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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

Application
* Bio-Diesel * Food Extraction » Homogenizing * Mixing + Dispersion
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10:45(25") (CT-104) A7]418HE o] &3t staA2d 45 AA
O|Efj & (A dstu)
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13:00(207) (CT-J01) Controlling defects in Zirconium Metal-Organic Framework
UiO-66 and its Antibacterial Efficacy
AAA] (FEdst)

13:20(20°) (CT-J02) Eco-friendly production of H;-deficient synthesis gas via
co-electrolysis of CO, and H,0
AAA] (P st)

13:40(20) (CT-J03) Improving the Ionic Conductivity of Co-Doped Argyrodite Solid
Electrolyte
FFE (FF8A | =AY)

14:00(207) (CT-J04) bi reforming of methane &0 HAAE 9|5t =gty A A
HAileld =& 7
LAY (fFeAA7 e d )

14:20(20°) (CT-JO5) Highly Selective Reduction of Oxalic acid to Glycolic acid using
TiO; nanotubes
AA0] (FEietw)

14:40(20°) (CT-J06) 33HARRE U NOX =53 43 st7] gt FAASAIGSH 714t

Z719etA A" 4A 2 A=}
29 (@2YI2A7TY)
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15:30(20°) (CT-J07) Ni/Al,O3 FUjS o]&3t A J|A A| 34 W D 249 dF
a5 (d=tgy)
15:50(207) (CT-J08) The Effect of Zwitterionic Polymers in Proton Exchange
Membrane Fuel Cells with Low Humidity
S04 (B34 A 1Y)
16:10(207) (CT-J09) High Recovery of Biologically Active Compounds from Red
Ginseng Marc using Subcritical Water
Rugian Cao (Ad-dcfistw)
16:30(20") (CT-J10) 7]-4 AFF29 AL&2 3t dryoly 7|yt SO, §4A 7ig
289 (=AM IeA )
16:50(20") (CT-J11) Enhanced Catalytic Oxidation of Toluene over Hierarchical Pt/Y
Zeolite
AF (=847 ed )
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= FAa Az HE2HE 25 5= &
= Organizer HoE w4 (F94st)
= I e IAH
PA-01 A7 &XZ0 ot AidAro e U &8
oA, ol AES, eard, AgE” ((eAdstn, ‘@l A,
‘Agrista)
PA-02 Effects of carbon on mechanical stability and catalytic properties of
bead-type Pd/carbon-alginate catalysts
Gangmin Kim'?, Ye Eun Kim'?, Jungho Jae? and Man Sig Lee!*
(Ulsan Division, Korea Institute of Industrial Technology (KITECH)
’School of Chemical Engineering, Pusan National University
*Department of Chemical and Biological Engineering, Korea University
“Department of Green Process and System Engineering, University of
Science and Technology(UST))
PA-03 Ay SeAEg ufAEER] AL A ¥
A9t AL olaal, A (Soltjst srehF et rdateh
PA-04 D712 Ao 2 Fo]-4 1x09] ulo]3 2 A3FA40 EA w3}
gL, ol5E, AU, AN, AN, WAE, FAR (ARt
PA-05 B47 3L NEF Bow-tie FEUE 2EANZ A% B3] Y| A
T4
HAR, BAA? e ((S2AA & A+ ICToulo] ATf7| R A72AE,
BIRPA| ALY HASYoldLAE)
PA-06 Development of Environmentally Friendly Flux Cleaner for PCBs and
Camera modules
SooJeong Bae!, HoYeoul Lee!, MinJae Lee?, JaeHeum Bae? (‘E-Chemical,
’NexCore Inc.)
PA-07 20]27 Photoacid generator &4 I A
oo, 953 (TSt st B I/RIC)
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PA-08 oo :=AtE 718t F4AIE 0]&8 CO, AlA 2 FF7] 34 A+
AR, 4T3, FxE erdAll vt S5 (A1 Ed 1Y
‘AN chsta)

PA-09 Microfluidic fabrication of uniform Polycaprolactone microparticles for
toluene treatment in wastewater
Nguyen Pham Thanh Phuong, Seunghui An, Heon-Ho Jeong® (Department
of Chemical and Biomolecular Engineering, Chonnam National University,
50 Daehak-ro, Yeosu, Jeollanam-do 59626, Republic of Korea)

PA-10 DZAYE TiO, Ho|AE Ax Al BjujdLag BAIYo] YEASA UL
o] Sk
O o
Aee? ZAo2ls, Mg, o]grAlMY (SFRAIA| &Y SAMER PgAlTyaEt
w stelyety, ‘uidisty stgAYaetyt, ‘uebv|edgied st YT
ol A AEIZSH
= oo ™

PA-11 QAR AT AR 8N Hro T APE JRYAte] 24 A+
Zotxl, A8, 4A, AY¥E! 44l ¥2Yh oL’ F=EAATEA7Y,
Mgatstrletista, (RS Lo

PA-12 Shelia U 5A £%2o 24 A7
sapsl, moldl, S, SAA (FBAAIIEATY)

PA-13 Aa-wg AEY i o550 3P MolF4 AT 2 o3y
ofoj22Amol g4 U 4F OlAMA SIAA 54 Bt
oA, mEAAT ((FRUst Zststat, ‘uejtiEy AlAaR]gEty)

PA-14 Molg& ZAAMSE/Ha 28 O34 Ra =Y ©Sado] YW tjo|az A
olo] 4 L 4F ol ujEH2 34Kz g
WA mEA (FEUstE FYsist

PA-15 Sa BY o4 Sn0, |2z Amolo] Y U 2F-F WA|9 <lEf2ojojz
o Hg
o7i8], 234 (FRoist FUstel))

PA-16 TiO,/N-=7 ZARA &4 E3 o3/ ulo]32Anjo] /g ¢ 2§ o|2 Higg
$347) 54 B7}
A, 2874 (R sdstst)
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PB-01 Modelling of the effect of current density and contact time in
electro-coagulation on membrane fouling
In-Soung Chang®, Kyung-Rae Kim (Department of Environmental
Engineering, Hoseo University, Asan, Korea)
PB-02 Fabrication of spherical beads using microporous clay natural minerals
for adsorption of radionuclides
Chan Woo Park®, Hee-Man Yang, Hyung-Ju Kim (Korea Atomic Energy
Research Institute)
PB-03 VOCs AZ+HE ¢Jst Pt/SiOz-AlLOs(x) dA=u0jo] T
pesl!, vt Feglt gojA)’ (‘ggisti stehgety, 38541 8 A
thst2 280 /g AMAIYoj(F), 61003 FFA| B4 FoHlx Lz 1582 15)
PB-04 Ethyl acrylate removal performance of Plasma coupled with wet Scrubber
M.R Kim'?, J. Choi' and S. Kim'* (Korea Institute of Industrial
Technology, “Yonsei University)
PB-05 05 dEdtegae fstst AgkE % 2A7MA A 7leid
5, 25", w e, 1&5A], A4l o2k, AgE =8 sdTd ©
A PAA7 s A1 REE)
PB-06 Fabrication and Characterization of Antimicrobial Nanowebs by
Electrospinning Containing Cu-based Nanoparticles with Various
Morphologies
Jeongyeon Park!?, Siwoo Lee!, Youngbok Ryu'! *, Yangdo Kim?* (!Green
Materials and Process R&D Group, Korea Institute of Industrial
Technology (KITECH), ?School of Materials Science and Engineering,
Pusan National University
PB-07 2] ol AR BTl gulct SR 45 B}
£98], g2, oldA (@ dlulole TBHAPL)
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20223 xR 7I=ests] £A F9 H

PB-08

PB-09

PB-10

PB-11

PB-12

PB-13

PB-14

PB-15

PB-16

Aetstdd 40 wi7)7ka F He'ol SAAIAE A% & 7153} Biochard] 71
g, 584, 429! (ndsty wetrsst A ARgEt ), I tosta

NO, A% R ZAN FAS U BE AX AAY o Qujx Ax AAH

Rz HAst
SR, e A 2aE!, 2R (FRgA Y
FAMEFHATLE, AL P T

o7 Bate A 4E 4 54 A7
sjslor'?, A4E!, Waa! ('

Mineral carbonation to produce Calcium carbonate from industrial waste,
gypsum

Donghyeon Yoon, Youngbok Ryu and Siwoo Lee (Green Materials and
Process R&D Group, Korea Institute of Industrial Technology (KITECH))

Extraction and Carbonation Behavior of Precipitated Calcium Carbonate
using Oyster shell powders

Yu Jeong Yun'?, Young Bok Ryul*and Yangdo Kim?* (1Green Materials and
Process R&D Group, Korea Institute of Industrial Technology (KITECH),
’School of Materials Science and Engineering, Pusan National University)

ozmslE AYrle 2 5
2z, WAL, AES, BLE (FBPV2ATY BAFYNUI|SATER)

Complete Oxidation of Ethylene Dichloride over Al-Ti Supported Cu
Composite Oxide Catalyst

Seungjun Lee, Wongeun Yoon and Won Bae Kim" (Department of
Chemical Engineering, Pohang University of Science and Technology)

SO, @ CO, 23 U &S s AINE shot WK 84 BH A
oA, AEE AR, WAV (‘ANSL, YA S AT)

wrEAse 2 g0l 20N WEse 2k oA A2 A A
EEEE
e, A AR, aE AR o2, B4/ Ala (SUA

4o 72)

qz GE
@)
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PB-17 Fabrication and Antibacterial Performance Evaluation of Cu;O Particles
Synthesized by Solvothermal Method which was Embedded in Electrospun
PVDF Nanowebs
Taejong Jang', Siwoo Lee!, Youngbok Ryu'* (!Green Materials and Process
R&D Group, Korea Institute of Industrial Technology (KITECH))

PB-18 Development of radical reactive system for industrial odor removal
W.J. Jeon'? M. R. Kim' and S. Kim' (‘Green Materials and Processes
R&D Group, Korea Institute of Industrial Technology, Republic of Korea
’Department of Electrical Engineering, Hanyang University, Republic of
Korea)

PB-19 Extraction and Carbonation Behavior of Precipitated Calcium Carbonate
using Oyster shell powders
Yu Jeong Yun'?, Young Bok Ryul*and Yangdo Kim?* (1Green Materials and
Process R&D Group, Korea Institute of Industrial Technology (KITECH),
’School of Materials Science and Engineering, Pusan National University)

PB-20 Mineral carbonation to produce Calcium carbonate from industrial waste,
gypsum
Donghyeon Yoon, Yu Jeong Yun, Siwoo Lee and Young Bok Ryux
(Green Materials and Process R&D Group, Korea Institute of Industrial
Technology (KITECH))

PB-21 weAa Aol 30N BEHE 2ustAc UAUA] AFe A% A
SEE I
A%, A ANE HEE, AE 01T, B AR (SUAG
URSLE SN
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20224
)
Production of oligochitosan from shrimp shells by using Subcritical

Alx gEzds 25 55 &
(P8t

ES

Md Sadek Ali', Truc Cong Ho?, Jin-Seok Park', and Byung-Soo Chun'®
(‘Department of Food Science and Technology, Pukyong National
University, 45 Yongso-ro, Nam-gu, Busan, 48513, Republic of Korea
’PL, MICROMED Co., Ltd., 1F, 15-5, Yangju 3-gil, Yangsan-si,

AslEl

A

e

A
T AE

|
= QOrganizer
nz

PC-01

oz

Water Hydrolysis

Gyeongsangnam-do, 50620, Republic of Korea)
Phase behavior of binary system for the (ethyl acetoacetate + CO,)
Min-Soo Park, Chang-Woo Lee, Soon-Do Yoon, Heon-Ho Jeong, Hun-Soo

mixture at high pressure
National University, Yeosu, Jeonnam 59626, S. Korea)

Byun® (Department of Chemical and Biomolecular Engineering, Chonnam

PC-02
The Vapor + Liquid Phase Equilibrium of for the

3-Chloro-2-Hydroxypropyl Methacrylate in Supercritical Carbon dioxide
Hun-Soo Byun®, Min-Soo Park, Soon-Do Yoon and Chang-Woo Lee
(Department of Chemical and Biomolecular Engineering, Chonnam

PC-03
National University, Yeosu, Jeonnam 59626, S. Korea)

Analysis of Physical and Biological Properties of Bio-degradable Films
with Hydrolysates of E. stolonifera using Subcritical Water Extraction
Ye-Seul Park!, Jin-Seok Park', Ji-Min Han', Yu-Na Shin', Ye-Ryeon
Shin!, Sin-Won Park!, Md Sadek Ali'! and Byung-Soo Chun'* (‘Department
of Food Science and Technology, Pukyong National University, 45
from Sargassum thunbergii

Compound

Yongso-ro, Nam-gu, Busan 48513, Korea)
(Department of Food Science and

PC-04

Encapsulation
Subcritical Water Extracts

Phenolic
Ji-min Han, Jin-Seok Park, Yu-Na Shin, Yeo-Lyeon Shin, Ye-Seul Park,
Sin-Won Park, Byung-Soo Chunx*

of
Technology, Pukyong National University, 45 Yongso-ro, Nam-gu, Busan

PC-05
48513, Korea)
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PC-06 Development of novel material using seaweed culture by-product
(Saccharina japonica root) for zero-waste based on clean technology
Jin-Seok Park!'? Young-Je Jo® Ji-Min Han!, Ye-Seul Park!, Yu-Na Shin!,
Ye-Lyeon Shin', and Byung-Soo Chun' ('Department of Food Science and
Technology, Pukyong National University, 45 Yongso-ro, Nam-gu, Busan,
48513, Republic of Korea, “Industry-University Cooperation Foundation,
Pukyong National University, 45 Yongso-ro, Nam-gu, Busan, 48513,
Republic of Korea, *BET, 46, Marine city 3-ro, Haeundae-gu, Busan,
Republic of Korea)

PC-07 Anet FPLeAN £529 S8HE 552 AT 5 BY Py A7
olze!, AR ol FA (GFPAIAPY, MRS D)

PC-08 29455 340 02 Orhle Ax A5 A £
AR, o]5L!?, o] A" (AT LAY, e hetL)
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PD-03

Reduction of hydrogen gas crossover in PEM water electrolyzer by 2D

PD-04

materials

In-Ho Yoon, Youngho Sihn, Ilgook Kim (Korea Atomic

Chan Woo Park”,

Energy Research Institute)
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PD-08 Hlo] Q 5} EUjE o0]L3t HZelAE AHF

PD-09 Selective hydrogen combustion over Rh-Sn/Al,0; catalysts during
propane dehydrogenation
Jae-Won Jung, Yi-Sun Choi !, Young-In Yoo', Kwang-Deog Jung’, Hyoung
Lim Koh" (Department of Chemical Engineering, RCCT, Hankyong
National University, Anseong 17579, Korea, 'Chemical and Environmental
Technology Department, Inha Technical College, Inha-ro 100,
Michuhol-gu, Incheon 22212, “Clean Energy Research Center, Korean
Institute of Science and Technology, P. O. Box 131, Cheongryang, Seoul
02792, Korea)

1

PD-10 Enhancement strategies for the sulfur-resistance of CeO;-supported Pt
catalyst through various catalyst synthesis methods for waste-upgrading
Ga-Ram Hong, Kyoung-Jin Kim, Hyun-Seog Roh" (Yonsei University)

PD-11 Green hydrogen production from renewable energy — A case study of
Oman
Malik Sajawal Akhtar?, Muhammad Islam®, Noman Raza Sial®, Muhammad
Abdul Qyyum®, Moonyong Lee®, J. Jay Liu®* (*Department of Chemical
Engineering, Pukyong National University, Busan, 48513, Republic of
Korea, "School of Chemical Engineering, Yeungnam University,
Gyeongsan 712-749, Republic of Korea, “Department of Petroleum and
Chemical Engineering, College of Engineering, Sultan Qaboos University,
Muscat, Oman)

PD-12 Techno-economic analysis of onsite green hydrogen production
by ammonia cracking.
Sijan Devkota!, Beom-Ju Shin', Ji-Hun Mun!, Jin-Young Chal,
Tae-Ha Kang', Shaukat Ali Mazari'? and Jong-Ho Moon'* (‘Department of
Chemical Engineering, Chungbuk National University, Korea,
’Department of Chemical Engineering, Dawood University of Engineering
and Technology, Pakistan)

PD-13 Effect of Uniformity and Surface Morphology of Pt Nanoparticles to
Enhance Oxygen Reduction Reaction in Polymer Electrolyte Membrane
Fuel Cell

Su-Yeong Kim'? Taehyo Kim!* (!Green Material and Process R&D Group,
Korea Institute of Industrial Technology, Ulsan, Republic of Korea
’Department of Materials Science & Engineering, Pusan National
University, Busan, Republic of Korea
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PE-01 Risk Analysis of Hydrogen Production, Storage, and Transmission
Projects Using Fuzzy Evaluation Approach
Azam Ghezelbash, Vahid Khaligh and Jay Liu® (Pukyong National
University)
PE-02 Process Design and Economic Assessment of Lignocellulosic Biomass to
Bio-jet Fuel
Eprillia Intan Fitriasari, and J. Jay Liux (Pukyong National University)
PE-03 Syngas production through oil-plasma reaction at room temperature and
atmospheric pressure
Daecheon Lim and Suhan Kim" (Korea Institute of Industrial Technology)
PE-04 Polycyclic aromatic hydrocarbons2 X & BTXES} C;-Ci;3 aromatics A X0
o]-8% Mesoporous %U[e] x|A3
sed, §49, gl PR WEY (FFOe, 15749 7Y. Ry
st 74)
PE-05 Ru/C Sojo] Ux} 719 et BedA gele] 349 (23 H2)
apelel?, 7ot AIYEZ oghl (gAY &A1Y SAAIRE, 2Rt
distn ggefebpery, ‘meitjeti e3P, ‘werleAgtisdtis
cleEe R Fot)
PE-06 Effect of solvents on oil removal from spent coffee grounds in extraction
process
Hye Jin Song!?, Ye Eun Kim!® Jungho Jae?, Man Sig Lee'*" (!Ulsan
Division, Korea Institute of Industrial Technology ( KITECH ), ?School of
Chemical Engineering, Pusan National University, *Department of
Chemical and Biological Engineering, Korea University, ‘Department of
Green Process and System Engineering, University of Science and
Technology (UST))
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PE-07

PE-08

PE-09

PE-10

PE-11

PE-12

PE-13

PE-14

PE-15

U=t Jatropha oilQ] esterification Y28 E4dd7] E0f RjAI AL
ARl o)), 7ofjg]’, o|xjAl', Rajendra Joshi*, &57]'

(‘Zzojeta &fekgsts “Dept. of Chemical Science and Engineering,
School of Engineering, Kathmandu University)

Electrochemical properties depending on heteroatom and surface
property of various carbon sources/NiO composites as supercapacitor
electrode

Kwang Se Lee!* (Department of Advanced Materials & Chemical
Engineering, Kyungnam College of Information & Technology, 45
Jurye-ro, Sasang-gu, Busan, South Korea)

H| A& H}o] @ @ A9 Fo|oAH| 23} ¥H-3-& Dolomite FU[j2] X}AY
o]43]!, AMuA! o', olxjA' Rajendra Joshi’, HME7|" (‘FFjsti,
’Kathmandu University)

