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Sonochemistry : New Opportunities for Green Chemistry

Main Product

* Flow Cell Type Ultrasonic

» Large scale Sonotrode Ultrasonic

* In line type Ultrasonic Treatment System
« Batch type Ultrasonic Treatment System

« Bio-Diesel * Food Extraction + Homogenizing « Mixing « Dispersion
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09:55(25") (CT-A02) Eco-friendly production of H,-deficient synthesis gas via co-electrolysis of
CO;, and H,O
Kosan Roh', Ki Tae Park’, Dong Hyun Chun’, Hyojin Lee®" ('‘Chungnam National
University, “Konkuk University, *Korea Institute of Energy Research

10:20(15)  (CT-A03) Zehe o1& %8 145 $34 ALE AT FF %2 T2 v
Ao A B9 w2 Y} EF 25 Addol= B3
T, 452 (30

10:35(15) (CT-A04) E23 QY 4F ARLS AT JN/ZLE AAsE SF4A4 AL
o, v (FSdsta)

10:50(157) (CT-A05) Enhanced aqueous fluoride adsorption using UIO-66/GO granular composite
by PAM/PVA
So Yeon Yoon'? Hye Jin Yo0o'?, Seok Byum Jangl’z, Min Ji Kim"% Nurhaslina Abd
Rahman'?, Kien Tiek Wong'? Choe Earn Choong'? and Min Jangl’z*(leangwoon
University, “Plasma Bioscience Research Center)

11:05(15") (CT-A06) Dispersion coefficients of gas phase with fluidization behavior of

CNT agglomerates in a gas-solid fluidized bed
sles!, A=9? olsd! (Hadd ey, Adadsn FeedriEd
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13:25(25") (CT-B02) Removal of Various Contaminants Using Designed Pilot Plants for
Wastewater
Ju-Hyeok Kwon, Kung-Won Choi, Seong-Hyun Pyo, and Byong-Hun Jeon*(Hanyang
University)
13:50(25") (CT-B03) IEE <4tk £8/5F A4 71& 54
A, AR, AT, A, AAY, 2HGT oAl (F=eluArlEd T )
14:15(25") (CT-B04) Energy-saving pretreatment strategies of microalgae for high-concentration
biofuels production
Geon-Soo Ha, Chan-Yeong Lee, Byong-Hun Jeon (Hanyang University)
14:40(25") (CT-B05) Synthesis of ZnO seeded and coated granular polyurethane for

micropollutant destruction: photo-corrosion control and vacancy engineering
Seok Byum Jang? Choe Earn Choongl’2, Kien Tiek Wongl’z, So Yeon Yoon'?

Nurhaslina Abd Rahman ', Min Ji Kim'?, and Min Jang"*('Kwangwoon

University,Plasma Bioscience Research Center, Kwangwoon University )
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16:00(30") (CT-B07) Microbial electrosynthesis for production of green chemicals from CO,
emissions
Soo Youn Lee (Korea Institute of Energy Research)
16:30(307) (CT-B08) Improvement of Biofuel Production through Metabolic Shift of Clostridium
aurantibutyricum by Electro-fermentation
Taeyoung Kim (Chosun University )
17:00(30") (CT-B09) Bioelectrochemical control of microbial metabolic pathways for

bioproductions

Changman Kim’, Gagyeong Park, and Seorin Moon (Chonnam National University)
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15:30(25")

15:55(25")

16:20(15)

16:35(15")

16:50(15")

17:05(15")

(CT-D01) Comparative Study of Lignocellulosic Co-production Strategies
Hyunwoo Kim, Wangyun Won" (Kyung Hee University)

(CT-D02) AA AFY THENE 0%, FIAF TTehIRERE who] o v)
4 W dlolodE AAS A% A% A T3
495, A9, olaF

7

(CT-D03) Enhancement in the metal efficiency of Ru/TiO, catalyst for guaiacol
hydrogenation via hydrogen spillover in the liquid phase

Hyungjoo Kim', Seungdo Yang', Yong Hyun Lim', Jaecha Lee', Jeong-Myeong Ha’,
Do Heui Kim'*('Seoul National University, ‘Korea Institute of Science and
Technology (KIST))

(CT-D04) Techno-economic and Life Cycle Impact Assessments of Plastic Waste
Chemical Recycling
Eprillia Intan Fitriasari, Malik Sajawal Akhtar and J. Jay Liu" (Pukyong National

University)

(CT-D05) A comprehensive study on the Kkinetic triplet and characteristics of products
derived from co-pyrolysis of lignocellulosic biomass with plastics
Thuan Anh Vo, and Seung-Soo Kim" (Kangwon National University)

(CT-D06) Green hydrogen delivery via multiple liquid -carriers-An economic
perspective
Malik Sajawal Akhtar', Rofice Dickson?, Jay Liu'(Pukyong National University,

*University of Management Sciences (Pakistan))
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A, EAA, AAAD, &EA4FE, HAsE A, BAH, A% (F=dA T
SEANRAARR)
15:55(257) (CT-E02) Nitric Oxide Removal by Ferrous EDTA Complex and Regeneration of
Ferrous EDTA Complex
Yoon Hee Kim, Na Yeon Kim, Ji Yull Kim, Dong Seop Choi, Dong Hun Lee, Eun
Ju Yoo, Young Eun Kim, Han Gyeom Son, Ji Bong Joo* (Konkuk University)
16:20(25") (CT-E03) 4 3t3t3d Y f7|5=9 da4ss ARS 98 SdL
378 2& HH3
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10:00(15) (CT-F03) Wiz 22l1d T4 de2AYE BER 2 45 Ao 7Y A&
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10:30(15) (CT-F05) AFEQ 3 WA 7S F& JAA7ME FAH9 Ao
stetol g H A 35}
o813t (-keh 3t w)
10:45(15") (CT-F06) Uranium adsorption using 3D-graphene oxide coated with UIO-66: Batch
and column experiments
Choong Choe Earn'?, Kientick Wong '? Soek Byum Jang '?, So Yeon Yoon '
Abd Rahman Nurhaslina ', Min Ji Kim'?, Min Jang'? (‘Kwangwoon University,
’Plasma Bioscience Research Center)
11:00(15") (CT-F07) Fabrication of 3D structured TiO, catalyst based on extrusion processes of
paste
Ye Eun Kim'? and Man Sig Lee'" ('Korea Institute of Industrial Technology
(KITECH), *Korea University)
11:15(15") (CT-F08) Spray printing ¥4 2§ M2 A AFFA A5 7z AL
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13:12(12)) (CT-H02) €% tto] Z® 7|¥e] &4Fry &88 &% 34 21 &%

St &+, v, X, 15 AT, ded @A EdT )

13:24(12) (CT-H03) FEAL vRIT AL AFAZS3HA S/WTEH
A, FE7], oY, 294y, HAE, AW, ojvka] (FHEAAAEAT)

13:36(12") (CT-H04) 3D A 43 2715 3% 4= 7HsF Tio; %EM Az
A2 olwkA Y (k= gAy Ed Tl ae st Cahey)Ed gt
ghil)

13:48(12") (CT-H05) A228LE #3lE A Azt 57 48 AY powder bed dF
dret, oy, A4z, 7], dret, A5 G AAr]Ed )

14:00(12) (CT-HO06) 3D A A Azte] A5 AFHHo| gt
WA S, wfjlol 2 AT (A=A T Y, 23%*&DHQ‘V)

14:12(12") (CT-H07) AZAZ 374 714t Conformal ¥ZAY & 39 d4As F7t
Bl s olpE! FE A eAF&!? (FaAgar|Ed T, Rk
shal)

14:24(12") (CT-H08) Study on the Hybrids Properties of Ceramic Composites
wagt Aopd! A ml uwkell? e lat (KITECH (Korea Institute of
Industrials Technology), *UST (University of Science and Technology))

14:36(12) (CT-H09) &4 Aletd] &g AXRE A E8=n 7¢ &2 ZWAE BE
HZA3st AT
AT, AtE, AL FAA7IEd )

14:48(12") (CT-H10) F4d #H2E& T3 Algy &4 A5 Ax 34 9+

Mg (A E DT
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PA-Q7 CFD Simulation of Induction Heating System for methane decomposition
Gyeong-Min Kim, Jae Hyung Choi and Dong-ha Lim" (Green Materials & Processes

R&D Group, Korea Institute of Indulstrial Technology)

PA-08 Double-layered Catalyst with Vanadium and Manganese on Metallic Monolith for
Low-temperature Selective Catalytic Reduction of NOy
Minkyum Kim', JaeHyungChoi, Chul-HoLee and Dong-ha Lim™ (Green Materials &
Processes R&D Group, Korea Institute of Industrial Technology, Korea 'Division of

Chemical and Biomolecular Engineering, Pusan National University)

PA-09 Influence of M-TiO, Supports (M=Mn,Ce,Mo,Ni) Based on Vanadium for
Low-temperature Selective Catalytic Reduction of NO, with NH;
Jae Hyung Choi, Juryeong Jang, Seon Min Lee, Jinung Kong and Dong-ha Lim"
(Green Materials & Processes R&D Group, Korea Institute of Industrial Technology)

PA-10 USC Td ZWUEA S dRYol T4 Al EH)A AT
Q=1 e 2l 71&

‘LGt

PA-11 Cu-Ce-MgO Z1] 2] Ce/Mg B]7} L EFA7FARA | HES o] n| 2= 3

o], Moy, AFH, AL (&Fdstw)

PA-12 FA7FAA ) (WGS) HH-&-o A A ZW o] WE CoFe,0, M 54 4T
Ao, olFy, A, A (LFhst)

PA-13 A71%4 34e ol88 AR A& AA
12
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PB-01 qPCR analysis of oxidation of ZVI and Klebsiella pneumoniae metabolic shift in
glycerol
Da Seul Kong®, Changman Kim®,EunJoo Pack®and Jung Rae Kim* (*School of
Chemical Engineering, Pusan National University, "Advanced Biofuel and Bioproducts
Process Development Unit, Lawrence Berkeley National Laboratory, Emeryville, CA,
94608 (USA))
PB-02 Biogas-valorization of anaerobic digestion effluent CO, into CH4 using a microbial
electrosynthesis
Minsoo Kim', Shuwei Li', Young Eun Song®, Dong-Yeol Lee’, Jung Rae Kim'
(‘School of Chemical Engineering, Pusan National University, 2Advanced Biofuel and
Bioproducts Process Development Unit, Lawrence Berkeley National Laboratory, USA,
’Environmental Technology Team, GS Engineering & Construction, Republic of
Korea)
PB-03 Electrode potentials regulate the catabolic pathways of Pseudomonas putida
Mutyala Sakuntala', Himanshu Khandelwal' and Jung Rae Kim" (School of Chemical
and Biomolecular Engineering, Pusan National University)
PB-04 & SR A —’?‘-%% ¢FuE FEEY €FUEC] AEE FUF IFE
Hpo] @ A5 o] &% 1 AA
AEH, EF b Fof, e (FEdstn)
PB-05 chE 2UERE A% AR o8 AT
BAE AHS, oA, 1&E, vhel, Bty oAl & (A g
Aol A 8k3t, 242 A o 3k
PB-06 Ct o] o] =30l & wlx 71¥T2Y LisTisO 5 5 A753H3
=X
= ©°
M7, BRey, o, WYY (SR et stah)
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PB-07 Al,03 Z¥®o] ¥ Lij05Nip9C00.0sMnoos02 ¥= &EZ 9 {43 A71335H4
4
o5 ¢, peky, A4, WY (FHojsta Fag et

PB-08 vio) Qul A HALE-S o] &% TR E nlol ezt gA A
297, AEA (et n)

PB-09 Using modified graphite felt cathode electrodes with polyaniline (PANI/GF), the start

time and acetate productivity of microbial electrosynthesis cells can be improved
Eunseo Kim', Minsoo Kim!, ShuweilLil, JungRaeKiml* (ISchool of Chemical

Engineering, Pusan National University)

PB-10 Plastic wastes pyrolysis fuel upgrading, separation and its application in S50kW boiler
Shuang Wang', Byung Wook Hwang', Daewook Kim', Yu-Jin Choi', Ho-Jung Ryu',
Hyungseok Nam"', Doyeon Lee? (lKorea Institute of Energy Research, ’Hanbat

National University)

PB-11 ZEol L AAE Si0x 55 TELY A5 FdE AT 4A A1z A3 4
©A2FY H g WE )38y 54
e}, o]dd, MAA, U )x (FEjstn 3het gty

PB-12 Active protection of electroactive biofilm increases CO, conversion to acetate and
energy efficiency in microbial electrosynthesis system

Shuwei Li, Minsoo Kim, Da Seul Kong, Jung Rae Kim* (Pusan National University)
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PC-01 Continuous up-flow photocatalytic ozonation system for oxalic acid removal using

cerium oxide doped glass beads

Min Ji Kim'?, Choong Choe Earn'?, Kientick Wong'?, Soek Byum Jang'”, So Yeon
Yoon'?, Abd Rahman Nurhaslina?, Min Jang'? ('Department of Environmental
Engineering, ~Kwangwoon University, “Plasma  Bioscience Research  Center,

Kwangwoon University)

PC-02 Removal of fluoride from water using metal-based UiO-66 metal-organic framework
adsorbents
Hye Jin Yo00'?, So Yeon Yoon'?, Choong Choe Earn'?, Kientiek Wong]‘z, Soek
Byum Jang'? , Abd Rahman Nurhaslina'?, Min Ji Kim'?, Min Jang'?" (‘Department
of Environmental Engineering, Kwangwoon University, “Plasma Bioscience Research

Center, Kwangwoon University)

PC-03 Destruction of perfluorooctanoic acid from aqueous system by argon plasma-catalysis

system

Choong Choe Earn'? Kientick Wong '?, Soek Byum Jang '*, So Yeon Yoon '?,

Abd Rahman Nurhaslina'?, Min Ji Kim'?, Min Jang'? ('"Kwangwoon University,
*Plasma Bioscience Research Center, Kwangwoon University)

Synergistic effect of adsorptive-electrolysis using granular palm shell waste activated
PC-04 carbon for atrazine removal

Il Gwang Hwang', Choong Choe Earn'’, Kientick Wong '?, Soek Byum Jang '?,

So Yeon Yoon 2, Abd Rahman Nurhaslina'?, Min Ji Kim"“%, Min Jang"z*

(‘Department of Environmental Engineering, Kwangwoon University, “Plasma

Bioscience Research Center, Kwangwoon University)

PC-05 Metal-free semiconductor resin for effective hydrogen peroxide generation
Kientick Wong'?, Nurhaslina Abd Rahman'?,Choong Choe Earn'?, Jang Soek
Byum'?, Yoon So Yeon'?, Min Ji Kim'?and Min Jang*'? ('Department of

Environmental Engineering, Kwangwoon University, “Plasma Bioscience Research

Center, Kwangwoon University)
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PC-06 Micropollutants removal by electro assisted DBD plasma-catalysis system
Nurhaslina Abd Rahman'? Choe Earn Choong'?, Kien Tick Wong'? Seok Byum

Jang "% So Yeon Yoon'?, Min Ji Kim'?% Min Jang'?" ('Kwangwoon University,

2 . . . .
Plasma Bioscience Research Center, Kwangwoon University)

PC-07 A E-ZHHLE EIE AX 4 IH 7|54 BFLEY &8

olttal, ol A4, S84 (FAsta 3k et

PC-08 NiFl FuldolA dz2HF Fd A3 249 F£357] N2 e &
Fh A

S&o}, oA, ¢3F (FAWsta sk et

PC-09 Heavy metal resistance genes identification from Genomic profile of Pseudomonas
aeruginosa PBHO; and Enhanced electroactivity with various electron shuttles
Himanshu Khandelwal, Mutyala Sakuntala and Jung Rae Kim* (School of Chemical
Engineering, Pusan National University)

PC-10 F3ra A 2 2UEHY Ve E4
]+3] 7

PC-11 CO;, EYHH 7|& +&
13l (B AA 7= T Y)

PC-12 CO; X3 9 &8 FA: Methanation, rWGS, DRM
!, AFAl, 0! o)&=F, AAF” (FEdstal)

’ )

PC-13 HE2RHESe] o3t AV E2 7 EE24A A=

S}l ukR =2 R (Ao Ao Mgk A2 ek E 2]l o) 8))
PC-14 PtCux-Pt Fo]-d &9 A x93} A2 IS EA

AE7, o238, gald, =daty, 28, Y, 1 (dEUgw)
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PC-15 Zirconium-based metal-organic frameworks as catalysts for the Diels-Alder conversion
of 2,5-dimethylfuran to p-xylene
Min Kyoung Kim', Jungho Jae’* (" *Pusan National University)

PC-16 298 HF Ads T 5 A d3ra 57 M wE9 A
231 =2
AU, AZ9L AAF2 (FGUSE AR R AR F B BRAT
Zddista A4 uA s

pPC-17 The use of collocation method and far-side boundary conditions for the numerical

model of the adsorption column
Hyeok-sang Ryu'?, Wang-yun Won® , Jae-Hyung Choil, Jung-ho Jae’ and Dong-ha
Lim' (‘Green Materials & Processes R&D Group, Korea Institute of Industrial

Technology (KITECH), *Division of Chemical and Biomolecular Engineering, Pusan
National University, *Department of Chemical Engineering (Integrated Engineering),

Kyung Hee University)

PC-18 s GR 3o 9 ABALGNA F2 AN WS AT
e, ol ks, MY (FATSL B4UA T8

PC-19

PC-20 Development of TiO, nanotubes electrode for electrochemical reduction of oxalic acid
to glycolic acid
Sunmi Im and Yiseul Park* (Pukyong National University)

PC-21 An in-situ infrared spectroscopic study of the dehydration of lactic acid on ZSM-5

Jichan Kim', Sumin Seo', Jungho Jae'® (‘Pusan National University)
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PC-22 Study on the effect of catalyst coated porous transport layer in polymer electrolyte
membrane water electrolysis process through electrochemical performance and
impedance analysis

Tuan Linh Doan', Ta Nam Nguyen', Yoonseong Jung" Taekeun Kim'? ('Graduate

School of Energy Science and Technology, Chungnam National University,
’Department of Chemical Engineering Education, College of Education, Chungnam

National University)

PC-23 Enhancing SO, resistance of Chromium Based Layered Structure Catalyst
in Low Temperature NH; Selective Catalytic Reduction
Wongeun Yoon, Junil Choi, Daehee Jang, Song Kyu Kang, Jihoon Kim and Won
Bae Kim* (Department of Chemical Engineering, POSTECH)

pPC-24 Effect of initial pH from Mixtures of Swine Manure and Food Waste for Hydrogen
Production
Enkhjargal Ganbaatar, Hwiseo Jeon, Taeyoung Kim" (IChosun University)

PC-25 GTAN 23Po2 AT UA AHE =R 54
FAAY, 4, 2ok, AIEL A8, FFU oA (@FAANEAT,

A ket e Sk, () el )

PC-26 dE Yol BaE T3 TdFA S AT FEA 9
Hg 7)ol #g A
oleg? el WA AL FER!, PR, ol
(oA 7| a7 U dsaTA, *AAd st 3473 st
PC-27 HYTAY E2EFEH FAEE @ BEAAY S o] 88 Ad3F A7
A3, AR A5, A’ (Ze7]esdTd AaA3HAE)
PC-28 The highly selective conversion of biomass-derived furans to renewable aromatics

over metal oxide phosphate catalysts
213k A A S ( by ek )

PC-29 —f7] SEAZEH 48 T3 AEE
AbslE ] gRYol AEd Fu Y 4
& &

=
A, ol s!, AES” (Aedigta, A

o ol
e By
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Eco-Friendly Polyvinyl Alcohol-Gelatin Biofilm Containing Sargassum thunbergii

Extracts Obtained by Subcritical Water Extraction

PC-36

Ji-min Han', Jin-Seok Park!, Surendhiran Duraiarasan’, Yu-Na Shin', Yeo-Lyeon

Shin', Ye-Seul Park', Byung-Soo Chun'® ('Department of Food Science and

Technology, Pukyong National University, *Institute of Food Science, Pukyong

National University)
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PC-40 Transesterification &2 3}Z F 3t Jatropha oilZH-E vlo] 2.t]d
Az AT
AW 038!, Zel8]!, Rajendra Joshi®, 71E38)°, ARk, wteda°, AE7)”
(‘F5ohsta 318384, “Dept. of Chemical Science and Engineering,

