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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 ¢ Extraction * Homogenizing * Mixing ¢ Dispersion
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Having accumulated know-how and technology o Mo e A
more than 35 years. @

PRODUCT LINE

HeAf=lsY HE

Engine oil
Aoy

Metal warking
|lubricants
27155

Transformer oil
HPHR

Industrial
lubricants
LgE sEE

Process oil
pdnf BN

BAIG HALZ A} BEAMIAA AHST GSHE 943HZ 105 (ZHS)
TEL:(051)315—-8182~4 FAX:(051)326-2118

http://www.zeusoil.co.kr

sales100@zeolub.com

Head office &
Busan factory

s M43 F SN EF2 245 SERZ 402

Onsan factory TEL:(052)239-8006 FAX:(052)239-8007
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09:30('35) CT-A1  (Invited Lecture) Z/Z7|sfst 00| AMA|ZE EA
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10:05('15) CT-A2  Catalyst development for PFOA removal in air jet-plasma catalysis
system
Choong Choe Earn, 22! (Z2Cistw)

10:20('15) CT-A3  Effective conversion of post-consumer polyethylene terephthalate using
deep eutectic solvents
S, 433 (S=maeb|sd+3)

10:35('15) CT-A4  Polyaniline-modified cathode electrode enhances acetate production
from CO; in microbial electrosynthesis

2eH, 2e%, Brie, 2B (RuTEm)

10:50('15) CT-A5 Photo-plasma catalyst system development and mechanism investigation
for simultaneous iron and manganese removal in aqueous phase
249, Choong Choe Earn, 0l (Z2045tw)

11:05('15) CT-A6 Membrane-based sustainable technology for molybdenum recovery from
industrial wastewater
Ramesh Kumar, Chengjia Liu, &2, HEE (SHCstu)

11:20('15) CT-A7  Toxicity assessment of heavy metal induced water contamination
based on simplified oxygen consumption measurements using nitrifying
bacteria bioassay
Shahzad Suleman', 222, Anup Gurung', Syed Ejaz Hussain Mehdi’,
Sharma Aparna', 22", @42 ('garistu, *Zechstn)

11:35('15) CT-A8 Artificial neural network modeling of divalent manganese oxidation
kinetics during chlorination: Role of arsenic(lll)
Zigiao Liao', QFEEf'?, HEE' ("stcHstm, 2 7|CHSm)

|'0||

=dd7Iestel 20238 24 28] ¢ s=tiel




2A

ZAA

o

LEUE: YY)
20234 9¥ 21Y(=) 15:10~17:00
DU BWEZE EIYRE oHTSE
B Organizer AT up(KAHHSHD)
chair: O|EAl BHAHEHR A7 | ST E)

15:10(°'30)

15:40('20)

16:00(°'20)

16:20('40)

CT-B1

CT-B2

CT-B3

CT-B4

Understanding Surfactant-free microemulsions based on the
Kirkwood-Buff theory and dielectric behaviors
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Effect of reaction conditions on the catalytic activity of Pd/C catalysts
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10:00('20) CT-C2  Solid dispersion of CNT agglomerates in the gas-solid fluidized beds

SSE, 0I5 (doatistn)

10:20('20) CT-C3  FER #0H9| DME RS} HHEE E5t MA B4 It =955 87| 47

10:40('20) CT-C4 CPFD simulation2 O|8%t 12 1% {5 37| L +HIH EY AL
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11:00('20) CT-C5  Selectively edge oxidized graphene to achieve highly dispersible
graphene flakes with pristine graphene properties
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15:30'20) CT-E1  EAZFEZ 2Iot HIO|QItA LY OjiteiEts SAE S5t O
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10:00('15) CT-F2  Deoxygenation of dimethyl terephthalate (DMT) under atmospheric
pressure over single-metal catalyst supported by y-Al,03
Svarif Hidayat', Thuan Anh Vo', 2a#g}!, 2242 2&4!
(‘Zgichstm, *Fs|chstm)

10:15('15) CT-F3  Development of Pd supported on bead-type carbon catalysts for
furfural hydrogenation
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|
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10:30('15) CT-F4  Modulating the polymerization degree of TMPS using Argon Jet plasma
for high electrolytic production of H;0;
Reneesha, Choong Choe Earn, &% (Z2CHstw)
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13:00('25) CT-G1  Non-thermal Plasama application for VOC removal
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13:25('25) CT-G2  Advancing Sustainable Hydrogen Production: Synergistic Integration of
Oxy-fuel Combustion and Water Electrolysis for Blue Hydrogen
Generation
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13:50('20) CT-G3  Development of wrinkled silica-based catalysts by controlling the

surface properties for furfural hydrogenation
022, o], O|BtAl! ('SHAty| &Y, “nedchstn)

14:10('20) CT-G4 Development of Alkali-modified FAU zeolite as highly selective
adsorbent to separate unreacted trace amounts of NH; in ammonia
decomposition for hydrogen production
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15:30('25) CT-G7 Development of High lon Conductivity & Air-Stability Solid Electrolyte
Manufacturing Technology for Electric Vehicles
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15:55('25) CT-G8  Antibacterial Composite Materials Made with Cu,0 Nanoparticles
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platinum nanoparticle-supported CeO, catalyst
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11:10('20) CT-I3 Clean hydrogen production from the single-stage water-gas shift

reaction over bimetallic Pt-Co-Ce0O; catalysts synthesized by direct

chemical reduction method
StEE, OHME, oA (HAMCHE L D|2HZHmHA)

11:30('20) CT-14  ZOHEEIFESHE Sot 244012 5
D25 (Mdoista)

12

rol

=dY7Iests] 20239 24 2| Y Sh=tig]




m LA 20234 98 21Y(S) 15:10~17:00
m 3L 2L} SW2|ZE ElYRE QUE
B Organizer 73| w4 (QUSICHStw)
chair: 23| w4(QIstCstn)
15:10(20) CT-J1  EIAFE ES fIEF §4 LZLof &Y 2=
ZHI (ACH3tD)
15:30('20) CT-J2 2t ZA0MO| LL|0H-F7| ALY 3 FALSE Hof
0191y, B, AL4?, HHe (MEUS|S0IEm, 25H30M| 12| 7| & TL)
15:50('10) Coffee break
16:00('20) CT-J3  OfEb A4 JHE HIZS I8t Lie Ni 27 §X| Dfauisd2HI0lE MWW 0 JHE
o171
HdE, =y (QlMoet)
16:20('20) CT-J4  Effect of Alumina Binder on Impregnation of Platinum-Yttrium Catalyst
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16:40('20) CT-J5  Water repellent fluorine or methyl functionalized MOFs for CO, capture

under humid conditions
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PA-1 Forecasting Solar Power Curtailment with Deep Learning
KHAKZADKELARIJANI SAEIDEH, {& (S£ZcHstm)
PA-2 Thermogravimetric characteristics and kinetics of cattle manure
A2, #oIZ' Vo Anh Thuan', 22142, Z&4" (‘Zoista, 2F3|chstw)
PA-3 NaOH/y-Al,0; S O}8%t HIO|QC E X|=
0l53|", MolA' Zojs|', Y Rajendra Joshi’, HZ7|'
(2YZRC4Ew, *Kathmandu University)
PA-4 |2 Jatropha seed2HE{ HO|QC[H HIX ZH A=
ARIM' 0|53]", Z0iEl", Rajendra Joshi?, ZZ7|’
(2YZRCHEw, *Kathmandu University)
PA-5 Vanillin hydrodeoxygenation over bifunctional Ru/HZSM-5 catalysts implemented
in a biphasic system
B2, AR, YS!, A8, S1EY’, U= (MSchsn, St=usy|ad )
PA-6 Silica material XIX[Mlof| SX|Z F0[3< ZOHE 0|80 Ciehy| WAF Elelpd A0} HIG
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PA-7 Efficacy of formic acid treatment against Spent coffee grounds as Pd catalysts
support
&ozl', Zojl2!, B!, AES2, O|2H (TS A | Sl AR A EtD)
PA-8 Effect of leaching processes on the leaching of lithium from anhydrite
S, 2o, AMHS?, 0|2tA! ('SHA SR, 2R ACHS )
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PA-10 Stabilization of aqueous Zn metal anode by hydrophilic PVA and PVP layer
MRS, olofLt, =F3, O|R[Y, HEE, HAY (EPSFLER)
14 =237 |=ss| 20239 24| 53] L =g




PA-11

PA-12

PA-13

PA-14

PA-15

PA-16

PA-17

A4y PEG 3T B0l Ofst 47| ot 32 339 okt
228|, Y2, AU, 0|9, YUY, AW (RYUBZChet)

=2 ot Hxle| st 0
O, 2[Qls, MTUS], =F3]
3D Y = EAS OI8St | ot Fx[e| HIESO|E AN Zat

0|29, OIS, AEHH, OIS, 25|, AL, YXF (FUBZCHetW)

Advancing Lithium-lon Battery Materials: Aluminium nanoparticle-assisted
seaweed based separator
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SnS; modified gCsN,4 for high photocatalytic H,0, production without
photoexcited holes sacrificing reagent
E3H, 573, Choong Choe Earn, ¥2! (Z2CHstw)

lon-exchange resin-based inorganic contaminants removal towards upgradation
of bio-oil for marine fuel applications
Z£%, LAO ZIAO, Ramesh Kumar, & (stCistm)

Comparison of lettuce-based aquaponics and hydroponic systems for overall and
plant growth, nutrient efficiency, and environmental impacts

A2 Syed Ejz Hussain Mehdi, Sharma Aparna, 24<2F Suleman Shahzad,

Anup Gurung (ZcHatm)
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PB-11

PB-12
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PB-14

Start-up Performance of Iron-wool in Microbial Electrolysis Cell (MEC) for
Hydrogenotrophic Denitrification (HD)
A2, Sharma Aparna, Syed Ejaz Hussain Mehdi, Suleman Shahzad (Z<C{std)

Utilization of Green Ammonia as an Alternate Fuel in Naphtha Cracker: Economic
and Environmental Assessments
Fitriasari Eprillialntan, §= (FZAC1gw)

Techno-economic and life cycle assessments of ethylene production using
methane byproduct as alternate fuel
Wan Nurauni Afigah Binti Wan Hamdan, & (£&cistn)

Microbially Influenced Corrosion (MIC) for enhancement of 1,3-propanediol
bioproduction from glycerol using Klebsiella pneumoniae L17
SCts, 432 (RATHst )

Selective enrichment of CO, electrophs for biogas-upgrading of CH; by
intermittent applied potential-induced microbial electrosynthesis cell
4212, Shuwei Li, StHs, d2A, 432l (FLttet)

Highly Efficient Photocatalytic Degradation of GenX (hexafluoropropylene oxide
dimer acid, HFPO-DA) Using Copper-Modified Tin Titanate and Mechanistic Insight
MY Choong Choe Earn, %! (Z2CHstw)

Simultaneous removal of various micropollutants in wastewater using
sono-plasma process
Foi2l, WONG KIEN TIEK, &2l (Z=2Cstw)

Efficient Plasma-catalytic Degradation of GenX in Water using Argon Jet Plasma
with Ru-doped CeBiO;
S8t Choong Choe Earn, 2! (Z-2CH

]

ti)

Formate-induced NADH regeneration for improved conversion of glycerol to
1,3-propanediol in Klebsiella oxytoca

e, g, g3 (FAtist)

Response of electroactive microbial community by light-driven photo microbial
fuel cell (PMFC)

2d, 424, Shuwei Li, 432l (BAHCHSHD)

Manufacture of artificial aggregate using alkaline activator, hot-press and waste
stone sludge
MZ1Z Kung-Won Choi, Ju-Hyeok Kwon, Deok-Won Kim, {EZ (SHchstu)
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Feasibility of atotrophic denitrification using desulfurized waste as an electron
donor
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Photocatalytic nitrogen fixation using Ru-doped BaCeOs;
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Enhancing Fuel Cell Performance and Humidity Stability of MEA for PEMFCs
through Surface Patterned Membrane
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Recycling Technology of Waste solder paste

247 (FRE2=0H)

Degradation ofPharmaceutical Active Compounds with Simultaneous
Ammonification through Combine DBD plasma-electrolysis
WONG KIEN TIEK, &%l (&=2Cstd)

Visible light-driven photocatalytic ozonation mediated by LaFeOs; perovskite
towards Ibuprofen demineralization
MISHRA NIRMALENDU SEKHAR, 92! (Z-2CHst)

Reaction Engineering for Indoor Photocatalytic NOx Removal
O|Ef, Tamal Tahsin Khan, Young-Si Jun (HYCHEtm)
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Reaction kinetics study on toluene oxidation by nonthermal plasma
O|5Z"?, A4S ('Sr=dity|ad7ed, *RAtchst)
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ASUZt Allam Cycleg St LNG 33T 44|
g, d=sp, oQl’, ¢ (

Enhancing lonic Conductivity and Air Stability of the Argyrodite Solid Electrolytes

for All-Solid-State Batteries through Various Doping
2FE, RrA|, &0, 40|, dEflE (=L |sAF)
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Enhanced Air Stability and Li Metal Compatibility of Sn-Doped Argyrodite Solid

Electrolyte for All-Solid-State Batteries
SRA|, 2(GE, &0, 40|, dEflE (=L |sAd+)

Modifying property of Alumina Beads for Ni/Al,O; Catalyst in Dry Reforming of
Methane to Enhance Catalytic Performance

Sw, Q2% 2154, 24N, AU, A (AZcsta)

Effects of Operating Parameters and Feed Gas Compositions on the Dry

Reforming of Methane over the Ni/Al,O; Catalyst
Qez 2SH, U, YUY, B4, FAL (AI3CHED)

The effect of preparation method on the catalytic activity of V,0s/TiO, catalyst
for low-temperature NHs-SCR
Siranuysh Badalyan, @&, Anush.N.Mnoyan, O|+& (2YCHstm)

High yield production of two-dimensional MXene via Hydrothermal-Assisted

Etching and Water Intercalation
el 2= (Fdtietn)

Selectively oxidizing the graphene edge enables exfoliation of graphite into
graphene with high dispersibility and properties

drtel, Ol8%, z¥= (F4tistu)
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Experimental Study on NOx Removal Performance of Selective Catalytic
Reduction using Metallic Monolith with Various Cell Density

doid’?, 205" Asla!, HYS?, Asst (‘SEMLT|SHTY, 2RATEw)
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HEy B4 ofHpE ADIEl KITSSOLY| SO, B4 45 U S 84 ofx| Jiy
2B, YA, WA, YRE?, YW, SBFT (SRA|EHTY, AN CHEID)

Development of Double-layered SCR Catalyst Coated on Metallic Monolith,
Exhibiting Excellent Resistance to H,O and SO, from Marine Engine Exhaust Gas
O|2%d, Aoiiyl, dsle, YS3H (B=dir =)
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PI-2 FHO[Z4 MAUOIE DYE M2IZ/2AY SA 23 OO[IRALO] By U IS ORIXX
g3axH=z0| g
Yo, 224 (ES0ED)

PI-3 Effect of solvent polarity levels on ultrasound-negative pressure cavitation

methanol-water fractional precipitation of (+)-dihydromyricetin
AAHA, 2342], AAls, e, A (FESFOE)

P-4 Chromatography-free purification of (+)-dihydromyricetin by three-step tandem
cavitation fractional precipitation
2517, HAls, AT, Y (FESFUE)

PI-5 A non-chromatographic method for the purification of paclitaxel from 7axus
chinensis

2, WY, APy, 2V FYBEED)

PI-6 Effect of ultrasound and negative pressure cavitation on the adsorption
efficiency of paclitaxel from cell-free culture supernatants of 7axus chinensis
onto Diaion HP-20
Ho7|, T, MEE, A, 4 (FESFEw)
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PI-9

PI-10

PI-11

PI-12

PI-13

PI-14

PI-15

PI-16

PI-17

PI-18

PI-19

Adsorption isotherm, kinetic and thermodynamic studies for the negative
pressure-assisted adsorption of paclitaxel from cell-free culture supernatants of
Taxus chinensis using Diaion HP-20

=0l 2T, MTY, g, B (ST st

Effect of the NiO particle size on the activity of Mo/HZSM-5 catalyst physically
mixed with NiO in methane dehydroaromatization