272 o] g3 BTX B4 &uj A
Mol ol=2), ARY. AL (Agrhat)

Post COVID-19 and Hydrogen Economy Roadmap of South Korea

Hafsa Khan?® Malik Sajawal Akhtar?, Muhammad Abdul Qyyum®, Ala'a H.
Al-Muhtaseb®, Ahmed I Osman®, ] Jay Liu*?" (®Department of Chemical
Engineering, Pukyong National University, "Department of Petroleum and
Chemical Engineering, College of Engineering, Sultan Qaboos University,
“School of Chemistry and Chemical Engineering, Queen’s University
Belfast, %Institute of Cleaner Production Technology, Pukyong National
University)

Wx71Z Astel GAE HolZ4 012 ol8F TN YIE Hatpa
S8} WS
FAA!, oAF!, esi!, @R’ AUEL BB/ (FEetL,

1571&d 7Y% Fatstd 140

0
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PF-01 Comprehensive study on the phytoremediation of Iris pseudacorus on
Bisphenol-S and its metabolic fate
Nikita Yadav, Hyun-Jo Ahn, Niraj R. Rane, Mayur, B. Kurade, Byong-Hun
Jeon' (Department of Earth Resources and Environmental Engineering,
Hanyang University, 04763 Seoul, Republic of Korea)
PF-02 HEetag Jlv b3y UePE 2R CO, CH N; §3F 54
O ME, DA, PR, AElS, A2 (AU, @ol A
PF-03 AYZ7) 2 uoleooj2E o] 2 o57)e AP
ojghit'? AQAl UMY, mAfE" (‘eh2AgArledd, Fedsd. =]
MR A LA (F))
PF-04 A SadogHE naHdE 3LE 9T AVIEA 34 /1A
EAE, A9 (YA S A7)
PF-05 BHYYHIL Y FAAGY ARYA FR-AL BPISH S FHo=
ARl (St A1)
PF-06 ®7] &0} SAA) A% WH(DBD) Zatxuh-PMS 242 £3 Yty 7] o
20 any oo
wapgely'’, FEL AU A, gadl” AUA, g Ut
(Fedey 75e), *Eetxublo] @ ALAH)
PF-07 Fetxob-A7stety B2 1HS 3 YRUor A
', eadll AL patse Ut gaell g Ul (Feriei
733t} “Eetmotuto] R AIE)
PF-08 Ba0) L FL SA YL 018 SES AN L P24 55
Ay, P, Aye 233, 2ysl gL g ' (gedetn
g7 sta), “Zetxutulo] o o AIE)
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PF-09 S2tzor 34, BT, 221 AFEE 7leS ol AsHA old ae T
a5
AR, FRel gUgl, gadl, watsut A ol (gedieta
&3t “Fetxoutol o AAE)

PF-10 Sn/Ni =389 Cu W3 A2 ol&3 A7|-Fuf @249
A, ey, a1, AL WAl 243 g u (et
74 gotut, “Betsotuto] o AT AE)

PF-11 Cu/Ce-ALOs;ES AHg3t FEUJ-0F FAL 0] g§ otMEotu| = 7]
4R DAL ol & AR padl? Fxelt g Ut
(Zeoheta B3gstat, “Eetaotuto] @ A 7AIE)

PF-12 F-Zetzor o) 2REHL ol8F 25 534 AA
mAAY MY, petEeut’ A, SR U ((gedste
$74getut, “Betsotuto] o AT AE)

PF-13 o gAY 24 Rpsto] B AT
HEA, 450, oFe, AR, WA (AddRget)

PF-14 PEM =79 7% E/go] ot A+
olFA|. Ags. WHA, YA (P EhSt)
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PG-01 o Z2tAE JA7|EE0) 3-HNA HEHES o]8St Tar A|AH A
AR AR, e (2157|4919, “GS Greentech)
PG-02 gAdio] gx® SCREUY Ax 2 YA B
uns!, AP, s, FEd, oA, YA, AU (Qurieii,
38541 ZAAET ZHAMA] gty 280, “ClolEld 1, 41706 Tl7A] AL ZAMR
92, *1E57]&£ATY, 17180 77]% 8QIA] &|QIF wioty wota 51H 7 175-28
‘ofo] 229, 31026 HAGE M| M2 AAH A7 368)
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Development of Aqueous Absorbents for Acid Gas Capture

Hojun Song, Hyun Sic Park, Jo Hong Kang, Sun-Yup Hwang

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

2AFEHE(NOx), FASHE(SOx)°] 7] oz i mEdcth ojAlsethe BAFH o=z, IAAks)
I BASHES VA ERAY T AR Qs AAEsk 7ol A W A8 xojof "Ehjr. olg] 7}
2~ 28 Ve T 53 FAAIYWE ol&dste TS ol VIR Akl A&Eo] & A5 7]Eo]
kA RE CO, 2308 A7k, NOx 2 SOx EHE U & 7ls/ldo] ods FQsit

Aol A= CO,, SOz, SO, ¥ NO9 ®3& A% 2 F5Ae /i Aol disf =2staat
T UEOoRA, CO, X SUlE It ofwl &3 F&N Y, At F w71 AV E
T A+ T4 F 7] (membrane contactor)oﬂ A3kst CO, =2 SO, AL A9 7, No° HF44
&3 NOZ 9| A& 80,8 A5, lﬂ_ﬂ ° Bdslsy A7ARE Basith v g
o7 e Vlesl AE3E fd o yrlesed deidE HES A} s

A% A7 5o RAAR Ao 4 AT ALEI olRLC0) R oAU BAAL A
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1. Song et al.,, “Carbon Dioxide Absorption Characteristics of Aqueous Amino Acid Salt Solutions”, Int. J. Greenh
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Clean CO, capture and storage technology using gas hydrate crystallization

Jeong-Hoon Sa*

Department of Chemical Engineering (BK21 FOUR), Dong-A University
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Predicting carbon dioxide solubility in the blend of aminoehtylethanolamine
and diisopropanolamine using eNRTL thermodynamic model

Shaukat Ali Mazari'?, Sijan Devkota', Ji-Hun Mun', Beom-Ju Shin',
Jin-Young Cha', Tae-Ha Kang', and Jong-Ho Moon'"*

'Department of Chemical Engineering, Chungbuk National University, Korea

? Department of Chemical Engineering, Dawood University of Engineering and Technology, Pakistan

Thermodynamic modelling of diamines, such as aminoehtylethanolamine (AEEA) is a complex task for
predicting CO, solubility for the process development. We report the development of a thermodynamic
framework for predicting CO, solubility in blend of aqueous AEEA and diisopropanolamine (DIPA) using
electrolyte nonrandom two liquid (eNRTL) model. The system of blended aqueous AEEA and DIPA contains
twelve equilibrium equations, four mass balance equations and one charge balance equation. These equations
were simultaneously solved to determine the CO, loading, pH and concentration of seventeen species in the
system. The CO; loading results of the model have been validated with literature experimental data, which are
in a good agreement. The model robustness was also validated through the cross verification of mass and
charge balance equations, where error was under the defined tolerance limit of the model. Furthermore, study
reports activity coefficients, mole fractions of seventeen species, dependence of CO, loading on temperature,
pressure and concentration of individual amine.
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Strategy to Complete Recovery of Astaxanthin from Wet Haematococcus
pluvialis in a One-pot System using Green Solvents

Aye Aye Myint,l’2 Sabrinna Wulandari,' Cao Ruqian,2 and Jaehoon Kim'**

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

Recently, Haematococcus pluvialis (H. pluvialis) has garnered considerable scientific and biotechnological
attention because it is a natural richest source of a red-colored carotenoid, viz. astaxanthin
(3,3'-dihydroxy-d,d'-carotene-4,4'-dione, CioHs,O4), which has a strong potent antioxidant activity [1]. Numerous
beneficial biological activities associated with astaxanthin, including anti-inflammatory, anti-cancer, and
anti-aging effects alongside preventing age-related diseases and promoting immune responses, are believed to
be related to its antioxidant activity [2]. However, it is still technical challenges for the complete recovery of
astaxanthin from H. pluvialis red cysts due to the formation of highly chemical resistance robust cell wall
structures in its red stage. In the process of astaxanthin extraction from microalgae, high energy consuming
process of dehydration (drying) needs prior to cell wall disruption to prevent degradation of astaxanthin and
increase the shelf life of the microalgae [3]. Herein, the one-pot, simultaneous cell wall disruption and
extraction of astaxanthin directly from "wet" encysted cells of H. pluvialis using a wet ball milling technique
is demonstrated. The most suitable green organic solvent to achieve efficient extraction and high recovery of
astaxanthin was investigated. An optimized condition for the selected green solvents was obtained by varying
the process parameters of ball milling, while considering the recovery of pigments (astaxanthin, total
carotenoids and chlorophyll a) in the respective liquid extracts. In addition, the efficacy of extracting pigments
during wet ball milling was discussed by monitoring the changes in the color and surface morphology of
residual cell debris.

References

1. Nishshanka, G.K.S.H., Liyanaarachchi, V.C., Nimarshana, P.H.V., Ariyadasa, T.U., and Chang, J.-S,,
"Haematococcus pluvialis: A potential feedstock for multiple-product biorefining," J. Clean. Prod., 344, 131103
(2022).

2. Donoso, A., Gonzalez-Duran, J., Mufioz, A.A., Gonzalez, P.A., and Agurto-Mufioz, C., "Therapeutic uses of
natural astaxanthin: An evidence-based review focused on human clinical trials," Pharmacol. Res., 166, 105479
(2021).

3. Kim, L.S.Y.,, Narasimhan, A.L., Kim, S., and Oh, Y.-K., "Cell disruption and astaxanthin extraction from
Haematococcus pluvialis: Recent advances," Bioresour. Technol., 343, 126124 (2022).
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Encapsulation of Astaxanthin with B-Cyclodextrin by Utilizing
Supercritical Antisolvent (SAS) Process

Sabrinna Wulandari', Aye Aye Myint'? Jachoon Kim'?**

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

Astaxanthin, is a type of carotenoids which has high antioxidant activity and many health benefits.
Encapsulation can be done to increase the stability and the bioavailability of astaxanthin. The
encapsulation process of astaxanthin with B-cyclodextrin was performed using SAS process. The utilization of
carbon dioxide as the antisolvent allows the precipitation of encapsulated astaxanthin without solvent removal
step. The effect of pressure, temperature, solution concentration, solution flow rate and mole ratio of the host
and guest on the encapsulation efficiency and particle size of the precipitated particles was studied.

References

1. Ambati, R.R., et al, Astaxanthin: Sources, Extraction, Stability, Biological Activities and Its
Commercial Applications—A Review. Marine Drugs, 2014. 12(1): p. 128-152.

2. Reverchon, E., Supercritical antisolvent precipitation of micro-and nano-particles. The journal of supercritical
fluids, 1999. 15(1): p. 1-21.
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Wood Biomass-Derived Renewable Energy Storage Materials

Ho Seok Park!?3%*

'School of Chemical Engineering, Sungkyunkwan University, 2066, Seoburo, Jangan-gu, Suwon 440-746, Republic of Korea.
“Department of Health Sciences and Technology, Samsung Advanced Institute for Health Sciences and Technology (SAIHST),
Sungkyunkwan University, 2066, Seoburo, Jangan-gu, Suwon 440-746, Republic of Korea.
3SKKU Advanced Institute of Nano Technology (SAINT), Sungkyunkwan University, 2066, Seoburo, Jangan-gu, Suwon 440-746, Republic
of Korea.

‘SKKU Institute of Energy Science and Technology (SIEST), Sungkyunkwan University, Suwon 16419, Republic of Korea.

The conversion of biomass into high-value functional materials is important because of the sustainable
chemistry, valorization of biomass, and replacement of fossil fuel-derived counterparts. However, existing
synthetic methods are hindered by difficulties about fine tuning of their physical and chemical properties of
heterogeneous source. In this talk, I will introduce two chemical strategies into valorization of wood biomass
for energy storage applications: (1) A straightforward separation-free valorization of lignocellulose into
heteroatom-doped and undoped carbon dots (CDs) and nanoporous carbons (CNs) will be addressed.'” In
particular, their electrochemical properties are further improved by in-situ incorporation of heteroatoms during
a hydrothermal process for high performance of Na ions to rage devices and Li-S batteries. (2) I will also
discuss two kinds of electrolytes, including double networked celluloseiono gel and cross linked lignin
hydrogel electrolytes, for flexible energy storage devices.*”
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controllable synthesis of heteroatom-doped carbon dots and nanoporous carbons for surface-confined energy and
chemical storage,” Energy Storage Materials, 12, 331-340 (2018).

3. Yeon, J. S, Park, S. H., Suk, J., Lee, H., and Park, H. S., “Confinement of sulfur in the micropores of
honeycomb-like carbon derived from lignin for lithium-sulfur battery cathode,” Chem. Eng. J., 382, 122946
(2020).
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phosphorylated cellulose-based ionogels for renewable flexible supercapacitors,” FEnergy Storage Materials, 25,
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Animal manure solid fuels in Korea

J. Yoo, Irma Thya Rani, J. Lee, H. Choi, S. Kim, H. Im, S. Kim, D. Chun, J. Im, S. Lee.

Fine dust lab. Korea Institute of Energy Research

Yt dZFe 7S B (AM ~5,6000HEA)E BlEE. AME] 90% ©]/do] HaEo] oy #4 &
AS doF E3)], A7 FaEv3HE ~350% ton-COeq/d N,OZ WES FHi= HFPRE wi
THS A7) 9% wetoZ 20309 7H4 AM 8309HE/dS U A3} (LA E, biogas)ol &3 7|
ol B i FR o] £2(80%) AMS TAAER L7 93 AATAY AR Ao o)
skl 7lEsh 4 AM TAAR AAES Qs 38 (F, AxR, A el diste] AEE 2 AFES
1H71€] 955 gdFE (COMB) 7|&S AHEste] 8402 AMS Ax3. COMB 9/ #WAY
= 4 9 F TS 7|Hto R = AEF 1A feedstock®] EEZQ Ao e AxE Y W &
F4A ARE Aed Tt AM TAARL AFASHE s AAA, A4 a7 Al diste] 7=

_42_



CT-B04

Stochastic and deterministic energy management of an electricity-hydrogen-gas

energy hub

Vahid Khaligh', Azam Ghezelbash', Jay Liu'and Jun-Hyung Ryu’

Pukyong National University, ' Dongguk University >

This paper introduces deterministic and stochastic models to address the correlation between electricity,
hydrogen, and gas subsystems inside a multi-carrier energy hub. Different energy links including electricity to
hydrogen by electrolysis, hydrogen to electricity and gas by fuel cells and methanation, and gas to power by
gas-fired distributed generation units are modeled. An objective function, preserving different energy parties, to
model cost and benefits of the proposed energy management model as well as accomplishing the scheduling
of the energy subsystems is established. Different uncertainties including uncertainty in demand and price of
electricity, hydrogen, and gas subsystems as well as uncertainty in demand of hydrogen vehicles, wind power
output and photovoltaic output are considered. Results are analyzed on a sample microgrid in both
deterministic and stochastic cases to see how uncertainties affect the obtained results.

References
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Combined Heat, Hydrogen, and Power Production via Hydrothermal Liquefaction of Saccharina japonica,” ACS
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Hydrogen spillover increased hydrogenation ability of Ru/TiO, in guaiacol
hydrogenation

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)

Herein, we investigated the enhancement in the metal efficiency of Ru loaded TiO, catalysts by using
hydrogen spillover in the liquid phase hydrogenation of guaiacol. Ru was highly dispersed at low loadings
while larger Ru nanoparticles with lower dispersion were obtained at higher loadings. The hydrogen spillover
was activated at reaction temperature of 100 °C as the Ru dispersion decreased. The activation of hydrogen
spillover was confirmed through physical dilution experiments, hydrogen temperature-programmed-reduction, and
kinetic analysis. Isotope experiment was also conducted using D,O, observing inverse kinetic isotope effect
(IKIE) for the low dispersion Ru catalysts. Based on the understanding of the hydrogen spillover in the liquid
phase, the low metal efficiency of high-Ru-loading catalysts resulting from low dispersion could be
compensated, simply by physically mixing pristine TiO,, which played a role as new active sites when
liquid-phase hydrogen spillover was activated.

References

1. Kim, H., Yang, S., Lim, Y. H., Lee, J., Ha, J-M., and Kim, D. H., “Enhancement in the metal efficiency
of Ru/TiO, catalyst for guaiacol hydrogenation via hydrogen spill over in the liquid phase,”J. Catal., 410,
93-102 (2022)
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Co-pyrolysis of bamboo with polystyrene with and without catalyst in a
fluidized-bed reactor for upgrading bio-oil

Thuan Anh Vo', 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

This study showed the effect of operating parameters (temperature, fluidization velocity, and particle size) and
solid catalysts (HZSM-5, red mud, Fe,Os;, and dolomite) on co-pyrolysis of bamboo with polystyrene (PS) in
a bubbling fluidized-bed reactor for upgrading bio-oil. The synergistic effect was indicated by analyzing
products via various analytical techniques and differences between theoretical and real co-pyrolysis values. The
highest liquid yield of 57.03 wt% was obtained at a temperature of 748 K, an N, flow rate of 2.5xU,y, and
particle size in the range of 0.45-0.75 mm. Under the H,-donor source from PS, co-pyrolysis reduced the O
content while enhancing the content of aromatic hydrocarbons and higher heating value (HHV) of oil.
Depending on the type of catalyst, characteristics and yield of the co-pyrolysis oil were affected along with
the proposed reaction pathways. Dolomite favoring decarboxylation reaction was considered the most effective
catalyst for improving oil quality with the highest HHV (34.14 MJ/kg) and highest pH value (5.03).

References

1. Sanahuja-Parejo, O., Veses, A., Navarro, M. V., et al., “Drop-in biofuels from the co-pyrolysis of grape
seeds and polystyrene”, Chem. Eng. J., 377, 120246 (2019).