School of Engineering, Kathmandu University, *4]-&tj 8l
el aaoetn e, ARt 8438

PC-41 HA718A4 Fs/EFE fe ALgelE 2 AL 2 5 F7t
ol gl AFd!, A2, AYE, A, ndg!, PEE> AAFA (@A E,
G ol 27 o] M £ H] A2)
PC-42 @2 9 TiN o|F o] 3849 A& 549 Ax 4 5497
o] 23], Awx, dald, =dwety, 28, 3, AFr (AHEdstw)
PC-43 EX 59 B3 FEFE o] £ 2AEFHE AR5 A B4
3] 4, Enkhjargal Ganbaatar, 71 E]l9" (=48 w)
PC-44 o 2% 2gtokAel WA 5 Wi E o] §3 LENE /o] FFAT
Aed, 453, A" (FEd sty
PC-45 ¥ E2A3kA S 53] B AT
olF%, AFd, AP (FFA R stw)
PC-46 HMEA 38 F 2y E AsE a7t HE By
ARG AL, 2o, &571% FX47 (dagduiazd, Mg A

pPC-47 The comparative study of basic functionalized adsorbent
for methane purification
Hyeok-sang Ryu'?, Jae-Hyung Choi', Jung-ho Jae® and Dong-ha Lim'" (‘Green

Materials & Processes R&D Group, Korea Institute of Industrial Technology
(KITECH), *Division of Chemical and Biomolecular Engineering, Pusan National

University)

PC-48 Calculation of thermodynamic properties of pure fluids using modified Peng-Robinson
equation of state
Pradnya NP Ghoderao, Duraisami Dhamodharan, Suhail Mubarak, Hun-Soo Byun*

(Department of Chemical and Biomolecular Engineering, Chonnam National)

PC-49 Preparation of activated carbon from ginkgo leaf for application of adsorption of
methylene blue
Injun Hwang', Jinsoo Kim? and Seung-Soo Kim'® ('Department of Chemical
Engineering, Kangwon National University, “Department of Chemical Engineering

(Integrated Engineering), Kyung Hee University)
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PC-50 Calcination temperature effects of solid state synthesis of Ru based catalysts for H2
production from ammonia decomposition
Seong Chan Lee, Jae Hyung Choi, Jun-hyeok Lee, Tae-Young Kim, Ryang Gu Lim
and Dong-Ha Lim* (Korea Institute of Industrial Technology)

PC-51 H2 production from ammonia decomposition using the synthesized
Ru based catalysts by solid state method
Seong Chan Lee, Jae Hyung Choi, Jun-hyeok Lee, Seo-Hyeon Jeong, Yun-Seon Jang
and Dong-Ha Lim* (Korea Institute of Industrial Technology)

PC-52 Production and analysis of solid fuel derived from various biomass through
hydrothermal carbonization
Hee Sun Yoon', Seong Rae Lim', Ga Hee Kim', Byung Hwan Um'" ('Hankyong

National University)

PC-53 Dry reforming of methane using Ni-SiO2 catalyst for syngas production: Optimization
of preparation method
Jun-hyeok Lee, Yun-Seon Jang, Seo-Hyeon Jeong, Jae Hyung Choi and Dong-Ha

Lim* (Korea Institute of Industrial Technology)

PC-54 Ni-SiO; catalyst for dry reforming of methane from coke oven gas
Jun-hyeok Lee, Gyeong-Min Kim, Seong Chan Lee, Jae Hyung Choi and Dong-Ha
Lim* (Korea Institute of Industrial Technology)

PC-55 SeFeMoO; SV} % A2 o] 88 FIHUEY A 1S
3

oA, oA, $8W (At sehgeta)

PC-56 Numerical Simulation of fluid flow in distribution Channels for Droplet formation in
parallelized Microfluidic Flow~Focusing devices

Adedamola D. Aladese, and Heon-Ho Jeong* (Department of Chemical and

Biomolecular Engineering, Chonnam National University)
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pPC-57 Fabrication of Metal-Organic Framework Derived Hierarchical Nickel Cobalt Selenide
Nanosheets as Binder-Free Electrode for High-Performance Asymmetric
Supercapacitors
Erdenebayar Baasanjav, Lee, Myeong Won, Parthasarathi Bandyopadhyay, En Mei Jin
and Sang Mun Jeong* (Department of Chemical Engineering, Chungbuk National
University)

PC-58 A novel solvent-based extraction and precipitation approach for recycling of
multifaceted plastic wrapping materials
Duraisami Dhamodharan, Pradnya NP Ghoderao, Suhail Mubarak, Hun-Soo Byun*
(Department of Chemical and Biomolecular Engineering, Chonnam National

University)

PC-59 MOF Derived Porous ZnO/C Nanocomposites for photocatalytic CO, reduction
Suhail Mubarak, Dhamodharan Duraisami, Pradnya NP Prabhakar, Hun-Soo Byun'
(Department of Chemical and Biomolecular Engineering, Chonnam National

University)

PC-60 Phase behavior of binary solution for the propylene glycol monomethyl ether acetate
+ supercritical CO, at high-pressure
Duraisami Dhamodharan', Cheol-Woong Park', Suhail Mubarak', Hun-Soo Byunl*,
Hwan Choi’, Sung-Won Shim® (‘Department of Chemical and Biomolecular

Engineering, Chonnam National University, *Jaewon Industrial Co.)

PC-61 The single-step catalytic conversion of PET waste into liquid hydrocarbons fuels
through aqueous-phase hydrodeoxygenation

Vishnu Murali, Jungho Jae* (Pusan National University)

PC-62 Identify Chlorine evolution mechanism of Sn doped Sb/IrTaOx/Ti electrode
Juno Shin, Yiseul Park* (Pukyong National University)

PC-63 A study on the scale-up of biodiesel production using Amberylst-15 and Dolomite
bead catalysts
Seunghee Lee', Minseok Sim', Yehee Kim', Rajendra joshi’ and Jong-Ki
Jeon"('"Kongju National University, “Kathmandu university)

PC-64 N,S co—doped TiOy/ @ —Al,O3 7133 Iy 7

PC-65 Elucidation of the active sites of the Ni-Re bimetallic catalysts for the
hydrodeoxygenation of guaiacol

ONFF, WS, AYEr (PN ST
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A Study on the Promotion Plan of ESG for SMEs and Startups

Hyun-Woo Kim
ESG&Corporate Diagnosis&Technology Dept., Korea SMEs and Startups Agency(KOSME)
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The regulation of photosynthetic light harvesting investigated by
ultrafast laser spectroscopy

Soomin Park"
'Korea University of Technology & Education (KOREATECH)

Under excess light conditions, photosynthetic organisms activate non-photochemical quenching (NPQ)
which provides essential photo-protection against oxidative stress resulting from reactive oxygen
species. To investigate the specific details of this photo-protective mechanisms, we used an ultrafast
transient absorption (TA) spectroscopy which records the evolution of TA signals of carotenoid
pigments during the intense light acclimation of photosynthetic samples. The findings have

implications for optimizing the yields of crop and algal bio-fuels.

il

18 |
1. Park, S, Steen, C. J., Lyska, D., Fischer, A. L., Endelman, B., Iwai, M., Niyogi, K. K,, and Fleming, G. R.
“Chlorophyll-carotenoid excitation energy transfer and charge transfer in Nannochloropsis oceanica for the

regulation of photosynthesis” Proc. Natl., Acad. Sci. USA., 116(9), 3385-3390 (2019).

2. Park, S, Fischer, A. L., Steen, C. ], Iwai, M., Morris, J. M., Walla, P. J., Niyogi, K. K., and Fleming, G. R.
“Chlorophyll-carotenoid excitation energy transfer in high-light-exposed thylakoid membranes investigated
by snapshot transient absorption spectroscopy” J. Am. Chem. Soc., 140(38), 11965-11973 (2018).

_30_



CT-A02

Eco-friendly production of H,-deficient synthesis gas via co-electrolysis of CO,
and H,O

Kosan Roh'’, Ki Tae Park’, Dong Hyun Chun’, Hyojin Lee®’

'Chungnam National University, Konkuk University, *Korea Institute of Energy Research

Low temperature co-electrolysis (LT-co-electrolysis) of CO, and H,O is a sustainable solution for
the production of synthesis gas with a low H,/CO molar ratio. Unlike its alternatives such as dry
reforming of methane (DRM) and coal gasification (CG), LT-co-electrolysis can decouple the
production of synthesis gas from fossil fuels and direct greenhouse gas (GHG) emissions'. We
examine LT-co-electrolysis for sustainable syngas production to prove its technical feasibility using
proton exchange membrane with Ag catalyst in a lab-scale catholyte-free electrolyzer’. Based on the
experimental data, we conceptually design a syngas production process. The designed process is
assumed to supply syngas with the H,/CO molar ratio of 1.0 to the Fe-based Fischer-Tropsch (FT)
process. We then carry out integrated techno-economic and life cycle assessment in order to analyze
syngas manufacturing cost and net GHG emission, which are then compared to those of two
alternative technologies including DRM and CG processes. The results show that LT-co-electrolysis
can supply the synthesis gas in suitable conditions to the FT process. Compared to DRM and CG,
LT-co-electrolysis shows much lower carbon footprint when the PEM electrolyzer is powered by
low carbon-intensive electric energy. Its high manufacturing cost, however, should be further reduced

via (1) advancing PEM electrolyzers, (2) utilizing cheap electricity, and (3) selling emission credits.

References

1. De Kanter, M.; Meyer-Kirschner, J.; Viell, J.; Mitsos, A.; Kather, M.; Pich, A.; Janzen, C.
Enabling the Measurement of Particle Sizes in Stirred Colloidal Suspensions by Embedding
Dynamic Light Scattering into an Automated Probe Head. Meas. J. Int. Meas. Confed. 2016, 80,
92-98.

2. Lee, W.; Kim, Y. E.; Youn, M. H.; Jeong, S. K.; Park, K. T. Catholyte-Free Electrocatalytic CO
2 Reduction to Formate. Angew. Chemie Int. Ed. 2018, 57 (23), 6883—6887.
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CT-A05

Enhanced aqueous fluoride adsorption using UIO-66/GO granular composite by
PAM/PVA

So Yeon Yoon"? Hye Jin Yoo'?, Seok Byum Jang"? Min Ji Kim'?, Nurhaslina Abd Rahman'?
Kien Tiek Wong'? Choe Earn Choong'? and Min Jang'?*'

'Kwangwoon University, “Plasma Bioscience Research Center

Fluoride (F) is considered one of the essential trace elements; however, excessive intake of F~ (>
1.5 mg L") for a long time can cause fluorosis, liver damage, and interference with DNA synthesis
in the human body [1]. Due to its toxicity, effective F~ remediation technology in water resources is
required. Among the various F~ removal treatments, adsorption is considered promising technology
due to its simplicity, easy operation, and environmental friendliness. Graphene oxide (GO) is one of
the hydrophilic adsorbents, with active oxygen functional groups present in the layered structure.
However, GO has low sorption selectivity toward F-, stacking problem, and difficulty separating and
reusing after adsorption. The UIO-66/GO granular composite (UIO-66/gGO) was synthesized by
physical mixing GO and UlO-66, with the addition of polyacrylamide (PAM) and polyvinyl alcohol
(PVA) as stabilizer and binder, respectively. The experimental results revealed that PAM and PVA
enhanced the F removal of UIO-66 and GO. UIO-66/gGO with 50% (w/w) of UIO-66 has
enhanced F~ sorption efficiency, achieving a maximum sorption capacity of 102 mg g"'. The ionic
strength had an insignificant impact on F  adsorption efficiency via the CI° < NO; < SO,
sequence. FESEM and FT-IR analyses were conducted to investigate the surface morphology and
functional groups of UIO-66/gGO. Moreover, XRD and XPS analyses were conducted for
investigating the F~ removal mechanism of UlO-66/gGO. The addition of PAM and PVA provided
amine groups on UIO-66/gGO composite and enhanced F~ sorption capacity and effectively inhibited
GO stacking.

References
1. Lin, K. Y. A, Liu, Y. T., & Chen, S. Y., "Adsorption of fluoride to UIO-66-NH, in water:
stability, kinetic, isotherm and thermodynamic studies," J. Colloid Interface. Sci., 461, 79-87 (2016).
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Dispersion coefficients of gas phase with fluidization behavior of CNT
agglomerates in a gas-solid fluidized bed
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Current Status of Nitrogen Oxide Reduction Technology and
Development of High-efficiency SCR Catalyst using Highly Dispersed
Support Materials

Bora Ye', Bora Jeong', Myeung-jin Lee', Hong-Dae Kim'*
'Korea Institute of Industrial Technology (KITECH)
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1. Ye et al, “Partially reduced graphene oxide as a support of Mn-Ce/TiO, catalyst for selective catalytic
reduction of NOx with NHs,” Catalysis Today, 328, 300-306 (2019).

2. Ye et al.,, “Low-Temperature De-NOx Extruded Monolithic Catalysts Based on Highly Dispersive Mn-Ce
Oxide Nanoparticles of Low Ce Content,” Adv. Mater. Technol., 4(2), 1800462 (2019).
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Removal of Various Contaminants Using Designed Pilot Plants for Wastewater

Ju-Hyeok Kwon, Kung-Won Choi, Seong-Hyun Pyo, and Byong-Hun Jeon*

'Department of Earth Resources and Environmental Engineering, Hanyang University, Seoul

The conventional methods of wastewater treatment are coagulation, flocculation, oxidation and so on.
However, some of them have limited ability to fully treat wastewater consisting of serious oily
pollutants and various detergents. The composition of wastewater washed by engines is very
complex, and the characteristics may vary from engine to engine. Due to this non-uniform structure
of the washed wastewater, the treatment plant must be flexible and easily operated at different
capacities [1]. In this study, several experiments are conducted to optimize the operating conditions
of the plant so that the washed wastewater can be treated and automatically reused at the
workplace. The designed pilot plant consisted of coagulation, precipitation, oxidation and membrane
separation processes as an integrated type. The quality of reusable water is determined by a few
indicators, namely turbidity, suspended solids, total organic carbon, chemical oxygen demand, oil
content and so on. In order to optimize each process of the plant, coagulation, oxidation and
membrane separation tests were conducted as batch tests, and the value of each factor was analyzed
to evaluate the efficiency. In the jar test, the turbidity and COD were drastically reduced after the
optimal pH was found. When the optimized conditions derived from the batch test were applied to
the pilot test, a remediation efficiency of about 80% was achieved. By optimizing the batch test
and experiments in the pilot plant, the treated wastewater seems to be suitable for use as cleaning

water at the industrial site without incurring the cost of wastewater treatment separately.

References

1. Bilgili M. S, Ince, M,, Tari, G. T.,, Adar, E.,, Balahotli, V., & Yildiz, S. (2016). Batch and continuous treatability of
oily wastewaters from port waste reception facilities: A pilot scale study. Jowrnal of Electroanalytical Chemistry, 760,
119-126.
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Oxy-fuel circulating fluidized bed combustion with high inlet oxygen
concentration

Ji-Hong Moon!, Sung-Jin Park!, Seong-Ju Kim!, Sung-Ho Jo', Jae-Young Kim',
Tae-Young Munl*, Jae-Goo Lee"
'Korea Institute of Energy Research

This study optimizes the oxy-fuel circulating fluidized bed combustion (Oxy-CFBC) process by
increasing the oxygen concentration in the oxidants up to 60 vol.%. Increasing the inlet oxygen
concentration implies increasing the thermal power in the same combustor. This indicates that the
boiler thermal output can be changed. In this regard, the heat recovery technology, which is the
most important technology, and the operating characteristics based on the inlet oxygen concentration
were investigated. The results show the control of temperature levels, ratio of excess and inlet
oxygen, combustion efficiency, solid flux, CO, purity, emissions, and fly ash characteristics at high

inlet oxygen concentration conditions.

A
1. Seddighi et al., “Scale-up challenges and opportunities for carbon capture by oxy-fuel circulating fluidized
beds,” Applied Energy, 232, 527-542 (2018).

2. Moon et al.,, “Carbon dioxide purity and combustion characteristics of oxy firing compared to air firing in
a pilot-scale circulating fluidized bed,” Energy, 166, 183-192 (2019).

3. Li et al,, “Coal combustion emission and ash formation characteristics at high oxygen concentration in a 1
MWy, pilot-scale oxy-fuel circulating fluidized bed,” Applied Energy, 197, 203-211 (2017).

_39_



CT-B04

Energy-saving pretreatment strategies of microalgae for high-concentration

biofuels production

Geon-Soo Ha, Chan-Yeong Lee, Byong-Hun Jeon"
Department of Earth Resources and Environmental Engineering, Hanyang University, Seoul 04763,
South Korea

Complete fractionation and utilization of highly concentrated microalgal suspension remain to be
bottlenecks during downstream processing, thereby limiting the commercialization of microalgae
biorefineries. In this study, the production of biofuels (bioethanol, higher alcohols, and biodiesel)
was achieved through energy-saving strategies from highly concentrated (100 g/L) microalgal
suspensions. This integrated approach attained unprecedented total conversion efficiency (48—63%)
and maximum total biomass utilization (77-86%) for both the microalgal strains with high yields of
bioethanol (0.48 g-ethanol/g-carbohydrate), higher alcohols (0.44 g-higher alcohols/g-protein), and
biodiesel (0.82—-0.89 g-biodiesel/g-lipid) at suspensions of 100 g/L. Transmission electron microscopy
was employed to visualize the changes in the intercellular morphologies before and after serial
fermentations. Thus, the unprecedented maximum conversion efficiency obtained via the proposed
integrated approach from highly concentrated biomass suspension could be useful for overcoming the

bottleneck of microalgal utilization to realize the successful commercialization of biofuels.
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Synthesis of ZnO seeded and coated granular polyurethane for micropollutant

destruction: photo-corrosion control and vacancy engineering

Seok Byum Jang'?, Choe Earn Choongl’z, Kien Tiek Wongl’z, So Yeon Yoon'?,
Nurhaslina Abd Rahman '?, Min Ji Kim'?, and Min Jang'*"

1Kwangwoon University,20, Gwangun-ro, Nowon-gu, Seoul, 01897, Republic of Korea

*Plasma Bioscience Research Center, Kwangwoon University

In this study, ZnO was seeded during polyurethane(PU) foaming to provide the ZnO nucleation
spot, and additional ZnO was coated on granular-sized ZnO seeded PU (namely P-ZZ.) under the
hydrothermal method. First, ZnO seeding and coating ratio were optimized through SMX removal
batch experiments. Consequently, P-ZZ. coated with ZnO at a mass ratio of 4:3 on PU(ZnO seeded
in a mass ratio of 50% of polyol) achieved the highest SMX removal efficiency, and SEM analysis
confirmed that a high amount of ZnO was doped on the surface. Photo-electro analyses such as
UV-vis DRS, photocurrent, MS-plot, EIS, and PL were conducted to confirm the photocatalytic
performance of P-ZZ.,, and the results show that the flat band-position of P-ZsZc significantly
up-shifted compared with commercial ZnO. According to the above results, we assumed that the
ZnO property was changed during the seeding and coating process on PU. We performed XRD,
FT-IR, XPS, and solid EPR to prove our hypothesis and found that P-Z,Z, had a higher oxygen
vacancy (OV) than commercial ZnO. To investigate the photo-corrosion stability of ZnO, we also
conducted five cycle batch experiments, and Tafel plot analysis, proving that P-ZZ, was a highly

stable anti-corrosive material.
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Microbial electrosynthesis for production of
green chemicals from CO, emissions

Soo Youn Lee
Korea Institute of Energy Research
(syl@kier.re.kr)

With concerns over climate change rapidly increasing, many efforts have been being to reducing
greenhouse gas (CO,) emissions. Electrochemical conversion of CO, to fuels using a renewable
energy sources is an increasingly important area that addresses global warming and fossil fuel
shortages. To apply the concepts in practically, the electrochemical reactions should be proceeded
under mild conditions of a moderate temperature and atmospheric pressure. In general, however, a
high overpotential exists in the electrochemical reduction of CO,. To date, extensive efforts to
develop electrode materials for the direct and electrochemical reduction of CO, have been made also,
but so far, they require the application of energetically inefficient potentials or produce mixtures of
non-specific products. In this context, electrochemical reduction of CO, has yet to be achieved on
appropriately large scale due to the lack of efficient, robust catalysts operating at low operation
potential with high selectivity. The biocatalytic reactions involving energy applications are gaining in
prominence, especially in the direction of microbial electrosynthesis of desired fuels under excess
electrical energy.