=3, JollE, 871%, YEW, Z=3] (M3tistw)

PHAE BEON(ZnInaS4)el pH 0] M2 Bphfolpds A H|w
A

dSiZl, dYE (FRust)

=2 HISIBR| L BRE TWP, CB, 334 Bl YR 304 Hin

LTSRS RALM /XXM AEQIZ|AAL! K4S 0|23t Q4L2|
Has|, Y% (Feostm)
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ollow AuNPsE 235t PNIPAM LZIE XX 9! A7 I}

The Effect of Various Solvents on Process for the Synthesis Precipitated Calcium
Carbonate Using Oyster Shell

2847, A, AYS, RIS’ (FRAAT|EARY, 2B LChEtD)
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PI-20

PI-21

PI-22

PI-23

PI-24

PI-25

PI-26

PI-27

PI-28

PI-29

PI-30

The Morphology Change of Precipitated Calcium Carbonate synthesis from Oyster
Shells Depends on the Type and Concentration of the Eluent Used

SAIY', 8RE°, RYE (RTS8, ‘eAtystn, PRAC St )

Cu20 Nanocubes with Capping Agents: Synthesis, Antimicrobial activity, and
Dispersion Stability in Nonpolar and Polar Solvent

SHA™?, OAIR!, ZYE?, REE! (‘SRS ATY, RSt

SEAHISIIZ 0183 AnRIze| Hf S4 ot
AlSIY, B, FBE, 10IY, SR, UYE (SICHEt)

T4 PE MoSe, U EtA =8t Ol0|2ZATO] 3 AF U EERS

Rationally designed functional interlayers comprising N-doped graphitic
carbon-coated CoSe; nanocrystals entangled in conductive and porous
three-dimensional rGO-CNT microspheres for Li-S batteries

Saroha Rakesh, =4t (E5C04stw)

Design and Synthesis of Three-Dimensional Porous TiO, Microsphere Composited
with N-Doped Graphitic Carbon as Anode Material of Lithium-lon Battery

IbEIM, 224 (ES0HEa)

Enhancing Cu,O Nanoparticle Dispersion in PP Films and Masterbatches for
Improved Antibacterial Performance
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Introduction of CH; & CO, Direct Conversion Project for Carbon
Neutrality in the Petrochemical Industry

Ho-Jeong Chae
Korea Research Institute of Chemical Technology
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Catalyst development for PFOA removal in air jet-plasma
catalysis system

Choe Earn Choong'? Min ]angl’z*
'Plasma Bioscience Research Center (PBRC),’Kwangwoon University

Perfluorooctanoic acid (PFOA) has attracted enormous attention and has been used extensively in fire-fighting
foams, water-resistant products, and paint. Importantly, PFOA is highly persistent with chemical and biological
resistant properties, and it was found in different environmental media, including soil, water bodies, wildlife, and
human beings [1]. Up to date, the available water treatment technologies via adsorption or oxidation were
ineffective for PFOA removal. Pseudo-photocatalysis driven by a UV-VIS range of light sources produced from
air-jet plasma is a new approach toward improving reactive oxygen species (ROS) formation for water
remediation. Herein, a lanthanum cobalt metal oxide-based catalyst was prepared via the sol-gel method and
further doped with a different ratio of cerium oxide (La-Co-Ce) for PFOA removal in an air-jet plasma system.
As a result, the combination of catalyst and air-jet plasma system significantly improved the PFOA removal
performance, and the synergy between the air-jet plasma and catalysts was obtained. In addition, the doping of
cerium oxide on lanthanum cobalt oxide significantly improved the reactive species formation, photocurrent
density production under a UVA light source, charge transfer properties, and conductivity. This is attributed to
the formation of surface defects in the cerium oxide and lanthanum cobalt oxide interface. In addition, the
scavenger experiments showed that the hydroxyl radical and hydrated electrons play an essential role in PFOA
removal in air-jet plasma catalysis. In addition, the intermediate species of PFOA were traced using LC/MS/MS.
Hence, this work provides new insight into the developments of plasma catalysts applied in the air-jet plasma
system for water remediation.

Keywords: PFOA, plasma-catalysis, photocatalysts, jet plasma
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Effective conversion of post-consumer polyethylene terephthalate
using deep eutectic solvents

Geon-Soo Ha, Kwang Ho Kim’
(kwanghokim@kist.re.kr ")
Clean Energy Research Center, Korea Institute of Science and Technology, Seoul 02792, Republic of Korea

To achieve a sustainable and circular economy, developing effective plastic recycling methods is essential. Here,
an efficient glycolysis strategy for post-consumer polyethylene terephthalate (PET) using a deep eutectic solvent
(DES) as a highly active catalyst to produce terephthalate (BHET) was developed under mild conditions. The
ChCI-Zn(OAc),-containing solvent system afforded a complete PET conversion, producing BHET at a high
selectivity (91.6%) under optimal conditions. The degradation mechanism of PET and its interaction with DESs
were systematically investigated using density functional theory-based calculations. Furthermore, an intuitive
machine learning model with reasonable accuracy was developed to predict the PET conversion and BHET
selectivity for different DES compositions. Our findings demonstrate that the DES-catalyzed glycolysis of
post-consumer PET could enable the development of a sustainable chemical recycling process, providing insights
to identify the new design of DESs for plastic decomposition.

Keywords: Polyethylene terephthalate; Glycolysis; Deep eutectic solvent; Bis(2-hydroxyethyl) terephthalate;
Density functional theory.
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Polyaniline-modified cathode electrode enhances acetate production
from CO, in microbial electrosynthesis

Eunseo kim', Minsoo Kim', Da Seul Kong', and Jung Rae Kim' "
*Jung Rae Kim (.kim@pusan.ac.kr)
School of Chemical Engineering, Pusan National University, Busan, 46241, Korea.

Microbial electrosynthesis (MES) for CO, conversion and utilization has recently been spotlighted as a
technology for the production of high-value chemicals (i.e., acetate) [1]. Electron uptake of microorganisms
through extracellular electron transport system and cathode material is crucial in MES’s acetate production from
CO; [2]. Here, we developed a polyaniline (PANI) electrodeposited graphite felt (GF) electrode for enhancing
acetate production in MES. The high biocompatibility and high conductivity of PANI promote biofilm formation
by increasing the interfacial interaction between the cathode and electroactive microorganisms. The
electrochemical properties of PANI/GF were analyzed through cyclic voltammetry (CV). The physicochemical
properties of PANI/GF are analyzed by Field Emission Scanning Electron Microscope (FE-SEM), SEM-EDS
(Energy Dispersive X-ray Spectroscopy), FT-IR (Fourier Transform Infrared Spectrometry), Raman spectroscopy,
Total protein assay method using BCA. In the last cycle of a total of 3 cycles, the PANI/GF produced higher
acetate production (61.8 g/m2cat/day) than the unmodified GF (41.6 g/m2cat/day). The specific capacitance (Cp)
that the PANI/GF (0.018 Fg-1) was 8.7 times higher than that of the unmodified GF (0.002 Fg-1). These results
indicated that PANI/GF electrodes enhance the microbes—electrode interaction, extracellular electron transfer, and
performance of MES. Physicochemical and electrochemical analyzes compared to unmodified GF showed that
PANI/GF electrodes promoted the formation and enrichment of electroactive biofilms. These results demonstrate
that PANI/GF is a promising cathode material for MES.
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Photo-plasma catalyst system development and mechanism
investigation for simultaneous iron and manganese removal
in aqueous phase

So Yeon Yoon'?, Choe Earn Choong'? and Min Jang"*

'Kwangwoon University, *Plasma Bioscience Research Center

Generally, heavy metals such as iron (Fe) and Manganese (Mn) are naturally present in water sources, including
groundwater. However, Fe(Il) and Mn(II) can cause color and metallic taste in water sources, even in trace
amounts (> 0.1 mg L™). Moreover, consuming high levels of Mn(II) contaminated water can cause chronic
poisoning, liver damage, and neurological damage, such as Parkinson’s disease. Moreover, the aqueous Mn(II)
co-present with Fe(Il) is considered difficult to remove. Hence, efficient technology for removing Fe(Il) and
Mn(II) is needed. Conventional technologies such as oxidation using chlorine (Cly), ozone (Os), or potassium
permanganate (KMnO,) have been applied for the removal of Fe(Il) and Mn(Il) [1]. However, these
technologies have the limitations like high operation costs and energy consumption. Thus, the development of
energy-efficient technology for heavy metal removal is required. In this study, a photo-plasma catalyst system
was developed to enhance simultaneous Fe(Il) and Mn(II) removal. The introduction of LED and granular
cerium (Ce) mixed oxide catalyst effectively improved Mn(II) removal from 10% to 97%. Moreover, the
photo-plasma catalyst system enhanced Mn(Il) removal performance for the long term since the light-response
property of the catalyst led to a higher generation of reactive oxygen species (ROS). Scavenger experiments
were conducted to investigate ROS's contribution toward Fe(Il) and Mn(II) removal in a photo-plasma catalyst
system. Moreover, the physicochemical properties of granular mixed oxide catalysts were examined via
characterization such as photocurrent, electrochemical impedance spectroscopy (EIS), Mott-Schottky (MS),
ultraviolet-visible diffuse reflectance spectrophotometry (UV VIS-DRS), and electron spin resonance (ESR)
analysis. Further, the applicable potential of the photo-plasma catalyst system was also evaluated by continuous
experiments using synthetic acid mine drainage (AMD), which contained high concentrations of Fe(II) and
Mn(ID).
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1. Therdkiattikul, N., Ratpukdi, T., Kidkhunthod, P., Chanlek, N., and Siripattanakul-Ratpukdi, S.
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analysis using synchrotron-based techniques,” Scientific reports., 10(1), 13391 (2020).

2. 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).



38

CT-A6

Membrane-based sustainable technology for molybdenum recovery
from industrial wastewater

Ramesh Kumar®, Chengjia Liu®, Soon-Ho Cho?, Byong-Hun Jeon®’

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

Many industrial manufacturing processes inevitably generate various types of wastewater from different sources
enriched with precious metals; however, most of the resources are not recovered without a specifically designed
treatment system due to technical and economic limitations . Technological developments for the resource
retrieval (e.g., water, energy, and valuable metals) from industrial or domestic wastes need a paradigm shift by
replacing the present 3-R concept, i.e., Recycle, Reuse, and Recovery with a new P-R-R concept, i.c.,
Partition-Release-Recover using a membrane-based hybrid system . Membrane separation technology is an
emerging technique that has the potential to be environmentally friendly, economically feasible, technologically
advanced, operationally flexible, and capable of waste valorization . A membrane-assisted hybrid system has
been proposed to separate and recover molybdenum from potential industrial wastewater. A crossflow membrane
(hollow fiber) module of ultrafiltration and nanofiltration (NF) membranes was used to reduce the total dissolved
solids concentration and retain the molybdenum (>95%) from wastewater. The system was operated in a
concentrated mode to increase the molybdenum concentration from 1.2 g/L to 10 g/L while reducing >90% of
the initial volume (250 L) using the VNF-1 NF membrane. The concentrated molybdenum solution was
recovered as high-purity ammonium molybdate precipitates using ammonium salt in acidic conditions, which was
subsequently converted into industrial useful molybdenum trioxide compound by thermal decomposition (500
°C). The membrane-based system promotes the circular economy by regenerating and reusing valuable resources
from industrial wastewater.

Keywords: Wastewater, Waste resources, Membrane-based hybrid system, Molybdenum recovery, Circular
economy
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Toxicity assessment of heavy metal induced water contamination based
on simplified oxygen consumption measurements using
nitrifying bacteria bioassay

Suleman Shahzad', Woo-Chang Kang', Anup Gurung', Syed Ejaz Hussain Mehdi',
Aparna Sharma!, Min ]angz, Sang-Eun Oh! ”

'Department of Food Biotechnology and Environmental Sciences, Kangwon National University, 1
Gangwondaehakgil, Chuncheon-si, Gangwon state, Republic of Korea
’Department of Environmental Engineering Kwangwoon University, Kwangwoon-ro, Nowon-gu, Seoul,
Republic of Korea

The high sensitivity of nitrifying bacteria (NB) to inhibition by various toxicants has positioned it as an
alternative bioassay for water toxicity assessment. The technique is based on inhibition of oxygen consumption
resulting from the inhibition of nitrification in the presence of toxicants. Oxygen Consumption by nitrifying
bacteria was used as the endpoint for toxicity assessment. Measurement of oxygen consumption was obtained
using the lubricant glass syringe methodology and used as a proxy for toxicity detection. The concentration of
heavy metals causing a 50% decrease in the oxygen consumption activity of NB was 3.68 mg/L Ag', 4.88 mg/L
As®', 2430 mg/L Cd*', 1.2 mg/L Cr*, 2.56 mg/L Cu®*, 1.97 Hg*', and 19.74 mg/L Pb*". The decreasing order
of inhibitory effect on the NB bioassay was Cr®"; Hg*', Cu®, Ag’, As’", Ni*', Pb*" and Cd*’ respectively.
Because of its simplicity, short processing time, and the highly reproducible data obtained, the compared to
conventional nitrification assays, the developed procedure can be adapted for field toxicity testing and can
replace contention nitrification assays that demand complex instrumentation and test procedures.
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Artificial neural network modeling of divalent manganese oxidation
kinetics during chlorination: Role of arsenic(IIl)

Zigiao Liao', Yongtae Ahn'? Byonghun Jeon'*
'Department of Earth Resources and Environmental Engineering, Hanyang University, 222-Wangsimni-ro,
Seongdong-gu, Seoul 04763, Republic of Korea
*Department of Civil & Energy System Engineering, Kyonggi University, Suwon 16227, Republic of Korea

Abstract

This study investigated the coexistence and contamination of manganese (Mn(Il)) and arsenic (As(Ill)) in
groundwater and examined their oxidation behavior under different pH, bicarbonate concentrations, and NaClO
oxidant conditions (. The results showed the reduction of As(IIl) could be achieved within one minute with a
high oxidation rate of 99.7%. The removal of As(IIl) was preferred over Mn(II). The oxidation reaction between
As(Ill) and NaClO leads to the release of H' ions thus a decrease in the removal efficiency of Mn(Il).
Moreover, the kinetic studies revealed that the oxidation reaction between Mn(II) and NaClO followed first-order
kinetics , with R’ values greater than 0.950. The training and validation data sets yielded R’ values of 0.995 and
0.992, respectively. Moreover, the ANN model highlights the importance of pH and NaClO concentration in
influencing the oxidation rate of Mn(II).
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Understanding Surfactant-free microemulsions based on the
Kirkwood-Buff theory and dielectric behaviors

Seungmin Seo, Dongho Yoo, Seung-Wan Song, Tae Jun Yoon’
Chungnam National University, 99, Daehak-ro, Yuseong-gu,

Daejeon, Republic of Korea, 34134

Surfactant-free microemulsion, also known as detergent-less microemulsion, is a class of fluid mixtures that
spontaneously form micro-heterogeneous structures [1]. Since it does not require excessive surfactants, the
surfactant-free microemulsion has excellent potential to be used as a green solvent for chemical reactions and
separations. However, understanding how such a heterogeneous mesoscale structure evolves is still elusive [2].
In this talk, we combine theoretical and experimental methods for the characterization of the surfactant-free
microemulsions to explore the thermophysical properties and local structural characteristics of hydrotrope-
containing systems, which contain water, 2-propanol (hydrotrope), and n-hexane (oil) [3]. We measured
volumetric and dielectric properties to elucidate the relationship between the structural features and the
mechanical/dielectric responses. Then, the obtained experimental data and thermodynamic models were used to
calculate the Kirkwood-Buff integrals.

