamethoxazole; Sulfamethazine; Doxylamine; Toxicity.
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Recovery of overfed-stalled anaerobic digesters through
bioaugmentation with acclimatized microbial consortium

Bikram Basak', and Byong-Hun Jeon'*

'Department of Earth Resources & Environmental Engineering, Hanyang University, 222 Wangsimni-ro,
Seongdong-gu, Seoul 04763, Republic of Korea

Acidification during anaerobic digestion due to organic overloading is one of the major reasons for process failures and
decreased methane productivity. This study investigated the efficacy of bioaugmentation by using acclimatized microbial
consortium (AC) in recovering anaerobic digesters stalled due to acidosis. Overloading of digesters with food waste leachate
(FWL) led to the accumulation of volatile fatty acids (11.30 g L") and a drop in pH (4.67), which resulted in process failure
and a 22-fold decline in cumulative methane production compared to that in the initial phase. In the failure phase, the
syntrophic and methanogenic activities of the anaerobic digester microbiota were disrupted by a significant decrease in the
abundance of syntrophic bacterial populations and the phylum Euryarchaeota. Bioaugmentation of the failed digesters by
adding AC along with the adjustment of pH resulted in the prompt recovery of methane productivity with a 15.7-fold higher
yield than that in unaugmented control. The abundance of syntrophic bacteria Syntrophomonas and phylum Euryarchaeota
significantly increased by 29- and 17-fold in the recovered digesters, respectively, which showed significant positive
correlations with methane productivity. Methanosarcina and acetoclastic Methanosaeta played a major role in the recovery
of the digesters; they were later replaced by hydrogenotrophic Methanoculleus. Thus, bioaugmentation with AC could be a

viable solution to recover digesters experiencing process failure due to organic overloading.

Keywords: Anaerobic digestion; Organic overloading; Process failure; Bioaugmentation; Process recovery; Microbial community
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Determining optimal utilization conditions of fat, oil
and grease (FOG) in anaerobic co-digestion through
acclimatization with microbial metagenomic analysis

Hoo Hugo Kim, Mayur B. Kurade, Shouvik Saha, Swapnil Patil and Byong-Hun Jeon"

Department of Earth Resources and Environmental Engineering, Hanyang University, Seoul 04763, Korea (Republic of)
*Corresponding author. Tel: +82 2 2220 2242, E-mail: bhjeon@hanyang.ac.kr

In recent years, various energy recovery technologies from organic wastes have been explored as an antidote to the ongoing
climate crisis. Anaerobic digestion is one of the most preferred technology for organic waste management with simultaneous
energy recovery. Owing to its versatility and potential for high biogas productivity, many performance-enhancing strategies
are being explored. One of the promising approaches to overcome the low biogas yield of domestic wastewater sludge
is ‘anaerobic co-digestion’ that utilizes multiple organic substrates for higher productivity and yield. Fat, oil, and grease
(FOQ) is a waste recovered from food waste with a very high theoretical energy potential. It can be used as a suitable
co-substrate in domestic wastewater anaerobic co-digestion processes. However, excess amount of FOG can inhibit the
methanogenesis process via adsorption of long chain fatty acids (LCFAs) on the surface of methanogens causing hindrance
in mass transfer. It may lead to failure of the anaerobic digestion process and lower the biogas productivity. This study
estimated the optimum FOG loading in anaerobic digester for enhanced methane production without the system inhibition,
with up to 2.5% v/v FOG inoculum. The role of acclimation was studied with higher biogas production rated in order to
determine optimal strategy in continuous feed reactors. Along the process, samples were gathered for microbial dynamics,
gene expression and microbial networking analysis to get a deeper understanding in microbial structures and interactions for

process optimization.
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Application of CFD Methods to Flow Control of Ammonia
Injection Nozzles in SCR-DeNOx System

Deokcheol Seo', Hayoung Park’, Kijong Sungz, Mingyu Kim’and Heetaeg Chungz*

'Korea South-East Power Company
*School of Mechanical Engineering, Gyeongsang National University
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Numerical Analysis of Aerodynamic Performances by Geometrical
Configuration of Guide Vanes in SCR-DeNOx System
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Control 3D-Printing materials for atmospheric
purification de-NOx catalyst

Hong-Dae Kim"’, Myeung-jin Lee', Bora Jeong', Seung-Yeop Chun', Taewook Kim'

'Korea Institute of Industrial Technology

Because of particulate matter (PM 2.5, 1.0, 0.1) as class | cancer-causing agent, this led to stronger regulation of
atmospheric pollutants, and intense efforts have been undertaken worldwide to solve the problems caused by particulate
matter which is generated from gaseous contaminants, and nitrogen oxides (NOX) is consisting of the highest ratio among
them. Because NOx is harmful to both living organisms and the environment, selective catalytic reduction (SCR) catalyst
is needed to effectively decompose NOx into harmless products, N, and H,O. To decompose the generated NOx at power
plant, SCR technology is generally used with honeycomb typed VW/TiO, catalyst which is produced by extrusion. It
however causes problems which are complex and long process from making paste to green body containing various
addictive. It is possibly solved by replacing extrusion to 3D-printing having advantages such as effective short process time,
effective economy aspect, and recycle of materials. Therefore to utilize process with 3D-printing, granule is fabricated by
spray dryer for 3D-printing, and it then is characterized by particle size, morphology, catalytic performance in powder state,

and stacking possibility with layer by layer.
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Combination of Non-thermal Plasma and Ag/ZSM
S-Honeycomb Monolith for Dilute Trichloroethylene
Abatement

Nguyen Hoang Tung, Van Toan Nguyen, Duc Ba Nguyen and Young Sun Mok~

Department of Chemical and Biological Engineering, Jeju National University, Jeju 63243, South Korea.

Recent climatologic studies show that our environment is rapidly undergoing irreversible changes due to anthropogenic
activities such as industry and transportation. Many of the climatologic issues such as global warming and photochemical
smog that endanger public health are related to air pollution. The need to improve air quality is therefore ever increasing and
urges the scientific community to develop new and sustainable air purification technologies. The objective of this study is to

combine use of a DC corona discharge and Ag/ZSM 5-honeycomb monolith catalyst for removal of trichloroethylene.
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Low-temperature SCR of NO, using plasma coupled with
honeycomb-structured monolith catalyst

Van Toan Nguyen, Nguyen Hoang Tung, Duc Ba Nguyen, and Young Sun Mok’

Department of Chemical and Biological Engineering, Jeju National University, Jeju 63243, South Korea.

Nonthermal plasma (NTP) can activate the hydrocarbons (HCs) in air, resulting in a significant amount of oxygenated
hydrocarbons (OHCs) such as alcohols and aldehydes, which are used as reducing agents instead of injecting HC for NO,
removal on SCR catalysts. Based on this, we employed a honeycomb-structured monolith catalyst coupled with non-thermal
plasma using hydrocarbons input to create oxygenated reducing agents, which enhances NO, removal rate in selective
catalytic reduction (SCR) at lower temperatures. Analyzing by-products were carried out to give new understandings on the
role of plasma in the activation of HCs to create OHCs. These results provide new insights into the NO, reduction in non-
thermal plasma coupled with honeycomb-structured monolith catalyst for the first time. With using a honeycomb catalyst

structure, the proposed system is suitable for industrial application
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Synthesis of C,,-C,; aromatics from residue oil of
petrochemical process over CoMo/HUSY

Huiji Ku, Gangwon Lee, Kyuri Kim, Jong-Ki Jeon"

Kongju National University
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Decomposition of hydroxylammonium nitrate aqueous
solution over metal/hexaaluminate pellet catalysts
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Effect of Ba promoter loading on Co-based catalyst for high
temperature water-gas shift reaction using waste derived
synthesis gas
Kyvoung-Jin Kim, Yeol-Lim Lee, Hyun-Seog Roh*

Yonsei University

We applied the alkali (Na, K) and alkaline earth metal (Ba, Ca) promoted Co/CeO, catalysts to investigate the effect of the
promoter on the catalytic performance in high temperature water-gas shift (HTS) reaction in previous studies. Among the
prepared catalysts, BaCo/CeO, catalyst showed the best performance. To enhance the performance of BaCo/CeO, catalyst,
we varied the loading of Ba (0 to 3 wt.%). As a result, the doping of Ba as a promoter in the optimal amount (1-2 wt.%)
improves the reducibility of the catalyst and enhances its sintering resistance. However, the doping of an excessive amount
(> 3 wt.%) of the promoter lowers the reducibility of the catalyst, resulting to the instability of the active phase (Co’).
Overall, 1% BaCo/CeO, catalyst exhibited the best catalytic performance even at a severe reaction condition (CO conc. =

38%, GHSV = 143,000 h ") owing to the strong resistance to the sintering and high stability of the active phase.
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Critical evaluation of a model-based estimation of
monolayer coverage in porous materials: a case study of
solid-like hydrogen adsorption

SungHvun Yun and Yongchul G. Chung*

School of Chemical and Biomolecular Engineering, Pusan National University, Busan 46241, Korea (South)

Recently, solid-like adsorption of hydrogen on nanoporous carbon material at 77 K has been experimentally observed
[1], but the origin of high-density hydrogen adsorption remains to be elusive to date. In this work, GCMC simulations
were carried out on different metal-organic frameworks (MOFs) and graphite-sheet pore models to elucidate the critically
evalute the model-based approach to estimate the monolayer coverage in porous materials. The adsorbed hydrogen densities
obtained from the simulation were compared with densities obtained by fitting a model equation to simulated excess
isotherm. We find that the model-based estimation of the density of adsorbed hydrogen overestimates the true density of
adsorbed hydrogen obtained from the simulation by more than 50%. We discuss the origin of the discrepancies between the

model-based approach and molecular simulation.
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Hydrogenation of ethylbenzene over Ru/y-Al,O; Catalysts
in Trickle bed reactor
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Dolomite catalyst for biodiesel production using
non-edible vegetable oils
Jaegyu Woo, SaimLee, Hyeonji Park, Rajendra Joshi', Jong-Ki Jeon"

Department of Chemical Engineering, Kongju National University, Cheonan, 31080, Korea
'Department of Chemical Science and Engineering, School of Engineering, Kathmandu University, Nepal
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Preparation of high performance alginate/polyacrylamide
double network hydrogels by incorporating cellulose
nanocrystals

AAZE, d2A, A9-S, °|9<, Youngho Eom

Hydrogels, which are water-rich cross-linked polymeric networks, have been extensively used in numerous applications
such as biomedicine to daily chemicals, scaffolds for tissue engineering, biosensors, and model extracellular matrices for
biological studies. Nonetheless, the scope of hydrogel applications is severely restricted owing to their poor mechanical
performances. To develop strong and tough hydrogels, a preparation of double network hydrogels has been proposed, and
attracted considerable attention. In particular, a combination of alginate/polyacrylamide hydrogel has been largely studied
because of its high toughness and biocompatibility. To further enhance the mechanical performances of the double network
hydrogel, in the present study, cellulose nanocrystal (CNC) was incorporated and then the mechanical and rheological
properties of the nanocomposite hydrogels were investigated with respect to the filler loading. In addition, the interfacial

interaction of polymer-nanofillers were analyzed by Fourier-transform infrared spectroscopy technique.
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Preparation of all-organic biodegradable poly(butylene
succinate) nanocomposites with cellulose nanocrystals

Min Ung Jeong, HyoJeong Kim, Youngeun Lee, Ji Hun Jeong, Youngho Eom*

Department of Polymer Engineering, Pukyong National University, Busan, Korea

Petroleum-based plastics were once regarded as essential materials on account of its extensive applications and the
convenience in its usage. However, the environmental damages caused by the petroleum products and their wastes were
easily neglected. As a result, the cumulative plastic pollution in the soil, atmosphere, and marine ecosystems have become
critical. In order to solve this problem, biodegradable polymer is now receiving attention in our daily life. Despite the eco-
friendliness, the commercial applications of the biodegradable polymers have been limited to a few industries due to the
inferior mechanical properties. In this study, we fabricated the high performance biodegradable nanocomposites using
poly(butylene succinate) (PBS) as a polymer matrix and cellulose nanocrystal (CNC) as a reinforcing filler. The PBS/CNC
nanocomposites with the CNC contents of 1-5wt% were prepared by dissolving or dispersing them in organic solvent. In

addition, the mechanical, rtheological and microstructural properties of the nanocomposites were evaluated. (double spacing)
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Fabrication of PDMS/Au Composite for
Thermoelectric Power Generation.

Geon Seok Lee', and Seong Il Yoo'

'Pukyong National University

Energy generation using wasted solar energy has attracted much attention on the field of energy harvesting because their
advantages, such as eco-friendly and sustainable. The photothermal effect exhibited by the surface plasmon resonance
phenomenon of the metal nanoparticles can be used to improve the conversion efficiency. The local heat generated can
be applied to systems such as photocatalyst, steam generation[1], and thermoelectric generator[2]. In this study, we
demonstrate the light absorbers prepared by an in-situ synthesis of gold nanoparticles using polydimethylsiloxane (PDMS).
Briefly, porous PDMS prepared by the sugar template method was immersed in gold chloride solution to synthesize gold
nanoparticles without reducing agent. By illuminating the prepared PDMS composite with a simulated sunlight, we applied

the heat generated by the photothermal effect on the thermoelectric device to generate electrical energy.
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Development of Cu blackening process producing cupric
oxide (CuQ) applicable for camera spacer

Yeji Lee', Jun-Heok Lim’, Yong Sun Won®*

Pukyong National University', Pukyong National University” Pukyong National University’

The mechanical properties of black polymer spacers, which are used to separate the aligned camera lens in a camera module
in a mobile phone, come to their limits in a present trend that more lens are used in a thinner camera module. Thus, a
black oxide such as copper (III) oxide (cupric oxide, CuO) is proposed as an alternative to the polymer spacer, owing to its
superior mechanical properties against the pressure among lenses and its inherent blackness against the light interference
and flare phenomenon. In this study, we collected the information of process conditions for the Cu blackening process from
various patents and set up a process comprised of cleaning, deoxidization, activation, blackening and sealing. Then, the
entire blackening process as well as its unit operation was optimized based on the operation parameters such as process
temperature and activator concentration, and so on. As an indicator for optimization, the blackness of the blacked Cu strip

measured by a colorimeter was used.
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Fabrication of Heterogeneous Metal NPs through
Mussel-Inspired Surface Functionalization and Their
Photocatalytic Activity

Maulida Zakia', and Seong Il Yoo"

'Pukyong National University

The self-assembly of nanoscale material into complex structure with controlled size is important to induce new outstanding
properties [1]. Inspired by the high catalytic activity of both Au and Ag nanoparticles [2], we prepare heterogeneous
nanostructure comprised of Au core and Ag satellite by utilizing mussel-inspired polydopamine (PDA). Initially, PDA nano
layer were coated onto the surface of Au NPs under alkaline condition. Subsequently, Ag satellite were synthesized on the
periphery of PDA-modified Au NPs via addition of AgNO;. Furthermore, the catalytic properties of the heterogeneous

nanostructure were investigated for the reduction of 4-nitrophenol to 4-aminophenol.
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Fabrication and Characteristic Analysis of TiO, Coated
Al,O; Hollow Fiber Membrane for Removal Organic

Min Chang Shin, Byeong Jun Jeong, Jung Hoon Park*

Department of Chemical & Biochemical Engineering, Dongguk University
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Experimental and Modeling Study of CO, Solubility in
Aqueous Solutions of DIPA and MDEA mixtures Using
Electrolyte-UNIQUAC: Effect of blending ratio

Bong-Keun Choi', Seung-Mo Kim', Beom-Ju Shin', Ji-Hun Mun', Jong-Ho Moon""

'Department of Chemical Engineering Chungbuk National University

This paper reports the newly measured experimental data for CO, solubility in a blended aqueous solution of Di-isopropanol
amine (DIPA) and Methyl di-ethanol amine (MDEA) at different amine mixing ratios (DIPA:MDEA:H,0 = 9:21:70,
15:15:70, and 21:9:70 wt %) and working temperatures (323.15 and 383.15 K). The successive substitution method [1] was
used for calculating the mole fractions of all molecules (four molecules) and electrolytes (three cations and four anions)
from the equilibrium, along with the material and charge balance equations (11 equations). The electrolyte universal
quasichemical, e-UNIQUAC suggested by osama et al. [2], model was used to investigate non-ideality in the liquid phase.
Using the above mentioned thermodynamic models, the partial pressures of CO, in the gas phase, mole fractions of all
components in the liquid phase, pH variations, heats of absorption, and cyclic capacities of CO, according to the absorption/

desorption temperature and the blending ratio of DIPA/MDEA/H,O were estimated.
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Polymer Solar Cells based on Polymer Electrolyte with
Diverse Acids as a Cathode Buffer Layer

Mijin Jeong, and Joo Hyun Kim"

Pukyong National University

The inverted polymer solar cells (iPSCs) with a blend of PTB7-Th and PC,BM as an active layer were fabricated along
the [(9,9-bis(3'-(N,N-dimethylamino)propyl)-2,7-fluorene)-alt-2,7-(9,9 dioctylfluorene)] (PFN) derivatives, which was
quaternized by different amounts and diverse acids such as acetic acid (AA), 4-trifluoromethyl benzoic acid (CF3BA),
trifluoroacetic acid (CF3AA), and 4-toluene sulfonic acid (TsOH) on the photovoltaic performances. As the result, the best
power conversion efficiencies (PCEs) were obtained with 1.0 equivalent (eq) of each acid and the PCEs of the devices
with 1.0 eq of AA, CF3BA, CF3AA, and TsOH were 9.9, 10.3, 10.3, and 10.6 % respectively, while that with pristine ZnO
was 8.7 %. Interestingly, the performance trend of the devices followed the acid dissociation constant (K,) of the acids.