In the view of biotechnological production of fuels and chemicals, the use of CO, as an alternative
carbon source for microorganisms, instead of sugar or lignocellulose, is attractive, because it is the
only abundant raw material that is available worldwide and completely detached from the food
chain. Among several bioelectrochemical approaches, microbial electrosynthesis (MES) merges
electrochemical and microbial conversion for the production of biofuels and higher value chemicals
from CO, emissions. Here, recent MES technology for the CO, conversion and the key barrieres to

its commercialization are introduced.
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Improvement of Biofuel Production through Metabolic Shift of Clostridium
aurantibutyricum by FElectro-fermentation

Taeyoung Kim"
Chosun University

Electro-fermentation has been interested due to improvement of biofuels by electrochemically-driven
microbial metabolic shift [1]. In this study, the metabolites of Clostridium aurantibutyricum, which
has Aceton-Butanol-Ethanol (ABE) pathway, were examined in three electrode potentiostatic system
on glucose with and without mediator addition (neutral red). The pure culture of C.
aurantibutyricum in initial stationary phase on growth was inoculated in the compartment set at
-0.6 V (versus Ag/AgCl) and then 30 mM of glucose was added. The results showed that the
improvement of ethanol and butanol production in the potentiostatic system was observed compared
to the control reactors and there was no interference of the bacterial number difference during
glucose consumption. Increased ethanol and butanol production was not mainly coming from
electrical electrons at the electrochemical reaction by total coulomb calculation. We assumed that
the reason of biofuel products acceleration is metabolic change of the microbe through

electrochemically reducing environment created.
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Bioelectrochemical control of microbial metabolic pathways for bioproductions

Changman Kim'", Gagyeong Park', and Seorin Moon'

'Department of Biotechnology and Bioengineering, Chonnam National University

Electrode-based metabolic control is an effective strategy for manipulating metabolic fluxes by
changing the intracellular redox balance. Here, we present the -electrode-based heterologously
overexpressed metabolic pathway regulation using a model strain, known as a weak electrogenic
bacteria, E. coli BL21(DE3), harboring glycerol reductive pathways to synthesize 3-hydroxypropionic
acid (NAD+ dependent metabolism) or 1,3-propanediol (NADH dependent metabolism). The
potentiostat poised a potential to shift the intracellular redox balance via bacteria-electrode electron
transfer. Consequently, 3-hydroxypropionic acid production was increased in a positive potential (+
0.7 V) with a decrease in the NADH/NAD+. Whereas enhanced 1,3-propanediol productivity with a
relatively high NADH/NAD+ ratio was identified in the negative potential electrode (- 0.7 V). The
result demonstrated the electrode-based metabolic control for an heterologously expressed glycerol

pathway in E. coli.

References

1. Kim, C., Kim, M.Y., Michie, 1., Jeon, B.-H., Premier, G.C., Park, S., and Kim, J.R.. (2017)
Anodic electro-fermentation of 3-hydroxypropionic acid from glycerol by recombinant Klebsiella
pneumoniae 17 in a bioelectrochemical system, Biotechnology for biofuels 10: 199.

2. Kim, C., Lee, J.H., Back, J., Kong, D.S., Na, J.G., Lee, J., et al. (2020) Small Current but
Highly Productive Synthesis of 1, 3-Propanediol from Glycerol by an Electrode-Driven Metabolic
Shift in Klebsiella pneumoniae L17, ChemSusChem 13: 564-573.

_46_



A2

39 24<¥4(E) 13:00 - 15:00
A28 24 Bak 59 394 3 (Violet)

_47_



CT-Co1

T4 GAEE T3 AR A AAEAFS FXo] 714
Ni/CegsZro20, FH & Aol v|X= F&

Improving the catalytic activity in dry reforming reaction by enhancing
the oxygen storage capacity of Ce(sZr(,0, support through hydrogen
heat-treatment

Beom-Jun Kim', Ho-Ryong Park!, and Hyun-Seog Roh"
Yonsei University

We provided a different atmosphere (20% H,/N,, N,, and ambient air) during the heat-treatment of
the CesZro20, support while preparing a Ni/CepsZro.O, catalyst. The difference in heat-treatment
conditions affected the physicochemical properties of the support and catalyst. In particular, it
strongly affected the oxygen storage capacity (OSC) of the CeysZrp»O. support. Ni (5 wt%) was
impregnated on each CeysZro,0O, support heat-treated in different atmospheres, and the
characterizations of each support and catalyst were also conducted. Interestingly, the dispersion of
Ni’ in the catalyst showed a similar trend to the OSC of the support because of the anchoring
effect. The dispersion of Ni’ mainly determined the catalytic activity of the dry reforming reaction in
this study, not the OSC of the Ni impregnated catalyst. The characterization and catalytic reaction
results revealed a deep relationship between the OSC of the support and the dispersion of Ni’
crystallite size of Ni’, and catalytic activity. The catalyst prepared with the support heat-treated in
20% Hy/N, showed the highest OSC of the support, highest Ni’ dispersion and smallest Ni’
crystallite size of the catalyst after impregnating Ni, resulting in the highest catalytic activity in the
dry reforming reaction. This result suggests that the improvement of the catalytic activity by
enhancing the OSC of the CeysZro,O, support is possible through hydrogen heat-treatment before the

impregnation of Ni.

FuEd
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in dry reforming reaction by enhancing the oxygen storage capacity of CeysZro2O, support through
hydrogen heat-treatment," J. CO, Util., 57, 101903 (2022).
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A Study on the Hydrogen Production via Steam Reforming of
Combined Alkane Hydrocarbons over Ni-based Catalysts
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'Department of Infrastructure System Engineering, Environmental Engineering, Kyungnam University
*Department of Environmental and Energy Engineering, Kyungnam University
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Ammonia reforming properties by the addition promoter to Alumina pellet
based Ni catalyst

Jin Hyeok Woo', and Ju En Kim', Han Dong Son', Soo Chool Lee'" and Jae Chang Kim®'
'Kyungpook national university
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Comparative Study of Lignocellulosic Co-production Strategies

Hyunwoo Kim, WangyunWon"
Kyung Hee University

In this study, we present five different co-production processes producing versatile platform chemical
(furfural) and value-added commodity chemicals (1,5-pentanediol, adipic acid, and activated carbon)
as well as bioplastic monomer (2,5-furandicarboxylic acid; FDCA) from lignocellulosic biomass.
Energy and carbon flow analyses are performed to investigate the utility consumption and carbon
efficiency per strategies. Heat and material balances calculated by process simulation are used for
the techno-economic analysis (TEA) and life-cycle assessment (LCA). Through the TEA, we
determine the minimum selling price of FDCA for the five strategies. We also quantify the
environmental impact via LCA. Through the sensitivity analyses, we identify cost and environmental

impact drivers and provide a guideline for future works and directions.
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One-pot conversion of engineered poplar into biochemicals and biofuels
using biocompatible deep eutectic solvents

Kwang Ho Kim?, Nak-Kyoon Kim!, Hyunjoo Lee! and Sun-Mi Lee!
'Korea Institute of Science and Technology

Within the framework of a sustainable bioeconomy, biorefineries are set to play a central role in
decarbonizing our societies. A bioeconomy is defined as one wherein fuels, chemicals, and materials
are derived from renewable resources." Multidisciplinary approaches are needed to address the
various technical and technoeconomic challenges that have hindered the development of sustainable
biorefineries. Herein, we report on the one-pot conversion of transgenic poplar biomass into
bioproducts using biocompatible deep eutectic solvents (DESs). Engineered poplar wood with
elevated levels of cell-wall-bound p-hydroxybenzoate (pHB) was processed using choline
chloride-glycerol (ChCl-Gly) and betaine-glycerol (Bet-Gly), two non-conventional solvent systems. A
molecular engineering strategy that increased the abundance of terminal phenolic pHB groups on
lignin resulted in transgenic poplar with reduced inherent recalcitrance. The engineered poplars,
particularly those with the greatest levels of pHB, released more fermentable sugars and produced
higher yields of bioethanol compared to wild-type trees following a one-pot treatment with
ChCl-Gly. Equally important, the residual lignin was a rich source of alkylphenols upon
hydrogenolysis, which highlights an additional opportunity for lignin valorization. Our findings show
how integrating plant cell wall engineering and process consolidation using biocompatible DESs
could enable the development of sustainable biorefineries that effectively utilize both carbohydrates

and lignin.
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Enhancement in the metal efficiency of Ru/TiO, catalyst for guaiacol
hydrogenation via hydrogen spillover in the liquid phase

Hyungjoo Kim', Seungdo Yang', Yong Hyun Lim', Jacha Lee', Jeong-Myeong Ha?, Do Heui Kim'*

'Seoul National University, *Korea Institute of Science and Technology (KIST)

In this study, systematic approach has been applied to elucidate the promotional effect achieved via hydrogen
spillover in the liquid phase in the hydrogenation reaction of guaiacol, which was conducted using Ru/TiO2
catalysts with various Ru loadings diluted with pristine TiO2. Ru was highly dispersed at low Ru loadings,
while the dispersion gradually decreased with increasing loading, which induced the formation of Ru NPs in
the high-Ru-loading catalysts. For the catalysts with Ru NPs, hydrogen spillover was activated at the reaction
temperature of 100°C, and the spilt-over hydrogen on TiO2 contributed additional active sites, which resulted
in a significant enhancement in the metal efficiency. The optimal Ru loading was found to be 3wt.%, and the
metal efficiency was deterred at higher Ru loadings owing to the decrease in dispersion, although this
drawback was compensated when additional active sites are introduced by the incorporation of pristine TiO2.
Based on the understanding the nature of hydrogen spillover, we anticipate these promotional effect in metal

efficiency by utilizing hydrogen spillover could be applied to other biomass hydrogenation reactions.
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Techno-economic and Life Cycle Impact Assessments of Plastic Waste
Chemical Recycling

Eprillia Intan Fitriasari®, Malik Sajawal Akhtar®and J. Jay Liu®™
*Pukyong National University

The increasing production of plastic around the world has created global concerns about plastic
pollution and environmental degradation. Recycling plastic waste to produce recycled monomers is
one of the most sustainable solutions. In this study, we present process modeling, techno-economic,
and life cycle impact assessments for Expanded Polystyrene (EPS) depolymerization-based recycling
process and compare them with virgin styrene monomer production. The process model is validated
by experimental results. The developed assessment approach is demonstrated in three case study
based on the product purity and pre-processing treatment. A case study of high-purity recycled
styrene monomer production, with a minimum selling price of $1.65/kg, became the most
economically feasible option. In comparison to the production of virgin styrene monomer, all of the
case study have lower Global Warming Potential (GWP), with Case 1 being the most
environmentally friendly with a GWP reduction of 72 %.
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A comprehensive study on the Kinetic triplet and characteristics of products

derived from co-pyrolysis of lignocellulosic biomass with plastics

Thuan Anh Vo', and Seung-Soo Kim'
'Department of Chemical Engineering, Kangwon National University,

346 Joongang-ro, Samcheok, Gangwon-do 25913, Korea

Co-pyrolysis of biomass with plastics has been an interesting research trend in improving both
the yield and quality of oil product toward taking advantage of flexible material resources and
sustainable fuel development. This study investigated the effect of temperature and biomass/plastic
ratio on characteristics of co-pyrolysis of biomass (bamboo and oak wood) with plastics
(polypropylene [PP] and polystyrene [PS]) using a fixed-bed reactor. The kinetic triplet for
feedstocks was perfectly identified using the isoconversional method, compensation effect, and master
plot method on the basis of thermogravimetric analysis. The addition of 20 wt% plastics into
biomass decreased the latter’s activation energy, with the most distinct positive synergistic effect for
the bamboo/PS blend. Also, improvements in the liquid yield and higher heating value (HHV)
compared with those of individual biomass were observed when using additive plastics. The
co-pyrolysis of biomass with plastics decreased the release of CO and CO, and increased the
content of the aliphatic and aromatic hydrocarbons in oil product. The synergism in the co-pyrolysis
was also indicated because of the difference in the real and theoretical yields of the products,
especially for biomass/PS blends. Co-pyrolysis chars had the great HHVs in the range 30.73-32.41
MJ/kg and thus they can be applied as the solid fuel.
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Green hydrogen delivery via multiple liquid carriers-An economic

perspective

Malik Sajawal Akhtar', Rofice Dicksonz,JayLiul’*
""Department of Chemical Engineering, Pukyong National University, Busan, Korea

*Department of Chemistry & Chemical Engineering, SBA School of Science and Engineering,
Lahore University of Management Sciences (LUMS), Lahore, Pakistan

Green hydrogen is a potential viable option for mitigating fossil fuel dependency while still
adhering to strict environmental regulations in the current era of climate change and depleting
fossil fuel resources. As a global carbon neutrality goal becomes increasingly evident, green
hydrogen is increasingly recognized as one of the best options, but its low volumetric density
poses a significant challenge that need to be addressed in order to develop a green hydrogen
delivery infrastructure globally. However, storing hydrogen in other chemicals such as Liquid
Organic Hydrogen Carriers (LOHCs) and liquid ammonia can be a potential solution to address the
issue. Therefore, this study presents an economic assessment of six hydrogen carriers
infrastructures: (a) Liquid hydrogen; (b) LOHCs (methanol, di-benzyl toluene, and
methylcyclohexane); (c) liquid ammonia, and (d) synthetic natural gas (SNG). The results show
that liquid ammonia is the best carrier followed by methanol for long term storage and
transportation of hydrogen. The levelized cost of hydrogen was found to be $ 8.31/kg and $
9.24/kg for ammonia and methanol, respectively.
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d7led&=d As E7t

Evaluation of the effect of Ammonia injection condition in the De-NOx
system (SNCR-SCR) on the emission of air pollutants

Jebeom Oh'"-Sunjeong Yun'-Jisun Shin'-Sunghun Yoon
Jeonghwa Choe'-Sungtae An'-Jitae Jung'-Han Kim'
'Korea Environment Corporation Department of Environment Management HQ of Western Metropolitan Area

o

grledEwd MEAE @7 EAEAAL S Tar#a A9 g7|8d Jidel #s SER, 9 T3
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A AESHY A FAL] A HV|EHHAEY &3 7]s2 SNCR(Selective Non Catalytic React
or) i+ SCR(Selective Catalytic Reactor) & AEd oz #8519 o) o] 7|& F82 E3E27] (SNCR
—SCR)E 4&3h= AHIIZF S7ketar vk 4719 712 $A] [NH;, (NH)2COlE ©]-&-3afo] AaAtkst
AN, + HyO) A7l dgolut, 35 ARE Al wEkg A7} &= (Slip) th s
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Table 1. th71ed=d 75 H7HE A ==

hal

T & SNCR SCR
HZ7k~ 5% (CMM) 228.3
Az Ao AiAitgtE $AFE (ppm, kg/hr) 80.3 (1.51)
S Al (NH) & 73 (kg/hr) 1.82 (F%4v] 1.2 : 1)
Az A (13:35 ~ 14:05) 100.0 (1.82) 0.0 (0.00)
94 FYxH AZXA B (14:20 ~ 14:50) 70.0 (1.27) 30.0 (0.55)
(%, kg/hr) $£AzA C (17:00 ~ 17:30) 50.0 (0.91) 50.0 (0.91)
SHZA D (17:45 ~ 18:15) 30.0 (0.55) 70.0 (1.27)
# A (NH) 24 0 25%, 0.9 kg/Liter

* Correspounding author
Tel : +82-2-3153-5460 E-mail : ohjebm@keco.or.kr
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HkA ol &1 x7A) F74 (Boiler, S
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=4 Hﬂgo%%ﬂ% 6.0
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o7 SCRE SNCREUF &4 Fg&o
Q& SCRefl A7} Fg5=A] &
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Table 2. @434 ¥ 3AAI(NHy) Tz nE t7jed=d As 4%
7124 %4 (NOx, NHy) 544% (ppm, H¥, 0,= 12%.)
SNCR SCR

NOx 24l B3 adg s
5 o] 57 A
T = (ppm) EOES EOESR (%)
NOx NH3y NOx NHjy
g4 58 (%) SGA58 (%)
SHdAZxA A 56.0 8.7 30.2 42.6 0.2 24.0 47.0
SHAZA B 49.5 1.9 38.3 25.0 0.7 49.5 68.9
80.3

SAxA C 54.1 1.2 32.6 25.1 5.2 53.7 68.8

SHZA D 51.5 0.2 35.8 19.1 13.5 62.8 76.1
B e dEow Hiez 7)4(SNCR-SCR) AL FAA A2 SNCRo| Az F33 279 =
grebd §82 47.0%%2 9 YEREaL, SNCR @ SCRell 2+2F 30.0%, 70.0%= F3 79 B3etd &
H2 76.1%%2 7 =4 YER oL mlEelA dE Yoyt A HEEHAY. uEkA H5EEE T)Eo] A
£58 AL AL ALARE WHAEE W gAAR Y] o B 58 s FdA ¥ vEe g
ATAE 7PHAQJA FUAZXRAB0%~70%) ANA di7l ed=wduEdo] Sge & 5 ATt
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Nitric Oxide Removal by Ferrous EDTA Complex and Regeneration of
Ferrous EDTA Complex

Yoon Hee Kim, Na Yeon Kim, Ji Yull Kim, Dong Seop Choi, Dong Hun Lee, Eun Ju Yoo,
Young Eun Kim, Han Gyeom Son, JiBongloo*
Department of Chemical Engineering, Konkuk University

In modern society, air pollution is becoming more serious due to the air pollutant generated
from combustion of fossil fuels. Among the substances that cause air pollutant, nitric oxide (NO)
i1s known to have an adverse effect on the environment, and it resulted acid rain and
photochemical smog. Thus, NO must be removed before it is released into atmosphere. In this
study, we remove NO at low temperature using metal complex wet absorption method and
regenerate the metal complex for effective process. In order to increase the low solubility of NO,
it was directly absorbed using Fe (II) EDTA. However, Fe (II) EDTA-NO and Fe (IlI) EDTA
oxidized by air cannot have the ability to absorb NO. Thus, we increased the NO absorption
efficiency by regenerating Fe (II) EDTA-NO using three reducing metal agent (Zn, Fe, Mg). We
confirmed that Fe (II) EDTA shows not only high NO absorption efficiency at low temperature

but also zinc metal shows excellent regeneration performance within a short period.
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Optimization of catalytic combustion process efficiency to reduce nitrogen
oxides of volatile organic compounds in petrochemical processes

Jin-ho Kim, Hyun-Ji Kim, Hyo-sik Kim, Ji hyeon Kim, Jae-Hong Ryu, Suk-Hwan Kang’,
'Institute for Advanced Engineering (IAE)
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Effect of CoAlLO,; addition on the simultaneous removal of H,S and NH; in
Co and Mo based catal-sorbents

Jin Hyeok Woo!, Han Dong Son', Ju Eon Kim', Soo Chool Lee'" and Jae Chang Kim'*
'Kyungpook national university
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Design of bacteria based composites for supercapacitor electrodes

Kwang Se Lee"
'"Department of Advanced Materials & Chemical Engineering, Kyungnam College of Information &

Technology, 45 Jurye-ro, Sasang-gu, Busan, South Korea

Bacteria can be used not only carbon-based materials but also electrode materials for supercapacitors because
they contain heteroatoms which has been shown to enhance electrochemical performance. Bacteria encompass a
myriad of prokaryotic microbes which have a strong cell wall which protects the bacterial cells from the
outside environment [1,2]. Besides, bacteria can be produced in large quantities at very low costs since they
are a natural resource and as such bacteria-derived electrode materials are promising. Also, the nitrogen atom
introduced by the bacteria, causes carbon-based electrode to have pseudocapacitive behavior In this study, we
demonstrated the fabrication of bacteria-doped material for use as supercapacitor electrodes [3-6]. This simple
and environmentally friendly method of making supercapacitor electrodes is a gateway to a sustainable

preparation of functional materials.
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Fractal Web Design of Hemispherical Photodetector Array with Organic
Dye-Sensitized Graphene Hybrid Composites

Eun Kwang Lee"
'"Pukyong National University

The vision system of arthropods consists of a dense array of individual photodetecting elements
across a curvilinear surface. This compound-eye architecture could be a wuseful model for
optoelectronic sensing devices that require a large field of view and high sensitivity to motion.
Strategies that aim to mimic the compound-eye architecture involve integrating photodetector pixels
with a curved microlens, but their fabrication on a curvilinear surface is challenged by the use of
standard microfabrication processes that are traditionally designed for planar, rigid substrates (e.g., Si
wafers). Here, a fractal web design of a hemispherical photodetector array that contains an
organic-dye-sensitized graphene hybrid composite is reported to serve as an effective photoactive
component with enhanced light-absorbing capabilities. The device is first fabricated on a planar Si
wafer at the microscale and then transferred to transparent hemispherical domes with different
curvatures in a deterministic manner. The unique structural property of the fractal web design
provides protection of the device from damage by effectively tolerating various external loads.
Comprehensive experimental and computational studies reveal the essential design features and
optoelectronic properties of the device, followed by the evaluation of its utility in the measurement

of both the direction and intensity of incident light.
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Application of multi-scale modeling and predictive control to a batch
delignification process

Sang Hwan Son!
'"Pusan National University

Kraft pulping is one of the most industrial processes in pulp production field. During Kraft pulping,
lignin in wood chip is removed by chemical reaction with alkali solution called white liquor.
Recently, it has been found that microscopic attributes of fibers (e.g. porosity, cell wall thickness
(CWT), and fiber length) also considerably affect the properties of paper products. To this end,
additional modeling studies have been performed to describe the evolution of these microscopic
attributes of fibers as well as the macroscopic characteristics in pulp digesters [1]. Based on previous
studies, a multi-scale model for batch delignification process is developed to track the evolution of
macroscopic properties of each phase with the extended Purdue model and microscopic attributes of
fibers with the kinetic Monte Carlo (kMC) model [2]. Then, an offset-free model-predictive control
system is designed and implemented to a delignification process for pulp manufacturing to achieve
the desired level of delignification and CWT value. The closed-loop numerical experiment
demonstrated that the implemented control system properly drove the Kappa number and CWT to

their set-points under plant-model mismatch and additionally introduced process disturbance [3].