Both experimental measurements and theoretical calculations suggest that 2-propanol, a hydrotrope that is fully
miscible with both water and hexane, plays a vital role as an amphiphilic molecule (hydrotrope) in stimulating
the formation of inhomogeneous domains in these binary and ternary systems. Specifically, the Kirkwood-Buff
integrals between 2-propanol aggregates, 2-propanol/water aggregates, and 2-propanol/n-hexane aggregates work
as order parameters for understanding the microheterogeneity in this ternary system. The dielectric constant is
also found to help detect where the micro-heterogeneous structure forms. It works as a sensitive order parameter
to characterize the solvation behavior of water and 2-propanol in the microemulsion domain. All these results
suggest that both the Kirkwood-Buff theory and dielectric behavior can be utilized as a reliable theoretical
method to understand when and where the surfactant-free microemulsion is formed in other
hydrotrope-containing systems, which are both academically and industrially important.
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Effect of reaction conditions on the catalytic activity of
Pd/C catalysts for phenol hydrogenation

Hayoon Park?, Ye Eun Kim'?, Jungho Jae* and Man Sig Lee"
'Ulsan Division, Korea Institute of Industrial Technology
ZSchool of Chemical Engineering, Pusan National University

*Department of Chemical and Biological Engineering, Korea University

It is important to produce fuels and chemicals from lignocellulose which is a biomass. Phenol is a material
produced from lignin in lignocellulose. Hydrogenation of phenol produces cyclohexanone and cyclohexanol.
They are industrially very important materials because they are used as raw materials in the synthesis of nylon
6 and nylon 66. Among various noble metal catalysts, Pd/C is known to be the most active for hydrogenation
of phenol. Phenol hydrogenation mainly takes place between phenol chemisorbed on the carbon support and
hydrogen activated on the Pd metal. Also hydrogenation of phenol requires harsh conditions because the reaction
is difficult under mild conditions. Therefore, it is important to proceed with the reaction under relatively mild
conditions. In this study, the catalytic activity was evaluated with commercial 5 wt% Pd/C catalysts for phenol
hydrogenation under various reaction conditions. After the reaction, the catalysts were recovered and reused. The
Pd/C catalysts were characterized through FE-SEM, TGA, Nj-physisorption, XRD, FT-IR, and
CO-chemisorption. As a result, it was confirmed that the catalyst properties and conditions such as solvent,
hydrogen pressure, reaction time, and reaction temperature affect the catalytic activity.
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Decarboxylation of Hydroxybenzoic Acids using Biocompatible
Deep Eutectic Solvents

Da Hae Oh'?, Jungkyu Choi', Kwang Ho Kim*
"Department of Chemical and Biological Engineering, Korea University, *Clean Energy Research Center,
Korea Institute of Science and Technology
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Development of Perovskite Structured Catalysts for
Efficient Air Pollutants Removal

Rasika Mane!, Heesu Kim', Kyungwon Han!, Hyungjin Kim!,
Chanmin Lee?, Yukwon Jeon!
YYonsei University, Department of Environment and Energy,
Research Institute of Clean Manufacturing System, Korea Institute of Industrial Technology

Air pollution is widely known to cause social problems (e.g. health problems, agricultural damage,
economic effect) [1]. The removal techniques of air pollutants have been advancing forward rapidly due to the
fast development of related technologies. Among them, catalytic converter of the air pollutants such as CO,
NOx, particulate matter (PM) and hydrocarbons is nowadays used, especially in the transportation field, due to
its high removal performance [2]. At present, the main solution to deal with this problem is that the use of the
Diesel Particulate Filter (DPF) to remove these pollutants periodically. However, these only be burnt off by
oxidization at over 600 °C. Under typical engine operating conditions, the use of oxidative catalysts in DPF not
only reduces the soot emission but also other exhaust gases. Therefore, it is on progress to explore effective
catalyst materials, meeting the strict exhaust gas regulations.

Perovskite structured materials (ABOs) are widely considered as materials in a wide range of fields.
Perovskite oxides have recently been exploited as catalysts because of their high intrinsic activity and thermal
stability with great coke/sulfur resistance [3]. As catalysis taking place on the surface, metals have been
generally loaded on to the surface of a carefully designed support. Therefore, it is important to design an
appropriate perovskite structure from the variations of A and B to fit these cations well into the lattice. By
tailoring the perovskites, the activity can be tuned by a substitution of active metals as cations into the B site
of the perovskite frameworks, and exsolution as nanoparticles onto the surface [4-5]. These novel catalyst
features provide great distribution and unique morphology, which affects catalytic performance. In addition, In
addition, the strong metal-support interaction helps to prevent metal sintering under certain reaction conditions
for the various catalytic applications.

Z 7S]

1. Koo, J.H., Kim, J., Lee, Y.G., Park, S.S., Lee, H., Cho, Y., Kim, J., Choi, K., Lee, T., “The implication of
the air quality pattern in South Korea after the COVID-19 outbreak” Sci. Rep., 10, 22462 (2020).

2. Dey, S., Mehta, N.S., “Automobile pollution control using catalysis” Res., Environ. Sustain., 2, 100006
(2020).

3. Hwang, J., Rao, R.R., Giordano, L., Katayama, Y., Yu, Y., Shao-Horn, Y., “Perovskites in catalysis and
electrocatalysis” Science, 358, 761-756 (2017).

4. Jeon, Y., Kwon, O., Lee, C., Lee, C., Myung, J., Park, S., Irvine, J., Shul, Y., “Positional influence of Ru
on Perovskite structured catalysts for efficient H2 production process by heavy-hydrocarbon source” Appl.
Catal. A-Gen., 582, 117111 (2019).

5. Kothari, M., Jeon, Y., Miller, D.N., Pascui, A.E., Kilmartin, J., Wails, D., Ramos, S., Chadwick, A., Irvine,
J.,, “Platinum incorporation into titanate perovskites to deliver emergent active and stable platinum
nanoparticles” Nat. Chem., 13, 677-682 (2021).
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A Study on the Possibility of Using Insect Lipids to Produce
Hydrotreated Bio-fuels

Jung Hee Jang, Gi Bo Han, Ji Eun Lee, Hyun Sung Jang,
Yang Yeongcheol!, Park Yeonggyu'
Institute for Advanced Engineering, Korea Beneficial Insects Lab.
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1. Park J et al.,, "Biodiesel production from the black soldier fly larvae grown on food waste and its fuel
property characterization as a potential transportation fuel”, Environmental Engineering Research, 27(3),
200704 (2021)

2. Nam J et al., “Current Status and Future Prospects of the Insect Industry as an Alternative Protein Source
for Animal Feed”, Journal of the Korean Society of Food Science and Nutrition 2022; 51(5): 395-402
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Solid dispersion of CNT agglomerates in the gas-solid
fluidized beds

= 1 =1
s, °lsd
1 .
Yot 8 i

2 Ao A= 7IA- A FsSolA 25 53 ONT SHAIE9 axial W3Fe] A EAMA+=E &
04’6‘}@11} CNT S HA+= Hat) = 242 4 m, particle density 160 kg/m3 o] Geldart A A2} G-AFSE 75
S X o]+= agglomerates®} Ht ) 365 4 m, particle density 249 kg/m3 ©]™ Geldart B ¢} #}9} -F-AF8t 75
< EO]—‘: agglomerates 2(CNT-N, CNT-L)& A5}t Hl1LE 9]5}9] particle density 7} 2,500 kg/m3 ©]
] Zh7Eo] st =7 55 4 m, 112 4 m<l glass beads A} 25(GB-55, GB-112)& AF&-3}%c}h AEL 1
740] 0.10 m, s=°]7} 1.0 m ¢] cylindrical }=L = columno]| 4] %7] S30] 0.22 m & AL}, FARFS

2 EE 0.07 cm $=0]9] resistance heater”} 4}¢] %l horizontal tubeE 41Q] $- power supplyS &3 €2 44

SHA &35F3t) Steady-stateo]] =2 gF 2 tube = FE| 0.01, 0.11 m o)) A X% thermocouple?] &+=5 =
Joto] axial WoFo] AEAMAIGE AlAFSLGITE Glass bead U AfollA] LA EAMA = FHEETE unE
% 3}3}o]  bubbleo] HFAYSF= bubbling regime®. i AT T FASHA A5SFth Glass beads9]
homogeneous regimes] 5= 1759l FAglo] gleste DAL de U s v
CNT-3- A ©] homogeneous regimeo|| A= <57t S7Feko] whet AAEibAlG=7F S 7Fal AL, whebA]
bed Wo] QIAHEOl £A91S Hu B Esl SRS SA900) o Bl SHelsiach
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1. Lee, G. S., and Kim, S. D., “Axial mixing of solids in turbulent fluidized beds”, The Chemical Engineering

Journal., 44(1), 1-9 (1990).
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Design of circulating fluidized bed reactor for DME carbonylation to
MA using FER catalyst

[i Young Nam, Woo Chang Sung, Dong Hyun Lee’
School of Chemical Engineering, Sungkyunkwan University

SpAolRe] Al 9 Sz Qlal, A Pekatel ek EAloh Al sl e 1ok FEwaL gleh
Cl-&ta dns =3 osk2 A4S CCUS (Carbon Capture Utilization and Storage) 7|4 = sfut=, th7]
T COy Hi=TF 7Haho] 7] ojgbeh. ofgha2 S F-of 9lsto] dua ARE-E WUl ofy e}, o}kl Fofof

AHslol DI A3 390 B2 LISS! L) s320] 25 Lin t skl TS o
B8-S A7 gHeti e o alEcl A Eojgor], e ATHE W AlEER ls] A ors
o] A= s dsly] Y TA7IAREE Z=71A & DME (Dimethyl Ether)@} MA(Methyl Acetate)S &85 }
= w7 YZ0] AHotE et (Wang et al. [2], Jung and Bae [3]). W|#]4< % DME carbonylation to MA
(CH;0CH;+CO—CH;COOCH;)-2 zeolite-based ferrierite &1l 7} AFEE| 31, =2 2 oA ZHujo] w245}

7b A A== ZAE ek dtelM e YIS Asl &= %%% E5 ahAdureul o) A
e Al Adsh=s $AS Ak vkl AAE fIRt o vk W A YL fes W

(D=1 inch)o]| Al a5}t HF-S &= A= 1143 HES-7](1D.=3/8 inch)ol| A &%=, ¢Fd, SV(space

R 1=
velocity), “12]31 CO9J #-912 W42 AYsE Ayghs Efi=2 A4Eshol ) FER Fuje] =255l Al
o] =dstd EAo st ¢l4t+= L-valve =2t 35 (bubbling bed 1.D.=0.08m, riser 1.D=0.009m, riser
height: 26m)°ﬂ*1 skt 2 A5 Sl FER 9] 24 vhg 9 fA 3 20S SFHskal 212

=
=
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1. Liu, G., Yang, G., Peng, X., Wu, J., and Tsubaki, N., “Recent advances in the routes and catalysts for
ethanol synthesis from syngas,” Chemical Society Reviews 51, 5606-5659 (2022).

2. Wang, C. et al., “Direct Conversion of Syngas to Ethanol within Zeolite Crystals,” Chem 6, 646-657 (2020).

3. Hyun Seung Jung, J. W. B., “Effects of metal oxide promoters on Cu-ZnO-Al203 for one step DME
conversion to ethanol by carbonylation and successive hydrogenation.,” Catalysis Today 424, 114302 (2023).
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Hydrodynamics of pressurized fluidized bed reactor using
CPFD simulation

Woo Chang Sung', Jun Young Kim!, Dong Hyun Lee!
Sungkyunkwan University

= A= L2 1% 55 We7] WES Eehd 54 Computational particle fluid dynamics
(CPFD) simulation2- 0]%8}0% 259t 952 HF-3-7] o) A|+= Dimethyl ether (DME) carbonylation to
methyl acetate (MA) Kl “=345}% 31, DME carbonylation to MA HF-3-9] W3- A0 A 3f oL o] Ay}
= 0]-83}9t}. CPFD 51mu1at10n4 Bl 52 95l mesh size independent testE <283 A1} 1053007]
o)AF9] cell (ZF cell®] 7]+ 14 mm x 1.4 mm x 1.8 mm)o|| A Aa}gko] 4239t CPFD simulation2-
E 3] edo]Z DME conversion Z21}2} A152 &35 Ao]Z] DME conversion Z21}5 B3-S o, 5% o] <]
Q25 H Ity E3F CPFD simulations: ©]-83f AAE 9529 & =0]2} correlationS: ©]-8-35}o] of| =3t
S0l AT dak Qo ek Fatamel Sl ueh S W bubkeo] ¢ ol 3498
simulationS F5] Shelgt 4= AT, Eak xpe] Fukeo] e S BT An FLI4wo] 2]
o whah bz FANA o WA Ao, 2 3
gast= back mixingo] SAEHA ool $4%9h W . Bhdmel] Auele] 44ohs SIS Bl

o}

2nEH

1. Kim, S. W., Jung, H. S., Lee, W. B., Bae, J. W., and Park, M. J., "Process modeling of syngas conversion
to ethanol and acetic acid via the production of dimethyl ether and its carbonylation." Korean Journal of
Chemical Engineering, 39(12), 3204-3213 (2022).

2. Geldart, D., “Expansion of Gas Fluidized Beds.” Ind Eng Chem Res., 43, 5802-5809 (2004)
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Selectively edge oxidized graphene to achieve highly dispersible
graphene flakes with pristine graphene properties

Yonghyun Lee, and Chang-Ho Choi"
'Department of Chemical Engineering, Gyeongsang National University, Jinju 52828, Korea

Graphene possesses exceptional properties including high electron mobility and remarkable mechanical, chemical,
and thermal characteristics. Therefore, graphene has garnered numerous interest for various applications in
industrial sectors. However, the application of graphene into the industrial domain remains challenge due to its
non-dispersibility to solvents and difficulty of achieving scalable graphene production. Herein, we propose a
selective edge-oxidizing (SEO) approach of graphene to enhance the dispersibility of graphene in various
solvents while retaining the graphene properties. The remarkable dispersibility and properties of the
SEO-graphene is demonstrated by preparing a highly concentrated aqueous dispenser printing ink (103 g/L)
without any additive. Additionally, the SEO-graphene can be directly dispersed into an epoxy resin and
PEDOT:PSS solution, resulting in the fabrication of reinforced epoxy resin and highly transparent and
conductive film, respectively. Notably, the resulting graphene films are dried at room temperature. The
SEO-graphene will promote the industrial applications of graphene, unlocking its wide utilizations in various
fields.
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Utilization of Desalination Wastewater to CCUS and Lithium Extraction
for Carbon Neutrality

Jonghun Lim!, Sunghyun Cho*?
Green Materials & Processes R&D Group, Korea Institute of Industrial Technology, 'Department of Chemical and
Biomolecular Engineering, Yonsei University,
*School of Chemical Engineering, Clean Energy Research Center, Jeonbuk National University
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1. Cho, S. et al, “Novel process design of desalination wastewater recovery for CO2 and SOX utilization”,
Chem. Eng. J., 433, 133602 (2022)

2. Choi, W. et al, “Performance prediction and evaluation of CO2 utilization with conjoined electrolysis and
carbonation using desalinated rejected seawater brine”, Desalination, 50, 115068 (2021)

3. Lee, H. et al, “Novel lithium production process using desalination wastewater and waste heat from natural
gas combined cycle”, Energy Convers Manag, 292, 117396 (2023)

4. Lim, J. et al, “Novel carbon-neutral hydrogen production process of steam methane reforming integrated with
desalination wastewater-based CO2 utilization”, Desalination, 548, 116284 (2023)

5. Li, Z. et al, “Continuous electrical pumping membrane process for seawater lithium mining”, Energy Environ
Sci, 14, 3152-3159 (2021)

6. Cho, S. et al, “Multi-objective optimization of explosive waste treatment process considering environment via
Bayesian active learning”, Eng Appl Artif Intell, 117, 105463 (2023)
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Optimization Model for Plastic Waste Sorting: Evaluating the
Integration of Economic and Environmental Factors

Yuchan Ahn'
Keimyung University, Department of Chemical and New Material Engineering
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1. Nakatani, J. et al., “Variability-based optimal design for robust plastic recycling systems.” Resour. Conserv.
Recycl., 116, 53-60.(2017).