2. Ozsin, G., Pitin, A.E., “Insights into pyrolysis and co-pyrolysis of biomass and polystyrene:
Thermochemical behaviors, kinetics and evolved gas analysis”, Energy Convers. Manag., 149, 675-685 (2017).
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Measurement and modeling of the solubility of supercritical CO, in
multicomponent electrolyte solutions

Pil Rip Jeon”

Kongju National University
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1. P. R Jeon and C.-H. Lee, “Prediction of CO, solubility in multicomponent electrolyte solutions up to 709 bar:
Analogical bridge between hydrophobic solvation and adsorption model,” Chem. Eng. J., 389, 123459 (2020)
2. P. R Jeon and C.-H. Lee, “Artificial neural network modelling for solubility of carbon dioxide in various
aqueous solutions from pure water to brine,” J CO, Util., 47, 101500 (2021)
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Revealing the role of oxygen vacancies on Bi/Ce composite for the activation
of pseudo photocatalysis using Ar-Plasma Jet

Choe Earn Choong!?, Kien Tiek Wongl’z, Seok Byum Jangl’z, So Yeon Yoon'?, Nurhaslina Abd Rahman'? and
Min Jang"**

'Kwangwoon University, “Plasma Bioscience Research Center

In this study, Bi;O; composite with CeO, via a facile single-step calcination method was prepared as a
heterojunction plasma-catalyst in an Ar-plasma jet (AP) system for perfluorooctanoic acid (PFOA) destruction.
As a result, the ratio of 30% CeO, composited with Bi,Os;, namely Bi/Ceg4;, exhibited a high synergistic
factor (4.2) for PFOA destruction attributed to unprecedented pseudo photocatalysis, corresponding to a higher
e yield from the collision of a high-energy electron and the UV irradiation in AP. In addition, the PFOA
quenching experiments and electron paramagnetic resonance spin-trap analysis showed a higher e generated in
the presence of catalysts for PFOA destruction. Under pseudo photocatalysis, the e transfer phenomenon was
obtained from Bi toward Ce via oxygen atom in Bi/Cepss composite according to Ag photo-deposition
experiment and X-ray absorption spectroscopy (XAS) analysis. In addition, the intermediate species of PFOA
were traced using LC/MS/MS.
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Improved methanation of lipidic waste using acclimatized consortia in

dual-stage pulse-feed co-digestion

Shouvik Saha, Byong-Hun Jeon*

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

The presence of lipids, which are a major component of organic waste, in wastewater from various
households and industries is deteriorating the operational conditions of sewer systems [1]. Lipid deposition
causes pipeline blockages of nearly 50-75% and 98% annually in the UK and USA, respectively. Over 60%
of sewer blockages occurred in Hong Kong due to lipid accumulation [2,3]. The biomethanation potency of
such lipidic waste (LW) in anaerobic co-digestion (ACoD) has been widely recognized by the global scientific
community in recent decades as a reliable energy harvesting process to achieve waste-to-renewable energy [4].
However, the various operational difficulties in conventional single-stage co-digestion systems restrict the
conversion of LW to methane [5]. Our investigation revealed that the acclimatized consortia to LW induced
the long chain fatty acids (LCFA) degradation and interconversion of short-medium chain fatty acids
(SCFA-MCFA) in the fermenters, even under high OLR values during the dual-stage pulse-feed ACoD. The
highest methane yield (0.46 g g7l VSinitial) was achieved in the third phase with the complete utilization of
LCFAs and SCFA— MCFAs in the digester. The abundance of the acidogenic Intestinimonas and Megasphaera,
and acetogenic Levilinea in the fermenters justified their preeminent activities in LCFA degradation. The
predominance of acetogenic Syntrophomonas (26%) indicated that it played a major role in B-oxidation, and
its syntrophy with mixotrophic methanogens, such as Methanosarcina (93%), facilitated methanation through the
complete degradation of LW in the digesters. Thus, the use of pulse-feed operation in dual-stage ACoD
improved the methanation through complete utilization of LW wunder varied OLRs mediated by the
acclimatized consortia.

References
1. R. Moscoviz, J. Toledo-Alarcon, E. Trably, N. Bernet, “Electro-fermentation: how to drive fermentation
using electrochemical systems”, Trends in Biotechnol. 34(11), 356-865(2016).
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Metal-organic frameworks of lanthanum, zirconium, and titanium using BDC

linker as adsorbents for removal of fluoride from water

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

'Department of Environmental Engineering, Kwangwoon University
*Plasma Bioscience Research Center, Kwangwoon University

Fluoride (F") performs a prominent role in improving dental health at an optimum level. However, excessive
contents in water resources (> 1.5 mg L") have been found to have harmful effects on human health. Thus,
fluoride removal from drinking water is significantly essential [1]. In this study, a series of UiO-type MOFs
were synthesized by varying the metal precursor (i.e., zirconium(IV) chloride (ZrCly), lanthanum(III) chloride
heptahydrate (LaCls;-7H;0), titanium(IV) n-butoxide (Ti(OBu)s) to investigate the effect of atomic size of metal
precursor in material property and F removal efficiency. Compared with the Zr-BDC (UiO-66) and Ti-BDC,
La-BDC exhibited the highest F~ removal 163.3 mgg'. La-BDC achieved 73 and 93.5% in 5 and 120 min,
respectively. We also found that the F~ removal performance is strongly related to the BDC-linked atomic size.
We conducted Fourier transform infrared spectrometer (FT-IR), X-ray diffraction (XRD), and scanning electron
microscopy (SEM) to investigate the material properties of prepared adsorbents. The selectivity tests were also
carried out with a series of competitive anions (Cl, NOs, SO,”), demonstrating that La-BDC still has a
higher adsorption capacity than Ti or Zr-BDC. The regeneration results of La-BDC using 0.01 M MgCl, as a
desorption reagent showed 93.6% in 5 cycles. Meanwhile, the effect of solution pH on the adsorption of F
ions indicated that La-BDC is suitable for removing F in a relatively wide pH range (4.0-10.0). Hence,
La-BDC exhibited a high fluoride wastewater treatment potential due to its high adsorption capacity,
selectivity, and reusability.
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Atrazine (ATZ) degradation by electro catalytic ozonation with bi-metallic electrode

Nurhaslina Abd Rahman'?, Choe Earn Choongl'z, Kien Tiek Wong"z, Seok Byum Jang 2 S0 Yeon Yoon'?,
Min Ji Kim'?, Min Jang"**

leangwoon University,20, Gwangun-ro, Nowon-gu, Seoul, 01897, Republic of Korea
*Plasma Bioscience Research Center, Kwangwoon University

ATZ is a herbicide used to control weeds, especially in maize and sugar cane crops. Several authors have
studied different methods for organic pollutants removal, including adsorption, biological treatment, ozonation,
electrocatalysis, photocatalysis, etc. Among all the technologies, the ozonation and electrocatalysis process is
widely used for organic pollutants removal, however, it is challenging to achieve demineralization for ATZ
due to its ozone-resistant herbicide properties [1]. Meanwhile, the electrocatalysis process for ATZ removal
required high energy consumption to achieve demineralization. Inspired by the benefit of both treatment
methods, the hybridization of both technologies may have overcome the above-mentioned limitation. Hence,
the synergistic degradation of ATZ by ozonation, electrocatalysis, and electro-catalytic ozonation was
investigated. In this study, the electrode was prepared by carbon felt coated with nickel cerium (NiCeOy) with
various Ni to Ce molar ratios (Nickel: Cerium, 0.6:0.2, 0.2:0.2, and 0.2:0.6) through co-precipitation method
followed by calcination. Our experiment results show no significant difference of 1 mg/L ATZ removal by
increasing the ozone dose from 3-5 g/h. In the electrocatalysis process, NigsCep,Ox has shown the best
performance of ATZ removal with kinetic constant value k=4.0x10> min’. In contrast, Nip,CeysOx shows the
best performance in electro ozone the k=29.0x10”min"' with an ozone dose of 5g/h, due to the highest H,0,
production (0.64 mM) was obtained in this system. Compared to electrocatalysis (0.16 mM) or ozonation
system (0.30 mM), electro-catalytic ozonation system (0.64 mM) showed a higher H,O, production for
Nig2CepsOx. The synergistic effect of the electro ozonation system was supported by quenching tests and
characterization such as FTIR, XRD, and XPS. A strong correlation was obtained between the Ni and Ce
ratio on ATZ removal using electrolysis and electro ozone system. Hence, the combination of electrolysis with
the ozonation system significantly enhanced the ATZ removal performance by using the catalyst Nip,CegsOX.

Reference

1. Zhu, S., et al.,, Heterogeneous catalysis of ozone using ordered mesoporous Fe304 for
degradation of atrazine. Chemical Engineering Journal, 2017. 328: p. 527-535.
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A study on Cu-based catalysts for hydrogen production
Jae-Oh Shim'
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A study on controlling catalyst composition to improve sulfur resistance of
catalysts for hydrogen production reaction
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Optimization of Cu-CeMgO Catalysts for Hydrogen Production from Waste
Ru-Ri Lee', I-Jeong Jeon', Chang-Hyeon Kim', Jae-Oh Shim'"
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Computational analysis of ammonia pyrolysis reformer using natural gas for

hydrogen production

Si-Hyun Cho', Byoung-Hwa Lee?, Tae-Yong Jung’, Chung-Hwan Jeon™’

'School of Mechanical engineering, Pusan National University, *Pusan Clean Energy Research Institute

A three-dimensional computational fluid dynamics(CFD) model of a ammonia pyrolysis reforming
reactor was developed for producing of H, from ammonia gas. The air and natural gas are mixed
through a burner to cause combustion and heat transfer between the combustor and catalytic reactor.
The momentum, energy, and mass conservation equations were integrated with a realizable k¢

turbulence model, discrete ordinates radiation model and species transport model. The CFD result
shows the reactor surface axial temperature, the heat flow inside the reformer, and the optimum fuel
amount for efficient hydrogen production with heat generated according to the amount of fuel, and
hydrogen can be produced stably through the change of the flow inside the catalytic reactor.
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1.Ganley, Jason C., et al. "A priori catalytic activity correlations: the difficult case of hydrogen production
from ammonia." Catalysis Letters, 117-122. (2004).

2. Chiuta, Steven, et al. "Hydrogen production from ammonia decomposition over a commercial Ru/Al203
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Recovery of Rare Earth Elements in zero-liquid discharge supercritical water
desalination

Tae Jun Yoon'', Prashant Sharan®, Rajinder P. Singhz, Katic A. Maerzke?, Alp T. Findikogluz, Robert P.
Currier®

Chungnam National University,1 Los Alamos National Laboratory2

Reverse osmosis and classical thermal desalination techniques have played a significant role in producing
potable water for humankind. However, these processes discharge a significant amount of high-concentration
electrolytes harmful to the marine ecosystem. Supercritical water desalination is one of the promising
zero-liquid discharge desalination techniques; the recovery rate of water in this process is 100 %.

In addition to this promising feature, this work aims to explore the technical feasibility of using the
supercritical water desalination process for retrieving rare earth elements (REEs), which are regarded as critical
materials for high-tech industries. Based on a rigorous thermodynamic framework and experiments, we
demonstrate that selective recovery of these essential materials becomes feasible by combining the desalination
process and hydrothermal synthesis.

We also perform a techno-economic analysis of the proposed process based on these experimental and
theoretical results. The techno-economic analysis result suggests that the proposed process is economical when
the feed concentration of the REE is above O(101) ppm. Thus, this technique can be used as a clean and
economical technology for treating acid mine drainage and wastewater from industrial processes.
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1. Yoon, T. J., et al. Selective recovery of critical materials in zero-liquid discharge supercritical water desalination.
Desalination, 537, 115849 (2022).

2. Yoon, T. J., et al. Electrical Conductivities and Association Constants in Dilute Aqueous NdCI3
Solutions from 298 to 523 K along an Isobar of 25 MPa. Journal of Chemical & Engineering Data,
67(3), 568-579 (2022).

3. Odu, S. O, et al. Design of a process for supercritical water desalination with zero liquid discharge.
Industrial & Engineering Chemistry Research, 54(20), 5527-5535, (2015).

4. van Wyk, S., et al. Potential of supercritical water desalination (SCWD) as zero liquid discharge (ZLD)
technology. Desalination, 495, 114593 (2020).

5. Blum, L. Solution of a model for the solventelectrolyte interactions in the mean spherical
approximation. Journal of Chemical Physics, 61(5), 2129-2133 (974).
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Preparation and Property Control of Ni/Alumina Catalysts, and Optimization of
Process Operation Parameter for Methane Reforming Reaction
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Electrocatalyst and Reaction System for Electrochemical CO; Conversion
Ki Tae Park

Konkuk University

Recently, the transition to a carbon-neutral society is accelerating around the world. It is necessary to apply
clean technology such as electric vehicles, batteries, energy storage systems, hydrogen energy, and CCUS to
change the fossil fuel-based industrial infrastructure to be carbon-neutral. Electrochemical CO, recycling
technology has received much attention due to its ability to convert CO, to carbon-neutral chemicals via
integration with renewable energy. Many studies have been reported over the last decade, but there are still
several challenges such as improvement of energy efficiency, product selectivity, current density, and process
stability that need to be addressed for the commercialization of the technologies. Here, the recent progress and
perspectives in electrocatalytic CO, reduction technologies including the reaction system and the electrocatalysts

are reviewed to produce valuable chemicals [1-3].
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1. Kim, Y. E. et a.l, “Leaching-resistant SnO,/g-Al,O; nanocatalyst for stable electrochemical CO, reduction into
formate”, J. Ind. Eng. Chem., 78, 73-78 (2019).

2. Lee, W.et al., “Catholyte-Free Electrocatalytic CO, Reduction to Formate” Angew. Chem. Int. Ed., 57, 6883-6887
(2018).

3. D. Tanet al., “In-Bi Electrocatalyst for the Reduction of CO, to Formate in a Wide Potential Window”, ACS Appl.
Mater. & Interfaces, 14 (25), 28890-28899 (2022)
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A study on simultaneous catalytic removal of THC and NOx with the catalyst

Dongcheol Lee', Cheonwoo Jeong', Hyesun Shin', Yunsung Park', Hogeun Ryoo', Gunhkeok

Moon', Joonwoo Kim'

'Research Institute of Industrial Science & Technology, 187-12 Geumho-ro, Gwangyang-si, Jeollanam-do,
57801, KOREA
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5. A. Timpanaro, J. Nuszkowski, Reduction of NOx in a Single Cylinder Diesel Engine Emissions Using
Selective Non-Catalytic Reduction (SNCR) with In-Cylinder Injection of Aqueous Urea, SAE Technical

Paper 2019-2024-0144

_65_



CT-F03

=
_\ll_‘
[
=
o
24
re ol
ol
N
=Y

Study on Wet Absorption Processes for Sulfur Dioxide Removal in Flue Gas
Stream:
Effects of Calcium Carbonate and Organic Additives

Ji Bong Joo*l, Sang Bin Kimz, Yoon Hee Kim'

Konkuk University', Seokyeong University”
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1. Park, Y.-O., Lee, K.-W. and Rhee Y.-W.: “Removal characteristics of notrogen oxide of high temperature catalytic
filter for simutaneous removal of fine particulate and NOx,” J. Ind. & Eng. Chem., 15, 36-39 (2009).

2. Abubakar, A., Li, C., Huangfu, L., Gao, S. and Yu, J.: “Simultancous removal of particulates and NO
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Computational analysis study on simultaneous denitrification and desulfurization

characteristics in multi-stage wet scrubber

Yi-Jie Zeng', Kang-Min Kim', Min-Woo Kim', Byoung-Hwa Lee', Chung-Hwan Jeon'", Young-Joo Lee?,
Kang-San Lee’, Hyung-Chul Yoon®, Jun-Su Park’, Young-Chan Choi’, Jong-Won Choi’

'Pusan National University

’Korea Institute of Energy Research
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. Qu, J. Y, Qi, N. N, Zhang, K, Li, L. F., Wang, P. C,, Wet flue gas desulfurization performance of 330 MW
coal-fired power unit based on computational fluid dynamics region identification of flow pattern and transfer
process, Chinese Journal of Chemical Engineering 29, 13-26 (2021).
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Sulfur/Chlorine removal for thermo-chemical recycling of waste plastics

Suk-Hwan Kang'’,, Jin-ho Kim', Hyunji Kim', Ji-hyeon Kim', Dahye Lee', Tae-Jin Kang', Soo-Chool
ee’, Chiseung Jang’

'Institute for Advanced Engineering (IAE), *Kyungpook National University, *Daehan corporation
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Material Extrusion Al,Os; 3D Printing for Clean Technology

CT-GO01
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Role of Polyvinyl Alcohol (PVA) as a Binder for Direct Ink Writing of TiO,
Paste

Ye Eun Kim '? Jae Ho Baek ' 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)

The interest in three-dimensional (3D) printing has given rise to fabricate the complex ceramic structures and
personalized design for various applications such as electrodes, catalysts, and adsorbents. Among the numerous
3D printing methods, direct ink writing (DIW) is regarded as a convenient method for extruding of ceramic
based paste. The major concern in fabrication of hierarchically ordered materials through DIW is the difficulty
of the homogeneity of components and brittleness of the 3D printed structures. Recent studies reported the 3D
printed ceramic monoliths using polyvinyl-pyrrolidone (PVP), polyethylene glycol (PEG), polyacrylic acid
(PAA), and acrylonitrile butadiene styrene (ABS) as binders to overcome these problems. Herein, we carried
out the preparation of TiO, paste using polyvinyl alcohol (PVA) as a binder and sacrificial template for DIW
to stabilize TiO, nanoparticles and modulate the rheological properties. At first, we prepared the paste by
mixing TiO, as a main component, PVA as a binder, and a few amount of acrylic resin based dispersant. The
physicochemical and rheological properties of the paste were analyzed by FT-IR, TGA, rotational rheometer,
and FE-SEM. Extrudability test was conducted on the laboratory DIW equipped with nozzle diameter of 0.34
mm and then the compressive strength of the extruded samples were also analyzed after debinding and
sintering processes. This work showed the introduction of PVA reduced the agglomeration of TiO;

nanoparticles and shape deformation.
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Additive manufactured SCR catalyst by coating ceramic support from powder
bed 3D-print

Bora Jeong', Hong-Dae Kim''

!Green Materials and Processes R&D Group, Korea Institute of Industrial Technology, Ulsan, Republic of

Korea

A technology has been advanced over the past few decades, and fossil fuel consumption has naturally
increased. Thereby, regulations have been tightened in the environmental fields. Among the various products to
fulfill the regulations, selective catalytic reduction (SCR) catalysts are generally adopted with product shapes
having plate, honeycomb, and corrugated type. Although its strength for durability is importantly considered
with specific surface area because gas-phase catalytic reaction occurs on the surface of catalysts, the existing
products have a limit to simultaneously meet. Introduction of 3D-printing technology can solve these problems
by manufacturing outputs with prominent strength and complex shape. In this study, ceramic supports for SCR
were manufactured by powder bed 3D-print accompanying with wash coating. The ceramic supports consisting
of SiO, and CI2A7 have size of 0.5 and 1.0 inch. Inner wall thickness was minimized to increase the
specific surface area, and conditions of SCR slurry for wash coating was optimized to improve the strength.
Finally, strength was measured on universal testing machine, and catalytic performances were evaluated.
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Fabrication of Automotive Hollow Knuckle by Counter Pressure Casting with
Core based on Additive Manufacturing Method

Jin-young Park’, Pil-hwan Yoon, Ho-jung Kang' Gyu-heun Lee Seong-hyo Oh'

Advanced Forming Process R&D group, Korea Institute of Industrial Technology, Ulsan 44776, Korea
lDepartment of Material Science and Engineering, Pusan National University, Busan 609-735, Korea
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Preparation of Ceramic and Photo-curable Polyurethane Acrylate Hybrids and
Their Dielectric Properties

Semi Han', In-Park'”, and Baek-Jin Kim'?

'Korea Institute of Industrial Technology (KITECH)
*UST (University of Science and Technology)

Dielectric materials are being applied in a variety of industries and used as electrical insulators in capacitors
such as semiconductor devices. Polymer materials for electric capacitors are getting more attention due to their
superior processability, flexibility, and chemical resistance compared to inorganic materials. In this study, BPA
and polytetramethylene ether glycol (PTMG) with different molar ratios of polyurethane acrylate (PUA) with
high dielectric constant were successfully synthesized">.Two different polymerization methods were employed,
in which each reactant was added stepwise and all monomers were added at once. In particular, the
sequentially synthesized PUA was qualitatively analyzed step by step through FT-IR and quantitatively
analyzed through 1H-NMR. And the degree of polymerization was confirmed using high-temperature GPC. In
order to increase the dielectric constant, inorganic particles such as alumina, barium titanate were used for
PUAs of 5wt% and 10wt% respectively. Finally, the photo-curing behavior of PUAs were investigated through
photo-DSC and UV-IR curing systems.