. Choi, H K, & Kwon, J. S. L. (2019). “Modeling and control of cell wall thickness in batch delignification.”
Computers & Chemical Engineering, 128, 512-523..

2. Son, S. H, Choi, H K, & Kwon, J. S. I. (2020). “Multiscale modeling and control of pulp digester under
fiber-to-fiber heterogeneity.” Computers & Chemical Engineering, 143, 107117.

3. Son, S. H,, Choi, H. K, & Kwon, J. S. . (2021). “Application of offsetfree Koopmanbased model predictive
control to a batch pulp digester.” AIChE Journal, 67(9), €17301.
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Understanding the Metal Support Interaction and Catalytic Properties of
AL Os-based Catalysts

Jaekyoung Lee"

'"Pukyong National University

Metal support interaction between the catalytic active phases (Pt, Pd, etc.) and support (ALOs) is
important for the physicochemical properties and activity of AlOs-based heterogeneous -catalysts,
which have been utilized in petrochemistry and automotive exhaust emission controls, etc. However,
it has been challenging to understand the metal support interaction of alumina based catalysts due
to complexity of surface properties of AlLOs;. The complexity originates from debates on the crystal
structure, mixed factors, and the absence of sensitive characterization tools. In this talk, we study
which factors decide the surface properties of AlLO; based on controlled ALOs; (morphology,
crystalline phase, and additives) [1]. Furthermore, we investigate how these surface properties of
ALO; affect the interaction with the active phase (transition metal: Pt) [2]. Finally, in the case of
CH; oxidation for natural gas vehicles (NGV), how controlling the metal support interaction

improves the catalytic behavior of PdPt/Al,O; catalysts will be introduced [3].

2753
T AT 51

. Lee, ], Jang, E. ], Kwak, J.H*, "Acid-base properties of ALO;: Effects of morphology, crystalline phase, and
additives," ]. Catal. 345, 135-148 (2017).

2. Lee. ],, Jang, E. ], Oh, D.G,, Szanyi, J., Kwak, J.H*, “Morphology and size of Pt on ALOs: The role of specific
metal-support interactions between Pt and ALO;” J. Catal, 385, 204-212 (2020).

—

3. Lee. ], ¥ Kim, M.Y. ¥, Jeon, J.H, Lee, D.H, Rao, KN, Oh, D.G, Jang, EJ., Kim, E, Na, S.C, Han, HS.*,
Kwak J.H, (T equal contribution) “Effect of Pt pre-sintering on the durability of PtPd/ALO; catalysts for CH;
oxidation,” Appl. Catal., B, 260, 118098 (2020).
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Optimization of the Control Parameters of LNG Fuelled Ship: Digital
Twin and Machine Learning-based Approach

Inkyu Lee!

"Pusan National University

A AARew AFAZ ZFetge] we, AR F P JAEA A AEH AV (LNG; Liquefied
Natural Gas) F27F w<3star Stk [1]. 53] =AA]5-(IMO; International Maritime
Organization) 1A a7l Ao ti71e@EH WE 7|£S 4sste] wpgl duke] d8 2 LNG7F Zhgit

Itk [2]. LNGE Ao A5z ARgstr] fsiAe 71 9 71skE S8l xlel w33ty Ads
20& WSA Ak sty Ak e wet QT EE AR oFo]l AAIZZ ¥E 4 Qe 5
AE AR wWE A7t Jhssof . I LNGUEES AMEstE A9 o w AR dAnE
FTwaslol et S5A4S 7HAERE SFE 9 overshoote] ZA WAYEA] oA o] kA ojojol gt
s ASdzds S48 oo 2 dAFE LNG FH49 w21 Hg Al Aoyt 7hestes
FGSS(Fuel Gas Supply System) Ao} stetu]e] HA3LE FHs G0t WA, 7] 52 AJEdo]A
2ds Jhdeta A &4 ol gt vuE I AEHE =2 UAYEY 2ds gtk A
o OAEEY RdaRE HE AW 7Hde] vdole & AAsta, BldolHE g5AlA Wil
Y 2Es FEE Es Haled 2l ¥ 7Nk HA g mdE A gste] Ao Ao wp
g Bl S &S0t UAEESY W #alyy 7HE A& Aol et HA3 A4 LNG F3
AW oty thekst sEtEAelE Ag H 5 glom, FAVIES 43k Al A 714 5 S A
o= 7lgEtt.

% IEH

. Park, J., You, F,, Mun, H., and Lee, I, “Liquefied natural gas supply chain using liquid air as a
cold carrier: Novel method for energy recovery,” Energy Conv. Manage., 227, 113611 (2021).

2. Kwak, D. H.,, Heo, J. H, Park, S. H, Seo, S. J., and Kim, J. K. “Energy-efficient design and
optimization of boil-off gas (BOG) re-liquefaction process for liquefied natural gas (LNG)-fuelled
ship.” Energy, 148, 915-929 (2018).
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Uranium adsorption using 3D-graphene oxide coated with UIO-66: Batch

and column experiments

Choong Choe Earn'?, Kientiek Wongl’z, Soek Byum Jang 12 S0 Yeon Yoon ', Abd Rahman
Nurhaslina'?, Min Ji Kim'?, Min Jangl’2

1Kwangwoon University,20, Gwangun-ro, Nowon-gu, Seoul, 01897, Republic of Korea

’Plasma Bioscience Research Center, Kwangwoon University

In this study, we prepared 3D-graphene oxide (GO) via GO implanted on melamine resin-sphere
(MR) templating method and further coated with one of the popular metal-organic framework
(MOF), UIO-66 for Uranium (U) removal experiments using actual groundwater at neutral pH.
Firstly, we optimized the ratio between MR ratio and GO mass for U removal from the isotherm
experiments. As a result, the 1:1 doping ratio between MR and GO (namely 3D-GO) achieved
the highest U removal efficiencies. Further, 5,10, and 15% of UIO-66 by weight of 3D-GO was
doped on 3D-GO, namely 3D-GO/UIO-66s5, 3D-GO/UIO-6619, and 3D-GO/UIO-66;s, respectively.
The U adsorption capacities calculated by Langmuir isotherms were 154.72, 367.15, 310.85,
375.51, and 181.23 for 3D-GO, UIO-66, 3D-GO/UIO-665, 3D-GO/UIO-66;), and 3D-GO/UIO-66;s,
respectively. Among granular materials, 3D-GO/UIO-66;, showed the highest U removal
efficiency. Inaddition, 3D-GO/UIO66;, can be regenerated well up to 5 cycles with 89% of U
removal capacities using the combination of Na,COs; and H,O, reagent. An up-flow column
experiment investigated the effect of empty bed contact time (EBCT) on U removal using
3D-GO/UIO66,p. The column experiment results further fitted into Thomas and Yoon-Nelson
models. The granular-sized 3D-GO/UIO-66,, revealed a high potential for U-containing water
treatment due to its high removal capacities and selectivity.

References

1. J. Ma, Y. Zhang, R. N. Collins, S. Tsarev, N. Aoyagi, A. S. Kinsela, A. M. Jones, and T. D.
Waite, Flow-Electrode CDI Removes the Uncharged Ca-UQO2-CO3 Ternary Complex from
Brackish Potable Groundwater: Complex Dissociation, Transport, and Sorption, Environmental
Science & Technology, 53: 2739-2747 (2019).
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Fabrication of 3D structured TiO, catalyst based on extrusion processes of

paste

Ye Eun Kim'?andManSigLee'
'Korea Institute of Industrial Technology (KITECH), *KoreaUniversity

TiO, has gained tremendous attention in the last decades due to its large surface area,
photosensitivity, nontoxicity, chemical reduction. 3D printing technology has become a powerful tool
to produce structures in many types of applications. In particular, catalytic and photocatalytic
reactors have gained much attention in this field and are developing rapidly. Additive manufacturing
opens the door to the fabrication of self-supported, three-dimensional (3D) substrates with a regular
and periodic porous network that maximizes the surface areas, allows the homogeneous flow of
fluids, minimizes the dead volume of the catalytic reactor, and avoids pressure drops, especially in
the fixed bed reactor. The emergence of 3D printing technology brings the way to the preparation
of new and complex structures that could enhance and open new opportunities in the field of
photocatalytic reactors. Herein, we investigated additive manufacturing of TiO, catalyst based on the

extrusion processes of paste.

References

1. Elkoro, A., Soler, L., Llorca, J., and Casanova, I., “3D printed microstructured
Au/TiOqcatalystforhydrogenphotoproduction”,4dppl. Mater. Today, 16, 265-272 (2019).

2. Grandcolas, M. and Lind, A., “3D-printed polyamide structures coated with TiO2 nanoparticles, towards a
360-degree rotating photocatalytic reactor”, Mater. Lett., 307(15), 131044 (2022).

_72_



CT-F08
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SldE
AREEE]

Development of the Smart Architecture Electrodes for Use in
Electrochemical Energy Storage devices

Sang Ho Lee"
"Pukyong National University

TolA = olxbAl A= Alx: Fokeld HlwAoR gl dEAA

TZ2E WEeAnk. TiO2(B), LiyTi;0n 59 11&
1= d=24de &8s, 159 A5 =42 749
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Ulsan Carbon Dioxide Upcycling Regulation Free Zone

Hojun Song, Youngbok Ryu, Hyun Sic Park, Kyeong Ho Kim, Jo Hong Kang, Sun-Yup Hwang

Korea Institute of Industrial Technology
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LCA evaluation of greenhouse gas reduction in the mineral carbonation
process

Changsik Choi", and Sora Yi’
Institute for Advanced Engineering, ZKorea Environment Institute

The technology development was carried out to concentrate CO2 of LNG flue gas through a gas
separation membrane and link it to the mineral carbonation process. Therefore, the greenhouse gas
emission and the greenhouse gas reduction effect were calculated through this, and the greenhouse
gas emission was analyzed.

As a result of the global warming characterization evaluation of the mineral carbonation process,
it was estimated that 14.6 kg CO2 eqg/ton was emitted to remove 1 ton of carbon dioxide in the
exhaust gas. Electricity use accounts for more than 90% of all stages of the life cycle, followed by
wastewater treatment.

As the avoidance effect, when the life cycle avoidance effect was reflected in the calcium
carbonate production in the actual liquid phase rapid carbonation process, the greenhouse gas

emission of the whole process was significantly reduced.

Au1EH

1. Sora Yi, Changsik Choi, and et al., “LCA for Manufacturing of Construction Materials using CO2
Mineral Carbonation Technology”, Journal of KSWM, 35(5), 464-470 (2018).

2. CCU7|= 8ol wa 247ks e A 7 2AFEFHFTELA), T2 A7FAFE BAY
(2013).
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Development of life cycle assessment methodology for carbon dioxide
capture and utilization products produced by mineral carbonation
technology

Lee Bong Jae', and Kim Yeah Won?
Korea Testing & Research Institute, "Roen Consulting Co.,Ltd

Currently, the carbon dioxide capture and utilization(CCU) technology and commercialization projects
have not yet secured economic feasibility. Therefore, in order to induce and promote the
participation of private companies in the project, government-level support and incentive policies for
carbon capture and utilization technology are urgently required. The CCU can get profits such as
carbon credits through linking with greenhouse gas reduction projects, and through this, some
economic feasibility can be secured. In order to support market development for commercialization,

it

is necessary to support carbon footprint certification of low-carbon products. As there are

currently no certification cases for CCU products in the carbon footprint certification, it is essential
to develop a life cycle assessment(LCA) methodology for CCU products for the purpose of obtaining
certification in the future. This study aims to define the procedure and method to evaluate the
environmental properties of CCU products by performing the life cycle impact assessment of CCU
technology, specially mineral Carbonation CCU Technology, and to establish an environmental
database that can be used in the future. Therefore, by deriving an LCA methodology for obtaining a
carbon footprint (LCA) certification for products produced through the Ulsan Special Free Zone
Project of Regulatory, we intend to contribute to maximizing the usability of eco-friendly products
and expanding the spread of CCU technology.

This work was supported by Korea Institute of Industrial Technology. [Project Name: ©]AF3}&HA 2
A3} FAAFST AE A5 A 9 (B2 4A) / Project Number: 2021120C895-00]
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IAFA s, olibsleba EA-F-E(CCU) 7184l Z=9(b) (2021).
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A Zimmermann, L. Miiller, “Techno-Economic Assessment & Life Cycle Assessment Guidelines for CO2
Utilization(version 1.1)”, Global CO2 Initiative (2020).
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PantR., Marelli L., Ardente F., “Life Cycle Assessment (LCA) ofalternative feedstocks for plasticsproduction”,
European Commission (2021).

LATIAERANE, CCU7 = E8el e 247k wiE=F AP 7121 &HESH.LA) (2013).

ISO, Environmental management — Life cycle assessment — Requirements and guidelines (2006).
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Introduction of Chungnam Reduction Carbon Construction Material
Regulation Free Special Zone Project
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Novel strategy to produce tailor-synthesized solid carbonates and
recover rare earth elements via pH-swing based carbon mineralization
of industrial by-products

Youngjune Park!
IGIST, School of Earth Sciences and Environmental Engineering

HrsHS g8 afgor 2A7AE Y & ol FE wAkE 7)E olatsiwkae] A (CCS)
B ootyzl, AAEQD uA gt B3ty 54 AlolE Fa& ket Ay Eoke] F&(CCU)E
Atk 53], U Ad#A e 54 udd uw, A, A, AHME ¥4 SolA st ks
AAFA R FE ks AAT S Qe @E 945 EFea o), FE eAakE 71es 53
247k AA AR 29E g 5 k. B Aol s pH-swing 71HE &880 o] 5 A RAE
E25E BA2ES AASE TAC, IAERE 5 2 5T 5 Qs WHES AFHoz AAE
Atk o8 Bl BaEHT BAAN NAT = Y= A NES Adsnn do}

F1EA
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Mineralization of Blast Furnace Slag” |. Environ. Chem. Eng., 10, 107327 (2022).
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Both Acidic and Basic Conditions for Carbon Sequestration Potential” Korean ]. Chem. Eng., 38(11), 2279-2285
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(2020).
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Synthesis of zeolitic material and magnesium oxide
using industrial by-products

Chang-Han Lee
Catholic University of Pusan

Abstract
In this study, zeolitic materials at alkali/CFA ratio of 0.3 - 1.8 were synthesized from coal fly ash

from a thermal power plant using a fusion/hydrothermal method. The zeolitic materials were found
to have cubic crystals structure and X-ray diffraction (XRD) peaks of Na-A zeolite by XRD and SEM
analysis. When the zeolitic materials were synthesized from the coal fly ash, the XRD peaks of the
zeolitic materials at alkali/CFA ratios of 0.9-1.8 had the same location as the XRD peaks of
commercial Na-A zeolite. The XRD peaks of the Na-A =zeolite (Nai2AlpSi1204527.4H,0) were
confirmed in the 20 in the range of 7.18-34.18. The magnesium oxide (MgO) nanoparticles with the
morphologies of globular agglomerates were synthesized from a seawater bittern by a wet
decarboxylation/precipitation method. The effect of the synthesis parameters on the morphological
structure of the MgO nanoparticles prepared was investigated with reaction time and precipitate
(NaOH) concentration. These synthesis conditions by the wet decarboxylation/precipitation method

can be applied to synthesize MgO nanoparticles in an industrial plant using other raw materials.

A&
el Aeksly wd Ao A WA E = A g AEA] (coal fly ash @ CFA) & 2014 7]+ 826%HE
g = E

olm, o] T 70%+ AWE €8, FIAYE Z3A], HEA, =4, 298 A5 o= ALEHT v
A 30%+= ¥ vk(Maeng et al.[1]). @A =ulelA thFoz WA= A ek Az 2 A
&l tist 713l gijke] F53 AAolnt oA e Avl=l w5, Ay 4, T3 59 A
TAEC] FHCE ARBAAE AR ALE W Yo AHuHe= AS B FUPMAE o] A
Wetow FE&EAR AetolE Aol gk AFE 1990t EHPF-E AF7HA] A&AH R
3] 23 Qtf(Murayama et al.[2]; Inada et al.[3]). 3l Fols At Hvlshd w]gko] A wk B2 &
Sdaso] X ok fEvEel AR S AFH Tt Ade] WA nAEo] Frel wet ¥
A S Ao et dds) ed AeA Hoju dFERYH FEE F e £ AEEETH &
TE5dAES FY s e A9AQ AN AE A& o, HE sielA Mg, K,
o & F&dase] 357t o] FolA AL vk (Park et al.[4]).
2000 A5z ] kst dATAbEo] HARAE o] &3 AlSetelE Ao diE I 4

r

2
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T s g oA A AR SWelx Faste] 3o dish therst A7 AyEI QY
(Alamdari et al.[7])

2 ATE AL B H7IEQ AERAAE o8 /el vlE] Hhg ARk
A T e FE/FERIUE olgste] AglE EHE AT ]
(Alkali/CFA H])& AAlstaat sioy, Al&etolE &4 9 Abstvtadle § 58S SEM, XRD, XRF,

ICP-AESZ B8 ¥A4¢ Fd 249 vaae 2rshar.

As g
AR S o] &35t AlZgolE FAS g8/ EdAH Y A A (Lee and Park[8]) & ©] &3k
o Tl 15S Al adle $A2 AYAT (Park et al.[4]) A AA S @etal/Ade]l AdAdAt

& ol g-aheirk.

2 5l 32

AN EF/FETEHE Ol%ﬂ CFAZNE S AlEetolEst 49 F§4& 7889 55,
AN, AR s A7, AR E &% 9 NaOH/CFA v} 28 thakst A3t Q4o o5 —’%f%‘ElSiiD}.
HAste 243} 245 7wtew, SAAZ 5 h, AAFAY 5 h, A3} 2% 90°C Y

Hl 0.6—1.8914 €&/ FHS ol g3t wu ﬂlia}OL =49 4 ézi% E%@ T AT
T, 15 FRE vavEs 3§ =

—

1+ &8

o S HA
E E | E
TENE AFEste] oy 7HA] ¥ W e s skt MgiNa = H1°ﬂ e JEFs Az
£ A3} MgiNa & U7h 355 Sashaigel A0 e A% @ 5 9308 guh e 4
- pH7} 9.34=% Yow Ax FHE o] T Hl& 3u] & *F& S & 7 o
A E3
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7. Alamdari, A.,, Rahimpour, M. R, Esfandiari, N., Nourafkan, E.,, “Kinetics of magnesium hydroxide precipitation
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8. Lee, C. H, Park, J. W.,, “Synthesis of zeolite using discharged fly ash in an industrial complex in Ulsan”, Journal
of Korean Society of Environmental Engineers, 33(5), 301-316 (2011).