2. Lim, Jonghun, et al. "Optimal strategy to sort plastic waste considering economic feasibility to increase
recycling efficiency." Process Saf. Environ. Protect., 165, 420-430.(2022)
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Analysis of membrane contactor based CO, capture using various
solvents via predictive modelling and simulation

Boram Gu'
!School of Chemical Engineering, Chonnam National University

Gas-liquid membrane contactors for carbon capture are anticipated to yield lowered initial expenses and energy
usage when contrasted with traditional absorption techniques'. This can be attributed to the increased contact
surface per unit volume and enhanced mass transfer inherent in hollow fibre membrane contactors. These
benefits enable the exploration of a broad range of solvents’. Additionally, their internal configuration must be
meticulously crafted to facilitate effective interaction between gas and liquid phases, promoting efficient mass
transfer at the interface. This investigation involves the development of a predictive model for CO, capture
using membrane contactors, encompassing both module-level mass transfer and absorption, as well as
process-level absorption efficiency. This model facilitates the examination of how diverse solvents and
operational parameters influence absorption effectiveness across different contactor designs. Notably, the findings
underscore that the design of the contactor itself and the rates of solvent flow play a pivotal role in governing
mass transfer, while heightened solvent concentration correlates with increased extent of absorption.

R

1. Lee, Y., Park, Y.J., Lee, J., Bae, T.H., “Recent advances and emerging applications of membrane contactors”,
Chem. Eng. J. 461 (2023).

2. Shirazian, S., Taghvaie, A., Id, N., Heydarinasab, A., Ghadiri, M., “Theoretical investigations on the effect
of absorbent type on carbon dioxide capture in hollow-fiber membrane contactors”, PlosOne (2020).
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Advanced Method for Adsorbent Selection in Biogas Upgrading
Pressure Swing Adsorption Processes with Novel Isotherm Fitting
Algorithm Bridging Molecular and Process Simulations

Seongbin Ga'
!School of Chemical Engineering, University of Ulsan

This work introduces a novel method for adsorbent selection, geared towards identifying the most suitable
adsorbents for the pressure swing adsorption (PSA) process used in biogas upgrading. The method incorporates
a unique algorithm for isotherm fitting, tailored for both molecular and process simulations. By addressing the
computational challenges inherent in adsorbent selection, this algorithm efficiently narrows down the most
effective adsorbents from a vast pool of candidates. When integrated with PSA process simulations, our
approach delivers a practical evaluation, offering quantitative metrics for assessing the efficacy of different
adsorbents within a PSA framework for biogas enhancement. To demonstrate the utility of our proposed
technique, we employed the Computation-Ready, Experimental Metal-Organic Frameworks (CoRE MOF)
database, selecting the top 10 metal-organic frameworks (MOFs) from a pool of over 10,000. Notably, our
innovative algorithm facilitated a 65.5% reduction in computational resources solely for the derivation of the
adsorption isotherm curves, which subsequently informed our biogas upgrading PSA process simulations. Beyond
its immediate application, we anticipate that our method will significantly benefit not only the optimization of
biogas production as a viable alternative energy source but also the adsorbent selection processes across various
research domains.

1. Yousef, A. M., El-Maghlany, W. M., Eldrainy, Y. A., and A. Attia, “Assessment of the energy consumption
of the biogas upgrading process with pressure swing adsorption using novel adsorbents,” J. Clean. Prod., 101,
251-261, (2015)

2. Demir, H., Cramer, C. J., and Siepmann, J. 1., “computational screening of metal-organic frameworks for
biogas purification,” Mol. Syst. Des. Eng., 4(6). 1125-1135, (2019)

3. Ga, S., An, N,, Joo, C., and Kim, J., “pyAPEP: an all-in-one software package for the automated preparation
of adsorption process simulations,”. 108830, Comput. Phys. Commun., (2023)

4. Ga, S., Jang, H., and Lee, J. H.,"New performance indicators for adsorbent evaluation derived from a reduced
order model of an idealized PSA process for CO2 capture,” Comput. Chem. Eng., 102, 188-212, (2017)
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Development of CO, and air pollutants recovery process
using seawater bittern

Hyungtae Cho"’, Junghwan Kim? Jaewon Lee!, Yup Yoo'?, Jonghun Lim"?
'Green Materials and Processes R&D Group, Korea Institute of Industrial Technology, Republic of Korea
’Department of Chemical and Biomolecular Engineering, Yonsei University, Republic of Korea

In salt production, a large amount of seawater is wasted causing the environmental problem. However, since the
seawater bittern mainly composed of valuable metal ions such as K" and Mg*" which can react with sulfate and
carbonate ions and thus it can be used to capture the air pollutants. In this work, we developed a seawater
bittern recovery process using a novel microbubble scrubber (MBS) for air pollutants utilization. To design the
proposed system, a process model is developed based on the experimental results for the employed MBS. The
suggested process comprises the following four procedures: (1) metal ion separation for KOH and Mg(OH),
production, (2) CO, capture using the produced KOH, (3) SOy and NOy capture using the MBS, and (4)
sulfurization and carbonation using the generated Mg(OH),. Moreover, the MBS maintains a high mass transfer
efficiency environment by generating microbubbles, making emissions more readily react with alkaline
components. As a results, the suggested process can achieve high capture efficiency of air pollutants. In
addition, the MBS can simplify the complex and cost-intensive processes such as scrubbers and absorbers by
simultaneously reducing air pollutants, it can increase the overall economic feasibility.

References

1. Yoo, Y. et al, “Seawater bittern recovery system for CO, , SOx and NOx removal using microbubble
scrubber”, Desalination, 558, 116612 (2023).

2. Lim, J. H. et al, “Design of novel seawater bittern recovery process for CO, and SOy utilization”,
Desalination, 540, 115995 (2022).

3. Yoo, Y. et al, “Method for measuring bubble size under low-light conditions for mass transfer enhancement
in industrial-scale systems”, Int. Commun. Heat Mass Transf., 140, 106525 (2023).
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Fundamental modeling and optimization of series fluidized bed
furnaces in hydrogen reduction steelmaking process

Hui Won Lee!, Sang Hwan Son!
"Pusan National University, School of Chemical and Biomolecular Engineering
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Design and study of methane high purity VPSA (Vacuum Pressure
Swing Adsorption) system through carbon dioxide adsorption in biogas
for carbon neutrality

J[aeChul Shin, Jae Myung Lee, Minju Lee, Shin Dong Kim
E&Chem Solution Corp.
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Development of Fischer-Tropsch synthesis catalyst technology for the
production of carbon neutral fuels (e-fuels)

Min Hye Youn, Geun Bae Rhim, Kwang Young Kim, Dong Hyun Chun*
Carbon Conversion Research Laboratory, Korea Institute of Energy Research
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Development of Pd/AlL,O; composite membrane technology for
clean hydrogen production for carbon neutrality

Chang Hoon Jung'*

"Hygen Energy
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Development trend of ammonia-based clean hydrogen
production technology

Unho Jung*, Kee Young Koo, Yongha Park
Korea Institute of Energy Research
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Study on catalytic conversion of CH; and CO, as greenhouse gases by
using Ni-based catalysts

i Bong Joo'
"Department of Chemical Engineering, Konkuk University
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Production of Bio-aviation Fuels Not Prepared from Lipids
and Alcohols

Jeong-Myeong Ha
Clean Energy Research Center, Korea Institute of Science and Technology
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Deoxygenation of dimethyl terephthalate (DMT) under atmospheric
pressure over single-metal catalyst supported by y-Al,O;

Syarif Hidayaﬂ, Thuan Anh Vo', Jae-Rak Jeon!, Jinsoo Kim?%, 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.

Deoxygenation of dimethyl terephthalate (DMT) model compounds as part of a waste fiber treatment has
proceeded with tetralin as a hydrogen donor solvent for deoxygenation into hydrocarbons. The process employs
a highly efficient and stable y-Al,O; supported metallic catalyst. A series of metallic catalysts (M = Ni, Co, Fe,
and Cu) were prepared by the incipient wetness impregnation method. The reactions for the deoxygenation of
model compounds were examined in both fixed-bed reactor (FBR) and microtubing reactors (MTR) to gain
insights into the reaction mechanism and product attributes during the deoxygenation of DMT. The
deoxygenation at 400 °C and 0.1 MPa performed in both FBR and MTR, 20 wt.% Ni/y-Al,O; gave higher
DMT conversion ( > 90%) and benzene yield (32.51 %) in MTR and 20 wt.% Fe/y-Al,O; gave higher DMT
conversion (90%) and hexamethyl benzene yield (34.47 %) in FBR. The experimental results revealed that under
conditions of 400 °C and 0.1 MPa, 20 wt.% Fe/y-ALL,Os, 20 wt.% Ni/y-ALL,Os, 20 wt.% Co/y-AL,Os, and 20 wt.%
Cu/y-Al,O; promoted the selectivity liquid phase comprising aromatic hydrocarbon compounds (benzene, toluene,
ethylbenzene, p-xylene, and hexamethyl benzene) as well as oxygenated compounds (methyl ester benzoic acid
and 2-propylphenyl ester-benzoic acid) in FBR. The application of 20 wt.% Fe/y-Al,Os, 20 wt.% Co/y-Al,Os,
and 20 wt.% Cu/y-AL,O; at 400 °C and 0.1 MPa in the MTR resulted in the primary formation of aromatic
compounds (benzene and toluene), along with oxygenated compounds (methyl ester benzoic acid and
2-propylphenyl ester-benzoic acid). Conversely, the use of 20 wt.% Ni/y-Al,O; predominantly facilitated the
production of aromatic hydrocarbons as the main products, with no detection of oxygenated compounds.

Reference

1. QK. Tran, H.V. Ly, B. Kwon, S.S. Kim, J. Kim., “Catalytic hydrodeoxygenation of guaiacol as a model
compound of woody bio-o0il over Fe/AC and Ni/y-ALOs catalysts,” Renew. Energy. 173, 886-895 (2021).

2. QK. Tran, S. Han, H.V. Ly, S.S. Kim, J. Kim., “Hydrodeoxygenation of a bio-oil model compound derived
from woody biomass using spray-pyrolysis-derived spherical y-Al,0;-SiO; catalysts,” J. Ind. Eng. Chem. 92
243-251 (2020).

3. Z. Gao, B. Ma, S. Chen, J. Tian, C. Zhao., “Converting waste PET plastics into automobile fuels and
antifreeze components,” Nat. Commun. 131 1-9 (2022).
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Development of Pd supported on bead-type carbon catalysts for
furfural hydrogenation

Gangmin Kim"?, 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

In the industrial application, researchers have shown an increasing interest in shaping catalyst-powder into pellet
or bead forms. Shaping of catalysts is primarily used due to its feasible separation, handling, and recovery,
resulting reduction of the volumetric ratio of catalyst in the industrial scale. In this study, bead-type supports
were prepared by alginate gelation process. Various carbon materials including activated carbon (AC), carbon
black (CB), carbon nanotube (CNT) and carbon nanofiber (CNF) were used as supports to investigate the effect
of carbon materials for bead-type Pd/C catalyst. The catalysts were prepared by chemical reduction method. The
physicochemical properties and stability of bead-type Pd/C catalysts were investigated and catalytic activity was
evaluated via hydrogenation of furfural (FF). The results showed that the physical and structural properties of
carbon highly affected the physicochemical properties of bead-type Pd/C catalysts. The Pd/CB-AB catalyst
showed the highest catalytic activity with FF conversion of 99% and tetrahydrofurfuryl alcohol (THFAL)
selectivity of 92%. CB supported bead-type catalysts showed the high exposure amount of carbon on the
catalyst surface, attributed to its fine particle size. (Ying Ma et al. [1]) This property enhanced active site of Pd
metal, leading to the higher metal dispersion. In addition, the larger pore volume enhanced catalytic activity
through facilitating the mass transfer. We suggested that the type of carbon support affected the physicochemical
properties of bead-type Pd/C catalyst.

References

1. Ying Ma, Lu Feng, Z. Guo, J. Deng, C.P. Huu, and Y. Liu, “Palladium supported on calcium decorated”,
Front. Chem., 7, 751 (2019)

2. X. Qiao, L. Niu, H. Zhang, X. Wen, Y. Cao, and G. Bai, “Controllable fabrication of a novel porous,” Appl.
Catal., 218(5), 721-730 (2017)
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Modulating the polymerization degree of TMPS using Argon Jet
plasma for high electrolytic production of H,O,

Reneesha Valiyaveettil Basheer?, Choong Choe Earn? and Min ]ang*l'2
'Kwangwoon University, 2Plasma Bioscience Research Center (PBRC)

The global need for H,O, is increasing rapidly, and it reached about 5.5 billion in the year 2022 due to the
unlimited uses of H,O,, including the textile industry, paper bleaching, organic/inorganic chemical synthesis,
disinfectant, and water treatment processes 12. The anthraquinone process is energy-consuming and has a high
CO, footprint. As the global need is more focused on green energy, process like electrolysis is necessary. With
varying degrees of polymerization of poly-TMPS, we have tried to make a carbon felt (CF) electrode containing
a silane group initiated by polymerization through Argon jet plasma from the Trimethoxyphenylsilane (TMPS).
The optimized condition for the TMPS loaded CF produced an H,O, concentration of 271.6 mg L' h! and
obtained stable production of H,O, at about 18477.83 mg L™ for five continuous cycles within 6 hours. Various
characterization tests, including electrochemical tests, were conducted to further investigate the performance of
optimized loading of TMPS on CF for electrolytic H,O, production.

Keywords: Electrolysis, H,O, Production, Plasma treatment, Polymerization

Reference
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approaches for catalytic H202 production”. Chem. Soc. Rev. 49(18), 6605-6631 (2020).

2. Lu, Z., et al., "High-efficiency oxygen reduction to hydrogen peroxide catalysed by oxidized carbon
materials". Nat. Catal., 1(2), 156-162 (2018).
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Production of Hydrogen from Spent Coffee from
Steam Gasification using Ni/Zr,Ce;O,

Haneul Shim, Jimin Sim, Yasin Khani, Behzad Valizadeh, Young-Kwon Park*
School of Environmental Engineering, University of Seoul
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Odorous volatile organic compounds (VOCs) deteriorate the quality of life and affect human health. In this
study, a process was developed to remove an odorous VOC using a combined non-thermal plasma (NTP) and
wet scrubber (WS) system. The low removal efficiency of WSs and the large amount of ozone generated by
NTP were resolved. Compared to the decomposition effects when using a WS and NTP separately, the NTP +
WS system improved the removal efficiency of ethyl acrylate (EA) and significantly reduced ozone emissions.

The maximum EA removal efficiency was 99.9%. Additionally, an EA removal efficiency of over 53.4% and
a 100% ozone removal efficiency were achieved even at discharge voltages lower than 4.5 kV. Ozone catalysis
was confirmed to occur in the NTP + WS system. Furthermore, we verified the removal of by-products such
as residual ozone and formaldehyde, which is a representative organic intermediate of EA. This study

Non-thermal plasma application for VOC removal

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

demonstrates that the NTP + WS system is a green technology for removing odorous VOCs.
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Advancing Sustainable Hydrogen Production: Synergistic Integration of
Oxy-fuel Combustion and Water Electrolysis for
Blue Hydrogen Generation

Seunggwan Yun'?, Hyungtae Cho', Junghwan Kim” and Jaewon Lee"

'Korea Institute of Industrial Technology, *Yonesi university

Blue hydrogen is attracting attention as an intermediate stage towards achieving environmentally sustainable
green hydrogen production. However, conventional blue hydrogen production processes entail energy-intensive
operations for carbon capture and storage, resulting in suboptimal process efficiency. In parallel, prevalent
hydrogen production routes, namely steam methane reforming (SMR) and electrolysis, yield surplus waste heat
and byproduct oxygen, respectively. To address these challenges, this study introduces an oxy-fuel
combustion-centered blue hydrogen production strategy, seamlessly integrating fossil fuel-derived hydrogen
synthesis with electrolytic processes. The proposed strategies encompass SMR coupled with solid oxide
electrolysis cell (SOEC) and SMR combined with proton exchange membrane electrolysis cell (PEMEC), SMR,
SOEC, and PEMEC serving as benchmarks for comparative analysis.

Within the proposed frameworks, the oxygen generated by the electrolyzer is harnessed for oxy-fuel combustion
within the SMR process, leading to a flue gas primarily composed of CO, and H,O, thereby facilitating facile
CO, separation through condensation. Additionally, capitalizing on the residual heat generated during SMR, a
sophisticated heat recovery mechanism is implemented, channeling waste heat to elevate the temperature of feed
water for the electrolyzer. This synergistic integration significantly enhances the overall process efficiency. A
comprehensive evaluation encompassing techno-economic analysis, sensitivity assessments, and life cycle
greenhouse gas (GHG) analyses was undertaken to gauge the viability and efficacy of the proposed approaches.