Moreover, we observed the K, was related to the recombination resistance (R,,.) from impedance spectroscopy.

.
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Figure 1. Chemical structure of (a) PFN with diverse acid derivatives, (b) PTB7-Th and PC,,BM, and [c] the device
structure of iPSC used in this study.
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Enhancing the performance of organic solar cell with
the dipole moment of conjugated polyelectrolytes

Jun Ho Lee, Joo Hyun Kim"

Department of Polymer Engineering, Pukyong National University, Busan 48547, Korea

Polyfluorene (PF) and its derivatives have been improved not only in organic light-emitting diodes (OLEDs) but also in
organic solar cells (OSCs). Polyfluorene also applied as a buffer layer of OSCs for enhancing the electron mobility, charge
collection, charge separation. Among these properties, we focused on electron mobility, which can be changed with various
methods. In this study, the devices were fabricated by using the polyfluorene derivatives has different backbone structure
which named as PFB-Br, PFT-Br, and PF2T-Br. Through investigating the devices, the electron mobility of polyelectrolytes
derived from the conformation and dipole moment of polyelectrolytes was enhanced compared with the ZnO monolayer,
which using as a reference of the device. As a result, the power conversion efficiency(PCE) was enhanced through the

improvement of short-circuit current(Jsc) and fill factor derived from the developed properties of polyelectrolytes.

Keywords: Organic solar cells, dipole moment, polyfluorene, electron mobility
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Preparation and Evaluation of Eco-Friendly Biodegradable
PLA/PBAT/HCO Blended Films

Han Seong Kim", Heon Ho Jeong'?, Soon Do Yoon"*', Hun Soo Byun'?

'Department of Biomolecule and Chemical Engineering, Chonnam National University Graduate School
’Department of Chemical and Biomolecule Engineering, Chonnam National University

In this study, PLA/PBAT/HCO blending films were prepared by biodegradable polymers Poly(lactic acid) (PLA),
Poly(butylene adipate-co-terephthalate) (PBAT), and pajama bean extract Hydrogenated castor oil powder (HCO). The
prepared films were characterized by field emission scanning microscope (FE-SEM) and fourier-transform spectroscopy
(FT-IR). The results of FE-SEM analysis indicate that PLA/PBAT/HCO blendig films were no rough area, crack, or large
agglomeration. The FT-IR results indicated the presence of specific peak of HCO in PLA/PBAT/HCO blend films. Tensile
strength, elongation at break, water barrier properties, and thermal properties of the prepared PLA/PBAT/HCO blending
films were also investigated, indicating that the physical and thermal properties was improved by the addition of HCO. The
results of biodegradability test in soil indicate that PLA/PBAT/HCO blending films were degraded by about 6.0~20% after
90 days. Through the results of this study, it is expected that the PLA/PBAT/HCO blending film can be used for various

purposes such as food packaging.

Key word : PLA/PBAT/HCO blending film, HCO, Biodegradability test, Food packaging.
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Tuning the morphology of poly(vinyl alcohol)/ZIF-8
mixed-matrix membranes (MMMSs): A strategy for in-situ
formation of ZIF-8 phases inside PVA matrix

Ho Jin Jung, Seung Yong Choi, Min Young Shon, Kie Yong Cho’

Department of Industrial Chemistry, Pukyong National University, Pusan 48547, Republic of Korea.

Polymer-modification-enabled in situ metal-organic framework formation (PMMOF) is a state-of-the-art preparation
method for polymer/MOF mixed-matrix membranes (MMMs)'~. However, the actual reaction conditions of the in-situ
formation of MOFs in a limited polymer free volume are speculated to be quite different from the reaction in a solution. The
PMMOF-based MMM fabrication studies have been performed using polyimide-type polymers that intrinsically experience
the cumbersome chemical modification steps to generate the interaction sites for polar solvents and reagents’. In this study,
poly(vinyl alcohol)(PVA) was employed as a promising matrix to form MMMs based on the in-situ formation method for
zeolitic imidazolate framework-8 (ZIF-8) phases inside PVA matrix (PVAZIF8) because it can allow ZIF-8 phases without
a chemical modification of polymer matrix. We carried out systematic investigations on the in-situ confined formation
of ZIF-8 phases inside PVA matrix by polymer-non-modification-enabled in-situ metal-organic framework formation
(PNMMOF). For the morphology tuning of PVA/ZIF8 MMMs, we performed the control of various parameters, including
the temperature, reagent concentration, reagent mole ratio, PVA matrix thickness, solvents. We believe that the acquired

PVA/ZIF8 MMMs are going to exhibit high-performance in separation applications.
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Photo-assisted Li-ion battery based
on photoelectrochromic property

Taehee Kim' and Yiseul Park*

'Pukyong National University, Pukyong National University

In this study, we have tried to integrate the solar energy to the energy storage system to improve the electrochemical
properties. WO, electrode was prepared as an anode of a lithium ion battery, and its electrochemical characteristics under
sun light irradiation were measured and analyzed during charging/discharging. When the light was irradiated to the WO,
electrode, these capacities and coulombic efficiencies were increased compare to that measured under the dark condition. It
is attributed to the photocatalytic property of WO, that can generate photoelectrons by light irradiation. The photoelectrons
improve the capacity by participating in the intercalation of Li~ ions, and further improve the columbic efficiency by
facilitating electrons’ transport. This approach could provide an alternative solution to solve the battery problem which is

limited by the device structure.
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Synthesis of tunable poly(L-lactic acid) (PLA) copolymers
toward imbuing it with versatile abilities

Young Je Kwon, Gi Jung Lee, Jiha Lee, Min Young Shon, and Kie Yong Cho*

Department of Industrial Chemistry, Pukyong National University, Pusan 48547, Republic of Korea

The issues with regard to microplastics all over the world make us bring tremendous attention to biomass polymers,
particularly biodegradable polymers [1]. Among biomass-based biodegradable polymers, poly(L-lactic acid) (PLA) is
becoming the most practical candidate for engineering approaches because PLA has good processability, biocompatibility,
transparency, hign strength, and high modulus polymer [2,3] However, PLA has hydrophobic properties, which means that
its applications must meet inherent limitations. In addition, it is chemically inert by a lack of reactive sites. That makes it
difficult to upgrade the weakness of the PLA. To this end, we approach to design and synthesize various functional PLA-
based copolymers with applying diverse counterpart monomers and tuning its shapes. We believe that our strategies for the
development of functional PLA copolymers can give rise to enormous potentials to impart versatile properties to the PLA

polymers.
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Quinoxaline-Based Polymers with Triphenylamine Groups
and Fluorine Substituent for Photovoltaic Applications

Seok Woo Lee', Mi Jin Jeong’,Joo Hyun Kim’, Dong Wook Chang'*

'Department of Industrial Chemistry, Pukyong National University,
*Department of Polymer Engineering, Pukyong National University

We have successfully synthesized three quinoxaline-based polymers for photovoltaic applications. Quinoxaline-based
donor-acceptor (D-A) configuration polymers with triphenylamine group and fluorine substituent were prepared by the
Stille coupling reaction for polymer solar cells. The electron-donating (D) indacenodithiophene (IDT) unit was linked to the
electron-withdrawing (A) quinoxaline unit which was combined with two triphenylamine group and fluorine substituent.
In addition, we synthesized and compared three quinoxaline-based polymers with different numbers of the fluorine
substituent. A typical inverted-type device with the configuration of ITO /ZnO /Polymer:PC,,BM /MoO, /Ag was fabricated
and examined. Therefore, this study can provide insights into the design and structure-property correlation of fluorine-

substituted quinoxaline-based polymers for photovoltaic applications.
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Changes in performance according to
modification of alkyl chain in PSCs

JoungJin Im', Youngeup Jin*'

'Pukyong National University

For a few decades, Many research of renewable energy were conducted. PSC(polymer solar cell) is one of them. It has
various advantages including flexible and large area application.' In this resarch, Diflourinated Phenazine (DFPz) is used
as accepter unit in PSC. And Benzodithiophene was used as donor unit in PSC.” To investigate the effect of alkyl chain,
decyl hexyl, butyl octyl, , ethyl hexyl alkyl chain were introduced.’ As a result, it was observe that the polymer with butyl
octyl chain has better performance than the other polymers. It’s because polymer with BO chain have proper alkyl chain for

device performance. In summary, the polymer with BO chain (PBDT-DT-DFPz-BO) achieved 4.24% of PCE.

Reference
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D-A Type Conjugated Polymers with Strong Electron-
Withdrawing Cyano-Substituent for Organic Photovoltaic Cells

Mun Ho Yang', Ho Cheol Jin’, Joo Hyun Kim’, Dong Wook Chang'*

'Department of Industrial Chemistry, Pukyong National University,
’Department of Polymer Engineering, Pukyong National University

We synthesized three D-A type conjugated polymers for photovoltaic applications. To construct the D-A type architecture,
the electron-donating alkyl-thienyl substituted benzodithiophene (BDT) was linked to three different electron-accepting
units, respectively. Furthermore, the strong electron-withdrawing cyano-group was incorporated into the three electron-
accepting units to afford three different polymers. After confirming the structural features, the optical, electrochemical
properties, and photovoltaic properties of all polymers were investigated. These polymer devices were fabricated based
on an inverted-type device with the structure of ITO /ZnO /Polymer:PC,,BM /MoO, /Ag. Three polymer solar cells based
on the cyano-substituted conjugated polymers showed high open-circuit voltages (V,.). The highest power conversion
efficiency of 4.59% was obtained from the device based on the cyano-substituted conjugated polymer which contains the

electron-accepting benzothiadiazole unit.
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Comparison of efficiency between BDT and BDTT
based on Fluorinated Phenazine

Jin Han I.ee, Youngeup Jin*

Organic solar cells are promising eco-friendly energy. Organic solar cells are inexpensive and flexible. But efficiency is still
a problem for solar cells to be commercialized, so we used a D-A structure which can controls energy levels of polymers to
formulate proper energy level of polymers.' Difluorinated phenazine(DFPz) composed of butyl octyl alkyl chain was used as
an accepter unit, and difference of performance was compared by using BDT and BDTT as a donor unit. As a result, DFPz
synthesized with BDTT showed better performance than DFPz synthesized with BDT. The HOMO of BDTT-DFPz was
reported lower than that of HOMO of BDT-DFPz, which resulted in increased Voc. FF were also improved, giving BDTT-
DFPz better PCE. This was predicted to have expanded © conjugated structure due to the added thiophene, which may have
improved the charge mobility.” Therefore, it was found that BDTT-DFPz showed 5.28% PCE, whereas BDT-DFPz showed
4.24% PCE.
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Fluorine Substituted Phenazine Based Conjugated
Polymers to Achieve High Performance OPVs

Sang Hun Ahn', Young Eup Jin"

" Pukyong National University,

Recently, energy demands and consumption are growing rapidly. Eco-friendly energy includes solar, geothermal, wind,
hydro, and so on. Among these energies, solar energies has many advantages. Polymer solar cells based on polymer
materials have drawn attraction in the people.' For the same reasons such as affordable cost according to the solution
process, light weight, flexibility.”,” The novel conjugated polymers: PBDTT-DT-DoDFPz and PBDTT-DT-BODFPz, were
synthesised by using stille coupling reaction and studied. The Photovoltaic property of the polymers that PBDTT-DT-
DoDFPz showed 7.17 mA/cm”2 of Jsc, 0.66V of Voc, 0.58 of FF and 2.73% of PCE and PBDTT-DT-BODFPz showed
11.58 mA/ecm”2 of Jsc, 0.79V of Voc, 0.57 of FF and 5.28% of PCE. These results show that change of alkyl chain form

helps improving the efficiency”
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The test of the air curtain application for blocking effect
on diffusion of dust from the aluminum production casting
with improving collection efficiency
Ingoo Kwon', Sangyeon Hwang', Sukwoo Jung', Jieun Lee"”

Institute for Advanced Engineering
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Dopamine coated halloysite nanotube embedded in PVA/
PVAm membrane for pervaporation dehydration of ECH/
IPA/Water mixtures

Seungyong Choi', Shivshankar Chaudhari', MyungJun Moon', Kieyong Cho', MinYoung Shon'"

'Department of Industrial Chemistry, Pukyong National University

Abstract: In order to find an alternative for classical distillation in the recovery of ECH/IPA from azeotropic ECH/IPA/water
(50/30/20 w/w, %) mixtures, a pervaporation process has been applied. pervaporation dehydration of ECH/IPA containing
ternary feed mixture were studied using the dopamine coated HNT embedded PVA/PVAm membrane. The dopamine
coating of HNT surface was performed aim to generate the hydrophilic moieties on the HNT surface and XPS analysis
was used to confirmed the successful generation PDA coating on HNT surface. FE-SEM analysis were performed for
morphology of membrane surface and cross section. The pervaporation dehydration characteristics for azeotropic mixture of

(50/30/20 ECH/IPA/water w/w,) at 40 °C, membrane was tested.
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Preparation and Properties of Hollow Fiber Membrane for
Removal Na” and K" in Lignin Wastewater

Xuelong Zhuang, Seung Hwan Lee, Jung Hoon Park’

Department of Biochemical & Chemical Engineering, Dongguk University, Seoul 04620, Korea

Each ton of product consumes 20,000 to 60,000 gallons of paper pulp during papaermaking. So a large amount of
wastewater is generated. According to the industry, wastewater can cause problems, and loss of environmental beauty. In
addition, it will increase the amount of toxic substances in the water, kill plankton and fish, and have a great impact on the
earth’s ecosystem. In this study, the sodium and potassium ions in the lignin wastewater were removed based on the ion
exchange method, and the wastewater was further purified. The separation membrane in this study used a coating method to
create pores that can pass potassium and sodium ions, but other examples cannot. Using the concentration difference as the

driving force, the low-concentration ion exchange solution exchanges sodium and potassium ions through the pores of the
separation membrane.

Acknowledgements: This research was conducted under framework of the research and development program of The

Korea Institute of Energy Research (C0-2427-01)
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Hydrogenation of Non-edible Vegetable Oil over NiCu/
Al O; Catalysts

Seong Chan Lee, Yunha Song, Hee Chul Woo'

Department of Chemical Engineering, Pukyong National University
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Transfer hydrogenation of bio-derived phenols over
bimetallic NiRe catalysts

Cheol Woo Park, Jungho Jae’

Department of Chemical and Biomolecular Engineering Pusan National University, Busan, Korea

The problem of the climate change is getting worse. To alleviate the problem, research into the development of biomass-
to-fuel conversion processes has continued to replace fossil fuels, which account for the large portion of carbon emission.
Among various thermochemical processes, the pyrolysis of biomass to a liquid fuel, called pyrolysis oil, is the most cost-
effective process for the production of biofuels. However, the pyrolysis oil cannot be used as a fuel directly due to its high
oxygen content and low calorific value. Hydrodeoxygenation (HDO) of pyrolysis oil in the presence of metal catalysts
and under high-pressure H, gas can effectively remove the oxygen from biomass molecules, thereby upgrading it to
deoxygenated hydrocarbon fuels that can be used as diesel or jet fuel blends [1]. In this study, we investigated the HDO of
guaiacol, i.e., a representative model compound of biomass pyrolysis oil, via catalytic transfer hydrogenation (CTH) over
supported NiRe bimetallic catalysts using 2-propanol as a hydrogen donor. By doing so, we intended to realize the HDO
of pyrolysis oils under milder reaction conditions, which can improve the economics of the HDO process [2]. The nickel-
rhenium catalysts with various composition and supported on various oxides (i.e., SiO,, Al,O,, TiO,) were prepared by
wetness impregnation, and their physicochemical properties were characterized by XRD, XPS, HR-TEM, STEM-EDS,
and H,-TPR measurements. Characterization results revealed that bimetallic Ni-Re surface was preferably formed on
Si0, support. In general, the addition of rhenium led to a significant increase in the nickel dispersion. The catalysis results
showed that the HDO of guaiacol to partially deoxygenated cyclohexanol occurred easily at 200°C for 1 h over NiRe
bimetallic catalysts, while monometallic Ni/SiO, exhibited negligible activity for the HDO of guaiacol, suggesting that the

Ni-Re surface is the active site for the CTH of guaiacol.
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Promoting effect of Cu on a Ag/CeQ, catalyst
for soot oxidation

Jae Hwan Lee, ' and Kwan-Young Lee"*”

'Korea University, “Super Ultra Low Energy and Emission Vehicle (SULEEV) Center

Among the various catalysts for soot oxidation, CeO,-based catalysts exhibit remarkable performances. The introduction of
Ag could greatly promote the activity of ceria-based catalysts through improving the generation of active oxygen species
and transfer to soot, which are important steps for soot oxidation activity. The addition of transition metal groups is known
to increase the oxygen storage capacity (OSC) and reducibility of pure ceria, resulting in improved catalytic performance.
CuO-CeO, catalyst could be a promising candidate catalyst for soot oxidation due to a strong synergistic effect between Cu
and Ce species.

Due to the positive synergistic effects of Cu in oxidation reactions, Ag-incorporated CuO-CeO, catalysts could be promising
candidates for soot oxidation with improved reducibility and ability to generate O,". However, to the best of our knowledge,
no studies have been conducted to investigate Ag incorporated over CuO-CeO, catalysts for soot oxidation and the
synergistic effects of Cu on Ag/CeO,.