_8‘|_



SEAA I
2471==29 A=Y 3D=dH
7NeTd L 847]|E Y 3

39 244 (&) 13:00 - 15:15
2= =M B4 59 3ol 2 (Tulip, Cosmos)

_82_



The Development of Ceramic Materials and its 3D Printing Process for
Materials Extrusion

Jong Wan Ko", Dong-Hyun Kim' and Yu Jin Park"?
'Korea Institute of Industrial Technology, *Hanyang University

Additive manufacturing (AM) process has been rapidly adapted in a wide range of industrial area.
In the ceramic manufacturing field, AM process will provide a great opportunity to materialize
complicate and fine structures. Unfortunately, there are still challenges such as lower purity, layer
delamination, micro cracks to establish ceramic AM process as a practical and economical method.

A novel alumina slurry compositionally designed for direct ink writing (DIW) AM process is
introduced. An aqueous “alumina-Sol” was applied to alumina powder suspension media, resulting
the thermal-curable slurry (“alumima-Sol” acts like inorganic glue to form inter-connected network
between alumina powder) with high powder loading over 50 vol% without any polymeric resins.

The green body that obtained with the developed “all-in-one” slurry though DIW printing process
demonstrated relatively high density and green body machinability. Consequently, near net-shape
sintered body with lower linear shrinkage under 15% could be achieved. We demonstrated a novel
approach for the synthesis of “all-in-one” alumina slurry for near net-shape 3D alumina structures

though additive manufacturing.

FIEHA

1. Mitchell, A., Lafont, U, Hotynska, M., and Semprimoschnig, C., “A review of 4D printing and
future applications,” Addit. Manuf. 24 606-626 (2018).

2. Hur, H, Park, Y. ], Kim, D.-H,, and Ko, J. W., "Manuscript in progress for publication"
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Process window for alumina slurry deposition based on slot die coating

Jeonghong Ha, See Hoon Lee!, and See Hoon Lee
Advanced Forming Process R&D Group, Korea Institute of Industrial Technology

Additive manufacturing of ceramics can be classified as slurry-based, powder-based, and bulk
solid-based methods depending on the feedstock type. Among them, the slurry-based AM methods
can obtain high-density ceramic parts by controlling the content of ceramic powder and the viscosity
of the solvent. The coating quality of the slurry significantly greatly affects the final quality of
slurry-based 3D printing parts [1]. A slot die coating is a coating method in which slit-shaped
nozzle moves on a substrate with ejecting the slurry to form a film, and is mainly used for
application of high-viscosity ceramic slurries. Slurry properties such as viscosity, contact angle, and
surface tension, coater operating conditions such as feed rate and coating interval, and die shape
such as die lip angle, die lip length, and nozzle spacing are the main variables that determine the
coating quality [2]. In this study, the coating properties in the ceramic slurry coating process using
the slot die coating method were evaluated using computational fluid dynamics. Coating
characteristics was analyzed depending on the operating conditions of the coater, and process

window was derived to obtain the uniform thickness of the ceramic slurry layer.

FuEd

1. Zhang, ]. et al., “3D Printing of Zirconia Cermic Slurry: Effect of Overlapping Rate on Surface Finish and
Mechanical Properties,” J. Ceram. Sci. Techno., 12(2) 71-80 (2021).

2. Ding, X. et al., "A review of the operating limits in slot die coating processes," AICHE ]., 62(7),
2508-2524 (2016).
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Fabrication of extrudable TiO, slurry for direct ink writing

Ye Eun Kim'?, and Man Sig Lee"”
'Ulsan Division, Korea Institute of Industrial Technology (KITECH),
*Department of Chemical and Biological Engineering, Korea University,
*Department of Green Process and System Engineering, University of Science and Technology (UST)

TiO, has gained tremendous attention in the last decades due to its large surface area,
photosensitivity, nontoxicity, and high chemical stability. Among 3D printing technologies, materials
extrusion called direct ink writing has become a powerful tool to produce structures in many types
of applications. The slurry ink preparation plays a key role in tuning the rheology and Additive
manufacturing opens the door to the fabrication of self-supported, three-dimensional(3D) substrates
with a regular and periodic porous network that maximizes the surface areas, allows the
homogeneous flow of fluids, minimizes the dead volume of the catalytic reactor, and avoids
pressure drops, especially in the fixed bed reactor. The emergence of 3D printing technology brings
the way to the preparation of new and complex structures that could enhance and open new
opportunities in the field of photocatalytic reactors. Herein, we investigated slurry of TiO, catalyst

mixed with PVA as a binder for materials extrusion application.

FaEd

1. Elkoro, A., Soler, L., Llorca, J.,, and Casanova, I, “3D printed microstructured Au/TiO, catalyst for
hydrogen photoproduction”, Appl. Mater. Today, 16, 265-272 (2019).

2. Grandcolas, M. and Lind, A. “3D-printed polyamide structures coated with TiO. nanoparticles,
towards a 360-degree rotating photocatalytic reactor”, Mater. Lett., 307(15), 131044 (2022).
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Powder bed additive manufacturing of ceramic complex forming for
decomposing the nitrogen oxides

Bora Jeong', Myeung-jin Lee', Sujin Kim', Woon Gi Kim', Bora Ye', and Hong-Dae Kim"
'Korea Institute of Industrial Technology

Selective catalytic reduction (SCR) technology is green and indispensable for decomposing harmful
nitrogen oxides (NOx) into harmless products, N, and H,O. Conventional production process for
monolith-shaped SCR catalyst is extrusion, but it has difficult to complex forming and is needed
various additives to obtain strength. It is possibly solved by replacing extrusion to 3D-printing
having advantages such as effective short process time, effective economy aspect, and decreasing the
number of materials. We can confirm the SCR performance in both of powder and green bodies
states which are fabricated in two forms. One is a coated on the 3D-printed matter, and the other is
the 3D-output made of SCR granular powder using powder bed additive manufacturing technology.
In a first case, 3D-printed matter consist of SiO, and Ci,A;with optimal ratio, and slurry for coating

and SCR granular components are prior SCR catalysts.

a1EF3d

il

)=
1. Chun, S. Y, Kim, T. W,, and et. al., “Capillary pressure and saturation of pore-controlled granules for
powder bed binder jetting”, Applied Surface Science, 515, 145979-145986 (2020).
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The additive manufacturing method of ceramic materials in 3D printing

*Jae Ho Baek', Min A Bae'?, Kyeong Ho Kim'
'Korea Institute of Industrial Technology,
*Materials of Science and Engineering Pusan National University

A% 7}¥ (Additive manufacturing; AM) 0% 2487 3DXHE 7]&L ‘9 A5 Z4ov JMEshs
AAL7F (Subtractive manufacturing) W2 3= 2402, 3¢ 249 dolHZRE AEFS 3 = 3+
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Study on the Hybrids Properties of Ceramic Composite

vhagH, Aol @Aln)!, uhellZ gulzies

'KITECH (Korea Institute of Industrials Technology),
UST (University of Science and Technology)

*bjkim@kitech.re.kr

This study focus on the hybrids of silica (or BaTiOs;) and photosensitive organic materials. We will
synthesize silica (or BaTiOs) nanoparticles (NPs) and their surface modification with acrylates. Also
we prepare these NPs and UV-curable polyurethane acrylates (PUAs) using poly tetramethylene
ether glycol (PTMG) to enhance dielectric constant. Especially we expect that BaTiOs; with high
dielectric constant and PTMG having ether group become candidate materials for 3d printable
electro-static chuck. Finally we will measure the dielectric constant of these hybrids and also
investigate curing kinetics and their films properties such as surface hardness and transparency for

these ceramic composites.
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An Optimization Study on Plasma based Powder Surface Treatment
Module for Manufacturing of Highly Dispersed Ceramic Slurry

Chisung Ahn’, Kyu-Bong Jang, Jaeeun Jeon
Korea Institute of Industrial Technology
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1. Feklina, T. N., Kasparyan, S. O., and Kulkov S. N., “Low-Temperature Plasma Treatment of Aluminum
Oxide and Its Chemical Properties” AIP Conf. Proc., 2310, 020093 (2020).
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Additive manufacturing of ceramics by optical sintering process

[iyong Park"

'Korea Institute of Industrial Technology
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1. Kirihara S., “Stereolithographic additive manufacturing of ceramic components with functionally
modulated structures” Open Ceramics, 5, 100068 (2021).

2. Grossin, D., Monton A., Navarrete-Segado P., Ozmen E., Urruth G., Maury F., Maury D., Frances C.,
Tourbin M., Lenormand P. and Bertrand G.,. “A review of additive manufacturing of ceramics by
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zirconia, alumina, and their composites” Open Ceramics, 5, 100073 (2021).
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Effect of Mesoporous Catalyst on Preparation of BTXE and C10-C13
aromatics from Polycyclic aromatic hydrocarbons

Yeongseo Park, Huiji Ku, Seung Kyo Oh, Gi Bo Han', Byung Hun Jeong’, Jong-Ki Jeon’
Kongju National University, 'Institute for Advanced Engineering, *Agency of Defense Development

Polycyclic aromatic hydrocarbons (PAHs) & UsT% HEFAFCE A3 tFE 34 A8z AFEFH
1Yt 28y H PAHsE benzene, toluene, xylene, ethylbenzene(BTXE) =2 tjA g 72
ARZRA g R d@ets V)Eel #@Alo] BeopAa gk & AFtelA= hydrocrackings &3l
PAHsZH¥ BTXES €A Azl &4 AEQ Cio—Cis 2 mono—aromatic rings 181
di—aromatic rings& #|Z3sla1A} 3FA T o] E ¢8| HZSM—-52F HUSYE A A AR AAste] Y313
t}. =3 XA A o] mesoporeZt FolH RS o) BTXESH Cip—Cis & mono—, di—aromatic rings A%
of v|X+= P&FS B AAAE desilicationdt®] mesoporeE A X33 Co 9F Mos Z4+7; 3, 5
wt% A Azt Ax3 FulES trickle bed reactorollA g3} @ BA3tE WYt ol
9 Fgsta 4w EgA EAL H,—temperature programmed reduction, Ny—adsorption and
desorption, X-ray diffraction, X-ray fluorescence 1831 NHs—temperature programmed

desorptione ©]&3] 43t}
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Y.-K. and Lee, C. W.”Selective hydrocracking of pyrolysis fuel oil into benzene, toluene and
xylene over CoMo/beta zeolite catalyst,” J. Ind. Eng. Chem., 46, 356-363 (2017).

2. Jung, M.-],, Jung, J.-Y., Lee, D. and Lee, Y.-S., “A new pitch reforming from pyrolysis fuel oil by
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Effect of Tin Content on TiO,-Supported Platinum-Tin Bimetallic
Catalysts for Low Temperature CO Oxidation Reaction

Na Yeon Kim, Yoon Hee Kim, Ji Yull Kim, Dong Seop Choi, Dong Hun Lee, Eun Ju Yoo, Young
Eun Kim, Han Gyeom Son, Ji Bong Joo*
Department of Chemical Engineering, Konkuk University
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Nitric Oxide Removal from Flue Gas by Ferrous EDTA Complex and
Regeneration of Ferrous EDTA Complex
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CFD Simulation of Induction Heating System for methane decomposition

Gyeong-Min Kim, Jae Hyung Choi and Dong-ha Lim"

Green Materials & Processes R&D Group, Korea Institute of Industrial Technology, Korea

Methane decomposition for CO,-freeH, production directly convert methane into hydrogen and
carbon without producing any by-product. Catalytic decomposition of methane requires high operational
temperature at approximately 900 °C as an endothermic process. Then, a burner-type heat supplying of
the pilot-plant scale could cause catalytic deactivation due to the large temperature deviation inside the
reactor. Induction heating uses current to deliberately cause electrical behavior that heats up a material
through resistance effects and is clean environmental heating process as
non-CO,emissionduetoanon-contactheatingprocess.

In this study, the induction heating process was simulated and estimated for the efficiency of
the usage of energy and choice of the reactor materials. The electromagnetic field simulation software
was used to design the induction heating process that will have an optimum efficiency. The properties
of the induction heating design were simulated and analyzed such as effect of inductor’s width,

inductor’s distance, and conductive reactor materials.
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hydrogen: A review”, Journal of Energy Chemistry, 58, 415-430 (2021).
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Double-layered Catalyst with Vanadium and Manganese on Metallic Monolith
for Low-temperature Selective Catalytic Reduction of NOy

Minkyum Kim' JaeHyungChoi,Chul-HoLeeand Dong-ha Lim’

Green Materials & Processes R&D Group, Korea Institute of Industrial Technology, Korea

'Division of Chemical and Biomolecular Engineering, Pusan National University, Korea

Due to the recent tightening of government regulations to reduce fine dust, it is necessary
to make efforts to reduce NOyemissionsfrom industrial facilities. The
De-NOyprocessesinfieldofindustrialfacilitiesisselectivecatalyticreduction(SCR),andhaveextensively used the
ceramic honeycomb type as a commercial SCR catalyst. However, the ceramic honeycomb catalyst
has disadvantages such as low mechanical strength and non-recyclability compared with metallic
monolith catalyst. The metallic monolith catalyst are made of thin metal foils formed into a flat and
corrugated structure which is placed inside a metal shell. The advantages of the metal substrates
have high geometric surface area and low pressure drop with the thin walls.

In this study, the metallic monolith De-NOx catalyst combined with active metals of
vanadium and manganese was prepared by the optimized coating techniques, and the coated catalyst
was uniformly and strongly adhered onto the surface of the metallic monolith according to droping
and bending test. The De-NOx catalyst coated on metallic monolith showed excellent performance

satisfying the emission standard (less than 60 ppm) at low temperature range (200 ~ 240 T).
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Influence of M-TiO, Supports (M=Mn,Ce,Mo,Ni) Based on Vanadium for
Low-temperature Selective Catalytic Reduction of NOy with NH;

Jae Hyung Choi, Juryeong Jang, Seon Min Lee, Jinung Kong and Dong-ha Lim"

Green Materials & Processes R&D Group, Korea Institute of Industrial Technology, Korea

Due to the negative impacts of NOx, the mitigation of NOx emissions from industrial
facilities is of paramount importance for environmental protection. One of the most commercial
de-NOyprocessesisselectivecatalyticreduction(SCR)ofNOswithNH3. Asacommercial SCRcatalysts,avanadiumt
ungstenbasedcatalystismainlyusedat medium-high temperature. However, the V,0s—WO; catalyst have
low activity in low-temperature range of 160-250
°CbecauseoftheformationofammoniumbisulfateinthepresenceofSO,andH,Ofromfluegas[ 1].Inthisstudy,theinfl
uenceofMn,Ce,MoandNipromotorsonTiO,supportwasinvestigatedforlow-temperatureSCR.Thepromotors(Mn
>Ce>Mo>Ni)improvedthelow-temperatureNH;-SCRperformance,andwereattributedtotheincreased Lewis-aci

dsitesandhighredoxcapabilityforNHsadsorptionandactivationonthecatalystsurface.
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Ammonia Co-combustion Simulation Study in USC Power Plant
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Nitrate nitrogen removal using Batch Type Electrodialysis Process
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qPCR analysis of oxidation of ZVI and Klebsiella pneumoniae metabolic shift
in glycerol

Da Seul Kong®, Changman Kim®,EunJooPack®andJung Rae Kim"

* School of Chemical Engineering, Pusan National University, Busan, 46241, Korea
® Advanced Biofuel and Bioproducts Process Development Unit, Lawrence Berkeley National
Laboratory, Emeryville, CA, 94608 (USA)

Fax: +82-(51)-510-3943 E-mail address: jkim@pusan.ac.kr

1,3- PDO (1,3-Propanediol) is a high value-added product that 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 electron donor. When ZVI donates
electrons, the reducing energy increases and activates the reductive pathway, causing metabolic
changes. In this study, the effect of ZVI on the metabolic change of bacteria was investigated. It
was confirmed that the NADH ratio was shifted to 21: 6 (with ZVI: without ZVI). To
quantitatively measure the expression level of a specific protein with qPCR, we designed primer for
dhaB, dhaD, glpK and rpoD genes. The increase of glycerol dehydratase (DhaB) was confirmed in
ZVI. Therefore, When ZVI was applied, it was confirmed that the reductive pathway was activated
by providing reductive energy. These results indicate that ZVI modulate the biotransformation of
electroactive strains such as K. pneumoniae L17, and enhance the conversion of glycerol into a

value-added platform chemical.

- 108 -



PB-02

Biogas-valorization of anaerobic digestion effluent CO2 into CH4 using a

microbial electrosynthesis

Minsoo Kim', Shuwei Li', Young Eun Song’, Dong-Yeol Lee’, Jung Rae Kim'’
' School of Chemical Engineering, Pusan National University, Busan, 46241, Republic of Korea

* Advanced Biofuel and Bioproducts Process Development Unit, Lawrence Berkeley National
Laboratory, Emeryville, CA, 94608, USA

* Environmental Technology Team, GS Engineering & Construction, Namdaemun-Ro 5-Ga,
Joong-Gu, Seoul 100-722, Republic of Korea

Biogas valorization (Biomethane) of anaerobic digestion (AD) effluent gas has gained high
attention in recent years as a natural gas substitute and sustainable organic waste reuse. The AD
effluent gas consists of 40% CO2 and 60% CH4. Small concentrations of sulfur compounds and
siloxane also consist which significantly reduce the efficiency of the follow-up processes such as
pressure swing adsorption (PSA) and membrane separation. In this study, biogas upgrading using
microbial electrosynthesis (MES) was examined with mixed gas (60% CH4 and 40% CO2) and AD
effluent real gas samples. The fabricated MESs was operated with mixed anaerobic culture as
cathodic biocatalysts. An applied potential of -1.0V (vs. Ag/AgCl) to cathode provides reducing
power to convert CO2 to CH4. The morphological analyses and next-generation sequencing results
support that the cathode attached methanogens play a key role in the bio-upgrading of CH4 in the
MES system. The biocathode produced methane at a maximum rate of 10.55L CHy/m’
cathode/dayat—1.0V(versusAg/AgCl).TheFieldEmissionScanningElectronMicroscopy(FE-SEM),Proteinassa
y,andSerumbottleexperimentwereinvestigated. TheseresultssuggestthatmicrobialelectrosynthesisimproveCH4

contentofADplantandsimultaneousCO2valorization.
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FElectrode potentials regulate the catabolic pathways of Pseudomonas putida

Mutyala Sakuntala', Himanshu KhandelwallandJungRaeKim*

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

Pseudomonas putida bacteria is emerging as biotechnologically industrial applicable host strain for
its versatile carbon metabolism and resistant to various solvents. In addition, electrochemical activity
of P. putida is recently identified. Electrochemical activity of P. putida at different applied
potentials is not studied yet. In this study, we show that metabolic activity of P. putida at various
applied potentials (0.1V, 0.2V, 0.3V, 0.5V vs Ag/AgCl reference electrode) at anaerobic and passive
air supply conditions. Under passive air conditions bacteria could utilize acetate carbon substrate and
surplus electrons released during catabolism collected as current. Further, internal redox ratios
(NADH/NAD"),cyclicvoltammogramsresultsimplytherelationshipofbacteriatotheelectrode. Theseresultssugge

stthatelectrodefacilitatetheP. putida catabolism under hypoxic conditions.

Re
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regulating catabolic pathways. Nat Commun 9, 1083 (2018).

- 110 -



PB-04

=
p=i J—TL,D L
i sta

Al-modified biochar derived from Korean pine residue and Al extract
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Young-Jin Kim and Dong-Jin Kim’
Hallym University
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Using modified graphite felt cathode electrodes with polyaniline (PANI/GF),
the start time and acetate productivity of microbial electrosynthesis cells can

be improved

Eunseo Kim', Minsoo Kim],ShuweiLil,JungRaeKiml*
'School of Chemical Engineering, Pusan National University, Busan, 46241, Korea.