Outcome measures underscored that the SMR+SOEC configuration exhibited unparalleled thermal efficiency
(85.2%) and exergy efficiency (80.5%), surpassing the performance metrics of the standalone SMR process
(78.4% and 70.4% for thermal and exergy efficiencies, respectively). Furthermore, the SMR+SOEC variant
demonstrated the most favorable levelized cost of hydrogen (LCOH) at 6.21 USD/kgH,. Remarkably, the
SMR+SOEC configuration also exhibited the lowest life cycle GHG emissions, solidifying its environmental
merit. In summation, the proposed SMR+SOEC concept emerges as a promising technological stride, poised to
facilitate the transition from gray to green hydrogen domains.
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Development of wrinkled silica-based catalysts by controlling the
surface properties for furfural hydrogenation

Ye Eun Kim "? Kwan-Young Lee’ and Man Sig Lee'
'Ulsan Division, Korea Institute of Industrial Technology (KITECH)
’Department of Chemical and Biological Engineering, Korea University

The mesoporous silica, including MCM-41, KIT-6, and SBA-15, is evident in various applications such as the
drug delivery, catalysis, and CO, adsorption, dye-sensitized solar cells. Among these, wrinkled silica (KCC-1)
has remarkably have been gained a great interest due to accessibility to the inner surfaces, high porosities, and
uniquely ordered branched structures. Although several syntheses of wrinkled silica using the sol-gel method
have been reported, these mainly focus on controlling the morphologies and surface properties by using different
templates, co-solvents, reaction temperatures, and times. In this study, we developed the controllable synthesis of
wrinkled silica by varying the amounts of templates and co-solvents, aiming to achieve precise control over its
morphological features. Moreover, we have modulated the surface properties by introducing and regulating the
specific functional groups and dopants. With the developed wrinkled silica, a series of Pd/KCC-1 catalysts were
prepared and the catalytic activity was evaluated through furfural hydrogenation under mild temperature. Our
results highlight that these morphology and surface properties of supports have an important role in catalysis.
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Maireless-Torres, P., “Tailoring the selectivity of Cu-based catalysts in the furfural hydrogenation reaction:
Influence of the morphology of the silica support”, Fuel, 319, 123827 (2022).

2. Hao, P., Peng, B., Shan, B.-Q., Yang, T.-Q., Zhang, K., “Comprehensive understanding of the synthesis and
formation mechanism of dendritic mesoporous silica nanospheres”, Nanoscale Adv., 2, 1792 (2020).

SH=EAEYT|&ste| 20230 £ &3] U Skalls



CT-G4

Development of Alkali-modified FAU zeolite as highly selective
adsorbent to separate unreacted trace amounts of NHj;
in ammonia decomposition for hydrogen production

Hyeok-Sang Ryu'?, Jung-Ho Jae? and Dong-Ha Lim' *

Green Materials & Process R&D Group, Korea Institute of Industrial Technology, Ulsan, Korea'
Division of Chemical and Biomolecular Engineering, Pusan National University, Korea’®

Recently, as efforts to achieve the carbon neutral goal of net greenhouse gas emissions zero by 2050 are
accelerating globally, hydrogen energy is emerging as the key to realizing a carbon neutral society. Hydrogen
has a high energy density and can store a lot of energy in a small volume, but due to the limitations of
hydrogen liquefaction technology, ammonia has recently been imported as a representative hydrogen carrier [1].
In particular, ammonia decomposition is an environmentally friendly hydrogen production process in which
nitrogen and hydrogen are produced [2]. However, residual ammonia in the product gas through ammonia
decomposition must be removed to finally produce high-purity hydrogen.

In this study, unreacted residual ammonia is selectively separated through a high-performance selective adsorbent
to simplify the separation process. An alkali-modified FAU zeolite as adsorbent was synthesized to selectively
adsorb a small amount of unreacted ammonia, and the prepared adsorbent was characterized and evaluated for
adsorption and desorption performance. And the performance of synthesized adsorbent, such as regeneration,
mass transfer and breakthrough curve, was evaluated by a lab-scale R-PSA device, and the feasibility of
commercial PSA was confirmed by bench-scale swing adsorption including a pressure equilibration step.
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Ministry of SMEs and Startups (MSS, Korea) and Development and demonstration of on-board marine debris
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Development of CO, Absorbents and Thier Application
to Novel Process

Hojun Song, Hyun Sic Park, Sun Yup Hwang, Jo Hong Kang, Kwanghwi Kim,
Hyunji Lim, Juhee Son, Jieun Kim
Green Materials & Processes R&D Group, Korea Institute of Industrial Technology
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A Study on the Possibility of Using Ca Source in Industrial
By-products for Mineral Carbonation

Hyun Sic Park’, Heejun Kim'? Sungmin Jung’, Jo Hong Kang'?,
Sun Yup Hwang', Hojun Song'
'Korea Institute of Industrial Technology, *Yonsei University, *Inje University
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Development of High Ion Conductivity & Air-Stability Solid Electrolyte
Manufacturing Technology for Electric Vehicles

Yeong Jun Choi', Yun Ji Hwang', Mingyu Son' Sun-I Kim' and Taehyo Kim'"
'Green Materials and Processes R & D Group, Korea Institute of Industrial Technology,
Ulsan 44413, Republic of Korea

Lithium-ion batteries (LIBs) have many advantages due to their high potential for providing efficient energy
storage and environmental sustainability. However, the most of LIBs pose a risk of ignition and explosion
because of flammable organic liquid electrolyte. All-solid-state batteries with solid electrolyte (SE) without
flammable components have emerged as a next-generation alternative battery and solution for this issue. Among
SEs, LigPSsCl solid electrolytes with argyrodite structures are attracting attention due to their ability to
synthesize materials of various compositions through element substitution. Nevertheless, It has to overcome the
limit of SEs such as low ionic conductivity compared to liquid electrolytes and the generation of toxic gases by
reacting with moisture in the air. In this study, we have demonstrated the argyrodite solid electrolytes with
enhancing ionic conductivity and air stability by doping with Al, Sb, and O triple dopants.

The Lis4Alg1P094Sbo0sS4550015Cl1 3 electrolyte showed excellent air/moisture durability and high ionic
conductivity. Especially, Al atom can be enhanced the ionic conductivity ability, and the strong Sb-S and P-O
bonds improved the air stability. These findings represent significant progress in developing safe and
high-performance all-solid-state batteries.
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Antibacterial composite materials made with Cu,O nanoparticles

Siwoo Lee, Jeong Yeon Park , Tae Jong Jang and Youngbok Ryu’
Green Materials & Process Group, Korea Institute of Industrial Technology (KITECH),
Ulsan 44413, Republic of Korea

A lot of research has been done on copper-based nanoparticles due to their excellent antimicrobial activity. The
antibacterial composite materials used in this investigation were made with Cu,O nanoparticles. In order to
enhance dispersion of Cu,O nanoparticles in the polymer matrix, various capping agents that prevent aggregation
have been applied to their surfaces. The composite nanoweb was created via electrospinning, and twin-screwed
compounders were also used to create the masterbatch and their film. Because of the polarity of the polymer
used in each method, the suitable capping agent differed. In electrospinning using the polar polymer
Polyvinylidene fluoride, the PVP sample displayed the best dispersion stability. PEG exhibited the maximum
dispersion stability in the film, which was made from the non-polar polymer polypropylene. To compare the
antibacterial activity of composite materials, the colony-forming unit (CFU) was counted and evaluated by using
dry medium film method.
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Role of CeO, in promoting the spillover in CO oxidation reaction over
platinum nanoparticle-supported CeO, catalyst

Eunwon Lee, Jacha Lee, Sungha Hwang and Do Heui Kim'

School of Chemical and Biological Engineering, Institute of Chemical Processes, Seoul National University,
Seoul 08826, Republic of Korea

CeO; has been extensively studied as a support material for platinum group metals because of the high catalytic
activity of CeO»-supported catalysts in oxidation reactions. In particular, it has been reported that the Pt/CeO,
catalyst exhibits high CO oxidation activity after reductive treatment, thereby lowering the temperature of 50%
CO conversion to 150 C or less. Such high activity of Pt/CeO, has been attributed to the formation of active
sites at the interface between the Pt nanoparticles (NP) and CeO, surface. In this study, we attempt to deepen
our understanding of the catalytic activity of Pt/CeO, by studying the spillover of CO and O species at the
interface. Combined kinetics and in situ CO-diffuse reflectance infrared Fourier transform spectroscopy studies
reveal that CO spills over from Pt NPs to the CeO, surface; this contributes to circumventing Pt poisoning by
CO at low temperatures. Moreover, the CO oxidation activity of the Pt/CeO, catalyst was considerably enhanced
by simply mixing CeQO, particles with the Pt/CeO, catalyst. This is explained by the formation of more reactive
O atoms on the CeO, surface after the reductive treatment. This study demonstrates that understanding the
dynamic mobility of reactants is vital for discerning catalyst activity and designing more reactive catalysts.

CO; 0 activation promoted by

physically mixed CeO,
CO spillover ?? ? ? GEaH
s 39 0
T S u /\ _ ‘/ q Diffusion
Jf:l:":l'& CeO,
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Demineralization of micropollutants by PMS activation through
electro-assisted dielectric barrier discharge (DBD) plasma

Nurhaslina Abd Rahman'?, Choe Earn Choong'?, Min Jang'?*

'Kwangwoon University, *Plasma Bioscience Research Center (PBRC)

Peroxymonosulfate (PMS) is a strong oxidizing agent (E” = 2.5-3.1 V) that needs to be activated to enhance its
ability to demineralize pollutants by generating reactive species. Various activation methods, such as heating,
ultraviolet, activated carbon, electrolysis, and plasma, can greatly improve the decomposition of PMS to produce
free radicals [1]. In this study, we focused on investigating the PMS activation by electro-assisted DBD plasma
for demineralizing clofibric acid (CA), a pharmaceutical compound, in the aqueous phase. The electrode was
prepared with conventional carbon felt (CF) coated by LaCeOy (namely CF-LaCeOy) and LaCeOx-Ni (namely
CF-LaCeOy-Ni) through co-precipitation method followed by calcination. The CA removal kinetic rate constant
(k) is CF-LaCeOx-Ni > CF-LaCeOx > CF. Especially, CF-LaCeOx-Ni shows the best performance in
electrocatalysis (k=0.06 min") and electro-DBD plasma-catalysis (k=0.47 min') 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. Kinetic, scavenging tests and ESR analyses have
been conducted to investigate the PMS activation mechanism. Moreover, SEM, XRD, and XPS were performed
to investigate the catalyst characterization. The synergistic factor of electro-plasma-PMS was 3.87. The
scavenger experimental results revealed with a sequence of ®OH (k=0.02 min™) > 'O, (k=0.05 min™) > €O,
(k=0.07 min") > ¢ (A4=0.09 min) > H,O, (k=0.12 min") for CA abatement. The results showed that the
electrocatalytic DBD plasma-enhanced PMS activation might be an effective approach for wastewater treatment.

Keywords: Clofibric acid, pharmaceutical micropollutant, electro DBD-plasma, demineralization, PMS
Reference

[1] Long, L., et al., A novel strategy for promoting PMS activation: Enhanced utilization of side reactions.
Separation and Purification Technology, 2022. 297: p. 121432.
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Potential CO adsorbents based on Heteroatom-doped Materials for
Effective Trace CO Removal

May Zaw Win'!, Ji Hye Park?, Wathone Oo}, Kwang Bok Yi*'
'Graduate School of Energy Science and Technology, Chungnam National University
’Department of Chemical Engineering Education, Chungnam National University
*cosy32@cnu.ac.kr

The development of efficient carbon monoxide (CO) adsorbents from abundant carbon sources remains
constrained, highlighting the need for uncomplicated methodologies to enhance the crucial CO adsorption
properties of CuCl with improved oxidation resistance . In this study, the doping effects of heteroatoms,
namely nitrogen and boron, were explored on the fabrication of functional carbon-based supports through a
straightforward pyrolysis, using chitosan, urea, boric acid, and KOH as precursors materials. The benefits of
employing N-doped carbon support for impregnating CuCl were defined as the enhanced dispersion and
immobilization of Cu'" ions. This, in turn, resulted in high CO adsorption uptake ~33 cm?¥/g at 100 kPa, with
87% retention of adsorption stability after a 30-day air exposure. Unexpectedly, surface basicity arising from
N-doping effect contributed to a low CO/CO, selectivity of 1.1 at 100 kPa, even at 30 wt% Cu'’-impregnation.
To address this, we introduced a new potential application of B, N co-doped carbon as CO,-repelling support
to prepare CO adsorbent with higher CO/CO; selectivity, preventing the excessive use of costly CuCl. With the
constant 30 wt% Cu''-impregnation, additional loading of B as 5 wt% on N-doped carbon support enhanced
CO/CO; selectivity, from 1.1 to 2.6 at 100 kPa. This improvement originated from the repulsion between acidic
B species and CO,. Notably, the influence of this co-doping was most pronounced at a low adsorption-pressure~
0.4 kPa, resulting in a remarkable CO/CO, selectivity rise to a maximum of 79. This observation underlined the
usefulness of B, N co-doping in creating practical CO adsorbents for the effective removal of trace CO (1-3%)
present in reformate streams to produce clean H, fuel.

References
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Optimization of the preparation method to CuFe;O, catalysts in the
high temperature water-gas shift reaction
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Clean hydrogen production from the single-stage water-gas shift
reaction over bimetallic Pt-Co-CeO, catalysts synthesized
by direct chemical reduction method

Jong-Hoon Han', Seon-Yong Ahn' and Hyun-Seog Roh"’

. . ]
Yonsei University

The single-stage water-gas shift reaction (single-stage WGSR) has been carried out at gas hourly space velocity
(GHSYV) of 36,050 mL/g*h over CeO, supported bimetallic Pt-Co catalysts. The synthetic procedure was varied
to achieve highly dispersed dual active sites consisting of Pt and Co, enhancing the intrinsic catalytic activity
of these dual active sites in the single-stage WGSR. The Pt-Co dual active sites were supported on CeO,
through both a co-impregnation method (Pt-Co/CeO;) and a direct chemical reduction method using NaBH, as
the reducing agent (Pt-Co-CeO,). Furthermore, the Co loading was optimized to maximize the synergistic effect
of Pt and Co in the catalyst synthesized by the direct chemical reduction method. The 2Pt-3Co-CeO, — DCR
catalyst, synthesized by the direct chemical reduction method with optimized synthesis parameters (i.e., Pt/Co
ratio = 0.67 and addition of surfactant), showed the highest CO conversion and CO, selectivity. This result is
mainly due to the SMSI resulting from the enhanced synergistic effect between Pt and Co. The influence of the
synthetic procedure on catalytic performance has been investigated through various characterization techniques
and correlated with the catalytic activity results in the single-stage WGSR.
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Trend of catalytic methane decomposition for hydrogen production
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Ammonia-air combustion characteristics and nitrogen oxide control
under pressurized conditions
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1. Lee T, Guahk YT, Kim N, Lee H, Lee MJ., “Stability and emission characteristics of ammonia-air flames
in a lean-lean fuel staging tangential injection combustor", Combust Flame, 248, 112593 (2023)
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Nickel nanoparticles supported on magnesium silicate MWW
molecular sieve as efficient catalyst for dry reforming of methane

Sungjoon Kweon, Min Bum Park*

Department of Energy and Chemical Engineering, Incheon National University, Incheon 22012, Korea
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Figure 1. (a) Powder XRD patterns, (b) Mg 2p XPS spectra of Ni/Mg-DML-x (x = 100-180 °C) and
Ni/ITQ-2, (c) CO,-TPD profiles of Mg-DML-x (x = 100-180 °C) and ITQ-2, and (d) CH4 (closed) and CO,
(open) conversions of Ni/ITQ-2 and Ni/Mg-DML-100, 160, and 180 in DRM reaction as a function of time
on stream at 700 °C and 60,000 cm’g. 'h™' GHSV.
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1. Huo, M., Li, L., Zhao, X., Zhang, Y., Li, J., "Synthesis of Ni-based catalysts supported on nitrogen-incorporated SBA-16
and their catalytic performance in the reforming of methane with carbon dioxide," J. Fuel. Chem. Technol., 45(2), 172-181
(2017).
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Effect of Alumina Binder on Impregnation of Platinum-Yttrium
Catalyst into Hierarchical MFI Zeolite Pellet for Propane
Dehydrogenation

Jeong-Chul Kim'"
!Center for Nanomaterials and Chemical Reactions, Institute for Basic Science (IBS), Daejeon

Catalytic dehydrogenation of propane to propylene is one of the most important petrochemical processes. In the
propane dehydrogenation (PDH) reaction, platinum-yttrium (PtY) nanoparticles supported on a siliceous form of
mesoporous MFI zeolite were recently found to exhibit excellent PDH catalytic performance [1]. The key
strategy in the synthesis was to use zeolites with plenty of silanol nests on the mesopore wall, which allowed
the yttrium to exist as single atomic species that can be easily reduced into a metallic state. The resulting
PtY/zeolite catalyst exhibited high catalytic activity and propylene selectivity with a dramatic improvement in
catalyst durability, due to the intermetallic L1, structure.