In this work, a series of CuO-CeO, supports (Cu(x)Ce) with different Cu amounts were prepared and Ag was impregnated
into the supports (AgCu(x)Ce) to enhance the activity for soot oxidation. The activities and properties of the catalysts were
greatly influenced by complex effects between Ag and CuO-CeO,. It was concluded that the presence of synergistic effects
between the Ag-CeO, and CuO-CeO, interactions and the optimum Cu amount for Ag/CuO-CeO,, improving the generation

of active oxygen species and the reducibility of the catalysts.
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Dehydration of lactic acid to acrylic acid over
alkali-ion-exchanged zeolites: Effect of pore structure
and acid strength

Jichan Kim', Hanbyeol Kim', Jae Hyung Choi’, Dong-Ha Lim’, Jungho Jae"

'Pusan National University, "Korea Institute of Industrial Technology

Acrylic acid (AA), which is used for a versatile monomer in the petrochemical industry, is currently produced by the
oxidation of propylene derived from naphtha cracking [1]. However, due to the concerns about global warming and
increasing global demand of AA, sustainable production of AA from renewable resources has been receiving much
attention. In this regard, biomass-derived lactic acid (LA) is being suggested to a promising alternative to propylene. LA
can be produced easily by the fermentation of sugar and converted to AA through catalytic dehydration, even though the
selective dehydration to AA is yet to be achieved. Because the formation of acetaldehyde is preferable to that of AA from
thermodynamic point of view (115 vs 137 kJ/mol) [1], selectivity control in the LA-to-AA conversion is highly challenging.
To date, dehydration of LA to AA has been studied using various solid-acid catalysts, including zeolites, hydroxyapatites and
heteropolyacids, and zeolite-based catalysts such as Na-Y zeolite show considerable promise, yielding ~60% AA selectivity.
Prior works focused on the improvement in the AA selectivity on zeolite catalysts through the control of acid strength by
changing the type of alkali ion (e.g., potassium) and of the pore structure (e.g. MFI and Beta). It has been revealed that a
suitable balance between acidity and basicity in zeolites can enhance the AA selectivity. However, LA-to-AA dehydration
mechanism over zeolites and its relation to acid/base properties of zeolites are not well understood. In this research, we
systematically investigated the LA dehydration reaction over a range of zeolite catalysts with various pore structures and

finely tuned acid/basicity by using the combination of in-situ FT-IR spectroscopy and kinetic measurements.
References

1. Thomas Bonnotte., Sebastien Paul, Marcia Araque, Robert Wojcieszak, Franck Dumeignil, Benjamin Katryniok,

“Dehydration of Lactic Acid: The State of The Art”, Chem. BioEng. Rev., 5(1), 34-56 (2018)

&3



Modified Deshmukh—Mather model& ]38t Three Blended
Amine(MEA, DIPA, AMP) &3} =8| fjgl o]itset4
L9 Al 9 ndlg

RIE

0 ’

N
ot
Ha
o
ol

5 1
Asr, e

G

Experimental and Modeling Study on CO, Solubility in Aqueous
Solutions of Three Blended Amine (MEA, DIPA and AMP) Using
The Modified Deshmukh-Mather model

Seung-Mo Kim, Bong-Keun Choi', Beom-Ju Shin', Ji-Hun Mun', Jong-Ho Moon"

Department of Chemical Engineering Chungbuk National University'

It is important issue that reducing emissions of Carbon Dioxide (CO,) without decreasing fossil fuel usage. Alkanolamine
as a chemical solvent is widely used in an absorption process for removal of acid gases from natural, refinery and synthesis
gases. Some kinds of solvents are primary, secondary, tertiary, steric hindrance amines and their binary mixtures. Among
them, MEA (Monoethanolamine) and DIPA (Diisopropanolamine) is widely used as the solvent for the carbon capture
and sequestration (CCS). And AMP (2-amino-2-methyl-1-propanol) is utilized as a stable amine for high CO, absorption
capacity. In this study, equilibrium solubility characteristics of CO, in Three Blended Amines (MEA, DIPA and AMP) and
their mixtures were evaluated by using experimental and data and thermodynamic models. The solubility CO, was measured
at 50, 60, 100, 110 C. To consider the non-ideality, acticity coefficient model, The modified Deshmukh-Mather model
is applied and used to estimate interactions between chemical species in the liquid phase. Calculation and optimizations
(parameter regression) were conducted by MATLAB® 2020a version. Also, cyclic capacity, heat of absorption, pH cas be

calculated in each condition.
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A Study on the Physical Properties of Active Carbon used
in the Adsorption Tower Industry in Korea
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Electrochemical Properties of Electrospun ZIF Derived
FeCo,0,/Carbon Nanofibers for Lithium Ion Battery
Applications

Ki Cheon Nam, En Mei Jin, and Sang Mun Jeong’

Chungbuk National University

Zeolite imidazolate framework(ZIF)+= ¥ a3t WS BEWAS 71 S45-77] 244 &A= dojla4
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Nickel iron LDH arrays as robust electrocatalysts for
oxygen evolution reaction

Kyoung Ryeol Park', Jae-eun Jeon', Nuri Oh', Sungwook Mhin’ and Chisung Ahn>

" Hanyang University, ° Kyonggi University, ° Korea Institute of Industrial Technology

Electrochemical water splitting via electrolysis has been actively studied to produce a sustainable hydrogen source for
eco-friendly and efficient renewable energy. Currently, noble metal-based oxides, such as RuO, and IrO,, show high
electrochemical performance of water splitting. However, the scarcity and high cost of these noble metals severely hinder
their large-scale practical application. Alternatively, many researcher have been intensively focused on the development of
transition metal-based electrocatalysts, including the oxides, sulfides, nitrides, and phosphides. In this work, facile synthesis
of the NiFe-layered double hydroxides (LDHs) directly grown on nickel foam for high-performance electrocatalyst is
proposed using hydrothermal method. NiFe-LDH shows the lowest overpotential of 262 mV at a current density of 100 mA
cm”, indicating the best OER catalytic activity in 1.0 M KOH. Combined with structural characterization of the NiFe-LDH,

electrocatalytic mechanism of the oxygen evolution reaction (OER) in alkaline electrolyte is discussed.
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Bifunctional CoS,/CoFeS,/CNT nanohybrid electrocatalyst
for oxygen reduction and oxygen evolution reaction

Jae-eun Jeon', Kyoung Ryeol Park', Nuri Oh', Sungwook Mhin® and Chisung Ahn®

'Hanyang University, *Kyonggi University, *Korea Institute of Industrial Technology

The depletion of fossil fuels and global warming have led to development of high efficiency green and renewable energy
sources and technologies to resolve the environmental pollution issue. The high-rate oxygen reduction (ORR) and oxygen
evolution reaction (OER) at lower overpotentials are of great importance to the enhancement of energy utilization rate and
output power in these green energy systems. To date, platinum (Pt) is the most efficient electro catalyst for ORR, while
ruthenium (RuO,) and iridium (IrO,) oxides exhibit the best electrocatalytic performance for OER with high cost. Therefore,
alternative low-cost electrocatalysts with high activity towards both ORR and OER are highly desired. In an effort to
explore the economic and practical alternatives, nonprecious transition metal based compounds have been lately studied.[8-
10] Among OER/ORR catalysts, transition metal oxides have gained gradual attention due to their high OER/ORR activity.
Also, it is reported that carbon based materials such as carbon nanotubes (CNT) and graphene can boost the OER/ORR
properties of the transition metal oxides based catalysts.

Herein a novel and facile approach for synthesis of CoS,/CoFeS,/CNT nanohybrid is presented. The CoS,/CoFeS,/CNT
demonstrates the high electrocatalytic activity for the ORR (onset potential 0.94 V) and OER (290 mV at 10 mA cm?).
Particularly, it exhibited the lowest overpotential of OER activity compared to IrO2, and was similar with ORR activity of
Pt/C. Based on our results, we suggest that the CoS,/CoFeS,/CNT is one of candidates as a promising bifunctional catalysts

for water splitting reactions.
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A study on hydrogen purification using the
Pd composite membrane

Han Young Do"?, Chang Hyun Kim*”, Jae Yun Han™’, Han Sung Kim"" Shin Kun Ryi"’

"Yonsei University, "’Korea University, *Korea Institute Energy of Research (KIER)
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Preparation of booster biocide for antifouling paint and
test of antifouling performances

Dong Uk Lee, Huang Xiao, Ming Young Shon, Myung Jun Moon"

Pukyong National University

Marine antifouling paints are specialized coatings that are used to protect submerged structures such as ships or offshore
from biofouling organisms. The occurrence of biofouling organisms on the hulls of ships can have significant environmental
and economic implications. One of the main problems with biofouling is related to increased friction due to the physical
presence of the organisms on the vessel surface. biofouling can cause a reduction in vessel speed and maneuverability
and increased weight, resulting in an overall increase in fuel consumption and cost. [1] So, antifouling paints are needed
to reduce fuel consumption, but the environmental implications of antifouling biocides have been well-known.[2,3] Thus,
antifouling should be reduce biofouling from marine organisms simultaneously with lowering to use the amount of biocides.

Biocide booster, as functionalized non-toxic substances, also can help reduce using biocides.
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Studies of Marine bacterial inhibition of tourmaline
for Anti-fouling coating

HUANG XIAO, Dong Uk Lee, Min Young Shon, Myung Jun Moon"

Pukyong National University

Tourmaline has unique electrical properties that originated from its crystal structure, such as pyroelectricity, piezoelectricity
and emission of anion. These properties can derivate the making of feeble current around 0.06 mA. This weak current
enables to electrolyze seawater continuously and results in the sodium hypochlorite, Cl,, HCIO and CIO" made on the
surface of the coating, these strong oxidants are toxic for the marine bacterial with this inhibit the bio-activity and the
attachment of marine bacterial. In this paper, six kinds of tourmaline were tested for the filling materials of antifouling
paints. By measuring the properties of tourmaline samples such as FT-IR, SEM, Particle size, X-ray fluorescence analysis
and utilized colony-forming units evaluated the impacts of tourmaline mineral on inhibition of marine bacterial. The results
indicate that tourmaline can restrain the growth of marine bacterial. It predicates the application potential of tourmaline in

new non-toxic marine antifouling coating.

Keywords: Tourmaline, antibacterial, marine antifouling coating
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High mechanical properties of PVA/CNF blending
membrane with superior pervaporation dehydration
performance in Hexane diol/water feed system

HyeonTae Shin', Shlvshankar Chaudhari', KleYong Cho',
MyungJun Moon', MinYoung Shon"

'Department of Industrial Chemistry, Pukyong National University,
San 100, Yongdang-Dong, Nam-Gu, Busan 608-739, Korea

Poly (vinyl alcohol) (PVA) has been widely used in pervaporation dehydration of various solvent, because of its
hydrophilicity, film forming property, robust and high chemical resistance. A critical barrier to their use is a lack of sufficient
mechanical properties. To overcome this problem, this work was devoted to reinforcement of polyvinyl alcohol (PVA) using
cellulose nanofibers(CNF). PVA-CNF blending membrane showed that incorporation of even small amounts of nanofibers
(as low as 2% by weight) had significant effects on both the young modulus and tensile strength of PVA films. Additionally,
PVA/CNF blend membrane showed low swelling degree in 75/25 Hexane diol/water feed system. Samples with higher
concentrations of nanofibers showed improved mechanical properties attributed to a high level of interfacial adhesion and
good dispersion of fibers in PVA polymer chain. As CNF have hydrophilic functional group, therefore compared to neat
PVA membrane PVA/CNF blend membrane exhibits lower water contact angle. In pervaporation separation output with
75/25 Hexane diol/water at 50 °C, showed that PVA with higher CNF content of blending had higher flux () with negligible
difference separation factor was observed. From all the experimental data, it was concluding that, PVA/CNF blend

membrane had a high mechanical strength, durability and good pervaporation dehydration ability in terms of flux.

Keywords: Pervaporation, Poly (vinyl alcohol) (PVA), Cellulose nanofiber, Hexane diol
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Pervaporation separation of ternary feed mixture
containing epichlorohydrin/ isopropanol/water using
graphene oxide incorporated polyvinyl alcohol-tetraethyl
ortho silicate coated on alumina hollow fiber membrane

Shivshankar Chaudhari', HyeonTae Shin', KieYong Cho', MyungJun Moon',
MinYoung Shon"

'Department of Industrial Chemistry, Pukyong National University,
San 100, Yongdang-Dong, Nam-Gu, Busan 608-739, Korea

Graphite nano powder oxidized to the prepared graphene oxide nano sheet and they were incorporated in to the polyvinyl
alcohol (PVA)-tetraethyl orthosilicate (TEOS) solution. The GO-PVA-TEOS solution coated on the surface of nano
porous (AHF) membrane. The GO nano sheet was characterized by using the FTIR, XPS, TGA, EA, XRD and FE-SEM
techniques. The pore size and element composition on the AHF was determined by using the FE-SEM and EDS techniques.
The coating thickness of GO-PVA-TEOS membrane layer on the AHF was measured by using the FE-SEM analyses. FTIR
analysis of the membrane performed to the confirm the condensation reaction between in the PVA and TEOS. Pervaporation
dehydration of ECH/IPA/water was conducted at various operating condition by using the with or without incorporated
PVA-TEOS AHF membranes. In pervaporation out, quantitatively with addition of GO from 0 to 1.5 wt.% GO in the PVA-
TEOS, the flux declined from 0.17 to 0.09 (kg/m’h) and while separation factor increased sharply from 1450 to 4844 was
reported with feed consist of ECH/IPA/water (50/30/20, w/w, %) solution at 30 °C. While increased of temperature of feed
temperature, 1.0 wt.% GO incorporated membrane showed superior performance compared to the pristine PVA-TEOS
membranes. In long term pervaporation stability evaluation of 1.0 wt.% GO membrane, the separation efficiency remained

constant while increasing the flux was reported.

Keywords: Pervaporation, Poly (vinyl alcohol) (PVA), Graphene oxide, surface coating, Epichlorohydrin.
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Hydroxyapatite-Doping on Na-W-Mn/SiO, Catalysts
for Oxidative Coupling of Methane
ByunglJin Lee', Jae Hwan Lee', Geun-Ho Han', Kwan-Young Lee"

'Department of Chemical and Biological Engineering, Korea University,
145, Anam-ro, Seongbuk-gu, Seoul 02841, Republic of Korea

Since the recent shale gas boom, the price of methane has remained low, which makes gas chemistry for production of
light olefins using methane more competitive. Considering its massive reserves, a route for converting methane to valuable
chemicals is meaningful, and it has been extensively investigated [1]. Oxidative coupling of methane (OCM) is used to
directly synthesize C2 compounds, such as ethylene (C,H,) and ethane (C,H,) from methane. In the OCM reaction, high
operating temperature (above 700°C) and suitable catalyst are required to activate extremely stable methane. Regarding
OCM catalyst, sodium-tungsten-manganese supported on silica (Na-W-Mn/Si0,), first reported by Li et al., is the most
active catalyst, achieving methane conversion and C2 selectivity of 37.7% and 66.9%, respectively [2]. Despite high
activity and stability of this catalytic system, the mechanism and characteristics of these catalysts are still not clear, but
appropriate composition of each metal loading for maximum C2 yield has been suggested as 5 wt.% Na,WO, and 2 wt.%
Mn on SiO, support. Hydroxyapatite (Ca,,(PO,),(OH),; HAp), a non-stoichiometric calcium phosphate ceramic with a
Ca/P molar ratio of 1.67 or less, has attracted attention as a promising OCM catalysts due to its thermal stability and ion
exchange characteristics. Also, there are two kinds of oxygen species in HAp, phosphate (PO,”) and hydroxyl (OH") groups.
Particularly, it was reported that hydroxyl group in HAp is active site for oxidative dehydrogenation of alkane [3]. In this
study, to enhance the ethylene selectivity, doping of hydroxyapatite (HAp) with phosphate group (PO,”) and hydroxyl group
(OH) as oxygen species was applied to Na-W-Mn/SiO, catalyst.
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Synthesis of Spherical Micro Silicone Resin

F99, ¥, o2
3} Y E e/ RIC

Synthesis of Spherical Micro Silicone Resin

Young Tak Joo, Seung Han Woo, Chul Woo Lee*

Dept. of Chem. and Biological Eng./RIC, Hanbat National Uniyv.
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Development of Microneedle Manufacturing Process

Young Tak Joo and Chul Woo Lee*

Dept. of Chem. and Biological Eng./RIC, Hanbat National Uniyv.
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Controlled synthesis of TiO,-supported PtRe bimetallic nanoparticles for

selective hydrogenation of carboxylic acids to alcohols

Kim Han Ung', and Jungho Jae"

'Pusan National University

Hydrogenation of carboxylic acids is an important organic reaction for the synthesis of alcohols, aldehydes, alkanes, and
so on. Selective hydrogenation of carboxylic acids to alcohols is particularly important because alcohols are useful and
valuable chemicals. However, the selective hydrogenation of carboxylic acids is difficult due to the low reactivity of the
carboxyl group and the acidic property, which require the rational design of catalysts. To date, various monometallic (e.g.,
Ru and Pt) and bimetallic catalysts (e.g., PtRe, RuRe) have been investigated for the selective hydrogenation of carboxylic
acids with various carbon numbers and heteroatoms [1]. In this study, the effects of the catalyst preparation method on the
physicochemical properties of PtRe/TiO, catalysts and their catalytic activity for the selective hydrogenation of acetic acid to
ethanol were investigated. In order to produce highly dispersed bimetallic nanoparticles with uniform sizes and composition,
we employed the catalytic reduction method, in which Pt-Re bimetallic catalysts are prepared by a surface redox reaction
between hydrogen activated on Pt/TiO, and the perrhenate ion, ReO, [2]. For comparison, three different methods are used:
1) in-situ catalyst reduction, 2) ex-situ catalytic reduction, and 3) conventional wetness impregnation. The prepared catalysts
were characterized by HR-TEM, STEM with EDX mapping, in-situ XPS, and H,-TPR measurements. The catalytic activity
for hydrogenation of acetic acid were measured in liquid-phase using a 80 mL batch reactor. Overall, it was demonstrated
that in-situ catalytic reduction method enables the formation of highly dispersed bimetallic PtRe nanoparticles with high

selectivity for the hydrogenation of acetic acid.
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Synthesis of Quinoxaline Derivatives Conjugated Polymer
for Enhanced Polymer Solar Cells Performance
Ratri Puspita Wardani', Ho Cheol Jin’, Joo Hyun Kim’, Dong Wook Chang'*

'Department of Industrial Chemistry, Pukyong National University,
*Department of Polymer Engineering, Pukyong National University

Two quinoxaline-based conjugated polymers were synthesized using the Stille coupling reaction for the photovoltaic
application. To construct donor-acceptor type conjugated polymers, the electron-donating indacenodithiophene (IDT) and
indacenodithieno[3,2-b]thiophene (IDTT) were linked to the electron-accepting quinoxaline unit, in which dimethylamino-
substituent was incorporated into the side chain of the quinoxaline to afford PIDT-QxN2 and PIDTT-QxN2, respectively.
The inverted-type device with the configuration of ITO/ZnO/Polymer:PC,,BM/Mo0O,/Ag was fabricated to observe the
photovoltaic properties of the polymers. Owing to the more extended conjugation length, PIDTT-QxN2 exhibited the
enhancement in the overall device performances than PIDT-QxN2. Hence, this study presents a comprehensive overview of

the correlation of polymer structure design and the photovoltaic properties for polymer solar cells.
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Recycling of ondol pipe using supercritical extruder

Hwan Gyu Lee"’, Ho Gyu Yoon’, Hang Kyu Cho’, Seong Kyu Bae*, Soon Man Hong'"

'KIST, *Korea University, *Fineapple Corp, *Dongmyung Co., Ltd.
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Development and optimization of photoelectrochemical
solar energy conversion and storage system

Hyunju Go', and Yiseul Park™

'Pukyong National University, Pukyong National University

As an alternative to the photoelectrochemical water splitting for use in the fuel cell used to generate electric power, this
study set out to develop a solar energy rechargeable battery system based on photoelectrochemical reaction.