Reference

1. Tey, J. N., Soutar, A. M., Mhaisalkar, S. G., Yu, H.,, & Hew, K. M. (2006). “Mechanical properties of
UV-curable polyurethane acrylate used in packaging of MEMS devices”, Thin Solid Films, 504(1-2), pp.
384-390

2. Hansen, A., Renner, M., Griesbeck, A. G., & Biisgen, T. (2020). “From 3D to 4D printing: A reactor for
photochemical experiments using hybrid polyurethane acrylates for vat-based polymerization and surface
functionalization”, Chemical Communications, 56(96), pp. 15161-15164
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A Study on the Nanopowder Surface Treatment Process for the Preparation
of Ceramic 3D Printing Slurry

Chisung Ahn*, Kyubong Jang, Jaceun Jeon

Korea Institute of Industrial Technology
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Additive manufacturing with lattice structures using optical sintering process

Jivong Park!” Kyungil Kim'

'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 powder bed selective laser
processing (sintering / melting): Calcium phosphate, silicon carbide, zirconia, alumina, and their composites” Open
Ceramics, 5, 100073 (2021).

3. Park, S. J,, Lee, J. H., Yang, J., Heogh, W., Kang, D., Yeon, S. M., Kim, S. H., Hong, S., Son, Y., Park, J.*
, “Lightweight injection mold using additively manufactured Ti-6Al-4V lattice structures” Journal of Manufacturing
Processes, 79, 759 (2022).
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Effect of hydrophobic coated polymeric HFMCs for CO, capture

S. Kim'" and H. J. Lee'?
1. Korea Institute of Industrial Technology, 2. University of Ulsan

Hollow fiber membrane contactor (HFMC) is one of the most effective method for carbon dioxide capture due
to their superior surface area between the absorbent liquid and the treated gases. Polymeric hollow fiber
membrane contactor has superior performance in selective removal of CO, in treated gases. However, it has a
limitation in long-term operation due to the wetting phenomenon. When membrane wetting occurs, absorbent
liquid penetrates in to the gas phase. Then CO, removal efficiency drop rapidly and cannot sustain CO,
removal performance. To overcome the limitation in polymer hollow fiber membrane contactor, we applied
perfluoroether(PFE) grafted silane (KY-164, Shin-Etsu) coating on the PP hollow fiber membranes to increase
surface hydrophobicity. Effect of hydrophobic coated HFMC(Hollow fiber membrane contactor) on the COT#
capture performance was tested by performing over 600 hours long-term tests. Enhanced hydrophobic nature
by PFE coating was investigated with Contact angle measurement. And components of the super-hydrophobic
layers were identified by FT-IR spectra and XPS analysis, EDS.

References

1. Yuexia Lu et al, "Fabrication and characterization of superhydrophobic polypropylene hollow fiber

membranes for carbon dioxide absorption,” Appl. Energy. 90, 167-174 (2012).

2. David deMontigny et al, "Using polypropylene and polytetrafluoroethylene membranes in a membrane

contactor for CO, absorption. Membr. Sci. 277, 99- 107 (2006).

3. Jian-Gang Lu et al, “Wetting mechanism in mass transfer process of hydrophobic membrane gas absorption J. Membr.
Sci.. 308, 180- 190 (2008).
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Development of slag-based mineral carbonation technology for the application
of the Carbon Dioxide Upcycling Regulation Free Special Zone Demonstration
project

Hyun Sic Park"", Johong Kang'®, Sun Yup Hwang' and Hojun Song'

'Korea Institute of Industrial Technology, *Yonsei University
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Multi-objective optimization of CO, emission and process efficiency for on-site

hydrogen production process using hybrid DNN model

Jaewon Lee', Seokyoung Hong’, Hyungtae Cho' and Junghwan Kim'”"

Department of Chemical and Biomolecular Engineering, Yonsei University '

Green Materials & Processes Group, Korea Institute of Industrial Technology *

Hydrogen energy source is in the spotlight because it will play an essential role in a carbon-neutral society.
However, the production pathway of green hydrogen has not yet been sufficiently developed and
commercialized due to technical and economic aspects. Therefore, it is crucial to improve the existing process
to produce and supply sufficient hydrogen until the ultimate green hydrogen society era arrives. Therefore, a
multi-objective optimization was performed taking into account both process efficiency and CO, emissions. A
hybrid DNN model has been developed, consisting of operational and simulated DNN models. A Pareto
optimal solution was found using a multi-objective particle swarm optimization algorithm. An optimal solution
shows a process efficiency distribution of 77.5-87.0% and a CO, emission of 577.9-597.6 t/y. This work
provides insight into efficient and flexible process operation according to different requirements.
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Multiscale Material Screening for Ammonia-based Green Hydrogen Separation

Seongbin Ga', Nahyeon An', Gi Yeol Lee’, Hyungtae Cho', Boram Gu®" and Junghwan Kim' ~

Korea Institute of Industrial Technology,'
Chonnam National University,’
Konkuk University®

Although ammonia is capturing global attention as a hydrogen carrier connecting the future hydrogen
networks, the separation technologies for ammonia-based hydrogen have not been intensely debated. As the
options for ammonia-based hydrogen separation, pressure swing adsorption (PSA) and membrane processes are
two of the most favorable options. Since the performances of both separation options depend critically on the
material properties used in those processes, various materials have been suggested for different applications,
but the materials for the ammonia-based H, separation have rarely been proposed. Therefore, to discover the
materials best performing in PSA and membrane processes, this study explored hundreds of adsorbent and
membrane materials. For the evaluation of the materials, this study established a multiscale approach, which
includes molecular and process simulations. By correlating the molecular-scale properties to the process-scale
performances, the multiscale approach evaluated the materials considering the green hydrogen separation
operation. Finally, this study eventually provides the list of the best materials both for a PSA process and for
the membrane process, respectively. This work may provide the other researchers with valuable information
about what types of adsorbent and membrane materials they need to focus on.
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=7 Eabsloin ol Zurd mrleSo] U, Wk, WSAE £ Exo]
=4 3 A9 A ’”40] FepA)7] diEoltt. o] A= BHﬁOV] sl oA
surrogate modeling ¥ AFESHHH ZF Zdbg m7|& ¥ A2 REsS 48sfof
AlZto] AREO R 31307‘*0]3} g 4 Atk Ot 2 dAFolMe 2 HEA b7
RS Ut o) o E Ry A28 588 4 Ak =
o gy 2.
WIS 058 el 42 wed 2uE B 4 Ab Fuy
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(features) 5= 4175 2) i‘*” 11]713 105 % 530 tisll otdst &9 Alggo]d
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Xl AE 6:2:2 H|-S 2 training, validation, testS ol LH=ATH 4) 7]& ANN surrogate modeling 5 0]
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Valuable metals and Resin recovery from waste ABS resin plated with
Cr/Ni/Cu

Su-Jin Koo

Korea Polytechnic

ABS(Acrylonitrile Butadiene Styrene)$A|= sty 7tstH YEAdo] 451 1AL Z2tA

ot ABS4Al= YZANI), Z&(Cr) &Y E-"i'\’é\_ =

o] Z7tstal Qo E5] =g ABSHA|= AJAIRMESE GHE

e, 9 AEALE 5o B4 AGHD Slct 1 :

H o ABSaAl= AEEHA] G A sl 54 528 HEHI Qe AAot 3 530 =

U $EdEoE do]2 1 ABSHAQ] 2 AW 5H
}

ol el Uroohﬂ —;LM A7t

VAs
851 Qe Mok @ Y8 olgsto] N0l Y3t ABCHE BHL2 s
of ABS#AS @] E4otn, @ % Fej2 Exlshe La(Cw), UAN)S PFerdo] o5t Agueg
o8 TelCwE sroteth AR AT UANIES HZUAFN)E 840, At T2

A AFgsHE 2R st

e

IEd
1. Deok-Sun Yoon et al., “Studies on the Ferric Chloride Etching of Shadow Masks”, J. of Korean Inst. of
Chemical Engineers, 38(3), 393-397(2000)
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A study on the effects of a regeneration temperature and temperature ramping
rate to ferrierite after DME carbonylation reaction

Woo Chang Sung', Jun Young Kim', Dong Hyun Lee"”

'Sungkyunkwan University

2 AT A= dimethyl ether (DME)E melthyl acetae (MA) 7 &ke] ALg-¥ FHufo] A A temperature
ramping rate®} regeneration temperature’t S u] A Eol v X = o] sl &Ikt DMECA MAZ
A%kE = ¥H-& (DME carbonylation to MA)i= spray-dried ferrierite (FER) zeolite type®] | (d, = 51.2 «
m, o, =1029 kg/m’) 7} A= ok AFEE WES 719 WS 0.0243 m ©]3l O0]& 0.5 m °|th FE5%
el Al ¢F8 = 50 bar, =% = 240°C, WF& gas volume fraction <= Z}Z} CO/DME/N, = 0.2/0.01/0.79, 33t
%5 = 1250 Lkgaw/h & 0= whgo] Ay Fufo] QS sy Fuje] 4B F3EHE =
1000 L/kgecat/h, F2 = 50 bar 18] 3 gast airS AFE3} L, & 5%1= 300-600°C, temperature ramping rate
T 1-50°C/min - 0% WA 7I APERS AYysilry HAI A 2EE 500°C 2 sk
temperature ramping rateS BT 7d-$-, temperature ramping rate’} S 7Fgrel whEbA] A A Eo] AA AT
o] temperature ramping rate’} 1°C/min Q1 79 91% & Ay EC] LoJF S} temperature ramping rate”}
10°C/min  ©]7F<1 ZA-gol= ABEC] 60% FLvtel A 2e Z& @Rlsiqlth. $H  regeneration
temperature S 300-600°C 7}* WA 7t FlafE Ayl 600°Col M= AAYEC] 32% o =3 o),
regeneration =27} 400°CS] 4-¢- AHBE] 99% ol d U= &lskalth
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Removal of Odorous Air Pollutants from Wastewater Treatment Plant by using
electrolytic oxidation ; Laboratory & Field Scale

Tae Ho Lee, Han Kyu Yang, Hee Wook Ryu

Department of Chemical Engineering, Soongsil University, SEOUL, KOREA

o
o

Al *ﬁ%‘f‘f’ﬂ’ﬂ WAshs B @ edEdo] WA o5 Ayl S8 shar/H AR A YR, AR
FeE AVlE AU - vdd @A GAEE] A el wol AAHI g St o]
EIs 7]}—:6’]'73}\]EL. 2o A ALeAFES S& FBgAo) AR, 1 owkd] FEE A AdeA
Aste] FHORE by = O‘ﬁi ol @2 A wledo] F7pskal glrh ol g ofFwAlel H
st SlolA el wEh gekdh o HEmd 24 o] o] FoAaL o] Ygdh= ol WAV ==l Zﬂ
AlF AL ek Fo o FHdEA O}Tﬂ\ﬂ% RExAYE ToRFHE dRYol, Fifea o3 g

defl Ao B fepgEde] deA slen, s A dviEaed & dAss Tr71
ALHB| =R o HE FEshs Ao oA Qv ol 24 "4% e AA = Azsh] A&
Ne2A AEARA FAAE, FAAE, F2, veledy So] ARl @ol AEH 9lon FHIo= o

d
=
]o

AEG L, Aotd At 5O ARG 0§ YA/ EEE AEHAL Gk B AFANNE A7 0T 9
A AEAL AAT 5 Ui ABAOCHE Bk AT gl AR AeAE Astel
of WA PekE WA E LA of A4 EE AEATFRS WAl Agate] FeuE
152l ok @sa, 2R3 FasiES AANYE FASslth 2 A3k 49 oY AR
E ool He AFALG ZANAE 95% ol AARE & 5 AUtk o5 AnzRE Aozl U7
AAE vhgow MAE FHF BE/E Ao A FE AN FFHE@00m minol A A4

WAk ofFHTIAE R AAAdEE TSI 6472} AelA dajatste] os) FALE =2 Al
Adsa AL Ao 53] F7HAQ] R, a2, FHA wA 5 V1= Ve

g2z A= el A9 jle WA idoﬂfﬁ/l oF A4 EH7li?§ =4 Aol ThedE
o
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Controlling defects in Zirconium Metal-Organic Framework UiO-66 and its
Antibacterial Efficacy

Ik Ji Kim!, Se-Eun Jeongz, Seul Gi Cho?,
Jun Kyun Oh’*, Hyuk Taek Kwon'*

'Department of Chemical Engineering, kyong National University, Busan 48513, Korea
*Department of Polymer Science and Engineering, Dankook University, 152 Jukjeon-ro, Suji-gu, Yongin-si,
Gyeonggi-do 16890, Republic of Korea

In this contribution, a strong antibacterial activity against Escherichia coli and Staphylococcus epidermidis of
metal-organic framework UiO-66 is reported. The antibacterial resistance was developed by endowing
hydrophobicity to UiO-66 via controlling defects: the less defective, the more hydrophobic. Defects were
controlled by introducing competing monodentate ligands (e.g., acetic acid) or defect-capping agents (e.g.,
polydopamine) during synthesis. UiO-66, which was obtained with the defect-capping agent showed
superhydrophobicity (contact angle: ca. 162°), significantly inhibiting bacterial attachment (=< 1(zero) CFU/mL).
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A Rapid Synthesis of mixed ligand ZIF-8 analogue membranes for gas

separation

Unji Kim, Hyuk Taek Kwon*
Department of Chemical Engineering, kyong National University, Busan 48513, Korea

The mixed ligand approach[1] is one of effective routes to systematically fine-tune separation properties of
metal organic frameworks (MOFs) by involving two or more ligands in a single framework. In this
contribution, We attempt to synthesize mixed ligand ZIF-8§ analogue membranes by adding 2,
4-dimethylimidazole (dmIm) into ZIF-8 (Zn®'/2-methylimidazole), aiming at adjusting molecular sieving
properties of ZIF-8 membranes. We use the rapid thermal deposition (RTD) technique[2] to synthesize the
mixed ligand ZIF-8 membrane, which enables rapid formation of well-intergrown MOF membranes in a
relatively short time (minute scale) compared to conventional in-situ techniques (hour or day scale). Gradual
addition of dmIm caused framework densification and decrease in pore aperture size, leading to noticeable
improvement in molecular sieving efficiency of ZIF-8 membranes, accompanied by reduction in gas
permeances. Detailed results will be presented. In addition, future plans, which enable further performance

improvement, will be proposed.

]

IEA

1. Qin, J.; Yuan, S.; Wang, Q.; Alsalme, A. and Zhou, H.-C. J. Mater., “Mixed-linker strategy for the
construction of multifunctional metal-organic frameworks”, J. Mater. Chem. A, 5, 4280 (2017)

2. Shah, M. N.,; Gonzalez, M. A., McCarthy, M. C. and Jeong, H. K., “An Unconventional Rapid

Synthesis of High Performance Metal~Organic Framework Membranes”, Langmuir 29, 7896-7902 (2013)
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Improving the Ionic Conductivity of Co-Doped Argyrodite Solid Electrolyte

Yeong Jun Choi', Sun-I Kim' and Duck Hyun Lee " *

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

Korea !

Most lithium-ion batteries use liquid electrolytes that pose a structural risk of ignition and explosion.

Replacing the liquid electrolyte with the solid electrolyte is expected to solve the current Li-ion battery
problem. However, the ionic conductivity of the solid electrolyte is generally several orders of magnitude
lower than that of the liquid electrolyte. Therefore, in order to be applied to a field requiring a high current
rate, the development of the solid electrolyte having high ionic conductivity is required. In the solid
electrolyte, Li-ion transport through the vacancy site is generated by ionic point defects in the crystal
structure. The ionic conductivity is improved by increasing the vacancy site of Li-ion by substituting a cation
having a radius similar to that of Li-ion, or by inducing the vacancy site of Li-ion by the formation of S/CI
site disorder through substitution of halogen element. In this study, elemental co-doping was introduced into
the argyrodite solid electrolyte LicPSsCl and the ionic conductivity of the solid electrolyte was improved by
replacing Li' with AI’" cations and increasing the CI° content. The novel super Cl-rich composition
Lis4AlyPS4-Cl 3 sample has a low activation energy of 0.09 eV and high ionic conductivity of 7.29 x 107 S
cm’ at room temperature. This was more than 4.7 times higher than the ionic conductivity of LicPSsCL
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Development of recommended machine learning models for components and

composition of bi reforming of methane catalysts

Jiwon Roh'?, Hyundo Park'? Hyungtae Cho', Insoo Ro’‘and Junghwan Kim'

'Korea Institute of Industrial Technology,”Yonsei University,

*Seoul National University of Science and Technology

Bi-reforming of methane(BRM) WH§-2 FHulje] FAA PAS w&AdsstdA CH,8F COE g3t
A ThAE A 5 Q7] witel 2t a lFUT1]. BRMo| AR EE SHie) s 248 55,
AAA B S48 el whebA AL F dFHU1]. & Aol BRM Sl HAAE 9
AT Ao 2o ABReE 1F FulE £ol7] o8 =g A thsk el Fxo]
Zbeste s WAl gd WHEo R JEd RdS AREREYY. 29y BRM Sle] A #alYy
W ES AEst7lde Adddor F53 £d 9 dHolyrt =dAHoE AEFEuUn olgst
AH & 537 8l 2l Dry reforming of methane?} Steam reforming of methane % wj& AF-E-3
tolHE source data® ARE3lo] Fd A Aeol o¥EH= BRM FulE dAes RES
MEFFUT daxor Rde dyuisz AAgE @553 AAA 2 S48 FR/RE 19904
522 FujAA AdE A5 F ddFUT e mde AEAEQ] RV 082 FEOE
eSS U o R s mE M-S Hud ¢ AAFUT o] AFelA Aljbsh el )l
23ed GAE 7HEsteta A Ee] e Fujo] e 71od 5 lFUTh

)

Al

1. Kumar, N, Shojaee, M, and Spivey, J, "Catalytic bi-reforming of methane: from greenhouse gases to

D

syngas", Current Opinion in Chemical Engineering, 9, 8-15 (2015).
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Highly Selective Reduction of Oxalic acid to Glycolic acid using TiO,
nanotubes

Sunmi Im, Yiseul Park”

Pukyong National University

Many studies have recently been attempted to convert CO, into valuable chemicals to reduce CO, emission

and atmospheric concentration. Oxalic acid is one of the products that can be obtained by the electrochemical
reduction of CO,. Oxalic acid (OX, (COOH),) can also 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 obtained by
electrochemical reduction of OX with glyoxylic acid as an intermediate, and is used in the textile industry,
cosmetics, and biodegradable polymers. In this study, anatase-TiO, nanotubes (TNTs) electrode was used for
the electrochemical reduction of OX to GC. We prepared TNTs electrode using the anodization method, and
uniform and longer electrodes were fabricated by adjusting the anodization time and electrolyte composition.
Chronoamperometry (CA) was performed to confirm the performance of electrodes and the effect of each
parameters (temperature, applied potential, electrolyte pH, etc.). We optimized the reaction conditions, and
showed that a 4-electron reduction of OX to GC can be achieved with high selectivity by controlling the

length of TNTs. The mechanism of OX reduction to GC within nanotubes was also investigated.
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Effects of Operating Parameters and Feed Gas Compositions on Dry
Reforming of Methane over Ni/Al,O; catalyst