For the industrial implementation of zeolite-supported PtY alloy catalysts, it is essential to shape the powder
catalysts into industrially-relevant forms to avoid pressure drop in industrial reactors. The shaping of zeolite
catalysts can be achieved by high-pressure pelletization using inorganic binders, which are added to increase the
mechanical strength of the zeolite. Careful optimization of the pelletization process is considered necessary to
minimize the detrimental variation in catalytic properties. However, research on the effects of different
pelletization parameters has rarely been reported.

In the present work, we investigated the effects of pelletization on the catalytic performance of mesoporous MFI
zeolite supported with bimetallic PtY alloy catalyst in the PDH reaction [2]. The catalytic performance was
analyzed in terms of surface acidity and metal location in PtY/zeolite pellets with different binders
(pseudoboehmite, hydrotalcite, and fumed silica). The results were discussed in comparison with the catalytic
performance of the unshaped catalyst.

References

1. Ryoo, R., Kim, J., Jo, C., Han, S. W,, Kim, J.-C., Park, H., Han, J., Shin, H. S., and Shin, J. W., “Rare-earth
—platinum alloy nanoparticles in mesoporous zeolite for catalysis”, Nature, 585, 221-224 (2020).

2. Kim, J.-C., Lee, J.,, Han, S. W., Park, H., Park, H., Park, J. Y., and Ryoo, R., “Influence of catalyst
pelletization on propane dehydrogenation over hierarchical MFI zeolite supported with platinum-yttrium
nanoparticles”, Micropor. Mesopor. Mater., 357, 112610 (2023).
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Water repellent fluorine or methyl functionalized MOFs for
CO; capture under humid conditions

Su-Kyung Lee*
Research Group of Nanocatalysts, Korea Research Institute of Chemical Technology (KRICT),

141 Gajeong-ro, Yuseong, Daejeon 305-600, Republic of Korea

The selective capture of CO, in humid conditions on Metal-Organic Frameworks (MOFs) is challenging due to
competitive adsorption of H,O and CO, on the active sites. Herein, water repellent moiety, fluorine or methyl
groups are introduced on MOFs. Three strategy to carry out this were applied. Firstly, amine and fluorine
co-functionalized MIL-101(Cr) was synthesized and evaluated for use as CO, adsorbent to overcome this issue.
MIL-101(Cr)-NH2-F0.5 was prepared using a mixed-ligand strategy, and contains 2.9% nitrogen and 0.5%
fluorine while maintaining the MIL-101(Cr) structure. Secondly, equimolar methyl and nitro functionalized
CAU-10 was synthesized, and evaluated as CO, adsorbent. Finally, microporous fluorinated carbons derived
from Zn-perfluoro MOF are prepared, and their adsorption performance in high humidity is presented. How
these CO, adsorbents work under humid condition is presented.

References
1. Li, G., Xiao, P., Webley. P., Zhang. J., Singe. R., Marshall. M., "Capture of CO, from high humidity flue
gas by vacuum swing adsorption with zeolite 13X," Adsorp., 14, 415-422 (2008).
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Forecasting Solar Power Curtailment with Deep Learning

Saeideh Khakzadkelarijani and J. Jay Liu"
'Department of Chemical Engineering, Pukyong National University, Busan, Republic of Korea

Renewable energy production has rapidly increased due to the escalating demand for clean and sustainable
energy in recent years. However, the rapid spread of Renewable energy sources (RES) has resulted in an
oversupply or excess of renewable energy in power systems, causing an independent system operator (ISO) to
curtail RES generation to maintain the security of power systems. These curtailments cause huge green energy
losses. Therefore, forecasting the curtailment of RES helps more accurate planning and operation of power
systems to utilize RES more effectively. This study aims to forecast solar power curtailment by training
historical data using Long-Short Term Memory (LSTM). The LSTM is a recurrent neural network (RNN)
architecture commonly used in deep learning. As it captures long-term dependencies, it is ideal for sequence
forecasting tasks, such as solar power curtailment forecasting. This problem is a multivariate forecast problem
with eight features and one target. The features are the power generation of wind, solar, other renewables (i.e.,
geothermal, biomass, biogas and small hydropower), large hydropower, thermal, nuclear units, imported power,
and load demands. The target is Solar power curtailment. The methodology involves data preparation, creating
input-output sequences, train-test split, training the model, evaluating its performance, tuning hyperparameters,
and deploying the model for prediction.
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Thermogravimetric characteristics and kinetics of cattle manure

Jae-Rak Jeon', In-Jun Hwangl, Thuan Anh Vo', Jinsoo Kim?, 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

Cattle manure (CM) is considered biomass resource, but it contains pathogens or viruses that can have a
harmful effect on humans or animals to be used as fertilizer. Thermalgravimetric characteristics of CM was
carried out before and after the acid washing to see the effect of inorganic materials on pyrolysis. The original
CM exhibited rapid decomposition between 250 and 400 °C, while the acid-washed CMs decomposed mainly
between 250 and 450 °C. These temperatures ranges are attributed of decomposition such as hemicellulose,
cellulose, and lignin, which are the main components of cattle manure biomass. The pyrolysis kinetics of CM
was carried out in a micro-tubing reactor, and reaction rate constants were calculated by the comparison of
experimental data and kinetic model. In the case of raw CM, a gas formation from B (Liquid) to C (Gas)
occurred mainly in 375 ~ 425 °C, however, the main reaction pathway was the oil formation from A (Biomass)
to B (Liquid) in an acid-washed CM. CO and CO, were the main products in gas, and liquid products were
mainly phenol compounds such as phenol, 2-methoxy phenol, and 4-ethyl-2-methoxy phenol.

Reference

110

1. Park, J. W., Heo, J., Ly, H. V., Kim, J., Lim, H., and Kim, S.-S., “Fast pyrolysis of acid-washed oil palm
empty fruit bunch for bio-oil production in a bubbling fluidized-bed reactor,” Energy, 179, 517-527 (2019).

2. Ly, H. V., Kim, S.-S., Kim, J., Choi, J. H., and Woo, H. C., “Effect of acid washing on pyrolysis of
Cladophora socialis alga in microtubing reactor,” Energy Convers. Manag., 106, 260-267 (2015).

3. Ly, H. V., Choi, J. H., Woo, H. C., Kim, S.-S., and Kim, J., “Upgrading bio-oil by catalytic fast pyrolysis
of acid-washed Saccharina japonica alga in a fluidized-bed reactor,” Renew. Energ., 133, 11-22 (2019).
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Synthesis of biodisel using NaOH/ 7 -Al,O; catalysts
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Demonstration of biodiesel manufacturing process from
Nepalese Jatropha seed

Minseok Sim', Seunghee Lee', Yehee Kim', Rajendra Joshi’, Jong-Ki Jeon'*"
'Dept. of Chemical Engineering, Kongju National University
“Resource Recycling Research Center, Kongju National University
’Dept. of Chemical Science and Engineering, School of Engineering, Kathmandu University

Jatropha Curcast= 413 0 & 4] 9] 7}~
FE A7) gt Eet, 2

A7F eBR g o 5} vlalske] Apgjo] gt
sheko] 47.25% A= L¢7l wfjZof whol e el YAkE 9
ojth, §7te} &AIZFAL] HjEeko] Al 9l A Abslo A A AR O|REE) A%
2 Z29st7] ¢l vrolegA R Hshi= A7) ERbs] X E| Al Qlt}. Jatropha oilof =
fatty acid, FFA)2] 9}5fo]| szof Moo AH 23} gk A }&g L ondy] *uﬁg} ‘ITF'/] 2 uuL}
& skl S 24 daAzl

= o= 1T

oL ol

X ©
)

192{0 i ot >
L
B
g
o lo O;
=
=
oo 12 02 8

A
A 2 € Jatropha R|OS do] Y ‘?ﬂ-i—ﬂE 0]-8-3} o] —T—%é 11] FFA oLak_J /EH\_% 213f
Soof s ] AR S0l Amberlyst-158 A-gske] 18] B0l of 228t W% sl
Zuljo] Ao & A7}ES W3 Jatropha 0111_} 7] Zujj2l dolomite bead 1= /\}%OJ- 20
N AH| 23} HHS-S 2135le] vlo| o] AL A x5}tk WS AF S nIE batch reactorES A}
S L, Hojo|AE| 2 S & AR OJ Hlo] @ ] AS Gas Chromatography (GCO)E 3l 43
shich. ol Axat vloler S st WAlo] Agslo] J1E olng SHlsior

=

g

riﬁ op off
o 2 o ki

ﬂﬁoﬂoﬁi

SHRAAT|ESE| 2023WE 7 &3] U a3

sl

2

P 4o o
st
HU of

1o ol
ol

-

.

(

AL @ 2 = olo ol
o

1% o

e

{
|

~
>,

¢



PA-5

Vanillin hydrodeoxygenation over bifunctional Ru/HZSM-5 catalysts
implemented in a biphasic system

Hyungjoo Kim', Seungdo Yang', Yong Hyun Lim', Jeong-Myeong Ha’,
Jae Hyun Park', and Do Heui Kim"

1School of Chemical and Biological Engineering, Institute of Chemical Process, Seoul National University, 1,
Gwanak-ro, Gwanak-gu, Seoul, 08826, Republic of Korea,
’Clean Energy Research Center, Korea Institute of Science and Technology (KIST), Seoul 02792, Republic of Korea

Efforts have been made throughout the years to both reduce the costs for treatment of increasing biowaste and
find an alternative green energy source at the same time through the production of bio-oil. However, to utilize
bio-0il, an oxygen removal process called hydrodeoxygenation (HDO) is required to obtain fuel-range
hydrocarbons. In order to simplify the process, HDO of the model phenolic monomer vanillin was chosen to
investigate the deoxygenation behavior of various oxygen-containing functional groups widely seen in the diverse
mixture of oxygen-rich hydrocarbons present in bio-oil. Complete HDO of vanillin to yield cycloalkanes was
performed in a n-octane/water biphasic system using bifunctional Ru loaded HZSM-5 catalysts of different
properties. A range of metal loadings (0.1, 0.5, 1, 3, and 5 wt.%) and SiO2/Al203 ratios (Si02/A1203=23, 300)
were implemented in the catalysts for comparison alongside varying reaction conditions. Both the reaction
pathway and product distribution were influenced by the metal/acid balance of the catalysts. Higher metal/acid
ratio promoted Caryl-C cleavage reaction, resulting in an increase in cyclohexane yield. Synergetic effect of
metal and acid sites was observed in the bifunctional catalyst, attaining as high as 40-fold increase of metal
efficiency in the ring hydrogenation reaction, compared to catalyst solely relying on metal sites. The effect of
solvent composition was also evaluated, revealing that the presence of water promoted the overall HDO reaction.
By balancing metal/acid and introducing an appropriate solvent system, an efficient catalytic system with
minimized carbon loss and improved metal efficiency for vanillin HDO was obtained.
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Hydrogenation of Polycyclic Aromatic Hydrocarbons over Transition
Metal Catalysts supported on Silica material Catalysts
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Efficacy of formic acid treatment against Spent coffee grounds as
Pd catalysts support

Hye Jin Song"?, Ye Eun Kim'®, Panseong 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

Spent Coffee Grounds (SCGs) consist of 50% polysaccharides, 20% lignin, and 20% protein and other
nitrogenous compounds. In addition, there are phenolic compounds comprising chlorogenic acid, protocatechuic
acid, melanoidin and tannins. Due to the high carbon content of SCGs, studies on the application of SCGs to
biochar or activated carbon have recently been reported. In order to obtain carbon with a high yield, removal
of nitrogenous compounds such as proteins and melanoidins other than carbon from SCGs to prevent tar or ash
formation is required. Formic acid exhibits high solubility in lignin and protein[1, 2]. Herein, we studied the
removal of residual impurities and modification of SCGs with various concentration of formic acid solution.
SCGs treated with formic acid were converted into activated carbon through a pyrolysis process in an air
atmosphere. Then, a series of Pd/SCGs catalyst was synthesized through a chemical reduction method using the
treated SCGs. The activity of the prepared catalysts was evaluated by furfural hydrogenation and compared to
that of a commercial Pd/C catalyst. As a result, the Pd/SCGs catalyst showed similar activity to commercial
catalysts, confirming the possibility of using SCGs as a catalyst support. The SCGs studied showed high surface
area composed of micropores, which is a promising option for the raw material of activated carbon.

1. Qiao, H., et al., "In-depth investigation of formic acid pretreatment for various biomasses: Chemical
properties, structural features, and enzymatic hydrolysis." Bioresource Technology, 374, 128747, (2023).

2. Hirano, A., et al., "The solubility of N-acetyl amino acid amides in organic acid and alcohol solutions:
Mechanistic insight into structural protein solubilization." Int. J. Biol. Macromol., 178, 607-615, (2021).
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Effect of leaching processes on the leaching of
lithium from anhydrite

Dong Hwan Cheon ?, Ye Eun Kim ?, Jung Ho Jae 2 Man Sig Lee r

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

Nowadays, the rapid growth of the electric vehicle market has further accelerated the demand for lithium used
in lithium ion batteries (LIBs). [1] Lithium is mainly stored in lithium deposits such as ore, brine, and sea
water. [2] While ore remains the predominant source due to its higher lithium concentration (32-65 ppm)
compared to brine and seawater (0.17-0.2 ppm), the effective extraction is still challenging.[3] In this study, the
effect of different leaching processes on the extraction of lithium from ore comprising anhydrite and lithium was
investigated. Initially, the effects of roasting with Na,SO, and Na,CO; were investigated. Then, the extraction
was conducted in water leaching using a magnetic stirrer, autoclave, and high shear mixer. To confirm
extraction efficiency of lithium, ICP-MS, UV-Vis, XRD, and XRF were conducted. As a result, it was observed
that the roasting of ore with Na,CO; was more efficient compared to Na,SO4. This enhancement in lithium
leaching efficiency was attributed to a substitution reaction, wherein the formation of Li,CO; led to a higher
solubility. This led to a higher lithium leaching efficiency.