The Solar-Powered Electrochemical Energy Storage (SPEES) system is a system that combines a photoelectrochemical
cell for solar conversion and an electrochemical cell for electron storage, and can convert and store solar energy at the
same time. The photo conversion efficiency, the storage capacity and the cell voltage are determined according to the
photoelectrode, storage electrode and the electrolyte which are the components of the SPEES system, so that their selection
and combination are important.

In this study, a photoelectrode capable of absorbing visible light was introduced to improve light conversion efficiency,
and two types of storage electrodes were compared to improve the charge capacity of electrons. This system also exhibits a

superior storage ability, maintaining its specific discharge capacitance without any self-discharge.
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A study on the pyrolysis of lithium carbonate
for conversion of lithium hydroxide from lithium carbonate

Jae-Eun Park', Tae-Seong Kim', Min-Hwa Park', Hyeong-Jun Seo', Dae-Weon Kim’, Bo-Ram Kim’, Hee-Lack Choi'
g

'Departmenet of Material Science & Engineering, Pukyong University,
*Institute for Advanced Engineering, Advanced Material & Processing Center,
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The association between lithium concentration and
ecological toxicity in lithium-contained waste liquid

Dae-Weon Kim", Yun-Ho Jin, Bo-Ram Kim
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Preparation of high purity lithium carbonate by
recrystallization of low grade lithium carbonate

Dae-Weon Kim', Bo-Ram Kim', Sung-Ok hwang’, Soo-Hoon Jung’, Dae-Hoon Yang’

!Institute for Advanced Engineering, Advanced Material & Processing Center, ’GM-Tech Co., LTD.,
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Multiscale computational investigation of all-silica zeolites
for simultaneous removal of H,S and CO, for
natural gas sweetening

Jaehoon Cha, Seongbin Ga and Yongchul G. Chung’

School of Chemical and Biomolecular Engineering, Pusan National University
, Busandaehak-ro 63beon-gil 2, Busan, 46251, Korea (South)

Despite the recent surge in the production of natural gas in the North American and the World Wide, a significant portion of
the global gas reserves continues to remain untapped due to the sour nature of these reserves due to the high concentration
of H,S and CO, in the produce natural gas. Removal of H,S and CO, is typically carried out based on the amine-based
absorptive separation, followed by a Claus process. Still, the high concentration of H,S makes the separation uneconomical,
which calls for the development of new and innovative approaches to separate the high concentration of H,S and CO, from
the natural gas.

Toward this end, adsorptive separation based on zeolites has been proposed in the literature to achieve separation of H,S or
CO, from natural gas by Shah, M. S. et al. [1],[2] In this work, we explore the idea of layering the adsorber with different
zeolites to achieve the simultaneous removal of H,S and CO,. For this purpose, we combined process-level modeling with
the high-throughput grand canonical Monte Carlo (GCMC) computational screening on experimentally reported all-silica

zeolite database.
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Derivation of optimum Conditions through
Thermodynamic Equilibrium Calculation of Biogas Steam
and Carbon Dioxide Combined Reforming Reaction

Ji-Hyeon Gong', Jin-Hee Kim', Min-Ju Kim', Chang-Hwan Lee', Jee-Eun Kim', Won-Jun Jang "'

Kyungnam University, Department of Environment and Energy Engineering’
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Optimization of Ni-based Catalyst over Deoxygenation
Reaction for Biofuel Production from Low-Grade Oil
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A study on the development of scrubbers for the treatment
of sulfur oxides and nitrogen oxides in diesel engines

Byung Hyun Park, Jinsik Choi, Hyun O Kim, Ju Yeol Lee, Hae Gi Kim, Sung Hyun Jo

ANYTECH. Co., Ltd.
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Study on demonstration of wet scrubber for ships to treat
sulfur oxides in diesel engine exhaust gas

Byung Hyun Park, Jinsik Choi, Hyun O Kim, Ju Yeol Lee, Hae Gi Kim, Sung Hyun Jo

ANYTECH. Co., Ltd.
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Dispersion of ITO Nanoparticles Synthesized by
using Clean Process

Sung-Jei Hong

Korea Electronics Technology Institute
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Physical Properties of Fe,O, Nanoparticles Synthesized
by Using Fe(NO;),
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*Hanchung RF Co. Ltd.
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Influences of molecular sizes on biological properties of
collagen-alginate sponge
Ho Cong Truc', Vikash Chandra Roy', Jin-Seok Park', Sung-Yeoul Kim', Byung-Soo Chun '*
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Alginate, a linear polysaccharide, is mainly found in marine algae and bacteria. Alginate has numerous biological effects
such as anti-aggregation effect, anti-inflammatory effect, and improved protection against pathogen infection. Collagen is
known to be the most promising materials and has been found diverse applications in tissue engineering for their excelletn
biocampatibility and biodegradability. Recently, collagen and alginate have been combined to produce a sponge that could
be applied in the medical field. However, there have been no studies about the influences of molecular sizes of these two
biopolymers on the biological capacities of the sponge. Therefore, in this study, sponges made from collagen and alginate
with different molecular sizes were formulated using the freeze-drying technique and examined the biological activities.
The reduction of alginate molecular sizes was done using subcritical water hydrolysis as advanced green technology.
The temperatures were set at 120 °C and 130 °C; the concentration of alginate in distilled water was 3%; hydrolysis
time was fixed at 30 minutes; the system pressure of 50 bar was kept constant using both nitrogen and carbon dioxide
gases. The hydrolyzed alginate was analyzed about physical properties including viscosity, color, and average molecular
weight using gel permeation chromatography; antioxidant capacity such as FRAP, hydroxyl radical scavenging activities.
After hydrolysis, the molecular sizes of alginate significantly decreased and ranged from 23 to 250 kDa. Viscosity of the
hydrolysates also decreased due to the decrease in its molecular size. The color of the hydrolysates became slightly dark as
compared with the original alginate. The sponges of collagen and hydrolyzed alginate were successfully prepared and they

were examined in terms of medical application.

References
1. Truc Cong Ho, Myoung Hwan Kim, Yeon-Jin Cho, Jin-Seok Park, Seung Yun Nam, Byung-Soo Chun, “Gelatin-sodium
alginate-based films with Pseuderanthemum palatiferum (Nees) Radlk. freeze-dried powder obtained by subcritical water

extraction”. Food Packaging and Shelf Life, 85(3), 514-521. (2020).
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Pressurized Hot Water Extraction and Characterization of
Bioactive Compounds from The Byproducts of Sea Urchin
Stomopneustes variolaris.

Weerathunga Arachchige Shiran Chamika'?, Truc Cong Ho', Vikash Chandra Roy',
Jin-Seok Park', Seung-Chan Lee', Byung-Soo Chun"

'Department of Food Science and Technology, College of Fisheries Sciences, Pukyong National University, Busan
48513, Republic of Korea. ’Department of Fisheries and Marine Science, Faculty of Fisheries and Ocean Sciences,
Ocean University of Sri Lanka, Mahawela Road, Tangalle, 82200 Sri Lanka.

Sea urchin gonads are a high-priced delicacy across Southeast Asia. These gonads make up a small portion of the total body
mass of sea urchins. The remaining parts, like the shells, spines and viscera are discarded as waste. Recent research has
used conventional extraction techniques to demonstrate the bioactive potential of these sea urchin byproducts, including
anti-oxidant, anti-microbial and anti-inflammatory activity. However, green extraction techniques less applied to sea
urchin byproducts. Pressurized hot water extraction (PHWE) is a green technique that can recover bioactive compounds
like phenols, flavonoids, polysaccharides and proteins. This study used PHWE to extract and characterize the bioactive
compounds of the byproducts (shells, spines & viscera) of the sea urchin Stomopneustes variolaris. Extractions occurred
at four temperatures (110 °C, 150°C, 190°C and 230°C). Total phenolic content (TPC), flavonoid content (TFC) and
antioxidant activity (ABTS+ and DPPH assays) were analyzed according to the methods described by Ho & Chun (2019).
According to the results, the highest TPC (9.38 = 0.15 mg GAE/g), TFC (3.33 + 0.02 mg RE/g) and antioxidant capacity
(ABTS=98.92 + 1.27 %, DPPH=68.84 + 7.91%) were present in the viscera extracted at 150°C. Optimum extraction
temperatures were 150°C for viscera and spines and 190°C for the shells. Bioactive compound recovery and antioxidant
capacities differed significantly between the byproducts and according to extraction temperatures (p< 0.05, ANOVA, SPSS-

18). These results suggest PHWE’s strong potential as a green solvent for extraction of sea urchin byproducts.
Reference

1. Ho, T. C. and Chun, B, “Extraction of Bioactive Compounds from Pseuderanthemum palatiferum (Nees) Radlk. Using
Subcritical Water and Conventional Solvents: A Comparison Study”. Journal of Food Science, 84(5), 1201-1207 (2019).
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Anticoagulant activity of sulphated polysaccharide
extracted from oyster mushroom (Pleurotus ostreatus)

Amellia Dwi Rizkyana', Ho Cong Truc'?, Vikash Chandra Roy', Jin-Seok Park', Hee-Jeong Lee'’, Byung-Soo Chun '*

Department of Food Science and Technology, Pukyong National University, 45 Yongso-ro, Nam-gu, Busan 48513, Republic of Korea
*Institute of Food Science, Pukyong National University, 45 Yongso-ro, Nam-gu, Busan 48513, Republic of Korea

Recent years mushroom polysaccharides have been studied due to their bioactive compounds and highlighted as alternative
sources of anticoagulant agents. Polysaccharides from oyster mushroom (Pleurotus ostreatus) was extracted using subcritical
water extraction (SWE). The principal experimental variables investigated at several temperatures ranging from 120 to
180°C, 30 bar, and reaction time 20 — 50 minutes. Polysaccharides were purified using ethanol 95% and precipitate was
collected by centrifugation, wash thoroughly with distilled water and finally lyophilised. The optimal SWE conditions were
at 180°C, 20 minutes and 20 gram of powdered sample and it showed the highest yield produced from the extract. Then the
chemical modification to produce sulphated polysaccharides so that enhance the biological activity was carried out under the
optimized extraction condition. The modification was confirmed by FT-IR and NMR analysis, and sugar compounds were
identified by HPLC and TLC analysis. B-glucan content in both native polysaccharide (PN) and sulphated polysaccharide
(PS) was measured using the Megazyme assay kit. The sulphated polysaccharides were elucidated by FT-IR spectra with
the peaks of sulfite groups seen at the wavelength 796, 1223, 1379 nm which are not shown in PN. In vitro anticoagulant
properties of PN and PS were evaluated by studying the activated partial thromboplastin time (aPTT) and prothrombin time
(PT). PS prolonged time of coagulation reaching around 10 times higher compared to the PN in concentration-dependent
manner. These results suggest that anticaogulant activity of oyster mushroom extracted by SWE can be enhance by

sulphated modification.

References
1. Telles, C. B., Sabry, D. A., Almeida-Lima, J., Costa, M. S., Melo-Silveira, R. F., Trindade, E. S., & Rocha, H. A. (2011).
Sulfation of the extracellular polysaccharide produced by the edible mushroom Pleurotus sajor-caju alters its antioxidant,

anticoagulant and antiproliferative properties in vitro. Carbohydrate Polymers, 85(3), 514-521.
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A study on the surface characteristics control of anode
porous transport layer for PEM water electrolysis
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Rational screening of high-yield itaconic acid producer by
Aspergillus terreus and statistical medium optimization

Wooshik Shin'’, Jachoon Cho'

'Korea Institute of Industrial Technology (KITECH)

Industrial strain development is an empirical skill because the specific biochemical and genetic metabolism are only poorly
understood in some cases. Despite this, it is possible to approach efficiently by the cell physiology using ration screening.
Rational screening strategies were applied for the development of high yielding mutants of itaconic acid in Aspergillus
terreus. Itaconic acid, a dicarbonic organic acid, used in the manufacture of various synthetic resins. For mass screening of
high yield producer mutants of itaconic acid, miniaturized fermentation methdos were developed using 12-well microplates
for both growth and production cultures. It was found that the producer’s morphology should be dense filamentous forms
in the growth cultures for higher production of itaconic acid. Under these growth conditions, a morphology of optimum

size(less than 0.5mm in diameter) was successfully induced in the microplate production cultures.

120



E - Poster: & itt

wA=287] H9 vhol et Heksd AN
Al o,ql’ Z:XH—EI*

P e §

R St Y

Development of Biodiesel production using Crude QOil
separated from Food Waste

Wooshik Shin', Jachoon Cho"

'Korea Institute of Industrial Technology (KITECH)

With population and living level on the increase, it has led to a higher demand of foods because they provide essential
nutrients and energy for everyone’s activities required. Food waste is generated by about 16,000 tons/day, of which about
3-5 percent is crude oil, resulting in about 600 tons/day food waste oil (FWO). FWO represent a renewable resource for the
production of fuel oils and alternative feedstocks in replacements of petroleum-based chemicals. FWO (edible + non-edible)
mostly consist of triacylglycerides (more than 95%), which are composed of different fatty acids. Due to its chemical
features, recycling of FWO provides a renewable feedstock for producing biodiesel. In this study, we wanted to develop
biodiesel production process technology by conversion process that combines enzymes and chemical catalysts to use waste

oil separated from food waste as biomass resources.

121



Perhydro—dibenzyltoluene< ©|£3F A& &4 3} Hl-S-0]| 4 9
3 Sl e ek A7} 3 7 47

Fae Ay Fuzt e a9, FUAHE gof ouAder tR7|7F W ofFril dEA U,
7154 SHA(LOHO)E AFEalE S48 SHUTH AHlE A% B gito] 7lsele] H2 ge A} 1gsw
Itk ol AFSIEIT Q= dibenzyltolueneDBT)E B o] 448 A4risel, b=l B4E 714D
o] S8 AsRzt] A1), shT DBTE B44sbh ofgli, 200 ol4e] neoH AgHma 2}
B E O] MAo] RFE %6‘}7] Hsted, vlA A2 2791 270%0f A perhydro—

S ezl oleat BEe
BYS TP Sl Akl AgeknA Sk B AFAE 71E e Pt SulolA
Yujste] 43| Pdo] EFH Pt ZuhS AZFHOm, 270%014 perhydro-DBTE] B42:8 uhgo] Agaheict,
2709] Whe2ANA A2 ul%o] P-Pd S0 78,5%9 Y4ASEES Lreel, 71 Ba[8leld Bus Pt
S 2] 24 (5. 0%)01t B Ao A23 PrEule] 24(52,8%) ek S4a ol 22 vehict,

1. Bulgarin A. et al., “Purity of hydrogen released from the Liquid Organic Hydrogen Carrier compound perhydro
dibenzyltoluene by catalytic dehydrogenation”, Int. J. Hydrogen Energy, 45, 712-720, (2020).

2. Modisha, P. M. et al., “Analysis of reaction mixture of perhydro-dibenzyltoluene using two-dimensional gas
chromatography and single quadrupole gas chromatography,” Int. J. Hydrogen Energy, 43, 5620-5636 (2018).