Eunju Yoo, Dong Seop Choi, Jiyull Kim, Yoon Hee Kim, Na Yeon Kim, Ji Bong Joo*

Konkuk University

SAIAR ARt A AAR slFwatel cfulstel Al Jhsd AE oluAlY Bust PES] 2D
oItk vlolortAk sh4 2elAl, 24 HIIE, V15 Bk S 9714 HZ1BY @714 202 PYE] A
ji

g
£5Q1 30| 75 ouAIolch. 714 AR vtolo Jha A F ulEky ojatetEAl Bal 34 ¢
o] 28 & 9t YHolu], 24 kAl UH o|SHAS ALgste] ZIbHQl A WA Qlo] FH
A% ASHE Bolth B3 AATIAL 24 A N S8 SSrRAR sl 2E8Y & Aok
2 19 S0l AAIRol T 2ol $4ste] W WSl EAQ Fuj2 AGHECL 14 APe FF
02 DL eAEG UA YA e £70IA 2Fso] Sulo) v]aEt WY 4 9k W
we 2wold 7Al AR 3RS WY A9 Ta AN st Hujel A Asbrh WA e
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The Effect of Zwitterionic Polymers in Proton Exchange Membrane Fuel Cells
with Low Humidity

Min Gyu Son'? Sun-I Kim' and Duck Hyun Lee"”’

' Green Materials and Processes R & D Group, Korea Institute of Industrial Technology,
Ulsan, Republic of Korea
? Department of Materials Science & Engineering, Pusan National University, Busan, Republic of Korea

" Corresponding e-mail: dulee@kitech.re.kr

Proton exchange membrane fuel cells (PEMFCs) are have attracted attention as an eco-friendly energy source
with low operating temperature, high efficiency, and discharges water as a reactant. PEMFCs are currently
being applied to hydrogen vehicles and various heavy equipment, but PEMFCs suffer from flooding under
overload conditions. Therefore, proper humidification is required, adding to the cost of installing and
maintaining the humidifier. Operating the PEMFCs in low humidification conditions lowers the ionic
conductivity because it is difficult to retain moisture in the electrolyte membrane. Many studies are being
conducted to utilize PEMFCs in a more diverse way, and low-humidity Membrane Electrode Assembly (MEA)
production is one of them. Through the development of low-humidity MEA, the problem of ionic conductivity
degradation due to deterioration at low humidity, flooding during heavy operation, and economic problems
caused by maintaining humidification was also solved. In this study, In order to manufacture MEA for low
humidity, materials with high water absorption are added to catalysts to increase ionic conductivity. To
evaluate batteries at 100% - 19% relative humidity, a zwitterionic polymer with excellent water retention was

synthesized and coated on the anode catalyst layer, and performance was compared through battery evaluation.
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High Recovery of Biologically Active Compounds from Red Ginseng Marc
using Subcritical Water

Rugian Cao', Aye Aye Myint'? and Jaehoon Kim'**"

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

Red ginseng marc (RGM), a byproduct obtained during manufacturing various ginseng products, which is
generally discarded as wastes, remained numerous residual bioactive compounds and has shown to be useful
for applications in food, nutraceutical, pharmaceutical products, and biomedicine, Chang et al. [1].
Conventional extraction techniques such as Soxhlet extraction and steaming have disadvantages of high energy
consumption, long duration time, and organic waste disposal problem. In addition, conventional techniques are
not able to efficiently extract bioactive compounds and highly active transformed ginsenosides from RGM.
Subcritical water extraction (ScWE) is known as a highly efficient and green sustainable alternative technique,
but only a few studies have investigated the recovery of bioactive compounds from RGM using ScWE. The
main objectives of this study were to determine the efficiency of the ScWE technique in the extraction of
biologically active compounds from RGM and to gain insight into the mechanism of reactive extraction. We
explored a range of extraction temperatures and time of RGM to maximize yield and bioactive activity of the
extract. Under optimized conditions at 200 Z{ and 15 min, the ScWE offered about 1.8-4.1 times and
2.7-78.7 times higher extraction yields and antioxidant activities than Soxhlet extraction for 8 h with water

and 80% ethanol, respectively.

References
1. Chang, E. J., Park, T. -K., Han, Y. -N and Hwang, K. -H., "Conditioning of the Extraction of Acidic
Polysaccharide from Red Ginseng Marc", Korean J. Pharmacogn., 38, 56-61 (2007).
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Development of SO, absorbent based on ammonia solution for gas-liquid
membrane contactor application

Kwanghwi Kim'?, Hyunji Lim'?, Hyun Sic Park', Jo Hong Kang'? Jinwon Park’ Hojun Song"’

'Green Materials & Processes R&D Group, Korea Institute of Industrial Technology
, “Department of Chemical and Biomolecular Engineering, Yonsei University
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1. Park, Hyun Sic, et al. "Selective Sulfur Dioxide Absorption from Simulated Flue Gas Using Various Aqueous
Alkali Solutions in a Polypropylene Hollow Fiber Membrane Contactor: Removal Efficiency and Use of Sulfur
Dioxide." International Journal of Environmental Research and Public Health 18.2 (2021): 597.

2. Kim, Kwanghwi, et al. "Effect of amino acid additives in ammonia solution on SO2 absorption and ammonia
escape using bubbling reactor for membrane contactor applications." Process Safety and Environmental Protection
(2022): 694-703

3. 9Fsk "[5E713] AlEY w5 vAldAl A7) News & Information for Chemical Engineers 38.3

(2020): 295-321.
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Enhanced Catalytic Oxidation of Toluene over Hierarchical Pt/Y Zeolite

M.R Kim'? and S. Kim'"

' Korea Institute of Industrial Technology, > Yonsei University

Volatile organic compounds (VOCs), the main cause of air pollution, are directly harmful to the human body
and, therefore, must be regulated and controlled. Among the various VOC removal methods, catalytic
oxidation has been widely used because it is eco-friendly and consumes relatively low energy. Zeolites are
used as support materials because of their wide specific surface areas, abundant acid sites, and high thermal
stability. However, the micropores of the zeolites severely limit the accessibility of the active sites centered in
the pores of the zeolite, adversely affecting the catalytic performance.

In this study, the hierarchical Pt/Y =zeolites with tunable mesopores were synthesized via the surfactant
templated crystal rearrangement method by varying the etching time. The catalytic performance for toluene
oxidation were investigated at the different mesopore volume. The -catalytic oxidation performance was

measured at 1000 ppm of toluene in the continuous flow system.

References

1. J. Wang, X. Guo, Y. Shi, R. Zhou, "Synergistic effect of Pt nanoparticles and micro-mesoporous ZSM-5 in
VOCs low-temperature removal," J. Environ. Sci. (China). 107 87-97 (2021).

2. W. Li, J. Zheng, Y. Luo, Z. Da, "Effect of hierarchical porosity and phosphorus modification on the
catalytic properties of zeolite Y," Appl. Surf. Sci. 382 302-308 (2016).

3. C. Chen, F. Chen, L. Zhang, S. Pan, C. Bian, X. Zheng, X. Meng, F.S. Xiao, "Importance of platinum
particle size for complete oxidation of toluene over Pt/ZSM-5 catalysts,” Chem. Commun. 51 5936-5938
(2015).
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Separation and utilization of nitrate nitrogen by electrodialysis process

Jae Eon Ko', Jeong Mun Lee', Taec Seung Choi'?, Soon Do Yoon’, Wang Geun Shim"*
'Sunchon National University, *S&M Co., *Chonnam National University

B 7t H7E A4 Electrodialysis, EDS 474RMI0] 8ato] 2744 Al ol 85T AL o}
morole] £l 9 Ak Jbsol il Lobwnat sisict. olF sl A7IEABA A
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Effects of carbon on mechanical stability and catalytic properties of bead-type
Pd/carbon-alginate catalysts

Gangmin Kim'?, Ye Eun Kim'?, Jungho Jae’ and Man Sig Lee'*’

'Ulsan Division, Korea Institute of Industrial Technology (KITECH)
2School of Chemical Engineering, Pusan National University
’Department of Chemical and Biological Engineering, Korea University
*Department of Green Process and System Engineering, University of Science and Technology (UST)

Biopolymer based bead-type catalysts are highly desirable in catalyst system due to their non-toxicity, low
cost and chemical stability. However, poor catalytic activities and mechanical instability is considered as a
major problem with the application of alginate in the industry field. Herein, the effect of carbon contents on
the formation of carbon-alginate bead supports was investigated to verify the difference of mechanical,
physical, and chemical characteristics compared to alginate being alone. The carbon-alginate beads were
prepared by crosslinking method with various carbon-alginate ratio. Then, Pd/carbon-alginate bead catalysts
were synthesized via chemical reduction method using the carbon-alginate beads as supports. The prepared
catalysts were characterized by various techniques using TGA, N, physisorption, XRD, FE-SEM, TEM, EDS,
FT-IR, and CO chemisorption and the catalytic activities were tested by hydrogenation of furfural. The
mechanical strength of beads was improved by addition of carbon due to the covalent bonding between
functionalized oxygen groups on carbon and carboxyl groups on alginate. It was also confirmed that carbon
enlarged the specific surface area.
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Changes in properties of micro-digestive capsules with core-shell structure
according to the addition of inorganic substances
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Enhancement of Electrical Conductivity of Stretchable Printed Electrode for
Bow-tie Antenna by Using Photonic Sintering Process
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'ICT device packaging Research Center, Korea Electronics Technology Institute, 25, Saenari-ro, Bundang-gu,
Seongnam-si, Gyeonggi-do 13509, Korea
Display Research Center, Korea Electronics Technology Institute, 25, Saenari-ro, Bundang-gu, Seongnam-si,
Gyeonggi-do 13509, Korea

AT UA MKl f9 9 S 54 a0 v L] S48 POMS B
VHE AHstel FAZ 2AS AL, Bow-tie FELFE Q4 Ao My ArAS Y

o
=
ohoElE 30 Ao] AEHS T oo 25RY Ag UAE AEAH B2z MRy
1, 20l 4TS B 4 Uk Ag flake?t SA/AA T3 WS Aol 9T Fi e

AR}Z AlRlo] MEA Wo|AES AN &Rl E3|, PDM m=al FTo] MAN SFALS o5
Z=AUst AAS 7HX PDMS resing A E7d 11]0]/\1501 2351t o]ef Zto] A|Xst mo|AEE
as 374 A Aol Agstol A=g AAs raiq ol% Qajst NFS A VoA curing
o AR, A7 ML spalsly] os) Bxla] Aoz WaA BAS RsKsIACH 1 A
il , AAFE 30%=E 1003]9] ¥HE Q]

1117 x 10° (S/m)2 0] 235t M7] ArAdS Aldds)
g oz g A7) M=AdE Eho] Ygo] 48E & 4 oIt ThebA, o]2{gh PDMS
719to] FaZA QI 7<41° &%6}04 bow-tie QHH|LFE AlAst L, o] YEYI ojdeto]X &
goto] FX Fuppet gl = ’ﬁ”o}‘ﬂﬂr O Ax}, 35%71K] AAlstole FAl Fapao]
C , &5 5G QHEUS] AME Fatp Ao A

1\|:1\t

o] £EL AUEARIARO] AT EIAAAL] AACS0] B2 EPCB 7|E N EAIA M AR T Ho] K g
9 3um3d ABO n&AE HEE ATUCE PCB UM AW AYL Wol ALY @AM
20010022)

- 108 -



PA-06

Development of Environmentally Friendly Flux Cleaner
for PCBs and Camera modules

SooJeong Bae', HoYeoul Lee', MinJae Lee®, JacHeum Bae?

E-Chemical', NexCore Inc.’

The Flux cleaner for PCBs and Camera modules was developed in alternative to the conventional
chlorinated solvents to provide more environmentally friendly cleaning agents. The developed flux cleaner was
an aqueous solution and excluded any kinds of halogenated solvents. The flux cleaner showed high cleaning
performance and high penetrating ability with low surface tension and suitable for all kinds of flux. The flux
cleaner had good compatibility with metal substrates hence any kinds of discoloration was not observed on
metals such as nickel, copper or gold in PCBs or camera modules.
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Synthesis and Purification of Anionic Photoacid Generator

Chul Woo Lee* and Seung Han Woo
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CO; removal using amino acid salt solution in a membrane contactor

Hyunji Lim'?, Kwanghwi Kim'?, Jo Hong Kangl, Hyun Sic Park', Jinwon Park?,
Hojun Song"”*
'Korea Institute of Industrial Technology, *Yonsei University
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Microfluidic fabrication of uniform Polycaprolactone microparticles for toluene
treatment in wastewater

Nguyen Pham Thanh Phuong, Seunghui An, Heon-Ho Jeong*

Department of Chemical and Biomolecular Engineering, Chonnam National University, 50 Daehak-ro, Yeosu,
Jeollanam-do 59626, Republic of Korea

Microparticles have been recently considered as efficient absorbents for the removal of organic chemical in
wastewater. Herein, we have demonstrated a facile method to fabricate biodegradable polycaprolactone
diacrylate (PCLDA) microparticles by using PDMS microfluidic device. The photocurable polycaprolactone
diacrylate (PCLDA) was firstly synthesized by the acrylation reaction. Using photocurable PCLDA, various
microfluidic conditions, including flow rates of the dispersed and continuous phases, as well as concentration
of PCLDA, are optimized to form highly monodisperse microparticles using a flow-focusing droplet generator.
The swelling behavior of PCLDA network was then studied in various organic solvents to confirm the
capability of PCLDA microparticles as oil separation in wastewater. Finally, the absorption capacity of this
uniform microparticles in aqueous water containing toluene oil is subsequently examined in various effect
factors, which find the high separation efficiency of over 70% after 30 min and almost unchanged treatment
capacity after 10 times of recycle test.
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A Study on Physical Properties of Iron Oxide Nanoparticles according to
Solution Concentration of Permanent Magnet Scrap By-product
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Korea Electronics Technology Institute, 'Seoul National University of Science & Technology, “Hanchung RF
Co. Ltd.

2 AT0HE NdFeB G7APH 2202V slag AFe) RAEC] 29 5EE Teisio] A5
(FeO,) LPeQIATS €4, 89 50| TFE FeO, LpwQiate] 242 ALoIAC: 0|2 ola] BALE goIg
Aol T2 ARESHAU, = DI watero]] HANE 8BS 50 wt% =2 £Q, S 2 2 wt%

}jl
PVPS A7} 05 M QR UOKNHOH) 842 247} oo §9f 55 FeO, A7
Plo] a3o] BABHEAR(H0)S FUHACE o]% Wel, Al U KT WEES 300 °C, 400 C, 500 °C
9 600 C2 247k FAejsteict. XRD ¥4 A7 FAe] LEr} FUAS <104 B)E w27t 9ol
400 C ool A F BEF BE0Fe,0; [I7h AEEACH HRTEM 8 2w 25 239 =gabst @
ol w0l gt YAk 3719 molst g WATYL

J\tI\t
B AT 202045 AQEYAIE RO AjYo R FHAo|UA] 7] S FIHAKETEP)Q] A€ ot 2385 A7
WA 2 o]of] ZrAtE= YT (No. 20205210100070).

At 23]
1. Liu, Z., Lv, B., Wu, D,, Sun, Y., and Xu, Y., "Magnetic and electrochemical behavior of rhombohedral
o.-Fe;O; nanoparticles with (104) dominant facets,”Particuology, 11(3), 327-333 (2013).

- 114 -



PA-12

golis U B9 EUBY BY AT

A8, moh, AR, FHA

A Study on Physical Properties of Silicon Carbide and Graphite Mixture
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Modelling of the effect of current density and contact time in
electro-coagulation on membrane fouling

In-Soung Chang’, Kyung-Rae Kim

Department of Environmental Engineering, Hoseo University, Asan, Korea

Electro-coagulation process has been gained an attention recently because it could overcome the membrane
fouling problems in MBR (membrane bio-reactor) [1, 2]. Effect of the key operational parameters in
electro-coagulation, current density (p;) and contact time (t) on membrane fouling reduction was investigated in
this study. A kinetic model for p; and t required to reduce the membrane fouling was suggested under
different MLSS concentration. Total 48 batch type experiments of electro-coagulations under different sets of
current densities (2.5, 6, 12 and 24 A/m®), contact times (0, 2, 6 and 12 hr) and MLSS (mixed liquor
suspended solids) concentration (4500, 6500 and 8500mg/L) were carried out respectively. After each
electro-coagulation under different conditions, a series of membrane filtration was performed to get information
on how much of membrane fouling was reduced. The membrane fouling decreased as the p; and t increased
but as MLSS decreased. Total fouling resistances, R; (=R.+Ry) were calculated and compared to those of the
controls (R,), which were obtained from the experiments without electro-coagulation. A kinetic approach for
the fouling reduction (R/R,) rate was carried out and three equations under different MLSS concentration
were suggested: p" 't = constant. Those equations state that the product of p; and t needed to reduce the
fouling in certain amounts (in this study, 10% of fouling reduction) is always constant.

References

1. Tchamango, S.R., Ngayo, K.W., Belibi, P.D.B., Nikouam, F., Ngassoum, M.B., “Treatment of a dairy
effluent by classical electrocoagulation and indirect electrocoagulation with aluminum electrodes,” Sep. Sci.
Technol., 55(6), 1128-1139 (2020).

2. Shahedi, A., Darban, A.K., Taghipour, A. and Jamshidi-Zanjani, “A review on industrial wastewater
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Fabrication of spherical beads using microporous clay natural minerals for
adsorption of radionuclides

Chan Woo Park*, Hee-Man Yang, Hyung-Ju Kim

Korea Atomic Energy Research Institute

Porous materials provide a large specific surface area and ion exchange capacity, and thus such materials
are advantageous for removing large amounts of gaseous and ionic contaminants. Unlike synthetic microporous
materials such as zeolite and MOF, clay minerals are natural minerals at an affordable price. It is
advantageous in reducing the cost of separation of gaseous and metallic contaminants. In general, porous
materials are packed into columns for dynamic separation, However, small particle size induces pressure drop
through the columns and it reduces the efficiency of the column operation. Therefore, it is necessary to
prepare beads or pellets in which fine porous materials are well-bonded. In this study, we investigated a
fabrication method of spherical beads using natural clay minerals, and the adsorption characteristics of
radioactive substances and gases were analyzed.