References

1. Yang, Y. et al., “A process for combination of recycling lithium and regenerating graphite from spent
lithium-ion battery”, Waste Manage., 85, 529-537 (2019)

2. Ming et al., “Lithium extraction from hard rock lithium ores (spodumene, lepidolite, zinnwaldite, petatlite):
Technology, resources, environment and cost”, China Geol., 6(1), 137-153 (2023)

3. Murodjon, et al., “ Lithium recovery from brines including seawater, salt lake brine, underground water and
geothermal water” Thermodynamics and Energy Engineering, 90371 (2020)
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Stabilization of aqueous Zn metal anode by hydrophilic PVA and
PVP layer

Minhyeok eon!, Yena Lee', Junhee Cho', Jiwon Lee!, Pil Rip Jeon', Ji Hyun Um"
"Department of Chemical Engineering, Kongju National University

Aqueous Zn batteries have been attracting attention due to their high safety and low cost. However, several
issues on the Zn metal anode, such as inhomogeneous Zn deposition and dissolution leading to dendrite
formation, including corrosion and hydrogen evolution, impede the development of aqueous Zn batteries. Surface
modification to have hydrophilic nature is known as one of the ways to increase the stability and lifespan of
Zn anode[1,2]. In this study, to improve the stability and efficiency of Zn metal anode, we design the surface
layer composed of poly vinyl alcohol (PVA) and poly vinyl pyrrolidine (PVP) with rich hydrogen groups. The
PVP is further intended for the strong adhesion of organic layer toward Zn metal[3]. The effects of hydrophilic
mixed layer of PVA and PVP on the dendrite formation, corrosion, and hydrogen evolution are discussed.
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Stabilization of aqueous Zn metal anode by
hydrophilic PEG coating layer
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"Department of Chemical Engineering, Kongju National University
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Stabilization of aqueous Zn metal anode using dopamine
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Seed effect of electrodes for uniform Zn deposition
in aqueous zinc batteries
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Dendrite suppression effect in aqueous zinc batteries
using 3D open structure design
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"Department of Chemical Engineering, Kongju National University
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Advancing Lithium-Ion Battery Materials: Aluminium
nanoparticle-assisted seaweed based separator

Chan Woo Park!, and Kwang Se Lee*
"Decontamination & Decommissioning Research Division, Korea Atomic Energy Research Institute, Daedeok-daero
989-111, Yuseong-gu, Daejeon, South Korea
*Kyungnam College of Information & Technology, Department of Advanced Materials & Chemical Engineering, 45
Jurye-ro, Sasang-gu, Busan, South Korea

Abstract

Battery separators are paramount components influencing battery performance and safety. This study introduces
an innovative approach by cellulose nanofibril (CNF) separators from red algae. Comparative evaluations were
conducted to assess the electrochemical performance, thermal stability, and morphology of the produced
separator in relation to a commercial polyethylene (PE) separator. Over 600 cycles, it exhibited an impressive
capacity retention of 80%. Enhanced by hydroxyl groups, its exceptional hydrophilic nature contributed to
outstanding wettability and ionic conductivity. The incorporation of Al203 further bolstered the CNF separator's
physical properties, rendering it resilient to heat while maintaining dimensional stability. Most notably, the CNF
separator outperformed the commercial PE separator in terms of electrochemical performance.
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A study on Stability of Emulsion Fuel Oil Manufactured
Using Bunker C Oil for Marine Engines
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SnS, modified gC;Ny for high photocatalytic HO, production without
photoexcited holes sacrificing reagent

Hong Kwangpyo’, Hong YuKyungl, Choong Choe Earn'?, Jang Min'?

Kwangwoon University Environmental Engineering', Kwangwoon University Plasma Bioscience Center"’

To date, hydrogen peroxide (H,O,) is one of the most widely used chemicals in industries, including
disinfectants for sterilizing bacteria, fuel cells, rockets, and water treatment fields. However, the current H,O,
production method is the anthraquinone process, which requires high temperatures and pressures, contributing a
huge portion of greenhouse gas emissions. Herein, the graphitic carbon nitride (gCN) modified with 1%, 2%,
and 4% (w/w) of SnS, were prepared via a facile hydrothermal process. As a result, gCN, gCN-SnS;~1%,
gCN-SnS,~2%, and gCN-SnS,~4% achieved up to 36.7, 162.4, 365.6, and 198.2 mg/L/g/hr of H,O, production
without sacrificing reagent, respectively. Interestingly, gCN-SnS,~2% achieved the highest 365.6 mg/L/g/hr of
H,0,, indicating a high concentration of H,O, can be produced without the addition scavenger. Moreover, the
insignificant difference in H,O, production performance in 5 reusability tests using gCN-SnS,~2% indicates the
photocatalyst's high stability. The prepared photocatalysts' functional group and band structure were measured
through FTIR, UV-vis, and photoelectrochemical (PEC) analysis. The FTIR results showed that gCN-SnS;-2%
has the highest triazine unit peaks (810 cm™), indicating that a higher degree of exfoliation of aromatic C-N or
C=N functional groups enhanced the photocatalytic H,O, production. Compared to other prepared photocatalysts,
gCN-SnS,~2%. had the lowest band gap energy (2.725 eV), resulting in a higher photo-excited electron
production. Hence, the GCN modified with SnS, can significantly improve the H,O, photocatalytic production
without scarifying reagents. This study demonstrated a clean approach for H,O, production for water treatment
and energy source application.

1. Liping Yang, and Guuohui Dong, "Two channel photocatalytic production of H,O, over g-CsN4 nanocheets
modified with perylene imides", journal of Catalysis, 352, 274-281 (2017).

2. Hyeseong Kim. (2021). Photocatalytic property of nanorod-shaped carbon nitride and its applcation for the
removal of micropollutants in aqueous phase. (MS thesis).
Kwangwooon university, Seoul
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Ion-exchange resin-based inorganic contaminants removal towards
upgradation of bio-oil for marine fuel applications

Soon-Ho Cho, Liao Zigiao, Ramesh Kumar, Byong-Hun Jeon’

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

Bio-oil obtained after fast pyrolysis of waste biomass requires pretreatment to remove inorganic contaminants
before its upgradation. The bio-oil presents several challenges, such as high suspended solids, high concentration
of inorganic contaminants, and high density. The impurities and solids can cause catalyst deactivation during the
upgradation process of hydrodeoxygenation. Furthermore, the solids may aggregate over time, forming sludge
that accelerates oil degradation and deposit on the engine, ultimately shortening the engine's lifespan. Hence, a
pretreatment step is required before advancing bio-oil into marine fuels. An ion-exchange resin (IEX) can
remove metal ions and efficiently improve bio-oil properties, such as viscosity, acidity, oxygen content, water
content, and heating value. The experimental investigation was carried out to remove major cations viz. Fe, Al,
Si, Na, K, Mg, and Ca from bio-oil from fast pyrolysis of coffee-bean waste. The effect of acid (HCI) was
assessed for the removal of cations. Interestingly, acidifying the bio-oil could enhance the exchangeability of Fe
and Al ions up to 92% and 96% using IEX, respectively. The new findings can help treat bio-oil efficiently for
better oil quality, leading to char reduction during hydrodeoxygenation.

Keywords: Coffee-bean waste, Bio-oil, Pretreatment, Ion-exchange resin, Biofuels
* Corresponding author: bhjeon@hanyang.ac.kr (B.-H. Jeon)
First author: soonho97@hanyang.ac.kr (S.H. Cho)

References

1. R. Kumar, V. Strezov, H. Weldekidan, J. He, S. Singn, T. Kan, B. Dastjerdi, “Lignocellulose biomass
pyrolysis for bio-oil production: A review of biomass pre-treatment methods for production of drop-in fuels,”
Renewable and Sustainable Energy Reviews, 123, 109763 (2020)

130  SI2HF7|28E| 20239E £ 53 U 203



PB-3

Comparison of lettuce-based aquaponics and hydroponic systems for
overall and plant growth, nutrient efficiency,
and environmental impacts

Sang-Eun Oh", Syed Ejaz Hussain Mehdi', Sharma Aparna', Woo-Chang Kang ',
Suleman Shahzad', Anup Gurung'
"Department of Biological Environment, Kangwon National University, 1 Gangwondaehakgil, Chuncheon-si,
Gangwon State, Republic of Korea

Aquaponics (AP) is an integrated system connecting aquaculture (AC) and hydroponic (HP) systems in a
zero-discharge recirculating system to enhance the productivity and sustainability of soilless crop production. The
study demonstrated the performance of the AP system in comparison with the controlled HP to evaluate the
overall performance of lettuce plants and Koi fish growth. In this study, no supplemental fertilizer and physical
parameters adjusting chemicals were added to the AP system. The AP system produced 50% of the fish mass
in 35 days of the experiment. With a stocking density of 50kg/m’, fish feed 1% of fish weight, and HLR of
2.16 m/day, the FCR, SGR, and PER recorded were 0.70, 1.14%/day, and 3.96 gm, respectively. Overall, plant
growth was better in the HP system than in the AP. The AP system lettuce plants showed Fe deficiency during
2 week of the study. Plant analysis for nutrient accumulation showed that Na, Cu, Mn, Ca, and Zn were
higher in AP plants than in HP plants. However, P, K, Mo, and B were significantly higher in the HP plants,
and these nutrients might cause hindrance to the improved plant growth in AP plants. Fe was supplemented in
the AP system after its deficiency was identified. In conclusion, AP system performance was good in terms of
fish growth and crop cultivation, but when compared with HP system plants, some more sustainable practices
need to be identified, especially for Fe deficiency.
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Start-up Performance of Iron-wool in Microbial Electrolysis Cell (MEC)
for Hydrogenotrophic Denitrification (HD)

Sang-Eun Oh'", Sharma Aparna', Syed Fjaz Hussain Mehdi', Suleman Shahzad'
"Department of Food Biotechnology and Environment, Kangwon National University, 1 Gangwondaehakgil,
Chuncheon-si, Gangwon State, Republic of Korea.

Microbial electrolysis cells (MECs) are one of the most promising innovations amongst bio-electrochemical
systems for biohydrogen production. This study mainly focuses on denitrification by using iron wool as
electrode material in a cathode chamber and carbon cloth in the anode of MEC. PEM was used as a separator.
The anaerobic condition was maintained in both chambers by spiking nitrogen gas (3 mL/min). MEC-1 was set
up without any bacteria as control with 0.8 V external power. For MEC-2, 3, and 4, both the chambers were
inoculated with anaerobic sludge containing 50 ppm NO;-N in phosphate buffer solution (PBS) and external
power 0.5, 0.8, and 1.0 V respectively. In anode chambers of all MECs, 100 mM acetate was added to the
buffer solution to initiate the reaction. All the NO;-N was removed after operation of 5 days in MEC-2, 3, and
4. It was observed that with an external voltage of 0.8 V (MEC-3) removal rate of NO;-N was comparatively
higher in the cathode chamber. Hence, it was concluded that iron wool is a good alternative in MEC as it helps
enhance the denitrification rate.
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Utilization of Green Ammonia as an Alternate Fuel in Naphtha
Cracker: Economic and Environmental Assessments

Eprillia Intan Fitriasari and J. Jay Liu’
Department of Chemical Engineering, Pukyong National University

Ethylene is an intermediate chemical that is widely produced in the petrochemical industry. Naphtha cracking is
the most commonly used process to produce ethylene. Ren et al. found that the naphtha cracking process
requires a highly intense energy input of around 26-31 GJ/ton of ethylene, with approximately 65% of the total
process energy being consumed in the naphtha cracking furnace [1]. In the conventional process, the energy
requirement is met through the combustion of methane byproducts and natural gas, resulting in the generation
of carbon emissions. To address this environmental concern, this study proposes the use of green ammonia, a
carbon-free fuel, as an alternative to the naphtha cracking furnace to reduce carbon emissions in the
petrochemical industry. A comprehensive techno-economic and life cycle assessment is conducted to determine
the economic and environmental feasibility of the proposed process. To mitigate NOx emissions generated
during the combustion of ammonia, a scrubber will be installed. The proposed process is simulated using Aspen
Plus software to obtain mass and energy balance, as well as equipment sizes. The results of the process
simulation are used as input for economic and environmental assessments. The capital and operational costs of
the proposed process are then compared with those of the conventional naphtha cracking process. As a result of
the life cycle assessment, the carbon emissions produced by the proposed process are compared with the carbon
emissions from conventional naphtha cracking processes.

References
1. Ren, T., Patel, M., and Blok, K., “Olefins from conventional and heavy feedstocks: Energy use in steam
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Techno-Economic and Life Cycle Assessments of Ethylene Production
Using Methane Byproduct as Alternate Fuel

1*

Wan Nurauni Afigah Binti Wan Hamdan and J. Jay Liu
"Department of Chemical Engineering, Pukyong National University

The temperature of the earth has increased considerably due to the increased level of greenhouse gases. This
leads to global warming and climate change. One of the main greenhouse gases that are responsible for
increasing the greenhouse effect is carbon dioxide. Due to this, it is needed to reduce carbon dioxide emissions
to limit the increase in global temperature. Nowadays, ethylene has become one of the most extensively used
chemical products in the world as it serves as a precursor for a wide range of products and materials. However,
the process of cracking naphtha to ethylene also generates a large amount of carbon dioxide. This work uses
methane generated from the naphtha cracking center as a fuel source for ethylene production. By converting
methane into useful energy, the process prevents the direct emission of methane, thereby reducing its impact on
the greenhouse effect. Then, carbon capture is used to capture the carbon dioxide produced in the process. The
process is modeled in ASPEN Plus software with a capacity of 1 million tons of ethylene per year. The capital
and operational expenditure will be calculated based on the process modeling results. The life cycle impact
analysis will also be performed based on the mass and energy balance obtained from the process modeling. In
comparison with the conventional process, it is expected that carbon dioxide emissions can be reduced.
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Microbially Influenced Corrosion (MIC) for enhancement of
1,3-propanediol bioproduction from glycerol using
Klebsiella pneumoniae 117

Da Seul Kong®, and Jung Rae Kim®
“School of Chemical Engineering, Pusan National University, Busan, 46241, Korea
Fax: +82-(51)-510-3943 E-mail address: j.kim@pusan.ac.kr

Iron-oxidizing bacteria (IOB) can get energy from iron oxidation, but can use organic matter (glycerol etc.) to
make biomass. In previous studies, we presented ZVI (zero-valent iron)-supported 1,3-PDO production by
shifting metabolic pathway in Klebsiella pneumoniae 117. ZVI (Zero-Valent Iron) can provide reducing
equivalent for 1,3-PDO synthesis from glycerol as an electron donor. When ZVI donates electrons, the reducing
energy increases and activates the reductive pathway, causing metabolic changes. In this study, the effect of ZVI
on the metabolic change of bacteria was investigated. It was confirmed that the NADH ratio was shifted to 21:
6 (with ZVI: without ZVI). To quantitatively measure the expression level of a specific protein with qPCR, we
designed primer for dhaB, dhaD, glpK and rpoD genes. The increase of glycerol dehydratase (DhaB) was
confirmed in ZVI. Therefore, When ZVI was applied, it was confirmed that the reductive pathway was activated
by providing reductive energy. These results indicate that ZVI modulate the biotransformation of electroactive
strains such as K. pneumoniae L17, and enhance the conversion of glycerol into a value-added platform
chemical.
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Selective enrichment of CO, electrophs for biogas-upgrading of CH, by
intermittent applied potential-induced microbial electrosynthesis cell

Minsoo Kim!, Shuwei Li!, Da Seul Kong], Eunseo Kim!, Jung Rae Kim"
'School of Chemical Engineering, Pusan National University, Busan, 46241, Republic of Korea

As the development of a platform utilizing biogas (e.g., CHis, CO;) generated from anaerobic digestion tanks
progresses, the need for a biogas upgrading process is emerging. In addition, with the advent of power
generation systems using renewable energy, there is a lot of interest in developing strategies that can efficiently
utilize intermittent excess power. Among them, microbial electrosynthesis can use this power to capture CO, and
produce valuable compounds such as methane for energy storage. Selective stabilization of electroactive bacteria
using inorganic sources such as carbon dioxide rather than organic materials as carbon sources takes a lot of
time. Rapid, selective stabilization of these electroactive communities is required to introduce a microbial
electrosynthesis cell into an industrial field. Here we present a simple but effective approach based on the
selective cultivation of CO, electrophs by supplying an intermittently applied potential. This culture was
successfully upgraded to 97% biomethane using CO, contained in biogas. Also, a methane conversion rate
shows 8.34 L/m* cat/day. With this technology, the selective stabilization of CO,-utilizing electrotrophic bacteria
was accomplished significantly faster than in other studies. Electrochemical analysis, FE-SEM, confocal laser
scanning microscopy, and community analysis of cathodes suggested the potential involvement of biogas
upgrading in MES. An intermittent applied potential strategy supply method enables immediate start-up and
reproducible biomethane conversion profiles of upgrading bioelectric synthesis of biogas from anaerobic
digesters.