3. Bruckner N. et al., “Evaluation of Industrially Applied Heat-Transfer Fluids as Liquid Organic Hydrogen Carrier
Systems® ChemSusChem, 7, 229-235, (2014).
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Property measurement and composition optimization of
novel blended absorbents for membrane contactors
Hyun-Ji Lim", Kwanghwi Kim"?, Jo Hong Kang’, Ho-Jun Song™", Jin-Won Park’
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749, Republic of Korea
? Korea Institute of Industrial Technology (KITECH), 55 Jonggaro, Jung-gu, Ulsan, 681-310, Republic of Korea

Absorption is widely used method for separating CO, from the exhausted gas at the emission source. Mainly, they are used
in packed column to react with exhausted gas to capture CO,. However, the packed column facility occupies large area and
has low efficiency contacting between aqueous absorbent and exhausted gas. On the other hand, the membrane contactor-a
novel type of reactor-the area can be minimized and contacting can be increased due to high specific surface area. In coal-
fired power plants, MEA(monoethanolamine) is mainly used to absorb CO,, but it has drawbacks such as degradation and
low cyclic capacity. In recent years, research on the development of various absorbents other than MEA has been conducted.
In this study, cyclic capacity performance was increased 40 % or more by adding an additive to the amino acid salt. The
composition of absorbent was optimized by CO, screening, measurement of contact angle and surface tension. As a result,

an efficient amino acid salt-based CO, absorbent applicable for membrane contactor was derived.
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Computational Investigation on the pH Sensing Mechanism
of Edge-functionalized Graphene Quantum Dots

Bai Amutha Anjali and Yongchul G. Chung’

School of Chemical and Biomolecular Engineering, Pusan National University,
Busandaehak-ro 63beon-gil 2, Busan, 46251, Korea (South)
*Corresponding author: greg.chung@pusan.ac.kr

Graphene quantum dots (GQDs) have attracted enormous attention as emerging carbon nanomaterials owing to their
unique chemical, electronic, and optical properties, which makes them an excellent candidate for bio-imaging, sensing,
and photovoltaics. Recent experimental works show that the excitation-dependent emission properties of the GQDs could
be tuned based on size, chemical doping, and edge-functionalization, which is critical for a broad range of pH sensing
materials. However, the underlying electronic mechanism for pH sensing remains to be poorly understood.

Toward this end, we combined density functional theory (DFT) and time-dependent DET (TDDFT) calculations to elucidate
the underlying pH sensing mechanism for the GQD systems. We carried out large-scale DFT and TD-DFT calculations to
evaluate the electronic properties (such as bandgap, pKa, and oscillator strength) of different edge-functionalized GQD

structures.
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FCC Lighit Cycle Oill2%-¥ 114§ BTX AZXE 3 +H L3
Zojg Ageiols 24 % 54 A

-

oA, WA, eAF, o F

Foprfepin 2}3p33))

E2E, A, AR 2 S84 59 Fag AREel 72 429 WA, 27 2 AYd (BTX)= i EA
WE 9 Fital FAollA AT B33 FCC(Fluid Catalytic Cracking) 378014 tigFe g FAbE = LCO=
o4 By MY S ko] oF 80%E wi- =il 3, Aa AR ko] Eof AR AMEE 4= glom F2
A AR AE 2EgoR AT 9tk a2y AAAER FHEAR T ARF] a7t A ez
oo} LCO%F -2 thehdaf= ghdol w2 s 1L57F BIXO &2 ek dalpas Aese S 34
71&9] ko] 8E|T 9tk ¥ Ao AE AP Hydrotreating(HDT) 27} ® LCOE AME3l] BIX &S
EY 5 Qe AR S §4S A7t LCO 59 WIS sbed) #4F 7] #3#7F Wol H-ZSM—5¢}
H-Beta®] 30l Wl£7]5& 2= H-Y(USY) A&l ES o8 A7 &3 AlZeolES 3 E8 &
AP R ARESEYICE TS & FA glRFo] thE HDT-LCOS| A4S BARE nd u|=8 ARgste] vhgEo] Zi
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Calcination properties of cement raw meal on oxidizing-
reducing conditions in a tube furnace with simulation of
cement calciner

Ki-Yeon Moon', Moon-Kwan Choi', Jin-Sang Cho'*, kye-Hong Cho'

'Korea institute of limestone and advanced materials

AHIE Abdo] AaAehs wiEd 52 e thddh 342 A8 A AR AR AR 7|1
AERHEES THY = Sl AR/ 7ke] B2l Aaibehs wiE 274& 1eglE o Yi-2%= 700~900C
Y calcinerd] H854o] ¢42 ACR webdry ol calcinere £ UREdo] F25 S, G4
o] Fol XBE= AEe R £4RS17] wstel] met 25 IRl AMIE SH 7S] FA & v 5 9]
mzel, Aaitshs ST A dao] AME 979 HF S 9FE vAA A= HH 22 =E0
a7t

E:

olof & Aol A= calciner?] YAREAE, EHFA, YAAIF Al 52 HARRE FEHEE AlZbstal, 2 AgikEed
AHE SA] FASHTL golgt 2F AR AS EEotaA; ot ojuf, 2 *P@r/ o E97]+= MFCE
23] O, I N,7FAE A5F FQJsto] 243t o, FQYR ] Hebibs ZANE B3l 24 2A41S st

i
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Stabilization Treatment of Coal Fly Ash for Industrial
Utilization

Young Jin Kim', Jin-Sang Cho', Kye-Hong Cho""

'Korea Institute of Limestone and Advanced Materials

ola¥sleta(Carbon dioxide, CO,E B ARS] Agox Qo) MEEE EA LA An, A7edsle] e

glolo® oeiA olrk, ALukslel] mke 7| FHslE oAjsly) $is) A AlAHeR FR AR AL e, o,

Wi A 98] odR] dok 7%, Al W Berlé o dvE ANED ok S FRelHE 2030
Al

SAZFA W E AR o] 37%3 AEshe 515 AAsHEoH, st W4lel Co, A7t A5 Adstal Qlch,

COE AZtsl7] 95t A+ 5 = 24k (Mineral carbonation) 7]&-2 %ﬂc’ﬂﬂﬁii COE HAIA A7|H o=

A7} 7Fsstal o7 LE'E CO,7} TEE]X] o= B4l At HFAHoRE PR s AR =2 A8 A,

AHE A 9 FRIE 5 thekdt Aol 8ol 7Hadt A0R dejx glo] A&HHoR AtE L St 2]
H

FEHieks 37 COE 2w, mtidls sol 23 4t Fao] T3 ASel Fdshe B, ol 4t F=

EL ey AR RARRS T U B4 59 S AT F AR HeERE Fol Baist sk o] gk,
AT S W AclAl AR Mubio] SIS B 2§3tel CO, M W QPYE S4S Selstirt
S AR AElsh 2RSS BUSHE TR ERE ARS diel COE FUAA BAIet Helshs 34 BAR

AaEE i o 7t Wt CaCO,9| peak?t AAF S71ekes Aoz I 2t

% CaCO,9| Agdeol F7t=lo] yehd 2dxt= skt Aol 23He Ca—A 24 o= 71 4449 a4}
Q—XRD & AAtste] ghitel Ae] Aut $9] b HskE gelst dx, sl EAS
Ca(SOyola o, & g+ 30, 40, 50 wt%dl 27 oA 2] CaCO,2] 3= H3k= & Zfol7} fle= A

o] A= 20209 %= AFYSAAAAT 9 A7 e H 7R A (KEIT) M) Aol 2fjt A+-4(20010616)

1. Han, K. W., Rhee, C. H., and Chun, H. D., “Feasibility of Mineral Carbonation Technology as a CO2 Storage Measure
Considering Domestic Industrial Environment,” Korean Chem. Eng. Res., 49(2), 137-150 (2011).

2. Kim, B. H., Kang, P. S, Yoo, S. K., “Characteristics of Capture for High Concentration CO, at Carbonation of Alkaline
Sorbent,” J. of Korea Society of Waste Management., 33(3), 257-264 (2016).
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Study on Hydrodynamic characteristics of a 0.1 MWth-
scale CFB cold model

Kwangrae Kim'?, Changwon Yang'”®, Jaeyong Jeong"’, Byungryeul Bang"’, Uendo Lee"”

'Korea institute of industrial technology (KITECH),
’Kwangwoon University, "FEP convergence R&D center corresponding author : uendol@kitech.re.kr
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(circulating fluidized bed boiler)= thoFst AR E &85} 800~900CE H|WZ F&
2:3F 9 A3AE 53 dar W Ay g9o] 7hedt Mgk W] ojtHl], &% f55

0 FAHE o] &k AAl B olA
71 woH2]. ol& S8 AEgt
WA (cold scale model)7F E-8-= o] Fom, o]&
) = 2 ATE 4= 9t &2 dAolA= 0.1 MW,
2 sty EAL Aujal 3719 Balere ) maks AL AxH(parameter)9F AlFRE
(W78 150mm, o] 10m) 12ji AA &8 65 A27|9 98 63 F9 AHeE=
(bed material) S22 Glicksmano] AFeE AAPHAE AgSto] 1/4 w2 =4 AAE W1t AA &
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Optimization of flow sand and limestone PSD and
pollutant emission of CFB boiler using machine learning

Jongduck Kim' Kwangrae Kim"* Hyoungryun Choi"’, Jaeyong Jeong"’,
Changwon Yang'"®, Byungryeul Bang"’, Uendo Lee"’

'Korea institute of industrial technology (KITECH), *Inha University,
*Dongguk University, ‘Kwangwoon University,
’FEP convergence R&D center *corresponding author : uendol@kitech.re.kr

#3553 (Circulating Fluidized Bed) 2] dAa7|&S Awt 9o thefst AR (Aol +UsHA &
o|QuA F)o] A AaTt 7hsshal BlaA w2 AL E(Y00T)E SOx, NOx HiE=F #7to] ol 187
aAoltl], & AtolA= IEA-CFBC HElZ AREsto] ¢ 371, 249 &%, A& Jad(dd 2 434
olgk) Sof w2 9 AEA ujEe SEAF U 43|49 OIE—r—i(PaI‘tlcle Size Distribution)& &3}7] 3
7S A8kt et FYU(20kg/s~T5kg/s), Ca/S H&(0~4.2) 59 tgFet 27ollA Aa A

= FABAE S5l -3t SOx HiEF MAIYEE &3l 713 SOx HH% = Hat 0.1299%2] A=
Booh 3 54 JERiEs Bt 0.2067me] LA EOlUﬂl Yol= By 24 270 Fg== S s

jus)
-

St AR F7HER. o] Qo NOx HE%, 42149 dmixo] tigh I o= &2 WAo 2 Jd538) &
it} 1-D CFB 2] F=X]al4 75‘4- HiRo = ‘E”EﬂolEie gl Aol we 2d3ghe =k HAEY
Sl e oS e T3 FASAol B8t AEE HlolEE At

24 872 513] %], ‘Clean Technology Fil8 o] &3ttt
L L. 355 U#(CFBC) WollA -2l 22 &4 Wt A, = A =i B e ke,
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&£3753 1YY 1D S 34 413 MATLAB GUI 24 7t
71:1_%]_3“14’ -THU:]U]IS’ o io]_%]_lj ;S]ZH‘Q‘LS, H“ﬁ%“’, o]%El.ST

Ll al ’ [e) [e]

Y A8 F YA RIS, e okl SR o1, olseyek 7] A5l
‘g3 B3} FEP § 99

Development of MATLAB GUI model for 1D numerical
analysis of circulating fluidized bed boiler

Hyoung Ryun Choi'?, J ong Duck Kim'?, Kwangrae Kim"*, Hyoun Min Kwon'”,
Changwon Yang"s, Jaeyong Jeong"s, Byungryeul Bang]’s, Uendo Lee"™'

'Korea institute of industrial technology (KITECH), *Dongguk University, *Inha University, ‘Kwang woon University,
’FEP convergence R&D center 'corresponding author : uendol@kitech.re.kr

cEES HAle weAteh AR ASAIet A =ftele A RESSH, E71ek ERAIL H9E Sl
FYAA dxsh7] fZo] SOx, NOx 5 Ld3=d vias A 2 & Sle A4 wddvlold, & A+l
cges 2 WY 1D A8 e el Ad d7=FE JHdE Fortran 7|9 IEA-FBC 2d&

MATLAB GUI(Graphical User Interface) I 2 AG-3A5}9ct MATLAB oS AFRSto 244, T2 780 2] U
HeE GolsHA 33 4= qlglen A=Al s +s517], 5ol gk &l 5 MATLAB WollA| Algdl= 71+ 43}
ot 7= B8oto] F7HAQl Yl A ot THASHA R 4 QlQlTE 2 Aol A ZiE MATLAB GUI 242
54 9 218 BYE, A= £ 292 7] Y=ol wet Ry ol HAss A AR, PSD(YE
BE) oY, L% U b SE 5o 95 B4 WSS 47 slo} shssich e, 4 AR T9EE Sestel
AASRE Sle] s, e Ul £AE B A 25 2R S P 5 U ek TSI
= d B7t 7% & GUI BY o T o Aolt, 71 Qo= Hlo|gE AAskaL
75 Hrh dEotA AMESte] B gt tlo|E o] 7S WA 4= SISl & AollA e fssiAd R
Teyste] tike] Hde fEalAl dHolHE Ak, ofHe IS

3l AE B dlolEE 3 WAl 2 Sk HlojE 2 AR Aol
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Keyword: GUI (Graphical user interface), <3535 X U2{(Circulating fluidized bed boiler), 1D 42|34,
MATLAB, IEA-FBC 24
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Synthesis of Surface Modified Activated Carbon
Adsorbents derived from Waste Coffee Powder for
Adsorption Application

Jivull Kim, Donghun Lee, Yoon hee Kim, Yeongkang Yang, Dongseop Choi, Na Yeon Kim, Hyunsung Jang, Ji Bong Joo*

Department of Chemical Engineering, Konkuk University

2 Aw A FE7F AR AAske] wet An Yol A FRE s Zrketal Q) sHANE An YT
7Fs A 1%9] ofF A2 RF }%El UHA 99%= A7 WA, HA97 s AAEsH 2

o, of2 ot ZopllA ol HET 4 JUrh wFuRE g 7] frlER
fﬂ**%_o—?;ﬁ 28 - %E}. 2> g HG‘WHOM E—& H s = AAA FHold
AAE AZlolct, ELL
A g A Al

2
N
=1}
=
Jo
%’
ﬂié FUIE :10

o=
SgIROn, 94T FHAES T AL B st

s

2 A= 2020 AR (s Yoz s (20209 SHEAY Az 2 )0 2| Y-S whop
35 AFA(SBJ000034035), H A= vz apeto] Aoz st A o] 7] 2 AL AR YA (NRF-
2020R1A4A2002854) A €& wrol =35 ALY,

i

83

E

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 CO, adsorption
performance” New carbon materials., 34(3), 247-257 (2019).

3. Tiwari et al. “Adsorption of CO, on KOH activated N-enriched carvon derived from urea formaldehyde resin : kinetics,

isotherm and thermodynamic studies”, Appl. Surf. Sci., 439, 760-771 (2018).
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Core@Shell % Z1|& 0]£3}t Perhydro—dibenzyltoluene
Gas} olN o] A4 o) A7 A7

2] G ok(15.12)2 Al 71 SFFAAI(16.12) LR o] F ZEF A1 oy A] APatel w3t AE7F eP=|ar Qlet, shARE

Z12 22 o | A &2 —1451?:}57— U AN A = oAl A] Akl QloA] ofz] W7t EAse] SHY A o2 o|AE

saot7] ol Tho] EAR, olztt e S55H7] flal ol oy A AA7]wo] a0 53] $aF o83
AR A7zl et A7} Wol o]Fo| AL Qi

a8 AehE Wl 11 92, ol A%, LOHC § ofe] 7147k EAlehatl, 1% LOHCE olgsio] 448

A& =H 57.0 kgH,/m” (perhydro—dibenzyltoluene, © Xﬂ £249] OF 80%) 2] A4S AAE 4= 9t LOHC=
2 o A T A 9 @Rt SHAS 7RI QAL Z]Eol AREEAL Sl RIS A 2 2Rt

AZeE ARG 4= Qe ARlo] ARl

LOHCY] =43}t Hhgo= Wa(Pr)o] i w2 243 24T, e RE PtE oA 9 230 = Q=

sk Ae Addom o] gshe ol & =g <t o|23t Pto] & £017] flaliA vlid] A#stiA,

1__/\1__

¢

At e 7l ez 4 Aolas 7}‘#0]:21 ol-&3hd Pt& WA 7ol AR, 1%

7Ho]E(WC)= Pl vlseet S 4 7Hxl 542 Hig v 9t} o]o] WC@Pt core@shell UAS FH/ds}
Pto] HlE&2& S0l bulk Pt} vt &S 7HA= UH‘é‘ AR} g,
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Development of a Gliding Arc Plasma-Recuperative
Burner Reformer

June An', Ha Jin Kim', Young Nam Chun"

'Department of Environmental Engineering Chosun University

mehe Aerka] kol :, H97kA(shale gas), T EIH(coke oven gas), HlO| Q|4 Ei Aeh Fhxst
Fhsol EFEo] ek, Ea, o|Alsteials ulolorka Aio|w AR AHGTYAA AT 247140
HEb} o] AbslEA O] AHET|ee 7|E9] FHu) 48 XA (thermal thermochemical)¥ 1 9] A 7|&2
A7]2e}electro—chemical) 1%l et H7|skeba] Wi Fof sfuel Feh=nt AW (Plasma reforming)e
52 Fe(novel approach)®] A 7|48 we AYL 7121 ek dHA glon, 1 2 AeZet=uHnon—
thermal plasma: NTP)= A3} A 9+e] nfd= 27 (mild condition)o|A] &50] 7Hsste] of|z] vgo] 7]&
AR A3} wFAlo] vla] A7ko] 7sak] wiol Wekh} o|Akst B ATRS o5t Qb 7% 2 slutoltt A ARes)
o] AR T Q1= ZE7 A (auto—thermal reforming)S Zu FEASI| | 4£%7] 7§d £ o|Alslets 7|2
o] A ek, o] A thaF iAol ZFsT FHol ot Sof 5%, £37] A ulg S BAVE

ot} 0|2 S Z2al] YA o IEE YRL 7|%9] Afto] P asict,
2 AL Hge] FARS HAvkact olisteag FRE vlolertaE YR
I SOFC 28 AZ§ Zefzul-Zduy BRAs: 4842
& sotely] 915 W ATE SYstglon, 1 ATE oo 2o FIFUARE dEv 8T 4
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FgFol 27] wjZoll H,/COH|] 53] 44 AY =7}t 7jA = o %%‘-‘4 aFo] 7t
mpobgt Ak 74719 HA 2Rz 0,/CH|7E 0.69]
40L/mmol°*q o] EH | % 56%0°]1L A7k 0] H, 8w 36,7%°]1 H,/COB|= 1.