References
1. Park et al, " Active and selective removal of Cs from contaminated water by self-propelled magnetic illite
microspheres," J. Hazard. Mater., 416, 126226 (2021).
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Synthesis of Pt/Si0,-Al,O3(x) combustion catalysts for VOCs reduction

Eun Hee Ko', No-Kuk Park'’, Dohyung Kang'’, Daesik Yun’
'School of Chemical Engineering, Yeungnam University, 280 Daehak-ro, Gyeongsan, Gyeongbuk, 38541, Korea
’Changsung Engineering Co. Ltd., 15 Cheomdan venture so-ro, 15 beon-gil, Buk-gu, Gwangju, 61003, KOREA
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Ethyl acrylate removal performance of Plasma coupled with wet Scrubber

M.R Kim'?, J. Choi' and S. Kim'"

'Korea Institute of Industrial Technology, *Yonsei University

The emission control of odorous gases has become a crucial issue owing to the adverse effect on humans
and the environment. Conventional wet scrubber processes for odorous gases removal are one of the
commonly used technologies because of their relatively low cost and ease of handling. However, water-soluble
odorous gases can be removed, but most odorous VOCs are difficult to remove due to their low solubility in
water. Plasma chemical process was applied to enhance removal efficiency of odorous VOCs in wet Scrubber.
Plasma chemical process can not only destroy the structure of odorous VOCs but also increase solubility of
odorous VOCs by partial oxidation. From the plasma outlet, wet scrubber can trap other gaseous intermediate
organic products, thereby reducing or avoiding secondary air pollution. In this work, removal of ethyl acrylate
(EA) from air is carried out by Plasma coupled with wet Scrubber system. The removal performance of EA
in Plasma coupled with wet Scrubber was measured at 400 ppm of ethyl acrylate in the continuous flow
system.

References

1. C. Jiang, C. Qin, M. Guo, J. Huang, D. Yan, X. Dang, “Removal of gaseous toluene by nonthermal
plasma coupled with wet scrubber containing Fe2+,” J. Ind. Eng. Chem. (2022).
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The study of thermochemical conversion of perfluorinated compounds for reduction of greenhouse gas
emissions.

Jung Hyeng Park', Su Hyeon Choi', Hyun Min Kwon', Yun Ji Go', Hyeonjin Eom!,
Uendo LEE', Whi Dong Kim'*
'Carbon Neutral Technology R&D Department, Korea Institute of Industrial Technology (KITECH), Korea
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Fabrication and Characterization of Antimicrobial Nanowebs by Electrospinning
Containing Cu-based Nanoparticles with Various Morphologies

Jeongyeon Park'? Siwoo Lee', Youngbok Ryu' *, Yangdo Kim?

'Green Materials and Process R&D Group, Korea Institute of Industrial Technology (KITECH), “School of
Materials Science and Engineering, Pusan National University

Previous studies have shown that nanofiber technologies employing antimicrobial inorganic nanoparticles are
effective in controlling bacteria, microbial, etc. Cu-based nanoparticles (NPs) have been widely recognized as
inorganic antimicrobial materials. In this work, the electrospun composite nanowebs has fabricated using
polyvinylidene fluoride (PVDF) solution containing Cu-based NPs for 0.05 to 0.5 % (w/v) and examined their
antimicrobial activity. The Cu-based NPs were synthesized by chemical reduction method. The morphology of
spherical, octahedral, and cubic Cu-based NPs could be obtained by adjusting the molar ratio of OH™ to Cu®"
and reducing agent. Electrospinning process was performed at a high voltage, 15kV and the spinning distance
was 15cm. The morphology and distribution of NPs on electrospun nanowebs were confirmed by Scanning
Electron Microscopy (SEM) images. A crystal structure of NPs was characterized by X-ray Diffraction (XRD).
Antimicrobial activities of NPs and electrospun nanowebs were evaluated by the Dry Rehydratable Film Media
method.
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NH; adsorption and regeneration performance of Cu impregnated bead-shaped
activated carbon

Won Hee Jo, Kang Jung Ho, Hyun Jae Lee
enbion inc. Environmetal R&D Team
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1. Choi et al., “Efficient Removal of Ammonia by Hierarchically Porous Carbons from a CO, Capture
Process”, Chem. Eng. Technol., 43 (10), 1-11 (2020).
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Carbons with Metal Precursors for the Regeneration and Concentration of Ammonia”, Clean Technol. 26
(2), 137-144 (2020)
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Development of S-functionalized Biochar for Adsorption and Removal of Hg'
in Flue gas of Coal-fired Power Plants

Joung-Ho Park, Yong-Seok Hong’, Moon Hyeon Kim'
Department of Environmental Engineering, Korea University, 'Department of Environmental Engineering, Daegu
University
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Optimization of biomass combustion system operations in pulp and paper
industry for NOy reduction with economic improvement

Jiye Park'?, Yurim Kim'? Jonghun Lim'?, Hyung Tae Cho' Jung Hwan Kim"'
'Korea Institute of Industrial Technology, *Yonsei University
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Study on extrusion properties of adsorbents for air purification

Min A Bae'? Kyeong Ho Kim', "Jac Ho Baek'
'Korea Institute of Industrial Technology,
*Materials of Science and Engineering Pusan National University
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Mineral carbonation to produce Calcium carbonate from industrial waste,
gypsum

Donghyeon Yoon, Youngbok Ryu and Siwoo Lee

Green Materials and Process R&D Group, Korea Institute of Industrial Technology (KITECH)

To reduce green gas like carbon dioxide, many studies had been researched about CCUS(Carbon dioxide
Capture, Utilization & Storage). Mineral carbonation is one of the technologies which could deal with huge
amount of CO,. This research had been performed to produce high purity of Calcium Carbonate (CaCOs) by
using gypsum which is industrial waste. Various eluent were used such as hydrochloric acid, acetic acid,
ammonium chloride etc. to find efficient one for extracting Ca’" ion from the gypsum. By adjusting pH of
Ca’"-rich leachate from CaSOs, some impurities could be removed. When CO, gas was injected into the
Ca®"-rich leachate (adjusting pH 10~11), CaCO; was precipitated. After the carbonation process using Ca’'-rich
leachate and CO,, CaCO; was obtained as a product. Samples were characterized by X-ray diffraction (XRD),
X-ray fluorescence (XRF), inductively coupled plasma atomic emission spectroscopy (ICP-OES) etc.

References

1. Kim et al, “A Study on Cation Extraction and Impurity Separation in Slag”, Clean Technol., 25(4), 311-315
(2019).

2. Song et al., “Factors affecting the precipitation of pure calcium carbonate during the direct aqueous carbonation of flue
gas desulfurization gypsum”, ELSEVIER., Energy 65, 527-532(2014)
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Extraction and Carbonation Behavior of Precipitated Calcium Carbonate using
Oyster shell powders

Yu Jeong Yun'?, Young Bok Ryu'’and Yangdo Kim*'

'Green Materials and Process R&D Group, Korea Institute of Industrial Technology (KITECH), *School of
Materials Science and Engineering, Pusan National University

Mineral carbonation using industrial by-products is a technology that not only could be stored stably and
utilized CO,, but also secure economic feasibility by value-addition of by-products. The purpose of this study
is to obtain basis of high-quality precipitated calcium carbonate (PCC) synthesis using various Ca source. To
examine high-quality PCC synthesis conditions through mineral carbonation using oyster shell, extraction
experiment was conducted using oyster shell powders, and carbonation experiment was conducted with
artificial Ca-rich solution using calcium chloride (CaCl,) for rapid experiment. Ca ions from oyster shell
powders were extracted with hydrochloric acid (HCI), acetic acid (CH;COOH) and ammonium chloride
(NH4Cl) as solvent. After that, pH of the leachate was adjusted using sodium hydroxide (NaOH) for removing
impurity and carbonation condition. The carbonation using Ca-rich solution and CO, was examined in various
conditions. Formation behavior of PCC was observed according to the various conditions such as CO, flow
rate, NaOH concentration and Ca concentration. Ca ion dissolution efficiency was calculated using the
analyzed data from X-ray diffraction (XRD), X-ray fluorescence (XRF) and inductively coupled plasma (ICP),
and characteristics of CaCO; were confirmed through scanning electron microscopy (SEM), particle size
analyzer (PSA) and XRD.
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The Processing Technology and Trends of Medical Wastes : Review

JooHyeong Yoon, GeonWoo Kim, JongSu Kim, SooHwa Jeong*

Carbon Neutral Technology R&D Department, Korea Institute of Industrial Technology
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Complete Oxidation of Ethylene Dichloride over
Al-Ti Supported Cu Composite Oxide Catalyst

Seungjun Lee', Wongeun Yoon' and Won Bae Kim'

'Department of Chemical Engineering, Pohang University of Science and Technology (POSTECH)

Volatile organic compounds (VOCs) are regarded as critical atmospheric pollutants. Catalytic combustion
was developed long time ago, but still the most widely used and effective. However, some of VOCs contain
Cl element and it makes catalysis even more difficult because they cause deactivation by Cl-poisoning or
diversity of poly-chlorinated toxic byproducts. Thus, in order to properly remove these kinds of chlorinated
VOCs (CVOCs), the catalyst should not only be active, but also be chemically stable under Cl-containing
atmosphere and have high selectivity toward non-toxic products. In this study, catalytic complete oxidation of
ethylene dichloride (EDC) was investigated over Al-Ti mixed oxide supported CuOy catalysts. The catalytic
performances of the Cu/Al-Ti composite oxide catalyst were highly active, minimizing the production of toxic
undesired byproducts. It could be led by the synergistic effect associated with abundant textural and acidic

properties of support material and oxidizing ability of active material.
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Novel cement kiln dust recovery process for SOy and CO, utilization
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'"Yonsei University, *Korea Institute of Industrial Technology
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Fabrication and Antibacterial Performance Evaluation of Cu,O Particles
Synthesized by Solvothermal Method which was Embedded in Electrospun
PVDF Nanowebs

Taejong Jang, Siwoo Lee, Youngbok Ryu*

'Green Materials and Process R&D Group, Korea Institute of Industrial Technology (KITECH)

Among the inorganic antibacterial agents such as gold, silver and zinc, researchers have focused attention
on copper-based materials due to its low cost, non-toxic, and abundance. Among the copper-based particles,
Cu,O has excellent antibacterial activity. It is known that the antibacterial activity varies depending on the
size and morphology of the Cu20 particles. Cu,O particles could be prepared in various morphologies by
adjusting synthetic parameters during the solvothermal synthesis. As the water ratio of the ethanol solvent
increased from 0 to 15 vol %, Cu,O particles were synthesized from a cube to cuboctahedron and octahedron,
and subunit of each particles were grown. Various molphologies of Cu,O particles were added to PVDF
solution and then nanowebs were fabricated by an electrospinning process. Nanowebs with different diameters
were produced by adjusting the nozzle tip diameter and voltage. The diameter of the nanowebs and the
dispersion of Cu,O particles were confirmed by scanning electron microscope (SEM), and the antibacterial
performance of the Cu,O powder and the nanowebs were compared by dry rehydratable film method.
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Development of radical reactive system for industrial odor removal

WJ. Jeon'?, M. R. Kim' and S. Kim!"

! Green Materials and Processes R&D Group, Korea Institute of Industrial Technology, Republic of Korea
* Department of Electrical Engineering, Hanyang University, Republic of Korea

The Korea ministry of environment enacted an anti-odor law that systematically deals with odors as they
become an environmental problem directly related to the quality of life of the people. However, the one of
the representative odor removal methods is wet scrubber. A wet scrubber system shows high odor removal
performance on water soluble odorous materials. However, it has limitations in the removal efficiency of water
insoluble odor substances like organic compounds. So, new odor removal methods are needed to treat
industrial exhausted gas which contains insoluble odor substances. To remove complex odorous substances of
water-soluble and organic odorous substances, we propose a plasma hybrid scrubber system that can overcome
limitations of wet scrubber. The organic odor removal efficiency in the scrubber by decomposing odorants and
hydrophilizing through plasma-generated radical reactions. The experiment was conducted at the Ethyl acrylate
(EA) concentration of 20 ppm and a flow rate of 5 cmm. The wet scrubber had EA removal efficiency of
57.9%, while our system's removal efficiency was achieved over 99%.
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Extraction and Carbonation Behavior of Precipitated Calcium Carbonate using
Oyster shell powders

Yu Jeong Yun'? Young Bok Ryu''and Yangdo Kim®'

'Green Materials and Process R&D Group, Korea Institute of Industrial Technology (KITECH), *School of
Materials Science and Engineering, Pusan National University

Mineral carbonation using industrial by-products is a technology that not only could be stored stably and

utilized CO,, but also secure economic feasibility by value-addition of by-products. The purpose of this study
is to obtain basis of high-quality precipitated calcium carbonate (PCC) synthesis using various Ca source. To
examine high-quality PCC synthesis conditions through mineral carbonation using oyster shell, extraction
experiment was conducted using oyster shell powders, and carbonation experiment was conducted with
artificial Ca-rich solution using calcium chloride (CaCl,) for rapid experiment. Ca ions from oyster shell
powders were extracted with hydrochloric acid (HCI), acetic acid (CH;COOH) and ammonium chloride
(NH4Cl) as solvent. After that, pH of the leachate was adjusted using sodium hydroxide (NaOH) for removing
impurity and carbonation condition. The carbonation using Ca-rich solution and CO, was examined in various
conditions. Formation behavior of PCC was observed according to the various conditions such as CO, flow
rate, NaOH concentration and Ca concentration. Ca ion dissolution efficiency was calculated using the
analyzed data from X-ray diffraction (XRD), X-ray fluorescence (XRF) and inductively coupled plasma (ICP),
and characteristics of CaCO; were confirmed through scanning electron microscopy (SEM), particle size
analyzer (PSA) and XRD.
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Mineral carbonation to produce Calcium carbonate from industrial waste,

gypsum

Donghyeon Yoon, Yu Jeong Yun, Siwoo Lee and Young Bok Ryu*

Green Materials and Process R&D Group, Korea Institute of Industrial Technology (KITECH)

To reduce green gas like carbon dioxide, many studies had been researched about CCUS(Carbon dioxide
Capture, Utilization & Storage). Mineral carbonation is one of the technologies which could deal with huge
amount of CO,. This research had been performed to produce high purity of Calcium Carbonate (CaCOs) by
using gypsum which is industrial waste. Various eluent were used such as hydrochloric acid, acetic acid,
ammonium chloride etc. to find efficient one for extracting Ca’" ion from the gypsum. By adjusting pH of
Ca’"-rich leachate from CaSOs, some impurities could be removed. When CO, gas was injected into the
Ca’"-rich leachate (adjusting pH 10~11), CaCO; was precipitated. After the carbonation process using
Ca’"-rich leachate and CO,, CaCO; was obtained as a product. Samples were characterized by X-ray
diffraction (XRD), X-ray fluorescence (XRF), inductively coupled plasma atomic emission spectroscopy
(ICP-OES) etc.
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Production of oligochitosan from shrimp shells by using Subcritical Water
Hydrolysis

Md Sadek Ali', Truc Cong Ho? Jin-Seok Park', and Byung-Soo Chun'’

'Department of Food Science and Technology, Pukyong National University, 45 Yongso-ro, Nam-gu, Busan,
48513, Republic of Korea
2PL MICROMED Co., Ltd., 1F, 15-5, Yangju 3-gil, Yangsan-si, Gyeongsangnam-do, 50620, Republic of
Korea

Physical method using subcritical water hydrolysis (SWH) was launched to treat extracted chitosan from
shrimp shells (penaeus monodon) for preparing oligochitosan. The SWH treatment temperature and time were
varied from 140 °C to 170 °C and 15 min to 60 min. SWH treated chitosan was characterized such as
viscosity, gel permeation chromatography (GPC) and chemical characteristics by Fourier transform infrared
(FTIR) and X-ray diffraction (XRD) spectroscopy. The results found that after treated with SWH system for
140 °C to 170 °C and 15 min to 60 min, the viscosity of chitosan and molecular weight of chitosans were
reduced dramatically compared to untreated chitosan. However, at 170 °C in 60 min had no effect on
molecular weight and viscosity might be because of occurred decompose for longer treatment. SWH treated
chitosan at 170 °C in 15 min was found at 3.06 kDa from GPC. This result revealed that the oligochitosan
prepared during SWH treatment system. The stability of the structure of chitosan was confirmed by FTIR.
The chitosan solubility, water retention capacity and reducing sugar were also evaluated and the findings
revealed that the SWH treated chitosan cold water solubility (CWS), water retention capacity (WRC) and total
reducing sugar (TRS) increased with the increasing temperature and time. Moreover, the biological features of
SWH treated chitosan also investigated by antioxidant, antimicrobial and anticancer activities respectively.
Furthermore, antioxidant and antimicrobial activities showed an increased trend which was dependent on the
molecular weight of chitosan. The SWH treated chitosan also showed the activities of anticancer cell line. The
results suggested that subcritical water hydrolysis method could be a prospective method to produce
oligochitosan which can apply in different food and biomedical science.
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Phase behavior of binary system for the (ethyl acetoacetate + CO,) mixture at
high pressure

Min-Soo Park, Chang-Woo Lee, Soon-Do Yoon, Heon-Ho Jeong, Hun-Soo Byun*

Department of Chemical and Biomolecular Engineering, Chonnam National University, Yeosu, Jeonnam 59626,
S. Korea

The phase equilibrium data for the two-component mixture of ethyl acetoacetate in supercritical CO, was
reported. The solubility determinations were performed by the visible synthetic method at 7 = (313.2 to
393.2) K and p = (3.69 to 20.31) MPa. The experimental results indicated that the solubility of CO, was
found to increase with the augmented of system temperatures and mole fraction of ethyl acetoacetate in binary
(solute + solvent) system. The solubility curve of ethyl acetoacetate in the CO, + ethyl acetoacetate system
increases as the temperature increases at a fixed pressure. The CO, + ecthyl acetoacetate mixture exhibit type-I
phase behavior. Moreover, the experimental results obtained in this research are correlated with Peng-Robinson
equation of state and van der Waals one-fluid mixing rule containing two adjustable interaction parameters.
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The Vapor + Liquid Phase Equilibrium of for the 3-Chloro-2-Hydroxypropyl
Methacrylate in Supercritical Carbon dioxide

Hun-Soo Byun', Min-Soo Park, Soon-Do Yoon and Chang-Woo Lee

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

The thermodynamic phase equilibrium curve for the binary mixture of 3-chloro-2-hydroxypropyl methacrylate
in supercritical carbon dioxide was measured. The solubility data determinations were performed by the
synthetic method at 7 = (313.2 to 393.2) K and p = (3.36 to 33.90) MPa. The experimental results indicated
that the solubility of carbon dioxide was found to increase with the augmented of system temperatures and
mole fraction of 3-chloro-2-hydroxypropyl methacrylate in binary (solute + solvent) system. The solubility
curve of 3-chloro-2-hydroxypropyl methacrylate in the carbon dioxide + 3-chloro-2-hydroxypropyl methacrylate
system increases as the temperature increases at a fixed pressure. Three phases were not observed in the five
temperatures for the carbon dioxide + 3-chloro-2-hydroxypropyl methacrylate mixture. Moreover, experimental
solubility was adequately correlated with the Peng-Robinson equation of state.
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Analysis of Physical and Biological Properties of Bio-degradable Films with
Hydrolysates of E. stolonifera using Subcritical Water Extraction

Ye-Seul Park, Jin-Seok Park, Ji-Min Han, Yu-Na Shin, Ye-Ryeon Shin, Sin-Won Park, Md Sadek Ali and
Byung-Soo Chun’