E-mail address: j.kim@pusan.ac.kr

Microbial electrosynthesis (MES) based on CO, conversion and utilization have recently been
spotlighted as an innovative technology for the production of high value-added chemicals
(i.e.acetate). Electron uptake of microorganism from cathode through extracellular electron transport
system, is a key step in the acetate production from CO, of MES. Here, we developed a novel
graphite felt electrode electrodeposited using polyaniline (PANI/GF). The high biocompatibility and
conductivity of PANI promotes biofilm formation by increasing the interfacial interaction between
the cathode and electroactive micro organisms. The electrochemical properties of PANI/GF were
analyzed through cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). The
physicochemical properties of PANI/GF are analyzed by Field Emission Scanning Electron
Microscope (FE-SEM), SEM-EDS (Energy Dispersive X-ray Spectroscopy), FT-IR (Fourier
Transform Infrared Spectrometry), Raman spectroscopy. The PANI/GF produced higher acetate
production (53Mm) than the unmodified GF (33mM). The specific capacitance (C,) that the
PANI/GF had a capacitance 5 times higher than that of the unmodified GF. Physicochemical and
electrochemical analyses showed that PANI/GF electrodes promoted the formation and enrichment of
biofilms. These results demonstrate that PANI/GF is a promising cathode material for MES.
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Plastic wastes pyrolysis fuel upgrading, separation and its application in SOkW
boiler

Shuang Wang', Byung Wook Hwang', Daewook Kim', Yu-Jin Choi', Ho-Jung Ryu', Hyungseok
Nam'f, Doyeon Lee?

'Korea Institute of Energy Research, “Hanbat National University

In this work, plastic pyrolysis oil was upgraded and separated over a self-designed 2-kg-scale
separator with catalysts (such as Ni- and Cu-based) and a 20-kg-scale vacuum distillation tower
without catalyst, respectively. Light fraction (gasoline-like) and middle fraction (diesel-like fraction)
obtained by catalytic separation showed similar characteristics to gasoline and diesel. Similarly, for
the vacuum distillation tower separation, samples from No.l to No.25 showed similar properties to
gasoline whereas samples from No.33 to No.52 exhibited diesel-like properties. The main difference
between the catalytically separated and vacuum distilled samples is the oxygen content, which is
due to the deoxygenation, caused by the catalytic separation. For pyrolysis fuel application, the
combustion of plastic oil/diesel blends in a 5 kW heater was conducted, showing similar combustion
performances as compared to the pure diesel combustion. A higher NOy concentration was observed
with blends (80-130ppm at ®=0.91) due to its higher nitrogen content in plastic waste pyrolysis
fuel. Lastly, a newly launched project regarding to the development of the combined pyrolysis and
combustion is introduced. This system is expected to show an auto-thermal waste pyrolysis and the

energy efficient process.
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Enhanced electrochemical properties of SiOx anode materials according
to particle size optimization and carbon coating for high performance
lithium-ion batteries
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Active protection of electroactive biofilm increases CQO, conversion to acetate

and energy efficiency in microbial electrosynthesis system
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Abstract

Electrodes-driven biologic electron transfer has the potential to convert CO, into muti-carbon
chemicals via microbial electrosynthesis (MES). The electron transfer is mainly achieved by the
redox reaction between microbial and electrode surface. In this process, the biofilm on the electrode
surface plays an important role. Most previous studies show, dense and well-developed biofilms can
significantly improve electron transfer efficiency between microbial and electrode surface. Therefore,
it is essential to formation of dense biofilms for MES to improve electron transfer and production.
However, this idea is only theoretically feasible, but in practice, dense biofilms are rarely observed
on the electrode surface from mixed inocula for MES. In this study, we developed a safe-house
carbon felt electrode to actively protect biofilm formation in MES, and observed dense biofilm on
the unmodified electrode surface for the first time from mixed inocula for MES. The dense biofilm
improves the electron recovery efficiency of the MES. Through further protection of the biofilm
formation, that significantly increase 80% acetate production and simultaneous significantly increase
34% energy efficiency in average. On the other hand, among the biofilm on the safe-house carbon
felt electrode, acetogenic and biofilm-forming bacteria have significantly higher abundance and

diversity than carbon felt electrode.
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Continuous up-flow photocatalytic ozonation system for oxalic acid removal

using cerium oxide doped glass beads

Min Ji Kim'? Choong Choe Earn'?, Kientick Wong'?, Soek Byum Jang'?, So Yeon Yoon'?, Abd
Rahman Nurhaslina'?, Min Jang'?
'Department of Environmental Engineering, Kwangwoon University,

2 . . . .
PlasmaBioscienceResearchCenter,KwangwoonUniversity

Oxalic acid is one of the recalcitrant organic by-products from ozonation and limits the complete
demineralization. Many studies have reported that the combination of photocatalysis and ozonation
could enhance the removal performance of oxalic acid. However, those studies are reported mainly
in batch experimental systems. It is important to investigate the photocatalytic ozonation process in
the continuous flow system for the scale-up purpose. However, the study about the oxalic acid
removal efficiency in the continuous flow experiment is not well documented. In this study, oxalic
acid was removed through photocatalytic ozonation has been carried out in a continuous up-flow
system using cerium oxide (CeO,) doped on 3mm diameter glass beads through calcination method.
The CeO, glass beads were prepared under 700°C, namely CeOy(700)-GB. Using a continuous
up-flow photocatalytic ozonation process, we achieved >90% oxalic acid removal in about lhr and
showed stable efficiency for Shr. In addition, the continuous flow photocatalytic ozonation process
under natural sunlight also showed an oxalic acid removal rate of 70% in 150 min. The
photocatalytic ozone oxidation process using CeOx(700)-GB showed a higher removal rate and
stability than the sole ozonation system for removing oxalic acid in the continuous flow ozone

process. This system can be analternative potential to apply in the water treatment field.
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Removal of fluoride from water using metal-based UiO-66 metal-organic

framework adsorbents
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Fluoride (F") performs a prominent role in improving dental health at an optimum level. However,
excessive contents in water resources have been found to have harmful effects on human health,
such as fluorosis, Alzheimer’s syndrome, DNA damage, infertility, kidney failure, acute gastric
problems, thyroid disorder, brain damage, and even cancer. Therefore, fluoride removal from
drinking water is significantly essential. In this work, a simple hydrothermal reaction was developed
to synthesize the Ti-BDC, La-BDC, and Zr-BDC (UiO-66) for selectively fluoride adsorption.
Compared with the Zr-BDC (UiO-66) and Ti-BDC, La-BDC exhibited the highest F* removal 164.1
mg g '.WealsofoundthattheF~ removal performance is strongly related to the BDC-linked atomic size.
We conducted Fourier transform infrared spectrometer (FT-IR), X-ray diffraction (XRD), scanning
electron microscopy (SEM) to investigate the material properties for prepared adsorbents. The
selectivity tests were carried out with a series of competitive anions (CI, NOs,, SO/%),
demonstrating that La-BDC still has a higher adsorption capacity than Ti or Zr-BDC. The
regeneration results using 0.01 M CaCl, or MgCl, showed 96.9 or 96.8 removal percentage (%),
respectively, in 3 cycles. Hence, La-BDC exhibited a high fluoride wastewater treatment potential

due to its high adsorption capacity, selectivity, and reusability.
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plasma-catalysis system
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Per and poly-fluoroalkyl substance (PFAS), particularly perfluorooctanoic acid (PFOA), is highly
persistent with the chemical and biological recalcitrant properties. The destruction of highly stable
C-F bonds on PFOA compounds is challenging. This work investigated the kinetics and mechanism
of PFOA destruction by argon plasma/catalyst system. The composite materials of Bi,O; with
different CeO, doping ratios were prepared by the one-step calcination method. The prepared
catalysts were characterized using X-ray diffraction (XRD), Fourier Transform Infrared Spectrometer
(FT-IR), scanning electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS),
Ultraviolet-visible spectroscopy (UV-VIS), and photo luminescence spectroscopy (PL). The
combination of argon and catalyst system exhibited rapid PFOA degradation within 30 minutes
while sole argon plasma system could have low degradation efficiency. The scavenger experiment
results revealed that the hydrated electron and hydroxyl radicals played the dominant roles in PFOA
destruction in the argon plasma/catalyst system. In addition, it was found that 30% of CeO, doped
on Bi,O; exhibited the most amount of oxygen vacancy and the smallest bandgap compared to
other prepared catalysts, resulting in enhancement of electron charge transfer and hydrated electron
production in the plasma-catalyst system. This work showed that an argon plasma/catalyst system

could be an alternative approach for PFOA wastewater treatment.
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Synergistic effect of adsorptive-electrolysis using granular palm shell waste

activated carbon for atrazine removal
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Micropollutants in water bodies are an environmental concern and potential risk for generating safe
drinking water. However, the conventional wastewater treatment process is not designed to remove
micropollutants. Herein, we proposed combined adsorption using palm shell waste activated carbon
(PSAC) and electrolysis using the carbon felt approach for atrazine (ATZ) removal. From the batch
experiments, the removal rate of ATZ was obtained in the following order: adsorptiontelectrolysis
(Ad-Elec) > adsorption > electrolysis. Among all, combined adsorption with electrolysis showed the
highest ATZ removal kinetic rate. Further, the influence of input voltage, solution pH, and PSAC
dosage was studied in the Ad-Elec system. As a result, the removal rate of ATZ using Ad-Elec
system under 5V (0.0842 min") configuration achieved 4.7- and 1.9 fold higher than those under
2V and 7V, respectively. As a result, the Ad-Elec system achieved the optimum ATZ removal with
the configuration of 1 g L' PSAC dosage, pH 7, and 5V. In addition, we found that the hydrogen
peroxide (H,O,) production enhanced in the presence of PSAC, resulting in higher ATZ removal
performance. We obtained a strong correlation between H,O, production and ATZ kinetic rate.
Further, the change of surface functional group on the used PSAC after electrolysis and adsorption
was analyzed by FTIR analysis. It was found that the ATZ compound was detected on both media.
The FTIR analysis revealed that the adsorption phenomenon occurred on PSAC used in Ad-Elec
and adsorption system. Combined with the results of FTIR analysis and H,O, production, it inferred
that the ATZ was firstly adsorbed on PSAC and further degraded by the reactive oxygen radical

from the electrolysis system.
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Metal-free semiconductor resin for effective hydrogen peroxide generation
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Artificial photosynthesis is a critical challenge in moving towards a sustainable energy future.
Photocatalytic generation of hydrogen peroxide from water and dioxygen (O,) is a promising
strategy because H,O, is a storable and transportable fuel that can be used directly for electricity
generation. Resorcinol-formaldehyde (RF) resins', widely used inexpensive polymers, can act as
efficient semiconductor photocatalysts to provide a new basis for H,O, generation. This low
bandgap with high capability to absorb the broad wavelength of light RF resin was coupled with
graphitic carbon nitride (GCN) to enhance H,O, photocatalytic generation. The highest concentration
of H,0, produced was by RF(,/GCN with a photocatalytic capacity of 44 mM g' h™.
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Figure 1: Photocatalytic H,O, generation by a different as-synthesized photocatalyst
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Clofibric acid (CA) is a recalcitrant pharmaceutical compound used as hyperlipidemia-controlling
drugs. Several authors have studied different methods for removing organic pollutants, including
adsorption, biological treatment, ozonation, electrocatalysis, plasma, etc. The plasma and
electrocatalysis process is widely used for micropollutants removal among all the technologies.
However, it is challenging to achieve demineralization for CA due to its is complex chemical
properties. Meanwhile, the electrocatalysis process for CA removal required high energy consumption
to achieve demineralization. Inspired by both treatment methods' benefits, the hybidization of both
technologies may have overcome the limitations mentioned above. Hence, the synergistic degradation
of CA by plasma, electrocatalysis, and electro plasma-catalysis was investigated. In this study, the
electrode was prepared by conventional carbon felt (CF) coated by LaCeOy (namely CF-LaCeOy),
LaCeOx-Fe (namely CF-LaCeOy-Fe), and LaCeOx-Ni (namely CF-LaCeOy-Ni) through
co-precipitation method followed by calcination. The CA removal kinetic reaction constant, k& order
is as follows: CF-LaCeOx-Ni > CF-LaCeOy-Fe > CF-LaCeOy > CF. Especially, CF-LaCeO-Ni shows
the best performance in both electrocatalysis (kinetic rate constant, 4=0.06 min"') and electro
plasma-catalysis (k=0.47 min") compared to CF-LaCeO,-Fe or CF-LaCeO, for CA removal. This is
due to CF-LaCeOy-Ni has the highest H,O, production (46.4 puM) compared to CF-LaCeOx-Fe (44.6
uM) and CF-LaCeOyx (35.1 pM) in electro-plasma catalysis system. The results showed that the
electro-assisted DBD plasma-catalysis system might work as an effective approach for

micropollutants abatement.
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Preparation of alginate-poly(vinyl alcohol) blend and application to
antibacterial functional film
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Hydrogen production by steam reforming of seaweed derived liquified
oil on Ni-based catalyst

Yun Ha Song, Jae Kyoung Lee, Hee Chul Woo'
Department of Chemical Engineering, Pukyong National University

nEsE sz s AsEeA
of FA AEE LATts BEL

do g FaA FAol AP QrHI] FihEe A&7 oY F3l vA
HAel g FalEde BRATIA FouAE 52 285 dus 54S Ado o7 & &5 o]
Aetea wino FUbE dstEw AR ok whojews Bl SiBlay e X KTHE 3 Apelo A
a5 Ao 2]

& U vbel el vtolu ] oM Al 34|t nle] v

et ¥ ANy BANRH AW hE
QAT AA D& F YE DAVIER ALg] £33/ AL WS B 54 dug
|

& AFEEF3lom, Ni-Cof & EA%2 37.5 mole%® 3

rﬂ B

)

golat et 57 M HhSe ¥4 % 1 hl WES2 % 500~700 C, S/C ratio 5~9 WY =
Fo] A4S WESTlolA HasIT & Ao AyE BEUR AEHF vl A fE Aol E ]
F57] MA S 2] E 5SS =9l aAt o)

2Ae 2

ini

o Ae ARENNEIN BN AAow BFATAG AAE Lo} £AE AT
(2021R1A2C209425611).

FuEF

1. Masahiro, W., Hideo, S., Hiroaki, T., Michiya, H., Masayoshi, I, and Masahide, K., “Contribution
of natural decadal variability to global warming acceleration and hiatus”, Nat. Clim. Change, 4,
893-897 (2014).

2. Giuseppe, P., Davide, T., Samir, B., Alessandro, G., and Raffaele, P., “Valorization of alginate for

the production of hydrogen via catalytic aqueous phase reforming”, Catal. Today, 304(15), 153-164
(2018).

- 128 -



PC-09

Heavy metal resistance genes identification from Genomic profile of
Pseudomonas aeruginosa PBH0O3 and Enhanced electroactivity with various
electron shuttles

Himanshu Khandelwal, Mutyala Sakuntala and Jung Rae Kim*

School of Chemical Engineering, Pusan National University, Busan, 46241, Korea.

E-mail address: j.kim@pusan.ac.kr

Pseudomonas  aeruginosa PBH03 was previously isolated from anaerobic sludge for
Bioelectrochemical system. We carried out Whole genome sequencing to investigate the genome of
the isolated PBH03. Genome was analyzed using previously available genome dataset using Kbase
server. Genomic profiling revealed new set of genes which were identified for resistance towards
heavy metals like mercury and copper. Pseudomonas aeruginosa species are generally known for
their ability to bioremediate environmental pollutants and produce redox mediators like pyocyanin
and phenazines in the presence of oxygen. This ability enables P. aeruginosa to interact with
electrode using redox mediators, is critical for their electrochemical performance in
bio-electrochemistry system (BES)[1]. Pseudomonas aeruginosa PBHO03 has an ability to produce
phenazines in aerobic/anaerobic conditions and electrochemical activities in a microbial fuel cell
system. In this study, we tested the PBHO3 to produce mediators in long run MFC and the
electricity generation. Additionally, various electron shuttles like methyl viologen, phenazine and
potassium ferricyanide were examined to improve performance of PBHO3 in microbial fuel cell.
(Poster)
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CO: capture and direct utilization process: Methanation, rWGS, DRM
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Zirconium-based metal-organic frameworks as catalysts for the Diels-Alder
conversion of 2,5-dimethylfuran to p-xylene

Min Kyoung Kim', Jungho Jae?*
" 2Pusan National University

*E-mail: jh.jae@pusan.ac.kr

p—Xylene2 Q3 38 35 YT o|x Polyethylene Terephthalate(PET)2] & A4+ EHo
B Go = vloje A X‘OJ 2 5—dimethlyfuran® 2% p—Xylene? AAHS 93k ¥l
Metal—Organic Frameworks (MOFs)& w2 A2} 9™, Zirconium 7]¥Fe] MOFE A #®35Ft.
MOF+= 7% th3/4d 9 3 7l A Al7)eh 28 @& =S 7FAa itk MOF Ful= +
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The Determination of Optimal Conditions for Steam Reforming of

Combined Alkane Hydrocarbons Using Thermodynamic Equilibrium

Analysis
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The use of collocation method and far-side boundary conditions

for the numerical model of the adsorption column

Hyeok-sang Ryul’z, Wang-yun Won’, Jae-Hyung Choi', Jung-ho Jae’ and Dong-ha Lim' *
'Green Materials & Processes R&D Group, Korea Institute of Industrial Technology (KITECH),

Ulsan, Korea

*Division of Chemical and Biomolecular Engineering, Pusan National University, Korea
*Department of Chemical Engineering (Integrated Engineering), Kyung Hee University, Korea

The numerical analysis is a very important step in that it confirms the ideal design as well
as the suitability and optimization of the process at the front-end engineering design step. However,
various material balance equations are very difficult to solve solutions because equations appear as
partial differential equations (PDE) for time and space. Therefore, the computational calculation
technique is used for numerical analysis to solve PDE.

In this study, the adsorption column was designed as a numerical model using the finite
elements method (FEM) for PSA design. Orthogonal collocation method (OCM) and cubic spline
collocation method (CSCM) were used to design a numerical model, and far-side boundary
conditions were used to calculate numerical solution. The error was calculated by the difference
between numerical and analytic solutions, and finally, a numerical model suitable for PSA design

was selected.

Keyword: PSA; adsorption; numerical method; FEM
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A study on reaction of hydrogen production from waste plastic
by the process of non-oxidative pyrolysis
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H ZEhaE AN 9 HUHS AEHoR Frhsta Qo HEEAES 54% o] AZEEH,
mgolu ~ztow AlEth £274AHE o A4S E (NOx), SOx(EHArEE) 59 edE4doe] 24
sbal, miRde] e oF 500 ERt M A orol miH AL F5 Al EFe A FRlol Ha vk AN
T TBAEA FHS A8 ALeIVEY T AEES Folv AMYE FHE A oy giRE 1F
Axstel] st H o] AFEE I Ut BAFTH AAN F2AATE s HHA d/A7EATE obd Az
OSRVEH FAhE FEI VEo]l FEUL Stk HIEkagS Aaka #417]¢14 500~1000CE 7}
st LA FES T Fdcke Fakh AR Ve HESAES A7 By 1¥ARS g
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Z} 8t} Reforming WHS-2 %9} Carbon/Steam Blo] W WA A& 2SS 45190 FAF
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. X. zou, T. Chen et al., “High catalytic performance of Fe-Ni/Palygorskite in the steam
reforming of toluene for hydrogen production”, Applied energy, 226, 827-837, (2019)

- 138 -



PC-19

B

Aromatic

1

Compounds to Paraffin-Based Fuel Components
Gi Bo Han* Jung Hee Jang, Yuri Park, Byung Hun Jeong

Institute for Advanced Engineering, 1Agency for Defense Development

A Study on Catalytic Hydrogenation for Conversion of

S RETE R

oy
T4

Bl

=

)
R

¢+
gyl

X

g

70

B

B
fite)

o
i

- 139 -



PC-20

Development of TiO, nanotubes electrode for electrochemical reduction of

oxalic acid to glycolic acid

Sunmi Im and Yiseul Park ~

Pukyong National University

Many studies are being conducted to convert carbon dioxide (CO;) into useful compounds, and
oxalic acid is a promising material that can be obtained by electrochemical reduction of CO,.
Oxalic acid (OX, (COOH),) can be further reduced to glyoxylic acid and glycolic acid, which are
more valuable and in demand than OX. Glycolic acid (GC, HOOC-CH,OH) is produced by
electrochemical reduction (4 electron/proton transfer) of OX with glyoxylic acid as an intermediate,
and is used in biodegradable polymers, perfumes, cosmetics, and so on. In this study, anatase-TiO,
nanotubes (TNTs) electrode was used as working electrode for the reduction of OX to GC and
prepared by the anodization method. Counter electrode and reference electrode were used as DSA
(mesh), Ag/AgCl, respectively. Chronoamperometry (CA) was performed under various conditions to
investigate the effect of each parameters (applied potential, reaction temperature, electrolyte pH,
etc.). In addition, CA was conducted using TNTs cathode prepared by controlling the anodization
time and electrolyte composition. We confirmed that nanotubes length significantly affects product
selectivity with longer TNTs showing higher GC efficiency. We achieved high yield and selectivity
of OX to GC than glyoxylic acid, and mechanism of reactions within nanotube was also
investigated.
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An in-situ infrared spectroscopic study of the dehydration of lactic acid on
ZSM-5

Jichan Kim', Sumin Seo', Jungho Jae'
'"Pusan National University
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Study on the effect of catalyst coated porous transport layer in polymer
electrolyte membrane water electrolysis process through electrochemical

performance and impedance analysis
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University, Korea.