AR A7) 2ol 48 Fpseiche AL o 4 U5k

b
N
N

ox
2
o
N
_{F
)
i)
Z“g
oX,
rﬂ ol 4>
A
o,
mlo
Kl
o FN
i
rl
N
I
Jo
ot
o

o

A
o] EEL 2018W% HF (M) AUOE FIATAGY AU o £AH 7] 2ATLAY(NO,
2018R1DIA1B07040326)

140



3|

o
oA
mO
r

E —Poster: 15t

ufo] 22 gl 2 o] of3t uho] 27hA0] AR W3

Biogas conversion to sustainable energy by a microwave-
enhanced reforming

Ha Jin Kim', June An', Young Nam Chun"

'Department of Environmental Engineering Chosun University

Hpo| @ 7k A Al S84, A& 287], SAF 2, 83 59 d7]ado)A T EE Eg7tLolH, o]
Sof FFAMEE 45-75% CH,, 25-55% CO, 0-25% N,, 0.01-5% O, 12|11 H,S, NH,7} &% 355 o]
AU oluf WAS= wWEtyt ojibsltas AVFARA 7SR =8 U AR dEA Utk o]ef o]
Hpo] @ 7k A= A WA o] whef weka o] 4hebetax o] Blgo] GepA|al I 9] tefgt AREol A ErE ol
AUtk 28 AA7A HE2=Y FaaEel e dFs Bol AR EHLoY Hio] @A 0] A7 wE
nfolZZ o] B - EAol| et AG7F AQ] XFEA] gtom Aarr; Abdsof gt Ate A Fopi 7] ofF
2 oA vlo|euj AT} ErElE HFE nfo]ma R Yol Bta 484 (MCR: Microwave Carbon Receptor)®
sto] mpo]Am o] B 74 vlo|orkA A S-S wetsigit, 19jar ohekRt WY o 25 E A HiolertAE
FA] YA HAZ o]&5t7] flf Hiol kA FAJEQl Hgtal o]AlEtetA o] SHAdu] WEte| tigt HEAEALS
gokeleh. E3E, Blo] 7k SRRl Aalf Akt o] A= o] H ZjA e oj gt JIFS nlX|=Ttol| thEt 93
upolshlal 11 Ak oha A, wgrks AR A9 27| CH, Aghass 7 H AR Al 2ol what
Fargta Agor Qs 1 aso] At Hiolerks ARSI wiet) ojAkshekan]o] thgk A
fAer CO% s =7t 571 S o+ 5
Foll EAI7F =55]7] wfjZolth, ohek o] A H,/COH|7} ZAaE it Hio] @7k ShiAdel
G mpolaRE Efzut AYS SAAA SR 7159 SE7E SHEIL o]= Qs AgA
et 1 Bk iAol 9 o Wis CHARS] 2971 itk Hio] @ 7k 3 4
Aghgo] S7HE QAR BRo] @7t & 11 FETF 10%01 ST A 2F A8 e 4leRbso = 21|
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Vapor + liquid phase behavior for the carbon dioxide
+ 3-methoxy-3-methyl-1-butanol and carbon dioxide +
1-methoxy-2-methyl-2-propanol systems at high pressure

Hun-Soo Byun', Heon-Ho Jeong, Soon-Do Yoon, Chang-Hui Kim

Department of Chemical and Biomolecular Engineering, Chonnam National University

The carbon dioxide + 3-methoxy-3-methyl-1-butanol and carbon dioxide + 1-methoxy-2-methyl-2-propanol systems at
313.2,333.2,353.2,373.2 and 393.2 K as well as pressures up to 16 MPa have been investigated using by static-type. The
solubility curve of 3-methoxy-3-methyl-1-butanol and 1-methoxy-2-methyl-2-propanol in the carbon dioxide + 3-methoxy-
3-methyl-1-butanol and carbon dioxide + 1-methoxy-2-methyl-2-propanol systems increases as the temperature increases
at a constant pressure. The carbon dioxide + 3-methoxy-3-methyl-1-butanol and carbon dioxide + 1-methoxy-2-methyl-2-
propanol systems exhibit type-1 phase behavior. The experimental results for the carbon dioxide + 3-methoxy-3-methyl-
1-butanol and carbon dioxide + 1-methoxy-2-methyl-2-propanol systems correlate with the Peng-Robinson equation of
state using a van der Waals one-fluid mixing rule including two adjustable parameters. The critical properties of vinyl
methacrylate and vinyl propionate were predicted with the Joback — Lyderson group contribution and Lee-Kesler method.
RMSD for the carbon dioxide + 3-methoxy-3-methyl-1-butanol [k;=0.025, n;=-0.075] and carbon dioxide + 1-methoxy-
2-methyl-2-propanol [k;=0.035, n;=-0.035] systems using two parameters determined at 353.2 K were 5.0 % and 8.45 %,

respectively.

References

1. M. A. McHugh, V. J. Krukonis, Supercritical Fluid Extraction, 2nd ed., Butterworth-Heinemann, Stoneham, 1994.
2.Y.S. Jang, Y. S. Choi, H. S. Byun, Korean J. Chemical Engineering, 32, 958-966(2015).

3. C.R. Kim, H. S. Byun, Fluid Phase Equilibria, 381, 51-59(2014).

4.]J.D. Jeong, H. S. Byun, Korean Chem. Eng. Res. 31, 826-831(2019)
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Study on the Antimicrobial Properties of Electrolyzed Water
Using platinum electrode

KyoPil Ku', Kwangsun Huh’*,

"Toelect Corp. *Department of Advanced Materials and Chemical Engineering,
Kyungnam College of Information and Technology

A7) 88l YElE o gste] fafgt AFERRE ASAE Aots 257|E2 dartae] 2 YgAdo] Har 259
HoA, TE|7t golsttie WA HAE AT = v WY ASAR HrRka Qo B Ao Wy E9A
oA A7|&eE Foto] HrlES AalleRE BT 2N 7SS Adsts daleg Ndstaa v, &
At LEES EE 250mlol FAY 83g, F+A4HF)TgS EFsto] Al Hald 10mlE & 5SLo Y3 &
104 Bt ad=o8 A7|&sfste] Halj=~E A=), olwf pH 6.4, AP EE 20ppmo] et A7]&algt
Asf5=(NaOCl ol et atat5S H7kst7] 9ske] ASTM E 2315—-169] wet t3+t, g, FHEEATLAE,
S5, o, daRdet(AEE), AdnEeed(AEE), FeadH(FAHE AR HEshs HAoR
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Study on the surface characteristics of OLED large-area
fine metal mask(FMM) by electroplating process

Younghan Bae', Kwangsun Huh’*,

'Hansung E.G.Tech.Co.,LTD. ’Department of Advanced Materials and Chemical Engineering,
Kyungnam College of Information and Technology
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A study on the properties of inorganic coagulants used in
acrylic emulsion polymerization

Tae-in Ahn', Kwangsun Huh®*,

"TSCHEM..Co.,LTD. ’Department of Advanced Materials and Chemical Engineering,
Kyungnam College of Information and Technology
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Preparation of Antibiotic Biofilm from
Alginate-Poly(vinyl alcohol) Blended Solution

Yun Ha Song, Hee Chul Woo®

Department of Chemical Engineering, Pukyong National University
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1.J. H. Lee, H. J. Seo, T. W. Son, H. S. Lim, “Preparation and Properties of Antimicrobial Zinc Alginate Films according to
Solution Concentration”, Polymer(Korea), 37(6), 677-684 (2013)

2. S. H. Kim, S. B. Kim, S. H. Cha, “Preparation and Characterization of Biopolyurethane Film with a Novel Cross-linkable
Biopolyol Based on Cardanol”, Polymer(Korea), 42(5), 736-746 (2018)

3. K. E. Park, S. A. Park, G. H. Kim, W. D. Kim, “Preparation and Characterization of Sodium Alginate/PEO and Sodium
Alginate/PVA Nanofiber”, Polymer(Korea), 32(3), 206-212 (2008)
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A Study on the Physical Properties of Active Carbon used
in the Adsorption Tower Industry in Korea

Ji Yun Park', Seokwon Seo’, Ji Hye Park’, Young Woo Rhee”

'Graduate School of Energy Science and Technology, Chungnam National University
99, Daehak-ro, Yusung-gu, Daejeon 34134, Korea
*Chemical Engineering and Applied Chemistry, Chungnam National University
99, Daehak-ro, Yusung-gu, Daejeon 34134, Korea
*Department of Chemical Engineering Education, Chungnam National University
99, Daehak-ro, Yusung-gu, Daejeon 34134, Korea
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Experimental study on the evaluation of NO and SO,
reduction characteristics by biochar

Dongyong Yun', Won Yangl,Yongwoon Lee"

'Korea Institute of Industrial Technology
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Hydrogen production from waste-derived synthesis gas
through high temperature water-gas shift reaction using
Co-CeO, catalyst: Effect of preparation method

Ga-Ram Hong, Kyoung-Jin Kim, Yeol-Lim Lee, Hyun-Seog Roh’

Yonsei University

In our previous research, Co-CeO, catalysts were studied for HTS reaction to produce hydrogen from waste-derived

synthesis gas. In this study, the various preparation methods such as sol-gel (SG), co-precipitation (CP), incipient wetness

impregnation (IWI) and hydrothermal (HT) were applied to Co-CeO, catalyst to derive the optimal synthetic method. Also,

the effects of preparation method on the physicochemical characteristics were investigated. As a result, Raman spectroscopy

and XPS results showed that the Co-CeO, (SG) catalyst featured the highest oxygen storage capacity (OSC) compared to

the other catalysts. According to the H,-TPR results, Co-CeO, (SG) catalyst showed the strong metal-support interaction

(SMSI) between Co’ and the CeO, support. In conclusion, Co-CeO, catalyst synthesized by the sol-gel method exhibited the

highest catalytic activity among the prepared catalysts, even in the severe conditions (high CO concentration: ~38% in dry

basis and high gas hourly space velocity: 143,000 h™).

e

1. Jha et al., “Effect of the redox properties of support oxide over cobalt-based catalysts in high temperature water-gas shift
reaction”, Mol. Catal., 433, 145-152 (2017).

2. Lee et al., “Optimization of Cobalt Loading in Co-CeQ, Catalyst for the High Temperature Water-Gas Shift Reaction”,
Top. Catal., 60, 721-726 (2017).
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An investigation of the effect of preparation parameters
for synthesis of scale-up Cu-Zn-Al catalysts in the low
temperature water-gas shift reaction
Seong-Jin Yun, Seon-Yong Ahn, Hyun-Seog Roh”

Yonsei University

The low temperature water-gas shift reaction (LT-WGSR) has been carried out at gas hourly space velocity (GHSV) of 8,000
mL/g-h over scale-up Cu-Zn-Al catalysts. The scale-up Cu-Zn-Al catalysts were synthesized by co-precipitation method
and the synthesis parameters such as precipitant injection rate and aging temperature were structuredly varied in scale-up
synthesis process for the investigation of the effects of synthesis parameters on physico-chemical properties and catalytic
performance of Cu-Zn-Al catalysts for the low temperature water-gas shift reaction. The effects of synthesis parameters in
scale-up synthesis of Cu-Zn-Al catalysts have been interpreted through various characterization techniques such as BET,
TPR, XRD, and N,O-titration. The characterization results for each of the catalysts were correlated with catalytic activity

results in the LT-WGSR.

283

1. Shim et al., “An important parameter for synthesis of Al,O; supported Cu-Zn catalysts in low-temperature water-gas shift
reaction under practical reaction condition”, Int. J. Hydrogen Energy, 44, 14853-14860 (2019)

2. Na et al., “Effect of precipitation on physico-chemical and catalytic properties of Cu-Zn-Al catalysts for water-gas shift
reaction”, Korean J. Chem. Eng., 36(8), 1243-1248 (2019)
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Superoxide radical formation from Si'* contained granular
palm shell activated carbon under UV: Implication to
photocatalysis and the influence of irradiation wavelength

Choe Earn Choong', Kien Tiek Wong', Hyeseong Kim', Seok Byum Jang', So Yeon Yoon', Min Jang'*

IKwangwoon University, 20, Gwangun-ro, Nowon-gu, Seoul, 01897, Republic of Korea
*Corresponding Author Email: minjang@kw.ac.kr, heejaejang@gmail.com

Granular activated carbon (GAC) is well established adsorbent for removing micropollutants in aqueous phase, however, the
application of GAC for photocatalysis is rather scare. In this study, we demonstrated silicon oxycarbide (SiC,O,) contained
granular palm shell activated carbon (PSAC) as a photocatalyst under UV for the first time. Assessed by 10 consecutive
cycles of batch, PSAC exhibited excellent photocatalytic performance for methylene blue (MB) removal as follows UVA,;,
> UVC,s, > LED,,, > dark. Our results revealed the photocatalytic performance attributed to the Si'" species from Si-
dangling bond on PSAC. Owing the defects properties from Si', especially, PSAC under UVA,; exhibited higher donor
density, better charge transfer and lower electron-hole recombination. Further, PSAC had effective removal performances
for various anionic dyes and endocrine disrupting chemicals under UVA,;. This work demonstrates an insight into the
theoretical study on photocatalyst behavior of Si'~ contained PSAC and important implication for actual application as

photocatalyst system.
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Figure: Duplicate kinetic experiment for MB removal (left) and EPR spectra of PSAC under dark, UVA365, UVC254 and LED400 with DMPO (right).
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Photocatalytic Degradation of Atrazine by g-C;N,
nanofibers under UV-LED
Hyeseong Kim', Choe Earn Choong', Kien Tiek Wong', and Min Jang "

'Department of Environmental Engineering, Kwangwoon University, Seoul, Korea
" Corresponding Author Email: minjang@kw.ac.kr, heejaejang@gmail.com

Graphitic carbon nitride (g-C;N,) has been extensive studied by many researchers as a metal free semiconductor, however,
the bulk g-C;N, has relatively low surface area, as well as rapid electron-hole recombination which reduce its photocatalytic
performance. Among the countless efforts, converting bulk g-C;N, into the one-dimensional g-C;N, with nanofiber structure
(GCNNF) have been proposed to boost the photocatalytic performance and overcome the above-mentioned issues [1]. Still,
the exfoliation degree of GCNNF against the photocatalysis performance, as well as the pathway of radical oxygen species
(ROS) production are not well documented. In this study, we synthesized GCNNF in poly-thermalizing process under
air with various concentrations of nitric acid, and further utilized it for atrazine (ATZ) degradation under UV-LED. The
optimized GCNNF exhibited the removal constant rate of 0.0314 min™', which is ~5.8 fold higher than bulk g-C,N, (0.0054
min™) for ATZ removal. Remarkably, the quenching experiments revealed the singlet oxygen and hydroxyl radicals are the
main ROS contributed for ATZ degradation. The photoelectrochemical and structural properties of the prepared GCNNF
were characterized by FT-IR, XRD, XPS, DRS, M-S plot, EIS analysis and photocurrent measurement.
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Figure: Degradation of ATZ under UV-LED (Left) and quenching Experiment using various scavenger (Right)
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Development of water filter for rainwater harvesting
system: Escherichia coli and heavy metals removal

Hyeseong Kim', So Yeon Yoon', Choe Earn Choong', and Min Jang'"

'Department of Environmental Engineering, Kwangwoon University, Seoul, Korea
" Corresponding Author Email: minjang@kw.ac.kr, heejaejang@gmail.com

Growing of water scarcity is one of the main challenges, as the available water resources become limited due to rapid
urbanization. Recently, the reuse of rainwater can be one of the good strategies to evade those problems. However, a vase
literature revealed the presence of pathogenic microorganisms and heavy metal (HM) ions in the harvested rainwater which
has raised huge concerns regarding the suitability of rainwater for domestic uses. In this study, we developed a filter media
consisted of sliver modified activated carbon [1] and magnesium modified activated carbon [2] that can remove Escherichia
coli (E-coli) and HM ions simultaneous from the rainwater. First, E-coli and HM removal experiments were conducted in
single and mixed mode using the prepared filter media. Further, the continuous flow column tests were conducted (~10,000
bed volumes) using synthetic and actual rainwater to investigate the potential for actual application. Remarkably, the column
experiments results indicated the treated effluent achieved Korea drinking water standard and exhibited good capability of

proposed water filter media for rainwater treatment for domestic uses.
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Figure: Result of continuous column experiment about E-coli (Left) and heavy metal (Right) until 10000 bed volume
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A new insight into nitrate reduction by sulfide-modified
nanoscale zero-valent iron in the presence of microbes:
Batch and column experiments