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

In today’s packaging industry, packaging films with petroleum-based plastics are predominantly used and
constitute a serious threat to the global environment. To resolve this issue, biodegradable films have been
studied continuously. Ecklonia stolonifera, one of brown algae, has outstanding antioxidant activities because of
its abundant pholotannins. The seaweed has been shown to have other effects on diseases, such as diabetes
and arteriosclerosis. In this study, chitosan-gelatin-based films were fabricated by E. stolonifera extracts using
subcritical water extraction (SWE). SWE is considered as an eco-friendly and harmless method for human
body because it only uses water by solvent. E. stolonifera subcritical water extracts (ESEs) and films
including ESEs were analyzed. First, as a result of the antioxidant activity assays (ABTS+, DPPH, FRAP) and
antibacterial property test, ESE at 195°C showed the highest value. Second, assays of SEM, FT-IR, XRD,
antioxidant activity of the films were conducted. Moreover, tensile strength, elongation at break, water
solubility of the films were measured. Based on this study, the film with ESEs will contribute to future
research in functional biodegradable films.
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Encapsulation of Phenolic Compound from Sargassum thunbergii Subcritical
Water Extracts

Ji-min Han, Jin-Seok Park, Yu-Na Shin, Yeo-Lyeon Shin, Ye-Seul Park, Sin-Won Park, Byung-Soo Chun*

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

In this research, phenolic compounds were extracted from Sargassum thunbergii using subcritical water, and
S. thunbergii phenolic compounds-loaded chitosan nanoparticles were prepared to improve the stability of the
extract. In order to determine optimum phenolic compound extraction conditions from S. thunbergii used RSM.
As a result of RSM, the optimal extraction conditions were determined to be 196.37 °C, 31.58 min, 3.42
Mpa. The total phenolic content of optimal S. thunbergii extract (OSE) was predicted to be 16.023 PGE/g of
dry sample, and the experimental value was 17.08+0.28 PGE/g of dry sample. OSE was analyzed for
individual phenolic compounds using HPLC, and antioxidant activity (ABTS, DPPH, FRAP) was confirmed.
Then, OSE-loaded chitosan nanoparticles were prepared based on the ionic gelation method. And collection
efficiency, efficiency, size, dispersion, crystallinity, thermal characteristics analysis, antioxidant activity, and
antibacterial activity analysis were analyzed. Chitosan nanoparticles can not only improve the stability of
natural physiologically active compounds that sensitive to the external environment, but also OSE-loaded
nanoparticles will be valuable for research on industrial applications such as functional films, functional foods,
pharmaceuticals, and cosmetics.
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Development of novel material using seaweed culture by-product (Saccharina
japonica root) for zero-waste based on clean technology

Jin-Seok Park'? Young-Je Jo’, Ji-Min Han', Ye-Seul Park!, Yu-Na Shin’, Ye-Lyeon Shin', and Byung-Soo
Chun'

'Department of Food Science and Technology, Pukyong National University, 45 Yongso-ro, Nam-gu, Busan,
48513, Republic of Korea
*Industry-University Cooperation Foundation, Pukyong National University, 45 Yongso-ro, Nam-gu, Busan,
48513, Republic of Korea
*BET, 46, Marine city 3-ro, Haeundae-gu, Busan, Republic of Korea

Although kelp (Saccharina japonica) is known to have effects such as antioxidant and blood sugar control,
most of the research is focused on the edible part of S. japonica, so the root part is considered a by-product
and discarded. It is known that various functional components contained in S. japonmica root to inhibit the
activity of o-glucosidase. Although these useful components can be extracted using acid-base hydrolysis,
organic solvents, enzymes, etc., but environmental and economic problems are caused. In this study, develops
a novel material based on a clean process using a S. japonica root, and its physicochemical properties (total
sugar, reducing sugar, total phenol, etc.) and biological activities (antioxidant, a-glucosidase inhibitory activity)
according to temperature to achieve high value-added material of S. japonica root. The purpose of this study
is to develop the utility of discarded S. japonica roots using subcritical water, a clean process, and ultimately
achieve zero-waste in the fishery industry.
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A Study on the Layer Separation Method for the Concentration of Valuable
Components in Mandarin Peel and Cacao Bean Husk Extracts

Seung Eun Lee', Ji Sun Lim'?, and Hong-shik Lee'*"
'Korea Institute of Industrial Technology , *Sunmoon University
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A Comparative Analysis of Pretreatment Conditions of Decaffeinated Coffee
Bean from Supercritical Extraction Process
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Comparison of decomposition characteristics and production of syngas through
catalytic gasification of wood plastic composites

Ji-hyeon Seo, Young-Kwon Park*
School of Environmental Engineering, University of Seoul, Seoul 02504, Republic of Korea
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Useful Gas Synthesis from Waste Fishing Net via Two-stage Catalytic
Pyrolysis
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A Study On the Conditions for Hydrogen Production from Mixed Alkane Hydrocarbon Steam Reforming Reaction

Min-Ju Kim', Kyung-Won Jeon®, Won-Jun Jang'*'
'Department of Infrastructure System Engineering, Environmental Engineering, Kyungnam University,
’Department of Environmental and Energy Engineering, Kyungnam University
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Analysis of Alkane Steam Reforming for Hydrogen Production,” J. Korea Soc. Waste Manag., 38(5), 1-10
(2021).
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Reduction of hydrogen gas crossover in PEM water electrolyzer by 2D
materials

Chan Woo Park*, In-Ho Yoon, Youngho Sihn, Ilgook Kim

Korea Atomic Energy Research Institute

Proton exchange membrane water electrolysis (PEMWE) is one of the promising technologies for the
production of green hydrogen. Furthermore, PEMWE can provide an efficient route to produce deuterium or
tritium-depleted hydrogen gas. However, perfluorinated membranes such as Nafion show a high gas
permeability. The high gas permeability can cause hydrogen explosion safety issues in the water electrolysis
process. In the case of water electrolysis of ftritiated water, it can cause a release of radioactive trititum into
the environment. Therefore, the increasing the gas barrier property of the proton exchange membrane is an
important subject to investigate. In this study, we investigated the gas permeation property of Nafion/2D
material composite membranes, and water electrolysis performances were analyzed.

References
1. Park et al., "Monolayer Hexagonal Boron Nitride Nanosheets as Proton-Conductive Gas Barriers for Polymer
Electrolyte Membrane Water Electrolysis," ACS Applied Nano Mater., 4, 9104-9112 (2021).
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Support control of Ni-based catalysts for hydrogen production by steam reforming of biooils derived from
hydrothermal liquefaction of seaweed

Seong Chan Lee', Yong Beom Park’, Jae Hyung Choi', Jackyoung Lee*’, Sungwook Chung®, Dae-Won
Park?, Hee Chul Woo*’
Korea Institute of Industrial Technology', Chemifolio?, Pukyong National University’,

Pusan National University*
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Effect of Reaction Conditions on Synthesis of 3-Ring Aromatic Compounds Applicable as Liquid Organic Hydrogen

Carrier
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Reaction Characteristics of Friedel-Crafts Alkylation over Heterogeneous
Catalyst over in Synthesis of Aromatic Compounds for Liquid Organic
Hydrogen Carriers

Hyun Sung Jang, Jung Hee Jang, Ji Eun Lee, Gi Bo Han*, Young-Woong Suh'
Institute for Advanced Engineering, 'Hanyang University
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Pyrolysis of Cup Polymer Waste Using Biochar Catalyst

Sugyeong Jeon, Young-Kwon Park*
School of Environmental Engineering, University of Seoul, Seoul 02504, Republic of Korea
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Selective hydrogen combustion over Rh-Sn/ALQO; catalysts during propane
dehydrogenation

Jae-Won Jung, Yi-Sun Choi ', Young-In Yoo', Kwang-Deog Jung °, Hyoung Lim Koh*

Department of Chemical Engineering, RCCT, Hankyong National University, Anseong 17579, Korea
!Chemical and Environmental Technology Department, Inha Technical College, Inha-ro 100, Michuhol-gu,
Incheon 22212
Clean Energy Research Center, Korean Institute of Science and Technology, P. O. Box 131, Cheongryang,
Seoul 02792, Korea

A series of Rh-Sn/Al1203 catalysts were prepared by 0.5 wt% of Rh and varied amounts of Sn from 0 to
3.0 wt%. Rh-Sn catalysts were evaluated to determine if selective hydrogen combustion(SHC) can be
effectively applicable to propane dehydrogenation (PDH). PDH is an endothermic reaction and SHC can
generate partial heat energy[1-3]. In this study, two separate SHC reactions were examined. One was to look
into the quantification of competitive combustion states over Rh-Sn catalysts in the presence of hydrogen,
propylene, oxygen, and nitrogen. The other was to evaluate SHC with Rh-Sn catalysts in the presence of
hydrogen, propane, oxygen, and nitrogen. The factor that we entitled A factor, was employed to analyze the
effect of Sn amount. The result showed that the best performance was achieved by 0.5Rh-1.5Sn/A1203
catalyst for both SHC reactions. Characteristics of catalysts were analyzed by CO chemisorption, XPS,
TEM-EDX and TPR.

References

1. H. H. Kung, in edited by D. D. Eley, H. Pines and W. O. B. T.-A. in C. Haag. Adv. Catal., 40, 1
(1994).

2. M. M. Bhasin, J. H. McCain, B. V Vora, T. Imai and P. R. Pujadd, Appl. Catal. A Gen., 221, 397
(2001).

3. L. M. Madeira and M. F. Portela, Catal. Rev., 44, 247 (2002)

- 160 -



PD-10

Enhancement strategies for the sulfur-resistance of CeQ,-supported Pt catalyst
through various catalyst synthesis methods for waste-upgrading

Ga-Ram Hong, Kyoung-Jin Kim, Hyun-Seog Roh*

Yonsei University

The wvarious synthesis methods (i.e., incipient wetness impregnation, sol-gel, hydrothermal, and
co-precipitation methods) were applied to CeO,-supported Pt catalysts to improve its sulfur-tolerance for the
water gas shift (WGS) reaction in a waste-to-hydrogen process. The prepared samples were evaluated in the
WGS reaction with harsh reaction conditions of exposure to 500 ppm hydrogen sulfide, a high CO
concentration in the feed gas (ca. 38%), and a high gas hourly space velocity of 46,000 h™'. The effects of
the synthesis method on the physicochemical characteristics related to the sulfur-tolerance of the catalyst were
then investigated. As a result, the Pt-based catalyst prepared by incipient wetness impregnation (PtCe-I)
showed the highest catalytic activity and sulfur-tolerance. The PtCe-I catalyst also exhibited the highest
dispersion and excellent oxygen storage capacity (OSC) among the prepared sample. The dispersion of the
catalysts showed the same trend as the intrinsic catalytic activity, and the OSC was correlated with the
sulfur-resistance of the catalyst as well as the intrinsic catalytic activity. In conclusion, the PtCe-I catalyst
showed the highest catalytic activity and sulfur-tolerance due to the key factors such as active metal
dispersion and high OSC.
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Green hydrogen production from renewable energy — A case study of Oman

Malik Sajawal Akhtar’, Muhammad Islam’, Noman Raza Sial’, Muhammad Abdul Qyyum®, Moonyong Lee’, 7.
Jay Liu”

"Department of Chemical Engineering, Pukyong National University, Busan, 48513, Republic of Korea
®School of Chemical Engineering, Yeungnam University, Gyeongsan 712-749, Republic of Korea
‘Department of Petroleum and Chemical Engineering, College of Engineering, Sultan Qaboos University,
Muscat, Oman

A considerable amount of renewable energy can be generated in GCC countries, based on their geographical
location. Stringent emission regulations and a rapid increase in energy consumption make a shift towards
renewable economies imperative particularly for these countries. Hydrogen has emerged as a candidate for
energy storage due to the intermittent nature of renewable energy sources. Saudi Arabia and Oman are located
in excellent geographic locations with abundant renewable energy sources and are one of the best countries in
GCC region for producing green hydrogen. This work has performed a techno-economic analysis of green
hydrogen production using solar and wind energy in Sur region of Oman for three cases: 100% solar (Case
1), 100% wind (Case 2), and 50/50 hybrid (Case 3). The results show that green hydrogen can be produced
in Oman at an LCOH of 2.30-5.07 $/kg, 3.60-5.58 $/kg, and 2.95-5.33 $/kg for Case 1, Case 2, and Case 3,
respectively. Based on the sensitivity analysis, investment cost of solar PV, wind turbine, and water
electrolyzer are the most sensitive parameters. A future cost forecast is also presented, considering
technological advancements and large-scale deployments. For 2030, the LCOH was found to be 1.74-4.03
$/kg, 2.76-4.93 $/kg, and 2.25-4.48 $/kg for Case 1, Case 2, and Case 3, respectively. Whereas for 2050, the
LCOH was calculated as 0.87-2.68 $/kg, 1.45-3.78 $/kg, and 1.45-3.23 $/kg for Case 1, Case 2, and Case 3,
respectively.

Keywords: Green hydrogen, LCOH, Techno-economic analysis, Renewable energy, Oman, Hybrid power
system.
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Techno-economic analysis of onsite green hydrogen production by ammonia
cracking.

Sijan Devkota', Beom-Ju Shin', Ji-Hun Mun', Jin-Young Cha',
Tae-Ha Kang', Shaukat Ali Mazari'” and Jong-Ho Moon'*

'Department of Chemical Engineering, Chungbuk National University, Korea
* Department of Chemical Engineering, Dawood University of Engineering and Technology, Pakistan

In this study, the ammonia cracking process is simulated using Aspen plus to produce 514 kg/hr of
hydrogen. The multiple catalytic packed bed reactor is simulated with the intermediate heating system. The
required heat energy for the cracking is generated from the combustion of ammonia with air. In the ammonia
combustion furnace thermal efficiency, fuel-saving, and product yield are analyzed and optimum values are
found to be 59%, 22% and 77%, respectively. To monitor the NOyx emissions, the parameters such as
equivalence ratio, temperature and pressure are analyzed to witness the optimum operating conditions. To
achieve 99.99% pure hydrogen from unreacted ammonia and nitrogen, TSA and PSA processes are developed
using aspen adsorption. Economic analysis is carried out by using itemized cost estimation, sensitivity analysis,
and uncertainty analysis. A unit hydrogen production cost is estimated and found to be 6.43 $/kgH, based on
CAPEX and OPEX. The price of ammonia was found to be highly sensitive followed by utility cost.
Monte-Carlo simulation method is applied to present levelized cost of hydrogen. In addition, selling price,
ROI, payback period, CDCF, NPV, and IRR are also analyzed for 25 years of plant life with a 10%
discounted rate.
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Effect of Uniformity and Surface Morphology of Pt Nanoparticles to Enhance
Oxygen Reduction Reaction in Polymer Electrolyte Membrane Fuel Cells

Su-yeong Lim'?, Taehyo Kim'’

! Green Materials and Processes R&D Group, Korea Institute of Industrial Technology, Ulsan, Republic of
Korea
? Department of Materials Science & Engineering, Pusan National University, Busan, Republic of Korea
" Corresponding e-mail : thkim0215@kitech.re.kr

Platinum (Pt)-based electrocatalysts supported by reduced graphene oxide (rGO) is fabricated under
microwave-assisted polyol method with various nucleation and growth conditions. The surface morphologies of
the Pt nanoparticles (NPs) under various reaction conditions owing to different Pt NP sizes and inter-particle
spacings are investigated by scanning electron microscopy, transmission electron microscopy, X-ray diffraction,
thermogravimetric analysis, cyclic and linear sweep voltammetry, and electrochemical impedance spectroscopy.
The synthesized Pt/rGO catalyst under nucleation and growth times of 10 s and 50 s, respectively, exhibits
excellent catalytic activity with increased electrochemical surface area, high density, good uniformity and
surface morphology with a particle size and inter-particle spacing of 2.16 nm and 17.2 nm, respectively. These
results elucidate the relationship between the Pt NP morphology distribution and oxygen reduction reaction of
catalysts in polymer electrolyte membrane fuel cell systems. We also highlight the important role of size and
inter-particle spacing on the Pt electrochemical catalystic performance.
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Risk Analysis of Hydrogen Production, Storage, and Transmission Projects
Using Fuzzy Evaluation Approach

Azam Ghezelbash, Vahid Khaligh, and Jay Liu"

Pukyong National University

In recent years, due to the increasing energy demand and global warming issues, hydrogen is receiving
attention as a clean fuel with potential applications. However, for further development of hydrogen technology
and meeting the increased public acceptance, operational safety is of great importance. It is needed to predict
the potential hazards, develop relevant standards to determine the limitations of operational range, and provide
risk-free equipment and guidelines to achieve a safe operation. In this study, twenty risk factors in hydrogen
production, storage and transmission projects are collected through literature review and classified into four
groups: economic risk, technical risk, environment risk, and safety risk. The associated weights of these risk
factors are determined by the Analytic Hierarchy Process and an improved fuzzy synthetic evaluation approach
is proposed to calculate the overall risk level of hydrogen projects. Moreover, some policy implications are
proposed to alleviate or eliminate the high-risk factors. Results show that green hydrogen projects are mainly
categorized between relatively low risk to medium risk.