Polymer electrolyte membrane water electrolysis (PEMWE) is one of the emerging hydrogen
production methods because of its benefits such as high operating current density, high voltage
efficiency, high purity of product gas, and compact system design. The typical PEMWE cell consists
of 4 main components: bipolar plate, porous transport layer (PTL), catalyst layers, and polymer
electrolyte membrane (PEM). Normally, the catalyst layers were assembled on two sides of the
PEM to build the catalyst coated membrane (CCM). On the other hand, in this study, we
approached a method of fabricating catalyst coated support with PTL as support. The PTL, a porous
medium that mainly uses titanium as a material, is known for excellent electrical and thermal
conductivity, and excellent water and product gas transport capabilities. The electrode catalyst was
coated on the PTL to fabricate the catalyst coated PTLs (CCPTLs), with the catalyst loading of 2
mg/cm’® (IrO,/TiO,) for the anode side CCPTL and 2 mgp/cm*(Pt/C) for the cathode side CCPTL.
These two CCPTLs were assembled with the Nafion membrane 117 to evaluate the electrochemical
properties in the PEMWE process. Initial results of polarization curves and impedance analysis
showed that the CCPTL is a promising method for the PEMWE. Using this method improved
membrane electrode assembly (MEA) productivity and simplified PEMWE cell assembly.
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Enhancing SO, resistance of Chromium Based Layered Structure Catalyst
in Low Temperature NH; Selective Catalytic Reduction

Wongeun Yoon, Junil Choi, Daehee Jang, Song Kyu Kang, Jihoon Kim and Won Bae Kim °

Department of Chemical Engineering, Pohang University of Science and Technology (POSTECH),
77 Cheongam-Ro, Nam-gu, Pohang, Gyeongbuk 37673, Republic of Korea

In this study, the chromium based layered structure catalysts are synthesized by co-precipitation
method and they are used as catalysts for NH; selective catalytic reduction. The chromium based
catalysts are characterized by Brunaurer-Emmett-Teller analysis, X-ray diffraction, NHj-temperature
programed desorption, H,-temperature programed reduction, X-ray photoelectron spectroscopy and
X-ray near edge structure. Low temperature NH3;-SCR with Cr based layered structure catalysts has
high deNOy efficiency and N, selectivity. Moreover, the outstanding SO, tolerance of chromium
layered structure catalysts was also obtained. The enhanced SO, resistance suggests that chromium
based layered structure catalysts could be used as the effective catalyst for low temperature
NH;3-SCR processes.
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Effect of initial pH from Mixtures of Swine Manure and Food Waste for
Hydrogen Production

Enkhjargal Ganbaatar, Hwiseo Jeon, Taeyoung Kim®

'Chosun University

Hydrogen has recently gained the attention as an alternative energy carrier. In environment area,
biohydrogen can be produced from hydrogen-producing microorganisms in the anaerobic digestion
(AD) using waste biomass, e.g., swine manure and food waste. During the hydrolysis and
acidogenesis process in AD, initial pH is important parameter to determine the hydrogen production
rate [1]. This study investigates the effect of initial pH by mixing the swine manure (SM) and
food waste (FW) for hydrogen production. The batch reactors were operated using different
substrates mixing ratio of 10:0, 9:1, 7:3, 5:5, 3:7, 1.9, and 0:10 of SM and FW at a mesophilic
temperature of 30°C and those initial pHs were 7.46, 6.94, 6.45, 5.90, 5.09, 4.62, and 4.4,
respectively. It was found that the hydrogen was not detected during whole reaction time (6 days)
at the condition of over pH 6.5 and under pH 4.6 and the highest hydrogen production rate of
0.61 mL h' was showed at the condition of initial pH 5.90 (mixing ratio of 5:5). In addition, the
organic matter was not degraded at the low pH (<5.0) conditions. Suggested initial pH and mixing
ratio were from 5.0 to 6.0, and 5:5 and 3:7 (SM:FM). According to these results, the initial pH is
crucial parameter for determining the hydrogen production rate and the composition of initial

microbial consortium in AD process.
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Characteristics of Nickel Oxide Nanoparticles Synthesized by Using
Permanent Magnet Scraps
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NdFeB 7242 52 7HAAIZS] &% 2H 9 stojBgt Asat 4 A7|A5A 5 v 578 F
7vsb A ALgRFo]l SUbeta Qlth o2 NdFeB 1AM 2 AL Frtoll nl#ste] w7 E vlEH
T Z7Fska Utk [1]. NdFeB 9 7-#H] mwels Ni Ta550] EAsh=d o 724 3 g FAk

Zxo] ole] gk &g Wk wpdo] gttt YA AsENIO)}E YW AA 72E 7H Fa Ao
w5 atskE A T shuEA wEE A=, FEA A, ol AR, A AlA, A A, dd AA,
Zull, d5 AA, I8 & FE5u, FIA L 2= AAN TH Z2 FHLAGT fokel] &&¥Th NiO
Y=gz B9 i) F39u)7F NiO Ha 2Al9 th23 o2 Qla] 33ty 54, 24 5
54, 7IAA 54 4 A7) AAF 54 FelA Ha AV YEhA g 54& e
T-ol A= NdFeB Q724 9] A delx] s Ni FAHES ©]&3te] NiO o

e #EET 1 A, 12 ARl Z717F 20 nm BIREQL Z2H[ A2 NiO

v =
2 AT 2020 % AP E A0 Ao R oo 7]& % 7HA(KETEP) ] A 9g whop =3yt
A FAZ o)l A=Y (No. 20205210100070).
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Shin-Kun Ryi""*
'High Temperature Energy Conversion Laboratory, Korea Institute Energy of Research (KIER),
Deajeon 34129, Republic of Korea
’Department of Chemical and Biomolecular Engineering, Yonsei University, Seoul 03772, Republic of Korea
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support,” Int. J. Hydrogen Energy., 42(17), 12310-12319 (2017).
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3. Cerrillo, J. L., Morlanés, N., Kulkarni, S. R., Realpe, N., Ramirez, A., Katikaneni, S. P.,

. & Gascon, J., “High purity, self-sustained, pressurized hydrogen production from
ammonia in a catalytic membrane reactor,” Chem. Eng. J., 431, 134310 (2022).

- 146 -



PC-27

AFTAY FRErE FAIE U 2IIPYL o1§F RIS AT

A study on the recovery of waste permanent magnet powder by sulfuric acid
leaching and fractional crystallization method

Hee-Seon Kim, Bo-Ram Kim, Yun-Ho Jin, Dae-Weon Kim®
Advanced Materials and Processing Center, Institute for Advanced Engineering(IAE)
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The highly selective conversion of biomass-derived furans to renewable
aromatics over metal oxide phosphate catalysts
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Metal-organic frameworks derived manganese oxide catalyst for selective
catalytic reduction of NO, with NH;

Hyun Sub Kim, Hwangho Leel, Do Heui Kim?
Seoul National University, 'Seoul National University, ?Seoul National University

Since the regulations on NOx emission have been tightened, the development of highly efficient
technologies for NOx abatement is needed in various industrial fields. One of the most efficient
technologies to reduce NOx is a selective catalytic reduction with NH; (NH3-SCR). Mn-based oxide
catalyst has been drawing attention to lower the reaction temperature of selective catalytic reduction.
In this study, we synthesized a series of Mn-based oxide catalysts with different amounts of cobalt,
which was derived from Mn-Co bimetallic metal-organic frameworks. The MnCoO, catalyst showed
high catalytic performance even below 200 °C. The physicochemical properties of the MnCoOy
catalysts ~were investigated by various characterization methods, including XRD, N,

adsorption-desorption, and H,-TPR.
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Preparation of metal chloride-impregnated activated carbons for

concentration of undecomposed ammonia

Min Woo Hongl, Ji Hye Parkz, Kwang Bok Yi>
'Graduate School of Energy Science and Technology Chungnam National University

*Department of Chemical Engineering Education Chungnam National University
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Preparation and characterization of non-precious catalyst by using pig
blood for oxygen reduction reaction

Hye-won Jeong, Dong-gun Kim, Eun-hee Lee, eunhye Joo, Chanll Jeong, Pil Kim*
Jeonbuk National University
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Economic analysis of power consumption in a wastewater treatment
plant by using an artificial neural network algorithm

Daechul Cho"
'Soonchunhyang University

Recently automatically generated data from TMS in wastewater treatment facilities are attempted to
be analyzed for a stable, predictable operation even without trained human experts. ANN (artificial
neural network) algorithm has been a popular tool for this purpose. This paper focuses on how to
minimize consumption of electricity within a specified period. MLP (multiple layer perceptron)
method was used to interconnect critical input/output variables or parameters into electricity used
during a designated period. We found that currently collected data from a WWTP could predict to

reduce the usage of the utility, thus its cost.

FEd

1.Wongburi, P. and Park, ]. K, "Big Data Analytics from a Wastewater Treatment Plant," Sustainability,
13, 12383 (2021).

2. Ju, C. H, "A Study on the Operation of Domestic Municipal Sewage Treatment Plants Using Neural
Network Pattern Analysis," Ph.D. Dissertation, ChonNam National University, (2010).
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A Study on the legal system improvement in waste landfill
-Focusing on the water environment sector-

Junyeong An', Jinhee, Lee', Min-Kyu Ji’”
Korea Environment Institute'
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Preparation, Characterization and Photocatalytic Properties of ZnO
photocatalyst

Dae-Hwan Jang, Bo-Ram Kim, Hee-Seon Kim, Dae-Weon Kim’
Advanced Materials and Processing Center, Institute for Advanced Engineering (IAE)

Aol (Zn0) thesiAs Belshsta S40] $5ste] Zhaald, B toles, 9R 4 B
W gE AE 5 WS W9l 8k A7) ol AYH I gtk Asleldle U4 F4 W AP W3
of mek SHol HA9Hr, AN & FRE, ES A, BN PSR B
W BAE 8 7bsAel il Atk T §u) ol £A Wl Aslelle] HHelA Zn(OH),E BAt] ¥
Sl 0] GAs U WO A Redox) WS AOI|T, A AlshAl AL ke 0, &

r—{u:
:l:’;
_0|L
1—4

ojAFstEA: Bl E R A7
ks A er FUBAEES FAskaL, o

=
L @] FHAe 9%k WSS Gibbs Free

€ O BUUEE WA, R0 fAE AESE
7 ATeAE okl A ARTE e JdAe] ot
AeE 23 g WA U 2

5
W,
SR
i
>
>
_o'g
32 12
g

Energy® #4331, 4% Atgtolad ‘?:]1]'94 Eof tfst ¢ 3 MB(Methylene Blue) & %3l 3=
] 545 %7}&914. Azd TR E U k4 Abstolade TGA, XRD, SEMS %38 #4313, 3
] AL UV-visE &3l &lsl3ith

AFA}

B ATE 202195 AGFAHAAR SRS e A KEIT) A0 A d@ Fue dra
AU (A A=k 171241 No. 20016885)

o

ITEd

1. X Chen, Z. Wu, D. Liu, and Z. GaO, “Preparation of ZnO Photocatalyst for the Efficient and Rapid
Photocatalytic Degradation of Azo Dyes”, Nanoscale Res. Lett.,, 12, 143-155 (2017)

2. D. H Jang B. R Kim. and D. W. Kim, “Synthesis of Zn-intermediate from alkali agents and its

transformation to ZnO crystallinity”, J. Korean Cryst. Growth Cryst. Technol.”, 31(6), 1-6 (2021)

- 154 -



PC-35

RE=A dvkg Algo}

influence of

CeO2 dispersion solution for semiconductor grinding

d

irring spee

d st

ispersion an

dispersant on the type of d

*

Xuelong Zhuang, Jeong In Lee, Seong Soon Yoon, Seung Hyeon Kwak, Jung Hoon Park

Department of Chemical and Biochemical Engineering, Dongguk University

jo= Huo dvp Au= dHA Sk 9

Ale) 7 o]

X
GFAF Aol = a3t w

2

A o]
A

3}

)

)

=g |
A7) wg ot

lojubA] gk

Z o
=

TC
a-

EER

Q13

Apo] =7}

&, gAY, de=gs e 9

Aol F gl

Alell 22k &3 dAe] wi Hu wiite] vA

i
=

oAM= wAl el 7H d4A SFET

740} olu) q1aeh 1A Apele] 2

oju

B
fite)

o
i

Yol Zhzke] Ao} 1

3]

=7

- 155 -



PC-36

Eco-Friendly Polyvinyl Alcohol-Gelatin Biofilm Containing Sargassum
thunbergii Extracts Obtained by Subcritical Water Extraction

[i-min Han', Jin-Seok Park', Surendhiran Duraiarasan’, Yu-Na Shin', Yeo-Lyeon Shin', Ye-Seul Park’,
Byung-Soo Chun"
'Department of Food Science and Technology, Pukyong National University, 45 Yongso-ro, Nam-gu,
Busan 48513, Korea
nstitute of Food Science, Pukyong National University, 45 Yongso-ro, Nam-gu, Busan 48513, South
Korea

Recently, the identification of biologically active compounds from natural resources has emerged as
of great importance. Sargassum thunbergii is a brown seaweed belonging to the Sargassaceae family
with diuretic activity and muscle relaxant activity; other biological activities have been recently
reported, including antioxidant activity, anti-inflammatory activity, and anticoagulant activity. This
study, S. thunbergii was extracted using subcritical water extraction (SWE), a safe, economical, and
environmentally friendly method. Characterization results of S. thunbergii subcritical water extracts
(SSEs), The antioxidant activity of SSE in the ABTS', DPPH, and FRAP assays was the highest at
extraction temperature of 180 °C. Also, the largest range of phenolic compounds and the highest
phenolics content were found in the SSE prepared at 180 °C. In antimicrobial tests, the strongest
effect was found in the SSE prepared at 180 °C. Collectively, the SSE prepared at 180 °C had the
best properties, and SSEs extracted at 180 °C were used for film production. To enhance the
functionality of the polyvinyl alcohol-gelatin-based eco-friendly biofilm, the SSE set to the optimal
conditions was added to prepare the biofilm, and its characteristics were identified. The prepared
film was evaluated for water solubility, swelling property, water contact angle, tensile strength,
elongation at break, antioxidant activity, and antibacterial activity. Through this study, we intend to
contribute to research on eco-friendly biodegradable functional biofilms derived from marine

organisms that can be applied to food, household products, and pharmaceuticals.

References

1. Duraiarasan Surendhiran.,, Changzhu Li, Haiying Cui, and Lin Lin., “Fabrication of high
stability active nanofibers encapsulated with pomegranate peel extract using chitosan/PEO for
meat preservation”, Food Packag. Shelf Life., 23, 100439 (2020)
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Fabrication and characterization of disposable Golf Tee using
biodegradable Polymer through 3D printing

ihyuk Jung', Kwang Se Lee**Jang Myoun Ko'**
'Department of Chemical and Biological Engineering, Hanbat National University, 125 Dongseo-daero,
Yuseong-gu, Daejeon, South Korea
2Department of Chemical Engineering, Kyungnam College of Information & Technology, 45 Jurye-ro,
Sasang-gu, Busan, South Korea
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Study on the manufacture of biodiesel from jatropha oil through
transesterification optimization
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Development of Zeolite membrane separation system for organic
solvent purification and recovery

Sung Yeon Lee', Dong Hyun Kim', Eun Chul Shin', Yeong Hoon Seo', Hae Ok Kim'
Hyun Soo Ko', Hwan Chul Kim”* Jae Cill Jung'
FINETECH Co., Ltd!, SKC Solmics Co., Ltd’
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zeolite composite membrane by control of intermediate layer structure”, J. Membr. Sci., 366, 229 (2011)

2. Oh, W. ], Jung, J. C, Yeo, ], Lee, J. H, Kim, H, Park, Y. C, Lee, D. H, Cho, C. H, and Moon, ]J. H,
“Pervaporation of Binary Water/Methanol and Water/Butanol Mixtures through Zeolite 4A Membranes:
Experiments and Modeling,” Membr. J., 27, 487-498 (2017).
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Preparation and characterization of silicon coated with carbon and TiN
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Exploring the optimal struvite crystallization using livestock wastewater
and brine from seawater desalination process

Hwi Seo Jeon, Enkhjargal Ganbaatar and Taeyoung Kim'
Chosun University
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21833l
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reliable way to fix phosphorus in anaerobic supernatants,” Water Res., 34(11), 3033~3041(2000)
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Low-concentration gas treatment method after semiconductor process
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1. Yang-Gon S., Dae Hyeok K., and Chang-Joon K., “Development of Adsorbents for Removal of Hydrogen
Sulfide and Ammonia Using Carbon Black from Pyrolysis of Waste Tires”, Clean Technol., 21(2), 108-116
(2015).

2. Jeong-Jun P., H. B. L., and Cheong-Soo H., “Study on the Treatment of Hydrogen Chloride Gas used in
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The comparative study of basic functionalized adsorbent
for methane purification

Hyeok-sang Ryu'?, Jae-Hyung Choi', Jung-ho Jae’ and Dong-ha Lim!"
'Green Materials & Processes R&D Group, Korea Institute of Industrial Technology (KITECH),
Ulsan, Korea

*Division of Chemical and Biomolecular Engineering, Pusan National University, Korea

Carbon dioxide is often found as an impurity in natural gas. The presence of CO2 reduces
the energy content of natural gas and can lead to pipeline corrosion. In order to separate CO2 from
CH4 stream gas, pressure swing adsorption (PSA) was chosen, which is simple, easy to control,
inexpensive in operation and capital investment, and excellent energy efficiency. The adsorbent was
modified by amine functionalization with different materials such as mono-ethanolamine (MEA),
ethylendiamine (EDA) and methyl-diethanolamine (MDEA) on commercial zeolite 13X. The
multi-components adsorption and selectivity were predicted using ideal adsorption solution theory
(IAST). Then, the breakthrough time was measured with a fixed bed reactor to perform CO2
adsorption capacity. The results of this study, EDA zeolite showed outstanding CO, adsorption
capacity in PSA cyclic test.

Keyword: zeolite 13X; PSA; CO,; CHy
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Calculation of thermodynamic properties of pure fluids using modified
Peng-Robinson equation of state

Pradnya NP Ghoderao, Duraisami Dhamodharan, Suhail Mubarak, Hun-Soo Byun*

Department of Chemical and Biomolecular Engineering, Chonnam National University, Yeosu,
Jeonnam 59626, S. Korea (*Corresponding author: hsbyun@jnu.ac.kr)

Cubic equation of state (CEOS) is a very simple tool used to predict thermos-physical
properties of pure compounds [ 1 ]. The Peng-Robinson (PR) CEOS is one of the very successful
two-parameter equation of state for prediction of thermodynamic properties of pure substances and
mixtures. The PR CEOS have been modified several ways to improve predictions and the most
popular modification is for the attractive term through alpha function [ 2 ]. In the present work, a
modified Peng-Robinson (MPR) equation of state is introduced by incorporating a new alpha
function and a new temperature dependent co-volume parameter. The alpha function has two
compound specific parameters which are determined by matching experimental vapor pressure data
at two reduced temperature points 0.5, 0.7 [ 3 ] . To predict thermodynamic properties of pure
compounds, the MPR EOS requires the critical temperature, the critical pressure, the acentric factor,
the compressibility factor and two parameters of the alpha function. The accuracy of MPR CEOS is
demonstrated by comparing results with the PR [ 4 ], PT [ 5 ], and HKM1 [ 6 ] cubic equations
of state. The thermodynamic properties such as saturated vapor pressure and liquid density,
compressed liquid density, second virial coefficient, enthalpy of vaporization and heat capacity at

constant pressure and volume predicted by MPR CEOS agrees very well with the experimental data.