So Yeon Yoon', Min Ji Kim', Hye Won Kim', Jong Hyun Mun', Do Hwan Kim', Si Wan Lee', Hwi Soo
Han" Chan Soo Mun', Ji Yoon Kim', Yun Pil Youm', Hoon Oh', Choe Earn Choong' and Min Jang'

'Department of Environmental Engineering, Kwangwoon University, 20 Kwangwoon-Ro, Nowon-Gu, Seoul 01897,
Republic of Korea

The sulfide-modified nanoscale zero-valent iron (S-nZVI) has been widely studied due to less agglomeration and slower
corrosive electron loss than nZVI. However, there was less study on the effect of S-nZVI in the presence of microbe for
denitrification. This study aims to compare the denitrification efficiency using S-nZVI in the presence of microbes in
anaerobic condition of batch and column scale for the first time. In batch experiments, it was found that 25 mg/L-N of NO;
was completely removed using sole S-nZVI and S-nZVI combined with hydrogen consuming bacteria in 3 days with initial
solution pH range of 6 - 7. Moreover, the combination of S-nZVI with bacteria promoted higher N, production compared
to S-nZVI without inoculum, denoting the presence of bacteria enhanced the denitrification efficiency. The column
experiments revealed that after injecting S-nZVI in soil of column, 30 mg/L-N of NO; was removed in 3 days. It indicated
that the presence of microbes in soil and groundwater used for experiments enhanced the total nitrogen (TN) removal rate
and N, production of S-nZVI. Further, after injecting S-nZVI in the column system, the bacteria population was tuned in
particular Geobacter which is known as metal reducing bacteria. Therefore, S-nZVI can affected to microbial speciation in

groundwater condition and further enhanced the denitrification efficiency.
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Single atomic molybdenum doped on graphitic carbon
nitride nanosheet with acid-base duality for carbon dioxide
cycloaddition with propylene oxide
Kien Tiek Wong, Seok Byum Jang, Choe Earn Choong, and Min Jang

*e-mail : minjang@kw.ac.kr, heejaejang@gmail.com

Chemical fixation of CO, to high-valued chemicals is currently a significant research topic in both the environment
and chemistry, and cycloaddition of CO, with epoxides is regarded as a sustainable route for the manufacture of cyclic
carbonates Lan, Wang [1]. At the same time, CO, is also a promising alternative to toxic substances, such as CO and
phosgene due to environmentally benign, safe, and cheap C1 building block in synthetic chemistry. In the present work,
we synthesized graphitic carbon nitride (GCN) loaded with single Mo atom as a promising reaction for the direct fixation
of CO, into an propylene oxide (PO) for the synthesis of cyclic carbonates like propylene carbonate (PC). The optimal
conversion (85.2 %), selectivity (89.0 %) and yield (75.8 %) were achieved with 0.02g of Mo precursor added into GCN
structure (Mo, ,/GCN). Without the addition of nucleophiles chemical, tetrabutylammonium bromide (TBAB), Mo,/
GCN was unable to selectively produce PC from PO. While TBAB itself has catalytic effect to convert PO to PC. However,
the conversion percentage is much lower compared to the addition of catalyst (22.1% compared to 85.2 %). Based on these
results, the presence of Mo, (,/GCN is important to enhances the catalytic activity to convert PO to PC. That is mainly
due to the acid-base duality induced by GCN and atomic Mo doping, which enables the co-activation of CO, and epoxide
simultaneously. A mechanism based on acid-base duality is proposed, where CO, is activated on the basic -NH sites and PO

is on the acidic Mo atom sites through a hydrogen bonding.
References

1. Lan, D.-H., et al., Phosphorous-modified bulk graphitic carbon nitride: Facile preparation and application as an acid-base

bifunctional and efficient catalyst for CO, cycloaddition with epoxides. Carbon, 2016. 100: p. 81-89.

157



Piezocatalytic Degradation of Atrazine through Atomic
Polarization of Ag/AgCl doped ZnSnQO; under Mechanical
Stress by Ultrasound

Baekha Ryu, Kien Tiek Wong, Choe Earn Choong, Hyeseong Kim, Min Jang’

Department of Environmental Engineering, Kwangwoon University, 20 Kwangwoon-Ro, Nowon-Gu, Seoul 01897,
Republic of Korea

Atrazine (ATZ) is a substance used as an herbicide, which has recently been found to disrupt the endocrine system of
humans and animals. However, conventional water treatment systems cannot remove ATZ so that a new treatment method
is being studied. Here in this study, as a piezocatalyst, zinc stannante (ZnSnO,, ZTO) was synthesized and its piezoelectric
effect through mechanical pressure via ultrasound (US) was utilized to degrade ATZ in aqueous phase. Firstly, the optimal
conditions such as amount of the ZTO and the relative solution location to the probe of the US, and it was confirmed that the
radicals importantly involved in the decomposition of atrazine was -OH through the scavenger tests. The removal efficiency
of ATZ was improved through doping appropriate amount of Ag/AgCl. Through the above experiments, it was found that

excellent ATZ removal efficiency can be obtained by using the piezoelectric effect.
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Figure: (a) Effect of radical scavenger on piezoelectric degradation of ATZ to clarify the role of reactive species produced
from polarization under ultrasound, (b) Effect of Ag/AgCl doped ZTO on piezoelectric degradation of ATZ
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Synthesis of anti-corrosive and highly stable flower-like ZnO
coated granular polyurethane: Evaluation of the activity of
sulfamethoxazole decomposition in visible range
UV-light irradiation

Seok Byum Jangl, Kien Tiek Wongl, Choe Earn Choongl, So Yeon Yoon', and Min Jangl*

'Department of Environmental Engineering, Kwangwoon University
" Corresponding Author Email: minjang@kw.ac.kr, heejaejang@gmail.com

ZnO nanostructure with a flower-like morphology was grown on a granular polyurethane surface using a seeding and
hydrothermal coating technique. To investigate the role of the seeding and coating ratio on the morphology of ZnO, which
accompanying with corrosion stability, the deposition was carried out for 25 to 75 w% of ZnO. The PU/ZnO-ZnO(PZZ) was
characterized by XRD, XPS, SEM, TEM, UV-visible spectroscopy. Process parameters, i.e., SMX concentration, material
dosage, and irradiation time, were optimized for maximum pollutants degradation. PZZ showed promising efficiency for
the SMX degradation, and up to 98.36% was achieved under UV-LED (400 nm) irradiation at neutral pH, 70 mg PZZ
in 100ml, 120 min of UV irradiation time using 10 mg L SMX initial concentration. The results show that the ZnO
structure deposited on the granular polyurethane has a less light scattering effect than the powder type ZnO. In addition, the
reusability test, according to the seed ratio, shows that the more ZnO nanoparticles are exposed to the PU surface, the more
flower-like ZnO stability increases. Therefore, PZZ can be used more effectively for decomposition for SMX than powder

type ZnO under site application, and it can show excellent efficiency in terms of material recovery and reuse.
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Figure: (a) Effect of material dosage on photocatalytic degradation of SMX under UV-LED(400nm], (b) Recyclability under
UV-LED(400nm] irradiation according to Zn0 seed ratio in PZZ (Red : 25% seed, Black : 75% seed)
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Novel Approach for Synthesis of Porous PS Microparticles
and Their Application as Catalyst Support

Dae Hwan Kim* and Mun Ho Kim*

“Pukyong National University

Porous polymer microparticles have attracted ongoing research interests over the past few decades due to their excellent
performance in various fields including catalysis, separation, microreactors, and drug-targeted delivery and release.
Typically, these applications require high surface area and large interior voids, which are related to the efficiency of mass
exchange. Therefore, the performance of porous materials dependents mainly on the pore size and size distribution. In this
study, an easy-to-use method was developed to produce monodisperse porous microparticles with well-defined porosity.
When polystyrene solid microparticles prepared using modified dispersion polymerization were dispersed in an ethanol-
water-toluene mixture at room temperature, they transformed into porous PS microparticles as a result of uptake of the
continuous phase by the particles. In addition, metal nanocrystals were produced in situ from metal precursors on the surface
of porous polymer particles. When the hybrid particles were used as catalysts, they showed excellent catalytic performance
and reusability at low catalyst concentration for the reduction of 4-nitrophenol to 4-aminophenol using sodium borohydride

as the reducing agent.
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Facile and Green Synthesis of Ag—Ag,S
Heteronanostructures for
Photocatalytic Degradation of Methylene Blue

Astrini Pradyasti', Dae Hwan Kim', Merreta Noorenza Biutty', Seong Il Yoo' and Mun Ho Kim"

'Pukyong National University

Hybrid metal-semiconductor nanostructures have received significant interest due to their synergistic properties that
arise from the interaction between the two components. In this study, a green and rapid synthesis based on site-selective
sulfidation of hexagonal silver (Ag) nanoplates was developed to prepare Ag—Ag,S hybrid nanoparticles with new
heterostructures. By controlling the sulfur precursor concentration during the sulfidation reaction, Ag—Ag,S hybrid
nanoplates with various compositions and morphologies were obtained, and both Ag and Ag,S portions were exposed to the
environment. The as-synthesized Ag—Ag,S hybrid nanoplates were further employed as photocatalysts for decomposition
of methylene blue under solar light irradiation, showing high photocatalytic activity, recyclability, and stability of catalysts.
Moreover, a facile chemical treatment strategy involving a galvanic replacement reaction was also developed to enhance the

photocatalytic activity of the hybrid nanostructures.
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One-Step Synthesis of Metal Nanocrystals Embedded
Hydrogel Beads and Their Application

Jae Hwan Jeong, Hee-chul Woo and Mun Ho Kim"

'Pukyong National University

Silver (Ag) nanoparticles have been applied in many fields such as catalysts, antibacterial activity, and drug delivery.
However, since Ag nanoparticles are easily aggregate to minimize their surface areas in the solution phase, various methods
using hydrogel polymers as support materials were developed for the immobilization of Ag nanoparticles. Alginate which
is one of the biocompatible hydrogel polymers was used in this work because it can be easily crosslinked with cation, and it
has ability to cap and stabilize metal nanoparticles. There are a lot of ways to synthesize and immobilize Ag nanoparticles,
however, most of them still use a two-step method in which hydrogel polymer is crosslinked first before the Ag precursor
is reduced. In this study, an easy one-step method, where crosslinking of hydrogel polymer and Ag nanoparticles formation
occurred at the same time, is introduced. In addition, the process is easy-handle since the synthetic procedures were carried
out at the room temperature. The as-prepared Ag nanocrystals/Alginate beads in this study showed high catalytic activity

and excellent reusability as a catalyst.
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Solid-Phase Colorimetric Sensing System for Bromide
Based on a Tough Hydrogel Embedded with
Silver Nanoplates

Sang Heon Kim', Hee-Chul Woo', Mun Ho Kim"

'Pukyong National University

Triangular silver (Ag) nanoplates with sharp corners exhibit fascinating optical properties, but their triangular shapes
make them thermodynamically unstable. In this work, we used this intrinsic instability to develop the colorimetric
sensing platform for Br. Specifically, we designed a system that uses the color and spectral changes associated with the
spontaneous rounding of the sharp corners of triangular Ag nanoplates embedded in the hydrogel exposed to bromide ions
(Br). Compared to the solution sensing system, our hydrogel based colorimetric showed several advantages. The hydrogel
based sensing system can successfully determine the concentration of bromide ions based on the rate of change of the color
and spectral features. The proposed sensing system has several advantages such as simplicity, easy handling, and long-
term preservation compared to the solution sensing system. Our experimental results indicate that it can determine the
concentration of bromide ions in natural waters. Therefore, our findings suggest that the as-proposed solid-phase sensing

platform shows an outstanding potential sensing tool.
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Compatibility and hydrolytic behaviors of polylactide/
poly(butylene succinate) mixtures by the Langmuir system

Donghyeok Im’, Vishal Gavande’, Gayeon Kim®, Bong Lee’, Youngup Jin®, Won-Ki Lee""

“Division of Applied Chemical Engineering, Pukyong National University, Busan 48513, Korea.

The compatibility and hydrolytic behaviors of the monolayer mixtures of biodegradable stereochemical polylactide
(I-PLA or dI-PLA) and poly(butylene succinate) (PBS) were studied by the Langmuir technique at the air/water interface.
The n-A behaviors of two binary systems, well mixed and unmixed, were compared with each other to demonstrate their
compatibility. The hydrolytic behaviors of the homopolymer and mixed monolayers on an alkaline subphase were monitored
at a constant surface pressure as a function of exposure time. The compatible monolayer mixtures showed much slower

hydrolytic kinetics than their arithmetic averages.
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Multifunctional UV-curable two dimensional hBN/
polyurethane acrylate nanocomposite coatings

Vishal Gavande®, Donghyeok Im*, Byeonguk kim*, Youngup Jin’, Won-Ki Lee™*

“Division of Applied Chemical Engineering, Pukyong National University, Busan 48513, Korea.

Multifunctional nanocomposite coatings with excellent mechanical and thermal properties have been increasingly demanded
by many pioneering fields. This study deals with the organic-inorganic hybrid nanocomposite coatings based on the UV-
curable polyurethane acrylate as a matrix and hexagonal boron nitride (hBN) as reinforcement were successfully fabricated.
In this study, modified hBN added into the oligomeric formulation with different amounts, such as 0.1, 0.2, 0.5, and 1 wt%
to increase mechanical properties, thermal properties, hardness, and water resistance. The structural, morphological, and
thermal features of nanocomposite films were characterized by using FTIR, XRD, SEM, DSC, TGA, and water contact

angle.

165



Highly transparent UV-curable nylon 6 nanofiber
reinforced polyurethane acrylate nanocomposite
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This study deals with the development of a UV-curable polyurethane acrylate-based transparent nanocomposite by using
electrospun nylon 6 nanofibers as reinforcement. The remarkable properties of nylon 6 nanofibers offer the use of nanofibers
as reinforcement in making nanocomposites, in which both the mechanical and optical properties of the fabricated
nanocomposites are focused. This method allowed the significant enhancement of the mechanical properties by using a very
tiny amount of Nylon 6 nanofibers for different time of deposition. This method admitted significant enhancement of the

mechanical properties without sacrificing transparency and flexibility.
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Synthesis and properties of block copolymers of
enantiomeric polylactide and biopolyester

Seungjae Lee’, Donghyeok Im*, Gayeon Kim®, Vishal Gavande, Youngup Jin’, Won-Ki Lee"'

“Division of Applied Chemical Engineering, Pukyong National University, Busan 48513, Korea.

To develop carbon dioxide-reducible polymeric materials, triblock copolymers (PLA-polyester-PLA) of enantiomeric
lactides and biopolyester diol, were synthesized by the ring-opening polymerization of lactide in the presence of diol using
stannous octoate. The results showed that the incorporation of the biopolyester decreases the crystallinity and melting
temperature of PLA. However, the blend of enantiomeric PLA copolymers revealed more thermal stability than homo-
and copolymers. It was due to the formation of stereocomplexes between enantiomeric PLAs. The topographic images of
degradation showed that the degradation rate of a copolymer was faster than of PLA while that of stereocomplex became

much slower.
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Sewage sludge biochar as adsorbent for the decolorization
of dyes in aqueous solution

Seung Han Woo'*', Chul Woo Lee', Dimitrios Kaldersis’, and Divine D. Sewu"’

'Hanbat National University, *Life Green Technology Co., Ltd., *Hellenic Mediterranean University

Sewage sludge generation has increased steadily across the globe over the years with the European Union (EU) and
China alone generating over 30 million and 54.8 million tonnes annually (20% solids), respectively [1]. The generation
rate of sewage sludge is currently in excess of the available conventional valorization approaches with/without inherent
environmental and economic concerns [2]. To curb these drawbacks, a thermochemical process namely pyrolysis, has been
used to convert the sewage sludge to biochar — shown to contain high ash contents. In addition, the literatures have shown
that, high ash-laden biochars are generally effective at decolorizing one particular dye, crystal violet (CV) — which is of the
triarylmethane (TAM) class [3]. To check the validity of this conclusion, which was based on solely one dye, another dye
belonging to the same TAM class, malachite green (MG), was selected and utilized in conjunction with CV in this study,

employing sewage sludge biochar, as the high-ash laden adsorbent.
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Physicochemical and dye adsorption property comparison
of biochar from lignocellulosic and non-lignocellulosic
biomasses
Seung Han Woo"”", Chul Woo Lee', Dimitrios Kaldersis’, and Divine D. Sewu'”
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Biochar, which is the solid carbonaceous product of biomass pyrolysis, has attracted much attention in the area of water
treatment as an adsorbent owing to characteristics such as lower production cost, high porosity, good surface area and
versatility in biomass feedstock [1]. Feedstock for biochar production varies considerably in terms of the physicochemical
properties. As such selecting the best feedstock is thus dependent on the target application of the biochar [2]. In keeping
with the aforementioned point, experiments in which biochar from lignocellulosic and non-lignocellulosic biomasses are
compared in the same experimental setting are few, despite the unique insight it can offer. Consequently, in this study,
biochar obtained from lignocellulosic (pine tree residues; high surface area and low ash content) and non-lignocellulosic
(sewage sludge; low surface area and high ash content) biomasses were compared in terms of their physicochemical
properties and uptake capacity for five (5) dyes. The dyes utilized belonged to the triarylmethane (malachite green and

crystal violet), thiazine (methylene blue) and azo (basic blue 41 and congo red) class.
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Fabrication of SWCNTs, gold nanoparticles, glucose
oxidase, and trehalase on carbon paper electrode for
trehalose-enzyme fuel cells