References
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Process Design and Economic Assessment of Lignocellulosic Biomass to
Bio-jet Fuel

Eprillia Intan Fitriasari and J. Jay Liu*

Pukyong National University

The rising demand of energy has made the depletion of petroleum resources raising a global concern.
Furthermore, atmospheric carbon dioxide concentration is steadily increasing in conjunction with the increasing
global use of fossil fuels. One of the main products from the refinery of petroleum is jet fuel. Environmental
and energy security concerns have stimulated interest in the development of conversion technologies for
renewable jet fuel. In this study, lignocellulosic biomass is converted into bio-oil via in-situ upgrading of fast
pyrolysis vapors. The process is then followed by separation, hydrogen production, and hydroprocessing to
produce bio-jet fuel. Gasoline range hydrocarbon is obtained as a side product. The process of bio-jet fuel
production is modeled using Aspen Plus software. The result of process modeling is used as input data of
economic calculation. Minimum fuel selling price is determined to evaluate the economic feasibility of bio-jet

fuel production.
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Syngas production through oil-plasma reaction at room temperature and
atmospheric pressure

Daecheon Lim' and Suhan Kim!®

'Korea Institute of Industrial Technology

Recently, as one of the ways to solve energy problems, technologies for obtaining recyclable resources from
waste are being studied [1]. Among them, syngas, a substance composed of H, and CO, is attracting attention
by making chemical products or being used for electric power generation. This paper proposes a process for
producing syngas by decomposing oil into plasma. Previously, a process of producing syngas through plasma
existed, but since it is a process carried out in a high-temperature and high-pressure environment, the cost is
expensive and it is difficult to operate a continuous process. However, a process to be proposed in this paper
uses an electrode capable of generating plasma at atmospheric pressure and room temperature, so that costs
are efficient and continuous processes are possible compared to the existing technology [2]. This technology is
also expected to be able to adjust the ratio of H, and CO generated by controlling the oxygen concentration
of gas used in the process. To test this process, about 1700 mg of oil was reacted with plasma for 4 hours.
As a result, about 410 mg of oil was decomposed, and it was confirmed that 1 mg of H, and 243 mg of
CO were generated.
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Kongju National University, 'Institute for Advanced Engineering, “Agency of Defense Development
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Effect of solvents on oil removal from spent coffee grounds in extraction

process

Hye Jin Song'?, Ye Eun Kim'?, Jungho Jae?, Man Sig Lee'"

! Ulsan Division, Korea Institute of Industrial Technology ( KITECH )
* School of Chemical Engineering, Pusan National University
3 Department of Chemical and Biological Engineering, Korea University

* Department of Green Process and System Engineering, University of Science and Technology (UST)

As coffee is the most consumed beverage worldwide, the generation of spent coffee grounds (SCGs)
gradually increased. Since 6 million tons of SCGs are generated every year, many studies have been reported
to recycle them. SCGs consist of 45.3 % polysaccharides, 20 % oil, 13.6% proteins, 1.5 % phenolic
compounds, and etc. It can be converted to carbon through the process of carbonization and removal of the
remaining contents except for polysaccharide. Herein, we studied the oil extraction from SCGs by the soxhlet
extractor using different solvents (hexane, ethyl acetate, ethanol, acetonitrile, and distilled water) to investigate
the oil removal. SCGs were collected from Starbucks Korea in Ulsan. The oil removal efficiency and oil
composition in the extracted solution were analyzed by GC-FID. The oil extracted SCGs were carbonized
under N, atmosphere to produce the porous structures. Then, the samples were characterized by
N,-physisorption, SEM, XRD, EA, FT-IR and TGA analysis. We also conducted the comparison of the
carbonized SCGs and the commercial activated carbon. It was confirmed that the oil removal efficiency differ

from solvent to solvent and the oil extracted SCGs showed similar properties to activated carbon.
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A study on regeneration of heterogeneous catalyst for
esterification of Nepalese Jatropha oil
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Electrochemical properties depending on heteroatom and surface property of
various carbon sources/NiO composites as supercapacitor electrode

Kwang Se Lee

Department of Advanced Materials & Chemical Engineering, Kyungnam College of Information & Technology,
45 Jurye-ro, Sasang-gu, Busan, South Korea

This study describes the creation and use of composites of nickel oxide and activated carbon as
supercapacitor electrodes. A one-pot reaction is used to synthesize composite materials of nickel oxide and
activated carbon (microalgae, asphaltene, and wood). A precursor solution of is Ni(OH), is blended with
activated carbon through a precipitating method at a controlled weight ratio of nickel oxide and activated
carbon, then the obtained powder is calcinated at 300 °C for 3 hours. The composites are analyzed by XRD,
SEM, and EDX. It is confirmed that nickel oxide sprouted on activated carbon surface. The maximum

1

specific capacitance at 1 A « g~ current density is 624.2 Fe+g™' 487.1 Feg™' and 403 Fe« g~ ' respectively

when nickel oxide: activated carbon is at a weight ratio of 1:20.
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Regeneration of Dolomite catalyst for transesterification

of non-edible bio-oil
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Recovery of BTEXs and cracking of pyrolysis wax from waste plastic through catalytic pyrolysis

Hyunji Yim, Young-Kown Park*
School of Environmental Engineering, University of Seoul, Seoul 02504, Republic of Korea
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Swine manure bio-oil upgrading through catalytic pyrolysis
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Development of a catalyst for BTX production from lignin

[-Jeong Jeon, Ru-Ri Lee, Chang-Hyeon Kim, Jae-Oh Shim"
Wonkwang University
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Manufacture and characterization of polymerized syntan applied with leather

waste-derived protein

Eun Ji Kim'*, In Kyu Paik'
'Korea Institute of Footwear & Leather Technology, *School of Chemical Engineering, Pusan

National University
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Post COVID-19 and Hydrogen Economy Roadmap of South Korea

Hafsa Khan®, Malik Sajawal Akhtar’, Muhammad Abdul Qyyum®, Ala'a H. Al-Muhtaseb®, Ahmed I Osman®, J

a,dy

Jay Liu

* Department of Chemical Engineering, Pukyong National University, Busan, 48513, Republic of Korea
® Department of Petroleum and Chemical Engineering, College of Engineering, Sultan Qaboos University,
Muscat, Oman
¢ School of Chemistry and Chemical Engineering, Queen’s University Belfast, Belfast, BT9 5AG, Northern
Ireland, UK
¢ Institute of Cleaner Production Technology, Pukyong National University, Busan, 48547, Republic of Korea

Climate change has been largely attributed to the use of fossil fuels, leading to a fragile planet. Climate
change issues have brought the governments around the world to commit to reducing greenhouse gas
emissions in order to achieve net zero emissions by 2050. When the world faced two challenges, rising
energy demands and strict global warming regulations, COVID-19 spread around the globe, affecting almost
every country in the world. A far-reaching fallout from COVID-19 continues to test the country's transition
towards a hydrogen economy, as stakeholders face challenging decisions amid more crucial fiscal conditions to
deliver its ambitious targets, including carbon neutrality by 2050. This study reviews the impacts of the
pandemic on the national hydrogen economy roadmap of Korea. The goal of this study is to highlight the
challenges Korea faces in moving towards a green hydrogen economy and the way forward to achieve its

pre-defined national strategic targets.

Keywords: COVID-19, Hydrogen economy roadmap, South Korea, Green hydrogen, Paris agreement.
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Hydrogenation of Polycyclic Aromatic Hydrocarbons over Transition Metal
Catalysts supported on Mesoporous Catalysts
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Jong-Ki Jeon'
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Institute for Advanced Engineering”
Agency for Defense Development®
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Comprehensive study on the phytoremediation of Iris pseudacorus on
Bisphenol-S and its metabolic fate

Nikita Yadav, Hyun-Jo Ahn, Niraj R. Rane, Mayur, B. Kurade, Byong-Hun Jeon

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

Korea

The scientific community has taken notice of the widespread usage of bisphenols (BPs) in a variety of
industries, including plastic production, food packaging, pharmaceuticals, and personal care items due to their
endocrine-disrupting effects on human health [1]. Bisphenol-S (BPS) is one of the most widely used
plasticizers that is frequently detected in nature and wastewater treatment plants. Phytoremediation is a
promising treatment technology for the remediation of emerging contaminants in wastewater effluent. In this
study, we assessed the phytoremediation potential of three aquatic macrophytes for BPS removal contained in
secondary wastewater effluent. [Iris pseudacorus showed complete removal of BPS with 0.005 mg/L
concentration, whereas Ipomoea aquatica and Typha angustifolia removed 97 and 97.5% of BPS, respectively.
1. pseudacorus degraded BPS into 12 types of metabolites with the induction of both phase I (laccase, 310%;
peroxidase, 740%, superoxide dismutase, 880%; aminopyrine N demethylase, 60%) and phase II enzymes
(glutathione S-transferase, 590%) in the plant root. In a lab-scale phytoreactor, BPS was removed in 14 days
along with nutrients and inorganic contaminants from the secondary wastewater effluent. After BPS exposure,
the phyla Bacteroidetes and Proteobacteria had increased relative abundance, according to a study of the
microbial diversity in the phytoreactor effluent. This study provides a deeper understanding of the fate of BPS
in aquatic environments as well as the removal of BPS from secondary wastewater effluent using aquatic

macrophytes.
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Adsorption characteristics of carbon dioxide, methane and nitrogen on waste

plastic based porous activated carbons
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Improvement of Electrodialysis Process for Recovery of Propanediol from Fermentation Broth of Lactobacillus sp.
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Effective demineralization of refractory organic pollutants via electrocatalytic
dielectric barrier discharge (DBD)-PMS

Nurhaslina Abd Rahman'?, Choe Earn Choongl’z, Kien Tiek Wongl’z, Seok Byum Jang 12 S0 Yeon Yoon'?,
Min Ji Kim'?, Min Jang'**
leangwoon University,20, Gwangun-ro, Nowon-gu, Seoul, 01897, Republic of Korea

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

Clofibric acid (CA) is a recalcitrant pharmaceutical compound used as hyperlipidemia-controlling drugs. The
plasma or electrocatalysis is widely used for micropollutant removal. However, due to its complex chemical
properties, it is challenging to achieve demineralization for CA. In recent years, advanced oxidation processes
based on highly reactive sulfate radicals (SR-AOPs) have been attracting increasing attention because of their
strong oxidation ability and mineralization efficiency [1]. Based on the above consideration, this study
provided a synergistic effect investigation of electrocatalytic DBD plasma enhanced PMS activation that can
demineralize CA efficiently. In this study, the electrode was prepared with conventional carbon felt (CF)
coated by LaCeO, (namely CF-LaCeO,), LaCeOy-Fe (namely CF-LaCeOy-Fe), and LaCeO4-Ni (namely
CF-LaCeOy-Ni) through co-precipitation method followed by calcination. The CA removal kinetic reaction
constant, k order is as follows: CF-LaCeO4x-Ni > CF-LaCeOx-Fe > CF-LaCeOx > CF. Especially,
CF-LaCeO,-Ni shows the best performance in both electrocatalysis (kinetic rate constant, k=0.06 min™) and
electro plasma-catalysis (4=0.47 min') compared to CF-LaCeO,-Fe or CF-LaCeO, for CA removal. Since
electrocatalysis, plasma, and electro plasma alone cannot demineralize the CA, CF-LaCeOx-Ni was chosen to
carry out the PMS additions experiments to demineralize CA. The synergistic of electro plasma PMS is 3.87.
The quenching experiment were conducted to investigate the radicals responsible to activate the plasma, the
results show *OH (k=0.02 min")> 'O, (k=0.05 min")> O, (k=0.07 min")> ¢ (4=0.09 min"')> H,0, (k=0.12
min"') are responsible for the PMS activations. The results showed that the electrocatalytic DBD plasma

enhanced PMS activation might work as an effective approach for micropollutants abatement.

Reference
1. Long, L., et al., 4 novel strategy for promoting PMS activation: Enhanced utilization of side reactions.
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Plasma-assisted electrochemical nitrogen fixation for ammonia generation

Kien Tiek Wong'?, So Yeon Yoon'?, Seok Byum Jang"z, Nurhaslina Abd Rahman'?, Choe Earn Choongl’z,
and Min Jang'?*’
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Kwangwoon University, “Plasma Bioscience Research Center

The current Haber—Bosch process is a mature technology that has been utilized for over a century;
however, the process requires high temperatures (>400 °C) and pressures (>200 atm) as well as pure N, and
H,. Due to the use of hydrocarbon reforming to produce the required hydrogen, the Haber—Bosch (H—B)
process results in the release of over 450 million metric tons of CO, annually (Kyriakou et al.[1]). N,
fixation is a very challenging reaction as it requires large cleavage energy for N=N (410 kJ mol"). Plasma
technology has attracted much attention for clean ammonia synthesis. At low temperatures, plasmas are
reported as one of the most efficient approaches for rupturing the triple nitrogen bond. In our study, the
combination of N, plasma with electrochemical reduction was conducted as an alternative nitrogen fixation
method. Rupturing of N=N bond by plasma significantly assists the nitrogen reduction into NH; with high
selectivity under the reducing process by copper nanowires mesh. Plasma discharging can activate N, into the
ionized state (*N,) and eventually oxidize into NO, and NO; at the gas/liquid interface. Then, the reductions
of NO, and NO; have more positive potentials than N,, which are considered favorable cathodic reactions for
NH;.

References
1. Kyriakou, V., Garagounis, 1., Vourros, A., Vasileiou, E., & Stoukides, M., An electrochemical haber-bosch
process. Joule, 4(1), 142-158 (2020).
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Drinking water production and hydrogen peroxide concentration using a

simultaneous photocatalytic and photothermal process
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Kwangwoon University, “Plasma Bioscience Research Center

With the development of society and the increase in population, the severe freshwater crisis has become
increasingly prominent. The conventional method of purifying water by boiling requires using fossil fuels or
biomass, but burning produces greenhouse gases. The use of solar energy is lucrative because the annual
energy received by the earth from the sun is as high as 3x10** Joules, and harvesting, only 0.1% of the total
solar resources are sufficient to meet the worldwide yearly energy demand. With the discovery of novel
materials with a high photothermal conversion efficiency, interfacial solar vapor generation is gaining attention
owing to its potential applications in desalination, water treatment, and purification. The cost of the materials
and the cost of production must be lowered to make this technology available for underdeveloped regions.
The toner powder is considered e-waste and cannot be stored in the landfill with municipal solid waste
(MSW) due to its composition and properties (Ivan et al. [1]). The dry black toner contains carbon black
(with a good broadband wavelength light absorption capacity from 200 to 2500 nm) and different polymer
materials (resin, wax, etc.). In this study, the waste dry black toner is coated on paper to make a
cost-effective solar thermal evaporation of water. At the same time, a photocatalyst designed for H,O,
production was added to the system. Two main objectives, photothermal evaporation for clean water
production and concurrently the solar evaporated water reservoir, would increase the concentration of H,0,

generated.
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The most widely applied technology for soil remediation is the oxidizing agent injection. However, this
technology has very harsh efficiency in low permeability soil conditions such as silty soil. Pneumatic
fracturing and vacuum extraction are frequently used to increase soil permeability, but it is very difficult to
generate cracks uniformly in the soil. The plasma blasting using thermal plasma is a suitable technology for
generating fine cracks uniformly in soil. In this study, by combining plasma blasting, pneumatic fracturing,
and vacuum extraction processes (PPV), macro and micro-cracks were generated in the soil, and the
improvement of oxidizing agent mobility and purification efficiency was verified. For the site experiment, the
extraction wells were installed at a distance of 5 m in four directions based on the injection well. When the
PPV method was applied, 100 mg L' of sodium bromide was added to the solution and used as a tracer.
After applying the PPV method, soil sampling was performed at a depth of 3 m from a certain (1 m, 3 m,
and 7 m) distance from the injection well to determine the trend of cracks. When applying the PPV method,
cracks were formed up to a distance of 1 to 3 m based on the injection well, but the liquid diffused further
with a relatively high permeability direction. Through the above results, the PPV method is affected by soil
properties and geological properties during the formation of cracks in the soil; however, the chemical injection

volume and effect area increased significantly compared with the general injection method.
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Enhanced electrocatalytic denitrification using Sn/Ni-doped Cu mesh electrode
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Nitrate contamination of groundwater can lead to increase health risks and damage to ecosystems associated
with nitrates/nitrites. The electrocatalytic denitrification has high catalytic efficiencies and selectivity of nitrate
to nitrogen. A composite Cu mesh electrode doped with Ni and Sn was prepared and studied for
electrochemical reduction of nitrate in an aqueous solution. The electrode was prepared through the simple
electro-deposition method by adding nickel chloride and tin chloride to a sulfuric acid solution at a certain
concentration. Several electrodes, such as commercial Ti/IrO, and carbon felt, were selected as the cathode,
and the denitrification rate was compared under the 10 mA condition. Cyclic voltammetry investigated the
electron transfer information between the nitrogen species and Cu mesh electrodes. As a cathode and anode,
Sn/Ni (10/1) coated Cu mesh and SnO/NiO(10/1) coated Cu mesh were optimal for denitrification. The
optimized electrode showed high efficiency in which 100 mg L' of nitrates were removed within 30 mins,
and the amount of ammonia and nitrite generated was rapidly reduced, proving that N, selectivity was
extremely high.
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Applied Catalysis B: Environmental, 281, 119465 (2021)
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Photocatalytic Ozonation using Cu/Ce-ALO; for acetaminophen removal
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Acetaminophen is one of antipyretic analgesic which released into the water system in recent years.
Acetaminophen cannot be properly decomposed in conventional technology in wastewater plants; thus, it
adversely affects the environment and increases TOC concentration in water resources. In this study,
acetaminophen was removed via photocatalytic ozonation in the semi-batch system using copper/cerium doped
alumina (Cu/Ce-Al,O;) granular catalyst prepared via calcination at 600°C. The batch experiments were
performed under visible light (420 nm) by injecting O; at a flow rate of 1.2 g/hr. Cu/Ce-Al,O; was
synthesized by co-precipitation of Ce and Cu on the alumina balls, with different copper doping ratio (1%,
5%, and 10% (w/w) of Ce mass). The TOC removal percentages of Cu/Ce-Al,O3(1%), Cu/Ce-AlL,O3(5%) and
Cu/Ce-ALO5(10%) were 36.5%, 32.8%, and 62.6%, respectively. Among the prepared catalysts,
Cu/Ce-ALO5(10%) exhibited the highest TOC removal performance (62.6%), which is higher than ozonation
alone (12.1%) and ozone photo system (35.8%). Therefore, Cu/Ce-Al,O3(10%) was determined as the optimum
catalyst for acetaminophen removal. Further, the lowest production of dissolved Os; and H,O, reveals that the
introduction of catalyst enhanced the decomposition O; and H,O, to OH radicals. To examine the stability and
applicability, reusability experiments using of Cu/Ce-Al,03(10%) were performed. The physicochemical
properties of the prepared catalyst was investigated using FTIR, UV VIS-DRS, photocurrent, electrochemical
impedance spectroscopy (EIS), and mott-Schottky analysis.

. Xi Tang, Yifei Zhang, Weiqgi Li, Jimju Geng, Honggiang Ren & Ke Xu,, “Mechanism and toxicity evaluation of
catalytic ozonation over Cu/Ce-Al,O; system aiming at degrdation of humic acid in real wastewater”, 1-13,(2021)
2. F.A. Silva, D.S. Martinez, J.A.C Ruiz, L.V Mattons, C.E. Hori, F.B. Noronha, Applied Catalysis A: Genneral
335, 145-152, (2008)
3. Mothammad Mehrjouei, Siegfried Muller, and Detlev Moller, Chemical engineering Journal 263, 210-216,(2015)
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Enhanced aqueous removal of iron and manganese using photo-plasma catalyst system
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Iron (Fe) and manganese (Mn) are naturally present in soil and groundwater; however, Fe(Il) and Mn(Il) in
water sources cause color in trace amounts. Further, consuming high-level Mn(II) contained water can cause
chronic poisoning and neurological damage such as Parkinson's disease. Fe(Il) and Mn(II) can be removed via
conventional technologies such as ion exchange or chemical oxidation using various oxidants such as chlorine,
ozone, or KMnO4 [1]. However, these technologies require high operation costs and energy consumption; thus,
the development of energy-efficient technology for heavy metal removal is needed. In this study, we
developed photo-plasma catalysis combined system for enhanced Fe(Il) and Mn(II) removal. The sole plasma
system exhibited complete Fe(Il) removal, while Mn(Il) removal only achieved 10%. The introduction of
catalysts in the plasma system effectively improved the removal performance of heavy metals. Moreover, LED
involved plasma catalyst system showed enhanced Mn(II) removal performance in the long term. Scavenger
experiments were conducted to investigate the contribution of reactive oxygen species toward heavy metal
removal in the photo-plasma system. The physioco-chemical properties of the catalyst were investigated via
photocurrent, electrochemical impedance spectroscopy, Mott-Schottky, and ultraviolet-visible diffuse reflectance
spectrophotometry analysis.

At 33
1. Choo, K. H,, Lee, H.,, and Choi, S. J., "Iron and manganese removal and membrane fouling during UF in
conjunction with prechlorination for drinking water treatment," J. Membr. Sci., 267(1-2), 18-26 (2005).
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A study on the removal of tar using red mud in the electro-pyrolysis process
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