Keywords: Alpha function; Cubic equation of state; Peng-Robinson; Thermodynamic properties
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Preparation of activated carbon from ginkgo leaf for application of
adsorption of methylene blue

Injun Hwang', Jinsoo Kim’ and Seung-Soo Kim'
'Department of Chemical Engineering, Kangwon National University,
346 Joongang-ro, Samcheok, Gangwon-do 25913, Korea
’Department of Chemical Engineering (Integrated Engineering), Kyung Hee University,
1732 Deogyeong-daero, Yongin, Gyeonggi-do 17104, Korea

Ginkgo, known as ‘living fossil’, is the only family which is belongs to Ginkgophyta. Because
of unique resistance of pollution, pest, and disease, ginkgo is grown as street tree. Ginkgo leaves
are not easily decomposed, and it needs to cost a considerable amount of money to process. This
kind of biomass, which is discarded, can be recycled as form of activated carbon through
carbonization and activation processes. In this study, the effects of activation temperature, time, and
steam flow rate on methylene blue adsorption efficiency were investigated. Carbonization of ginkgo
leap was performed at 500 °C. Then, steam activation was progressed with conditions of 0.5~1 h,
600~800 °C, and 0.6~1.8 mL H,O/g-char*h flow rate. The yield, equilibrium concentration (qc), and
removal performance of activated carbon with activation conditions: 700 °C, 1.0 H,O/g-chareh, and
lh were 71.89 wt% (on the basis of bio-char after carbonization), 39.93 mg/g and 82.07 wt%,
respectively. Pseudo 1% order reaction and 2™ order reaction were applied to find out dominant
adsorption rate of methylene blue. It was confirmed that pseudo 2™ order reaction, which was

governed by chemisorption.
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Calcination temperature effects of solid state synthesis of Ru based
catalysts for H, production from ammonia decomposition

Seong Chan Lee , Jaec Hyung Choi, Jun-hyeok Lee, Tae-Young Kim, Ryang Gu Lim

and Dong-Ha Lim "
Korea Institute of Industrial Technology

A series of ruthenium catalysts using Al,O; as a support was synthesized with different calcination
temperature (450-650 C). Catalysts were characterized and tested with COi-free hydrogen production
by ammonia decomposition. BET, XRD, XPS, SEM, and TPR analysis were used to investigate the
catalyst properties and to elucidate the beneficial properties for the reaction. Properties of catalysts
surface provided insights into how the dispersion increased on catalyst surface leading to the high
NH; decomposition activity of the Ru-based catalysts at 550 C and 10,000 h”'. Among the tested
catalysts, calcined Ru/AL,O; catalyst at 550 C exhibited ammonia conversion close to 98%. This
study provides direct proof that the combination of the relatively Ru dispersion and crystallite size
with strong interaction with the composite Al,O; by the solid state method and the optimized
synthesis method for the enhancement of Ru dispersion on catalysts surface is essential to the

development of Ru-based catalysts for NH; decomposition.
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H; production from ammonia decomposition using the synthesized
Ru based catalysts by solid state method

Seong Chan Lee , Jaec Hyung Choi, Jun-hyeok Lee, Seo-Hyeon Jeong, Yun-Seon Jang
and Dong-Ha Lim
Korea Institute of Industrial Technology

Ru based catalysts with a embedded uniform Ru particle distribution by the solid state method was
studied in NH; decomposition to H, production. BET, XRD, XPS, SEM, TPR, and TPD analysis
were used to investigate the catalyst properties and to elucidate the beneficial properties for the
reaction. Ru dispersion and metallic particle size were found to greatly influence catalytic activity.
This study estimates the effects of NH; decomposition activity of the Ru-based -catalysts at
temperature range of 400-600 C and GHSV range of 2,500-20,000 h™'. Among the tested condition,
580 C of temperature and 7,000 h' of GHSV exhibited superior catalytic activity. Ru based
catalysts with a embedded uniform Ru particle proved to be a high dispersed Ru catalyst and was
highly active in hydrogen production from ammonia decomposition. Moreover, this uniform structure

provided good performance stability after reaction.
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Production and analysis of solid fuel derived from various biomass through
hydrothermal carbonization

Hee Sun Yoon', Seong Rae Lim', Ga Hee Kim', Byung Hwan Um'"
'Hankyong National University

Recently, as research on biomass based solid fuels progresses, many types of biomass are
being used for studies. For practical application of various biomass based solid fuels, there
is a need to compare their fuel properties. In this study, various biomass (Kenaf, Corn
kernel, Rice husk and Wood chip) were used to produce solid fuel through hydrothermal
carbonization (HTC) on various reaction temperature(220, 260 and 300C). And then, the
characteristics of solid fuel was analyzed by EA, TGA and FT-IR. The carbon content and
higher heating value (HHV) of all biomass was increased through hydrothermal
carbonization, but the increase in rice husk was relatively lower than other biomass. Also,
rice husk solid fuel shown that lower fixed carbon content and higher ash content. On the
other hand, kenaf showed higher fixed carbon content and higher fuel ratio than another
biomass. Among solid fuels produced through hydrothermal carbonization, the product

produced from kenaf showed the best fuel properties.
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Dry reforming of methane using Ni-SiO, catalyst for syngas production:
Optimization of preparation method

Jun-hyeok Lee, Yun-Seon Jang, Seo-Hyeon Jeong, Jaec Hyung Choi and Dong-Ha Lim’
Korea Institute of Industrial Technology

To reduce CO, and CH4, which are air pollutants and a kind of greenhouse gas, dry reforming of
methane (DRM) has been proposed as a useful method. As a process for producing industrially
useful syngas, many side reactions occur, so deactivation of the catalyst due to carbon deposition
is the main task. Silica is a good material for synthesis with a porous structure with a high
specific surface area. It is also a challenge to highly disperse nickel, an active metal, on a silica
support with a high specific surface area. In this study, nickel silica is synthesized through
hydrothermal synthesis, and Ni-SiO; is produced by reducing it to be used in the DRM reaction.
Morphology, physicochemical properties, and crystallographic properties of nickel silica samples
according to the hydrothermal synthesis temperature were compared. The morphology,
physicochemical properties, and crystal structure of the Ni-SiO, catalyst were confirmed by
scanning electron microscopy (SEM), Ny-adsorption desorption isotherms and X-ray diffraction
(XRD) analysis. Samples synthesized by the optimized synthesis method were also confirmed for

DRM activity in a fixed-bed reactor.
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Ni-SiO; catalyst for dry reforming of methane from coke oven gas

Jun-hyeok Lee, Gyeong-Min Kim, Seong Chan Lee, Jae Hyung Choi and Dong-Ha Lim °
Korea Institute of Industrial Technology

A nickel silica sample that can prevent deactivation due to carbon deposition, a chronic problem of
dry reforming of methane (DRM) reaction for syngas production, was prepared. The hydrogen-rich
coke oven gas produced in the iron and steel industry contains greenhouse gases such as CH4, CO,,
and CO. In order to change the by-product gas into a useful synthesis gas composition, a DRM
reaction was performed using the synthesized nickel silica sample. The physical properties of the
synthetic samples were confirmed through scanning electron microscopy (SEM), wide angle X-ray
diffraction (XRD), and Nj-adsorption desorption isotherms analysis, and the chemical properties were
confirmed through temperature-programmed reduction (TPR) and H,-Chemisorption analysis. The
reaction gas of the coke oven gas composition was injected into the fixed-bed reactor and the

reaction proceeded at 800 C to confirm the DRM reaction activity.
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of AT A (HNEIRENT Y Ao dRATARE ANE Wol S AT
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Numerical Simulation of fluid flow in distribution Channels for Droplet
formation in parallelized Microfluidic Flow-Focusing devices

Adedamola D. Aladese, and Heon-Ho Jeong*
Department of Chemical and Biomolecular Engineering, Chonnam National University

Droplet microfluidics which is the manipulation and handling of fluid in microscale channels has
found excellent application in genetic analysis, drug discovery and delivery, organ on chips, scaffold
and tissue engineering [1]. Consequently, this field has drawn massive attention from both academic
institutions and industries. However, one of the major constraints is increasing droplet production
rate from a single generator to thousands of generators thus translating from laboratory scale (<10
mL h™") to the industrial standard (>1 L h™'). While there exists numerous research on the scale-up
method of droplet production using theoretical calculations, it is found that this method is
sometimes not reliable during experiments [2]. The use of computational fluid dynamics (CFD)
simulation which has recently been applied to droplet microfluidics has helped to determine the
exact factors and conditions needed for uniform droplet formation in the flow-focusing device [3].
Thus far, simulation of distribution channels that effectively supply fluids to flow focusing
generators in parallel orientation has been reported but only in two-dimension (2D) which does not
sufficiently describe flow dynamics in three-dimension (3D) [4]. In this study, we provide detailed
theoretical and numerical simulation data in 3D for the scalable technique that is essential for
generating ultrahigh-throughput droplets in meeting up with the industrial standard.
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Fabrication of Metal-Organic Framework Derived Hierarchical Nickel
Cobalt Selenide Nanosheets as Binder-Free Electrode for
High-Performance Asymmetric Supercapacitors

Erdenebayar Baasanjav, Lee, Myeong Won, Parthasarathi Bandyopadhyay,
En Mei Jin and Sang Mun Jeong*
Department of Chemical Engineering, Chungbuk National University

Metal-organic framework (MOF) derived nanostructured materials have excellent properties, such as
large electroactive surface area, exclusive porous networks, and exceptional electrochemical
properties, in comparison to the conventional materials [1]. Also, binary transition metal selenides
have been developed as promising electrode materials for supercapacitors (SCs) due to their large
surface area, high electrical conductivity and excellent durability [2]. In this study, a novel strategy
is designed to fabricate MOF-derived nickel cobalt selenide nanosheet arrays (NiCoSe, NSAs) on
Ni-foam substrate to examine the importance of both the materials. The as-prepared NiCoSe, NSAs
electrode shows a high specific capacitance of 2426.7 F g' at 6 mA cm™® and good rate capability
(~ 51% at 50 mA cm?) in a 3-electrode measurement. Furthermore, an asymmetric supercapacitor
(ASC) device consisting of NiCoSe, NSAs as cathode and ZIF-8-derived porous nitrogen-doped
carbon (PNC) as anode, shows a high energy density of 50.2 W h kg' at a power density of 554
W kg, excellent energy density characteristics of 37.4 W h kg’ at a high power density of 5520
W kg with an excellent capacity retention rate of 91% after 5000 cycles.
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A novel solvent-based extraction and precipitation approach for recycling of
multifaceted plastic wrapping materials

Duraisami Dhamodharan, Pradnya NP Ghoderao, Suhail Mubarak, Hun-Soo Byun*
Department of Chemical and Biomolecular Engineering, Chonnam National University, Yeosu,
Jeonnam 59626, South Korea

Various plastic wrapping stuffs made nowadays are composites prepared of diverse polymer films
(i.e., multifaceted flicks). Numerous quantities of these multifaceted flicks are manufactured yearly,
but industrial ineptitudes end result in huge, subsequent postindustrial trash flows. Even though
comparatively clean and of close-perpetual structure, no commonly applied skills occur to entirely
decompose postindustrial multifaceted flick trashes into clean, reusable polymers. Here, we present a
novel approach called solvent-based extraction and precipitation to reconstruct multifaceted flicks into
their molecules utilizing a sequence of solvent cleanses that are steered by thermodynamic
evaluations of polymer miscibility. We expression that the solvent-based extraction and precipitation
procedure is able to distinct many polymers such as polyethylene terephthalate (PET), ethylene vinyl
alcohol (EVA), and polyethylene (PE) from a commonly existing multifaceted flick with closely
100% material competence, offering reusable polymers that are cost-effective with the associated

virgin resources.

Keywords: Plastic wastes; solvent-based extraction; Thermodynamic model; environmental application.
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MOF Derived Porous ZnO/C Nanocomposites for photocatalytic CO,
reduction

Suhail Mubarak, Dhamodharan Duraisami, Pradnya NP Prabhakar, Hun-Soo Byun"
Department of Chemical and Biomolecular Engineering, Chonnam National University, Yeosu,
Jeonnam 59626, Republic of Korea

Photocatalytic CO; reduction characterizes an auspicious approach for clean, cost-effective, and
eco-friendly transformation of CO,into hydrocarbon fuels by exploiting solar energy. Herein, we
developed a homogeneously dispersed crystalline ZnO nanoparticles embedded in a porous carbon
matrix were synthesized via a one-step carbonization of porous metal-organic framework MOF-5 at
800 and 1000 °C in different gas atmospheres. The resulting ZnO/C nanocomposites generally retain
cubic particle morphology and high specific surface area of the precursor MOF-5. Various
characterization techniques, including XRD, SEM, TEM, elemental mapping, Raman, FTIR, and
XPS, were confirmed the homogeneously dispersed ZnO nanoparticles confined within the
functionalized porous carbon matrix. The prepared -crystalline carbon-doped ZnO nanostructure
exhibits high photocatalytic CO, reduction performance under visible light irradiation and the highest
CO evolution rate was observed for sample ZnO/C-30, which was about 3 times than that of pure
ZnO. It is believed that the synergetic effect of the both ZnO and highly porous C composite
derived from the MOF-5 increase the specific surface area, CO,uptake capacity and the light
absorption property. This study delivers a healthier understanding of photocatalytic CO, reduction
over MOF-based photocatalysts and also demonstrates the prodigious possibility of consuming MOFs

as extremely stable, molecularly tunable, and recyclable photocatalysts in CO; reduction.

Keywords: MOF, Nanocomposites, Photocatalyst, CO, reduction.
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Phase behavior of binary solution for the propylene glycol monomethyl ether
acetate + supercritical CO, at high-pressure

Duraisami Dhamodharan', Cheol-Woong Park', Suhail Mubarak', Hun-Soo Byun'",
Hwan Choi®, Sung-Won Shim®
'Department of Chemical and Biomolecular Engineering, Chonnam National University,
Yeosu, Jeonnam 59626, S. Korea ()
Jaewon Industrial Co., Yeosu, Jeonnam 59618, S. Korea

The phase equilibrium for the 2-component of propylene glycol monomethyl ether acetate (PGMEA)
in high pressure supercritical carbon dioxide were evaluated. The solubility data determination was
performed by the synthetic method at 7 = (313.2 to 393.2) K and p = (1.92 to 15.92) MPa. The
obtained results indicated that the solubility of supercritical carbon dioxide was found to increase
monotonically with the augmented of system temperatures and mole fraction of PGMEA in binary
(solute + solvent) mixtures. The solubility curve of PGMEA in the PGMEA + supercritical carbon
dioxide models increases in connection with the increasing T at a steady pressure. The PGMEA +
supercritical carbon dioxide models expose #ype-I phase behavior. The critical properties were
achieved by Joback and Aspen plus method. Moreover, experimental result was adequately correlated
with the P-R E-O-S. RMSD for the PGMEA + supercritical carbon dioxide [Joback: kj = 0.0, 2%
= 0.0, Aspen: kj = 0.0, =% = 0.0] systems using 2 factors determined at 353.2 K were 4.03 %
(Joback) and 4.78 % (Aspen), correspondingly.
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The single-step catalytic conversion of PET waste into liquid hydrocarbons
fuels through aqueous-phase hydrodeoxygenation

Vishnu Murali, Jungho Jae*
Pusan National University

Due to the rapid expansion of the human population and urbanization, energy production and
preserving an exquisite environment are the two major concerning issues facing nowadays. Plastic is
one of the most widely used synthetic materials worldwide. The global production of plastics has
reached around 380 million tons in recent years. According to the statistics, this production will
reach 1.12 billion tons in 2050. Most of the commonly used plastics are non-biodegradable, and for
this reason, 80% of the manufactured plastics are discarded after usage. PET is one of the most
extensively used commodity plastics due to its high mechanical and thermal properties. PET
possesses a high resistance to biological degradation in nature. Given the demanding need for
environmental pollution mitigation, developing novel and proficient strategies for plastic recycling is
extremely salient. Pyrolysis, hydrolysis, and glycolysis are the most popular pathways currently used
for chemical recycling of PET. The development of new catalytic system enabling the direct
conversion of PET aromatic waste plastic back to liquid fuels and chemicals would add a new
feasible solution to the accumulation of persistent PET waste and excessive reliance on fossil fuels.
Here, PET bottles were used as the feedstock for the synthesis of fuel range cyclic hydrocarbons
through the unprecedented catalytic process. We report on the simple one-step aqueous-phase
hydrodeoxygenation of PET to hydrocarbon fuels using specially designed metal-acid bifunctional

catalysts at relatively low temperatures (<220°C).
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Identify Chlorine evolution mechanism of Sn doped Sb/IrTaOx/Ti electrode

Juno Shin, Yiseul Park’

Department of Chemical Engineering, Pukung National University

Chlorine evolution reaction (CER) is one of the most important reactions in the electrochemical
industry. Oxidizing chloride ions to various chlorine species is promising as an alternative to oxygen
oxidation. Thermodynamically, the oxygen evolution reaction (OER) is 1.23V and the chlorine
evolution reaction (CER) is 1.36 V, which is more advantageous for OER and these reactions
competitively occur. And kinetically, since OER is a 4-electron reaction and CER is a 2-electron
reaction, CER is more advantageous than OER'. Usually, a dimensionally stable anodes (DSA)
electrode is used in chloro-alkali processes, where it is a consist of ruthenium diode (RuO,) and
titanium diode (TiO;). Ru and Ti are expensive as they are noble metals. Therefore,
Sb-SnO,/IrTaO,/Ti electrodes were created using non-noble metals Sb and Sn that has selectivity at
CER and reduce amounts of noble metal, Ir and Ta. This non-noble metal-based electrode can
reduce cost and energy consumption by showing selectivity with OER in NaCl at neutral pH and
low concentration. To identify why CER selectivity appears in catalysts, we would like to
investigate the mechanism of Sb-SnO,/IrTaO,/Ti electrodes. Field emission scanning electron
microscopy (FE-SEM) and linear scanning voltmeter (LSV) were used to characterize the surface of
the electrode and electrochemical activity. As a result, as the content of Sb increases, the Onset
Potential of OER increases, which can be seen that Sb on the surface inhibit OER and increases
the selectivity with CER.
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A study on the scale-up of biodiesel production using Amberylst-15 and
Dolomite bead catalysts
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Development of N,S co-doped TiO./ @ -AL,O; air-purifying filter

Jae Yeon Hwang, Min Chang Shin, Yujin Choi, So Eun Kim, Jung Hoon Park*
Department of Chemical & Biochemical Engineering, Dongguk University

Public’s indoor activity has been increased for the reason of not only fine dust and yellow
dust, but also recent spread of infectious disease. The 5-harmful gases emitted from various
places of indoor facilities affects to health problem with poor air quality and these harmful gases
were became target to eliminate of several air purifier developed. However, for the portable sized
air purifier market, it is hard to find that the product meet the standards of harmful gas removal.
In this study, TiO, photocatalyst were applied on «@-AlLO; hollow fiber membrane to fabricate
photocatalytic air purifying filter. One of the 5-harmful gas, ammonia was selected as harmful
gas model to conduct air purifying filter evaluation. Considering of real product usage
environment, visible light response type nitrogen and sulfur doped photocatalyst were synthesized.
Photocatalytic properties were characterized by XRD, SEM, EDS, PL Intensity, UV-Vis DRS

analysis and the gaseous ammonia decomposition rate verified by Gas Chromatography(GC)
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Elucidation of the active sites of the Ni-Re bimetallic catalysts for the
hydrodeoxygenation of guaiacol
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