Zhang Yan Qing, and Chang-Joon Kim

Department of Chemical Engineering and RIGET, Gyeongsang National University,
501 Jinju-daero, Jinju, Gyeongnam 52828, Korea

Trehalose is a disaccharide formed by an a,a,-1,1-glucosidic bond between two a-glucose units, is the principal sugar
circulating in the blood or hemolymph of most insects. Recently, insect cyborgs have been developed for utilizing as search
and rescue robots in disasters and as environmental monitoring robots. In this study, we aimed to develop the anode for
high-powered compact enzyme fuel cells utilizing trehalose to power electronic devices implanted in insects. Carbon paper
was used as electrode and single-walled carbon nanotubes and gold nanoparticles were sequentially adsorbed on the surface
of electrode to enhance the electron transfer. Glucose oxidase and trehalase were separately immobilized via gelatin on the
electrode surface. The SWCNTs and electrode surfaces were characterized using TEM, SEM, SEM-EDX. Electrochemical

analyses were performed using cyclic voltammetry. Stability of bi-enzyme electrode was also investigated.
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Effect of the Conformation Changes of Polyelectrolytes
on Organic Thermoelectric Performances

Chungyeon Cho"

'"Wonkwang University

The relationship between the conformation of a polyelectrolyte and the performance of organic thermoelectric multilayers
was studied. The conformational change of a weak polyelectrolyte via controlling assembling pH resulted in a different
thermoelectric behaviour in thin films. Organic thermoelectric multilayers were fabricated by alternately depositing bilayers
(BL) of a positively-charged polyaniline (PANi) and multiwalled carbon nanotubes (MWNT), stabilized in poly(acrylic
acid) (PAA), via a layer-by-layer assembly technique. The electrical conductivity and Seebeck coefficient of PANi/MWNT-
PAA nanocomposites were measured by varying assembly pH of PAA solutions. The thermoelectric properties, such as
electrical conductivity and Seebeck coefficient, are dependent on the assembly pH conditions. Altering the deposition pH of
PAA resulted in different thermoelectric performances. A 40 BL thin film (~210 nm thick) of PANI/MWNT-PAA assembled
at pH 2.5/6.5 exhibited electrical conductivity of 95.2 S/cm and a Seebeck coefficient of 35 uV/K. This translates to a power
factor of 11.7 uyW/m-K?, which is 50 times higher than that of the same film with all components deposited at pH 2.5. Proper
control of molecular conformation resulted in a significant improvement of thermoelectric behaviour in PANI/MWNT-PAA
nanocomposites through a combination of the efficient conjugate network and tightly packed nanostructure, which enhances

the charge carrier mobility.

171



Catalytic upgrading of bio-oil from pyrolysis of plastics
over different catalysts in a 2 kg/hr scale pyrolysis oil
separator

Shuang Wang, Hana Kim, Jae-Young Kim, Doyeon Lee, Yooseob Won, Byung Wook Hwang,
Hyungseok Nam*, Ho-Jeong Ryu

Korea Institute of Energy Research, Daejeon, 34129, Republic of Korea

In this work, the catalytic cracking of bio-oil from the pyrolysis of plastic wastes was carried out in a 2 kg/h scale pyrolysis
oil separation system, and three different catalysts of Cu-based catalyst, Ni-based catalyst and Molecular Sieve 4A were
used for improving the properties of the final bio-oil during the fuel separation process. The results showed that the heavy
oil (HO) fractions (>C23) was reduced by catalytic cracking and thermal cracking (decreased from 23.6 wt.% in crude bio-
oil to 19.8~20.2 wt.% in upgraded bio-oil). The oxygen content of bio-oil (3.63%0) was reduced through catalytic cracking
over different catalysts (0.95%0 for M/S 44, 0.75%0 for Cu-based catalyst, 0.33%O for Ni-based catalyst ) as compared to
the thermal cracking (1.76%0). Furthermore, Cu-based catalyst contributed to more production of light oil (LO) fractions
(C6 - C10), while Ni-based catalyst favor to more generation of medium oil (MO) fractions (C11- C22). This was due to
different dominant catalytic reaction pathways hydrogenation, decarboxylation, and oligomerization reactions for Ni-based
catalyst whereas more decarbonylation and aromatic formation reactions were occurred for Cu-based catalyst. In addition,
the physical properties (HHV, Viscosity, Cloud & Pour points and PH) of catalytically upgraded bio-oil were better than
crude bio-oil, which were very close to petroleum fuels. Therefore, the knowledge gained in the current work will contribute

to rational design of more effective catalysts and processes for upgrading bio-oil.
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Enhanced catalytic performance in methane dehydro-
aromatization over Mo/HZSM-5 physically mixed with NiO

Kihun Nam, Hae won Ryu, Do Heui Kim*

School of Chemical and Biological Engineering, Seoul National University, Republic of Korea
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Electrochemical detection and removal of endocrine
disruptor, bisphenol A using a carbon felt electrode

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. 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"M. 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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Experimental study on the loading of Iridium oxide catalyst
coated Titanium PTL in PEM electrolysis performance

Tuan Linh Doan', Haneol Lee' and Taekeun Kim "

'Chungnam National University

PTL plays an important role in the electron and mass transport of PEM electrolyzer. Through harsh conditions of long-
term operation, acidic environment, high temperature, the forming of TiO, on the surface of the Ti-PTL resulted in the PTL
surface passivation. In this study, by combining two methods: spray-coating and thermal treatment, a thin layer of IrO, was
deposited on the surface of the Ti-PTL to prevent the passivation and improve the performance of the PEM electrolyzer. The
IrO, layer was expected to reduce the cell Ohmic resistance and improve the stability of the Ti-PTL due to the preventing of
TiO, forming. By changing the IrO, catalyst loading on the surface of the Ti-PTL, 5 samples with different catalyst loading
(0.1 mg/em’, 0.2 mg/cm’, 0.3 mg/cm’, 0.7 mg/cm’, 1.3mg/cm’) were investigated to access the effect of catalyst loading on
the water electrolysis cell performance. The Ohmic resistance results indicated that cell Ohmic resistance with coated PTLs
were slightly lower than the one with pristine commercial PTL. Moreover, the polarization curve results showed that cell
performance increased with the increase of catalyst loading on the surface of PTLs. Although the loading is almost double,
the performance of PEM cell has not much difference between the loading of 0.7 mg/cm’ and the 1.3 mg/cm’. To benefit the
efficiency and the cost effect, the catalyst loading of 0.7 mg/cm” is expected as the optimum IrO, loading of PTL for PEM

electrolyzer.
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of Facile and Robust Superhydrophobic Coating on Fabric
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Advances in harmful organism management are highly demanding due to the toxicity of conventional coating approaches.
Exploiting biomimetic superhydrophobicity could be a promising alternative on account of its cost-effectiveness and eco-
friendliness. Here, we introduce a facile method to fabricate a robust superhydrophobic coating on a fabric substrate.
This is achieved by sequentially spraying TiO,-epoxy resin nanocomposite material and fluorocarbon-silane modified
Si0, nanoparticles (FC-silane SiO, NPs). The superhydrophobicity is attributed to the nanoparticles constituting a micro/
nano hierarchical structure and the fluorocarbon of the modified SiO, NPs lowering the surface energy. The epoxy resin
embedded in the coating layer plays an important role in improving the robustness. The robustness of the superhydrophobic
surface is demonstrated by measuring the water slide angle of surfaces that are subject to salty water at 500 rpm stirring
condition for up to 13 days. This study focuses on ensuring the superhydrophobicity and robustness of the coating surface,
which is preliminary work for the practical management of macrofoulers. Based on this work, we will perform practical

harmful organism management in seawater as a second research subject.
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Metagenomic analysis of anaerobic co-digestion revealed
enhanced carbohydrate and lipid metabolism of food waste
and sewage sludge substrates

Swapnil Patil', Mayur B. Kurade', Shouvik Saha' and Byong-Hun Jeon""
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Methanogenesis, a complex biological process influenced by numerous intrinsic and extrinsic factors, can be optimized
and full scale applied through understanding interrelation between degradation mechanism and microbial community
composition along with in-depth analysis of metabolic pathways [1-2]. This study focused on utilization of food waste
(FW) in AD by investigating varying FW amounts to determine optimum and inhibitory concentration levels with its effect
on microbial populations and biomethane production. Operating AD with FW levels in the concentration range of 2—6%
(v/v) enhanced biomethane production, resulting in a 5.2- to 8.1-fold increase. The highest biomethane production was
observed at 4% FW (8.1- fold increase), with a lag phase of 5 days. Increased FW levels (>6% v/v) extended the lag phase
and eventually displayed methanogenic inhibition due to high VFA accumulation and low LCFA reduction. LCFAs were
degraded by 90-99% during AD, following all FW loading concentrations. 16S rRNA gene amplicon sequencing showed
that, LCFA-degrading Syntrophomonas and Petrimonas genus were abundant in FW added AD relative to the control.
Methanosaeta, archaea were dominant over Methanosarcina and Methylocystis in presence of <4% FW, but in >6% FW
Methanosaeta were replaced by Methanosarcina along with enhanced metabolic pathways specific for carbohydrate and
lipid catabolism. Addition of 2% FW in AD increased methane yield by 4-fold without lag phage, the current study proposes
to run AD at around 4% (v/v) FW loading to achieve maximum yield.

Keywords: Anaerobic co-digestion, Food waste, Syntrophism, Methanogens, KEGG pathways.
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Adsorption and desorption characteristics of surfactant
onto soil according to soil properties

Ju-Hyeok Kwon, Chengjia Liu, Byong-Hun Jeon"
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Surfactants have different adsorption and desorption behaviors depending on soil properties. The adsorption of surfactant
on the subsurface soil causes surfactant loss, affecting the feasibility and economics of the soil remediation methods [1].
Nonionic surfactants are preferable for the in-site applications over ionic ones due to their less adsorption on the subsurface
soil or precipitation through reaction with groundwater [2]. In this study, Tween 80, a highly biodegradable nonionic
surfactant was investigated according to below or above critical micellar concentrations (CMC) to analyze the adsorption
and desorption characteristics of surfactants according to soil properties in batch experiments. Different ratios of sand and
clay mixtures were formulated, and adsorption-desorption of surfactants was monitored for 24 hours. The adsorption of
surfactant on the soil was analyzed using Freundlich isotherm, which showed the increase of correlation coefficient (R)
and the adsorption strength (1/n) when the clay amount increased. At the highest surfactant concentration, 3000-16000 mg/
kg were adsorbed on soil. The adsorption increased more than two times when clay ratio doubled. After calculating index
of irreversibility (Ii) through the amount of desorption, the reversibility was higher without clay composition than with
clay composition. Below the CMC, Ii was | for clay composition indicating completely irreversible adsorption. Whereas,
Ii is closer to 0 (fully reversible) above the CMC, even though the ratio of clay was the same. Thus, the presence of clay

significantly increase irreversible sorption if added surfactant Tween 80.
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Effect of Al,O; Nanoparticle on Microalgal Degradation of
Sulfonamide

Hyun-Jo Ahn', Mayur B. Kurade', Byong-Hun Jeon'*

'Hanyang University

The aluminum oxide nanoparticles are one of the most widely used materials both in industrial and personal care
products[1]. Despite their various applicability, it poses severe environmental and human health hazards, such as cell
membrane disruption, neurodegenerative disorder, and engineered water treatment processes are relatively unknown
compared with other NPs. Besides, it may have some influence on the wastewater treatment process by interfering the
degradation and removal of emerging contaminants by microbial agents. In this study, we investigated the comprehensive
effect of aluminum oxide nanoparticle (Al,O;NP) on a green microalga, Scenedesmus obliquus, and their effects on the
removal of an emerging contaminant, sulfacetamide. The effects induced by Al,O;NP were analyzed by several biological
aspects: growth inhibition, changes in biochemical components, and biodegradation capacity for sulfacetamide. The result
shows that microalgal growth only impacted at higher concentrations (>50 mg L) of ALLO;NP 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™ of ALLO,NP with 1 mg L' sulfacetamide.
Although there was insignificant influence of Al,O;NP on the removal of sulfacetamide, 8% and 12% removal of
sulfacetamide was observed at 50 mg L™ of ALO;NP with 1 mg L" and 15 mg L" 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 AL,O;NP, and confirm the potential of microalgae mediated water treatment system under nanoparticle induced stress.
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Redox regulation enabled anaerobic acetate assimilation by
obligate aerobe Pseudomonas putida in a microbial fuel cell

Mutyala Sakuntala, Young Eun Song, Jiyun Baek, Eunhee Seol and Jung Rae Kim"

School of Chemical and Biomolecular Engineering, Pusan National University, Busan, 46241, Korea

Pseudomonas putida is recently highlighted for its electro-active behavior in a microbial fuel cell (MFC) system to produce
electricity with various carbon sources. P. putida is an ideal host strain for electrode-based metabolic regulation to produce
platform chemicals with embedded versatile carbon metabolisms. In this study, we investigated the effect of the electrode
on P. putida metabolism in different culture condition such as conventional fermentation (open circuit MFC) and carbon
electrode respiring environment (closed-circuit MFC) using acetate as carbon source. P. putida was remained alive in the
presence of electrode with simultaneous electricity generation. This strain has discharged respiratory electron up to 110puA/
cm’ of anodic current. The change of NADH/NAD+ ratio and acetyl-CoA synthetase activity assay further support that
the electrode-based respiration facilitates acetate oxidation. These results imply that the carbon electrode in MFC enabled

utilization of refractory substrate such as acetate by obligate acrobe P. putida.
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Controlled production of monodisperse biodegradable
polycaprolactone microparticles using microfluidic device

Hun Soo Byunl, Soon-Do Yoon', and Heon-Ho Jeongl* (jeonghh29@jnu.ac.kr, Yeosu, Jeonnam 59626)

'Department of Chemical and Biomolecular Engineering, Chonnam National University

Biodegradable microparticles has been used for various applications in the encapsulation and delivery of pharmaceutical
agents. A microfluidic device that have micro-scale channel is attractive instrument to produce highly uniform droplets that
serve as templates to form monodisperse microparticles. In this work, the microfluidic approach for preparing monodisperse
biodegradable microparticles is presented. The microfluidic devices have a flow-focusing generator for generation of oil-
in-water emulsion. The critical factors in the emulsion generation are the controllability of size and monodispersity of the
oil droplets. For this, the volumetric flow rates of the oil and the water phases are optimized to generate uniform droplets.
Furthermore, the droplets containing polycaprolactone biodegradable polymer by solvent evaporation after collection of

droplet from the device is solidified.
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Isolation of electroactive novel Pseudomonas sp. from
mixed microbial community for enhanced bioelectricity
generation and other applications.

Khandelwal Himanshu, Mutyala Sakuntala, Young Eun Song, and Jung Rae Kim"
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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. Recently, Pseudomonas sp.
has been highlighted for production of valuable commodity, bioremediation, biosensor and wastewater treatment, and
various isolation strategies for the purpose are attempted. Several Pseudomonas sp. have also shown 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 tried to isolate a novel Pseudomonas strain using blue white screening using
Tungsten Nanoparticle. The enrichment phase was designed growth media to pose selective pressure for Pseudomonas from
mixed inoculum. Then isolated strain will be tested for electrochemical and bioconversion activity. This result contributes to

develop an bioenergy and biorefinery as well as sustainable bioremediation process.
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Energy-efficient microwave pretreatment and fermentation
of microalgae to improve biofuels production
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Microalgae have been considered as one of the most promising feedstock for biofuels (bioethanol, higher alcohols (C2-
C5), 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.

Keywords: Microalgae biofuels, Biomass pretreatment, Biomass utilization, Conversion efficiency, Specific energy
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Study on the process characteristics of simultaneous
application of SNCR and SCR for reducing nitrogen oxides
in the cement process
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Computation Particle Fluid Dynamic of
Domestic NMFC type Precalciner
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Experimental study on NO removal by wet scrubbing
using a chelate solution

Hak Yeon Lee', Sun Hyung Kim' ,Tae Ho Nam"’, Hyeon Jeong Cho', Kang Hee Cho',
Chan Hyun Lee', Yoon Sang Bae’ and Hyung Chul Yoon'" (hyoon@kier.re.kr)

'Clean Fuel Laboratory, Climate Change Research Division, Korea Institute of Energy Research, South Korea
’Department of Chemical & Biomolecular Engineering, Yonsei University, South Korea

Nitrogen oxides (NO,) and sulfur oxides (SO,) emissions, which cause negative effects on the human body and the
environment, has been more strictly controlled. Selective Catalytic Reduction (SCR), which is the most widely adopted for
NOx removal, has certain drawbacks such as relatively high capital cost and the concerns on the use of toxic ammonia and
urea. A wet absorption method with the chelate solution such as Fe(II)EDTA to overcome the poor solubility of NO in water
has been proposed as the promising alternatives to SCR. Although Fe(I)EDTA coordinates with NO efficiently, Fe(I)EDTA
are easily oxidized to Fe(III)EDTA in the presence of oxygen that loses the ability to absorb NO. A new chelate solution
showing high NO removal efficiency even in the presence of oxygen has been developed. In the present work, parametric
experimental studies of NO removal using a newly developed chelate solution in a wet scrubber were performed under
various operating conditions such as temperature, flow rate, and contact time. In addition, the effects of pH and chelate
concentration on NO removal efficiency were elucidated. These findings would be used for designing and optimizing a wet

scrubber for NO removal using a chelate solution.
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Effect of pH control agents in simultaneous removal
of NO and SO, using oxidants
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