References
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Highly Efficient Photocatalytic Degradation of GenX
(hexafluoropropylene oxide dimer acid, HFPO-DA) Using
Copper-Modified Tin Titanate and Mechanistic Insights

Seok Byum Jang', Choe Earn Choong'? and Min Jang"*
'Department of Environmental Engineering, Kwangwoon University, *Kwangwoon University PBRC

In this study, copper was deposited onto SnTiO; synthesized via the sol-gel method (Cu/SnTiO;). Preliminarily,
an optimal perovskite material was identified through GenX (HFPO-DA) batch experiments conducted under
UV-C lamp irradiation with an aeration rate of 2 LPM. Consequently, among three different perovskite types
(NiTiOs, SrTiO;, SnTiOs), SnTiO; demonstrated the highest GenX removal efficiency. Further enhancement of
SnTiOs; was achieved through the photo-deposition of copper metal(2% w/w). Optimal experimental conditions
yielded a 91.4% GenX removal efficiency over a 6-hour batch experiment. The characterization of Cu/SnTiO;
was confirmed through spectroscopic analyses, including X-ray diffraction (XRD), X-ray photoelectron
spectroscopy (XPS), and solid-state electron paramagnetic resonance (EPR). Additionally, comprehensive
photo-electrochemical analyses, including UV-visible diffuse reflectance spectroscopy (UV-vis DRS),
photocurrent measurements, Mott-Schottky (MS) analysis, and electron spin resonance (ESR) spectroscopy, were
systematically conducted to elucidate the photocatalytic performance of Cu/SnTiO;, unveiling its underlying
reactive oxygen species (ROS) production mechanism.
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Simultaneous removal of various micropollutants in wastewater
using sono-plasma process

Hye Jin Yoo"’, Kien Tiek Wong'?, Min Jang"*

leangwoon University, ’Plasma Bioscience Research Center

In wastewater, various kinds of micropollutants differ in hydrophobicity(K,y), ozone resistance, and pK,.
Regarding wastewater treatment, the synergistic effect of ultrasound and plasma can lead to the efficient
degradation of various contaminants, including persistent organic pollutants, dyes, and pharmaceuticals. In this
study, the combined effect of non-thermal DBD plasma with ultrasound treatment, and their synergism on the
degradation of micropollutants [sulfamethoxazole(SMX), atrazine(ATZ), acetaminophen(ACT)] were observed
with an initial concentration of 1 mg L' in an aqueous solution. Sole sonolysis [optimal condition: US
frequency (72 kHz), US power (50%), with mixing] or plasma system had low removal efficiencies for these
pollutants. In a sono-plasma system, the hydrophilic micropollutants (SMX and ACT) and hydrophobic one
(ATZ) were all degraded with an enhanced removal efficiency. Sono-plasma system, which is a peroxozone
process, involves the combination of two powerful oxidants, ozone(O;) and hydrogen peroxide(H,O,), and
generates highly reactive hydroxyl radical(‘OH). A strong synergistic effect(>1) between two systems was
obtained since the degradation efficiency of sono-plasma is greater than the summated efficiencies for both
ultrasound and plasma. The results indicated that combining ultrasound irradiation and non-thermal DBD plasma
significantly influences high degradation efficiency for micropollutants without their characteristics.

1. Baekha Ryu, Kien Tiek Wong, Choe Earn Choong, Jung-Rae Kim, Hyunook Kim, Sang-Hyoun Kim,
Byong-Hun Jeon, Yeomin Yoon, Shane A. Snyder, Min Jang, "Degradation synergism between sonolysis and
photocatalysis for organic pollutants with different hydrophobicity: A perspective of mechanism and
application for high mineralization efficiency," J. Hazard. Mater. 416 125787 (2021).
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Efficient Plasma-catalytic Degradation of GenX in Water using Argon
Jet Plasma with Ru-doped CeBiO;

%1,2

Baekha Ryu"?, Choong Choe Earn'?, and Min Jang
"Department of Environmental Engineering, Kwangwoon University,
2Plasma Bioscience Research Center, Kwangwoon University
“e-mail : minjang@kw.ac.kr

GenX, the ammonium salt of hexafluoropropylene oxide dimer acid (HFPO-DA), was developed to replace
perfluorooctanoic acid (PFOA). However, GenX has been of concern due to its toxicity to organisms and
recalcitrant property and its widespread distribution on water systems worldwide. Here, we applied argon-jet
plasma to degrade GenX, with cerium bismuth oxide (CeBiOs) and various amounts of ruthenium (Ru) doped
CeBiO; as plasma catalysts. It is found that 0.1% Ru-doped CeBiO; achieved 74% degradation of GenX in 30
min, showing 1.4 times improvement compared to sole plasma (53%). The contributions of radical oxidative
species (ROS), including electron (¢) and hydroxyl radical (-OH), have been revealed by scavenging and
electron paramagnetic resonance (EPR) tests. Various physicochemical and photoelectrochemical (PEC) analyses
were conducted for materials characterization.

AnE3
1. Zhu, Y., Ji, H., He, K., Blaney, L., Xu, T., and Zhao, D., “Photocatalytic degradation of GenX in water
using a new adsorptive photocatalyst”. Water Res., 220, 118650 (2022).
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Formate-induced NADH regeneration for improved conversion of
glycerol to 1,3-propanediol in Klebsiella oxytoca

Eun Joo Park!, Minsoo Kim!, Jung Rae Kim"
!School of Chemical Engineering, Pusan National University, Busan, 46241, Republic of Korea

1,3-Propanediol (PDO) is a value-added chemical widely used in cosmetics, foods, lubricants, adhesives, and
pharmaceuticals. It is also a monomer in polymers used to manufacture plastics and fibers. Klebsiella oxytoca
is a facultative microbe that can produce 1,3-PDO through the fermentation of glycerol metabolism. NADH is
a key factor for the production of 1,3-PDO as a coenzyme in that pathway. Recently, (bio)electrochemically
produced formate from CO, as a substrate has been highlighted as an aspect of being environmentally friendly.
And formate is known to be involved in NADH regeneration for enhancing target product formation. In this
study, the anaerobic glycerol fermentation of K. oxytoca with various concentrations of formate as co-substrates
was examined. An increase in glycerol consumption (from 58.7 to 92.6%) and 1,3-PDO production (from
172.51mM to 251.02mM) was observed when using a S0mM of formate in 500mM glycerol condition. These
results presented that without genetic modification of bacterial strain, the addition of formate can be an
alternative strategy to enhance 1,3-PDO production.

Keywords
Formate utilization, Glycerol fermentation, 1,3-Propanediol, Klebsiella oxytoca, Co-substrate, NADH regeneration
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Response of electroactive microbial community by light-driven photo
microbial fuel cell (PMFC)

Won Gyeong Park!, Minsoo Kim!, Shuwei Li}, Jung Rae Kim'™
!School of Chemical Engineering, Pusan National University, Busan, 46241, Republic of Korea

MFC (Microbial fuel cell) converts chemical energy directly to electrical energy via electrochemically active
bacteria. Depending on the presence of light, the microbial community shifted. In this study, we compared the
effects of light-driven MFCs and without (e.g., Dark condition) MFCs. Light-driven MFC shows a two times
shorter bioelectricity production cycle than dark-condition MFC, which means decomposing the organic matter
was faster. And light-driven MFC analyte pH increased to 7.8 from 6.8, while it was maintained in the dark
condition of MFCs (pH 6.85~6.95). Additionally, different from dark condition MFCs, light-driven MFC anode
chamber effluent gas volume was changed. It seems to be uptake effluent gas (Mainly CO, and CH4 gas) by
electroactive photosynthetic consortia. From FE-SEM results, light-driven MFC anode morphology shows an
aggregation of electroactive consortia each other rather than attachment to the electrode. It seems like
interspecies electron transfer (IET) each other. On the other hand, the dark condition of MFC anode morphology
shows dense electroactive bacteria attached to the anode surface widely. From this, we assumed that light-driven
MFCs electroactive consortia could uptake effluent gas such as CO, using IET and possibly produce
bioelectricity without emits of CO,. These results support that light-driven MFCs can be applied to CO,-negative
bioelectricity systems.
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Manufacture of artificial aggregate using alkaline activator,
hot-press and waste stone sludge

Kil-Hong Seol, Kung-Won Choi, Ju-Hyeok Kwon, Deok-Won Kim, Byong-Hun Jeon*
Department of Earth Resources and Environmental Engineering, Hanyang University,
Seoul 04763, South Korea

Depletion of natural aggregate resources leads to an increase in aggregate prices, which results in low-quality
aggregate utilization. An experimental investigation was carried out for manufacturing artificial aggregates from
waste stone sludge. It was estimated that more than 80% of domestic waste stone sludge is being sent to
landfills [1]. Compared to conventional research on artificial aggregates made from fly ash, research on waste
stone sludge is insufficient. Furthermore, it has been found that the chemical composition and characteristics of
waste stone sludge are comparable with fly ash. The chemical composition of dry waste stone sludge consisted
of Si0,, CaO, AlO; Fe,O;, MgO, Na,O, K;O, and SO;. The reaction between the raw material and the
alkaline activator through hot pressing depends on the particle size and properties of the raw material. The
optimal silicate modulus (SiO»/Na,O) ratio of the alkaline activator were optimized to be in-between 1 to 1.5
during the hardening process [2]. In artificial aggregate production using hot-pressing, the strength varies
depending on the amount of alkaline activator. The efficiency was evaluated by analyzing the alkaline
activator/binder (A/b) ratio. The strength values were increased after determining the optimal A/b ratio value
based on the density of the raw materials and additional substances. The marketable aggregates with high
strength were produced by optimizing the mixing ratio according to the density and amount of the raw material
and adjusting the A/b ratio. Recycling the waste stone sludge into commercial artificial aggregates enables the
viable replacement of stone and sand and offers sustainable and eco-friendly solid waste management.

Keywords: Aggregates, Waste stone sludge, Alkaline activator, Hot-press, Solid waste management
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Feasibility of autotrophic denitrification using desulfurized
waste as an electron donor

Sang Eun Oh, Anup Gurung', Seunggyu Kim®
'Department of Food Biotechnology and Environmental Sciences, Kangwon National University, 1
Gangwondaehakgil, Chuncheon-si, Gangwon State, Republic of Korea
*Environment and Chemistry Solution Corporation, 1 Yongjeonggyeongje-ro, Pocheon-si, Gyeonggi-do,
Republic of Korea

Ferric hydroxide [Fe(OH);] is commonly used in biogas plants to adsorb hydrogen sulfide (H,S), thereby
generating a great amount of iron-rich pellets as desulfurized waste (DSW) that is challenging and costly to
dispose of. This study investigated the possibilities of using DSW as an electron donor for autotrophic
denitrification (ADN). Batch and lab-scale up-flow column tests were conducted. Both the batch and column test
results confirmed the possibility of using DSW as an electron donor for ADN. DSW-based ADN resulted in a
favorable nitrate removal rate, achieving 100% nitrogen removal efficiency in 5 days of batch culture. Similarly,
DSW-based denitrification exhibited a 100% nitrate removal when operated at empty bed contact times of 16
and 8 h. Alkalinity production and a more stable pH than usual were observed throughout the entire column
experimental period, indicating that using a pH buffer reagent would not be necessary for DSW-based
denitrification. Therefore, the results obtained in this study demonstrated that DSW could effectively replace
elemental sulfur as an electron donor in ADN for treating nitrate-rich wastewater.
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Photocatalytic nitrogen fixation using Ru-doped BaCeO;

Hong YuKyung!, Hong Kwangpyol, Choe Earn Choongl’z*, Jang Min*?

Kwangwoon University Environmental Engineering', Kwangwoon University PBRC®

Ammonia is the most produced chemical raw material in the world, produced by the Haber-Bosch method.
However, the Haber-Bosch method required high energy consumption for ammonia production. Hence, a greener
process requires for ammonia production. This study prepared barium cerium oxides (BaCeO;, BC), a
photocatalyst doped with 0.1, 0.25, 0.5, 1% (w/w) of Ru, for photocatalytic nitrogen fixation. Ammonium
production efficiency was studied with different parameters, including different light sources (400, 440, 525, 660
nm) and the presence or absence of sacrificing agent, respectively. BC-0.5% had the highest ammonium
production performance, 44.31 mg L' h"' g, while BC achieved the ammonium production rate of 0.7 mg L’
h' g, indicating that the ammonium production rate increases in the absence of sacrificial reagent with the
addition of Ru modification. Three reusability experiments were conducted using BC-0.5% to evaluate the
stability of the photocatalyst. According to UV-VIS analysis, Ru modification BC reduced the bandgap energy.
To understand the high ammonium production mechanism, liquid FTIR and photocurrent measurements were
also conducted for photocatalysts. As a result, Ru doping improves the charge carrier separation and enhances
the nitrogen fixation performance. This study demonstrates a green method for ammonium production using
BaCeO; doped with Ru.
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Development of continuous hydrothermal reactor for production of
hydrogenated biodiesel
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Enhancing Fuel Cell Performance and Humidity Stability of MEA for
PEMFCs through Surface Patterned Membrane

Mingyu Son', Yeong Jun Choi', Yun Ji Hwang', Sun-I Kim' and Taehyo Kim''
'Green Materials and Processes R & D Group, Korea Institute of Industrial Technology,
Ulsan 44413, Republic of Korea

Fuel cells are spotlighted as one of the eco-friendly alternative energies instead of fossil fuels due to various
advantages such as high energy density and zero carbon emission. In particular, polymer electrolyte fuel cells
(PEMFCs) are the most promising type of fuel cell for commercial vehicles, construction machinery, and other
applications that require to the high-power performance. To achieve high power performance, the PEMFCs
continuously needed to control humidity and temperature through an external humidifier, ensuring efficient
proton movement. This highlights the necessary for the development of high-output fuel cells and low-humidity
membrane electrolyte assemblies (MEAs).

One approach to enhance the performance of high-power fuel cells and develop low-humidity MEAs is to
improve three-phase interfaces within the membrane using surface patterning. The surface patterned membrane
can improve catalytic activity and moisture management. The three-dimensional (3D) structure of the interface
between the PEM and the catalyst layer (CL) is also an important factor for improving the performance of
PEMFCs. We have fabricated a 3D structure MEA by transferring a cylindrical pattern on a PDMS substrate.
A simple method was used to pattern PEMs at the micrometer scale, and the significantly enlarged interfacial
area can overcome the limits of catalyst utilization. As a result, the patterned MEAs exhibited enhanced
electrochemical performance in polarization curves under fully humidified conditions compared to flat interfaces.
In addition, the patterned MEA showed better performance compared to the conventional flat MEA at 60% and
15% relative humidity. These studies represent significant progress in developing fuel cells with more stable and
high performance for future energy applications.
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A study on the effects of oxygen and water on the direct catalytic
decomposition of nitrous oxide (N.O) using y-AlLLO; catalyst

Eun-Han Lee'?, Segi Byun', Doo-Won Seo!, Hyo-Jung Hwang', Jueun Beak',
Eui-Soon Jeong®, Hansung Kim*", Shin-Kun Ryi"’
"Hydrogen Convergence Materials Laboratory, Korea Institute Energy of Research
(KIER), 152 Gajeong-ro, Yuseong-gu, Deajeon 34129, Republic of Korea
Department of Chemical and Biomolecular Engineering, Yonsei University, 50 Yonsei-ro, Seodaemun-gu, Seoul
03772, Republic of Korea
JUNISEM, 10-7, Jangjinam-gil, Hwaseong-si, Gyeonggi-do 18510, Republic of Korea
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A study on HFC-134a decomposition using red mud
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Korea Institute of Energy Research (KIER), 'Korea University
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Recycling Technology of Waste solder paste

Su-Jin Koo
Korea Polytechnic
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1. Min-seuk Kim et al.,, “Electrochemical Behavior of Tin and Silver during the Electrorecycling ofPb-free
Solder (Sn-Ag-Cu) Waste”, Resources Recycling, 31(4), 61-72 (2022)
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Degradation of Pharmaceutical Active Compounds with Simultaneous
Ammonification through Combine DBD plasma-electrolysis

2 *1,2

Kientiek Wong'? and Min Jang
"Department of Environmental Engineering, Kwangwoon University, > Plasma Bioscience Research Center,

Kwangwoon University
*e-mail: minjang@kw.ac.kr

Abstract

It is estimated that 30-90% of antibiotics are excreted from the body, in parent compounds or main metabolites,
along with animal feces or urine. High concentrations of antibiotics in livestock manure can enter the soil and
water environment in various ways, thus causing pollution to the ecological environment. This causes severe
problems to food safety, human health, and the environment, promoting antimicrobial resistance (AMR)
problems. Atmospheric non-thermal dielectric barrier discharge (DBD) plasma has gained considerable attention
due to its cost-efficiency, environmental friendliness, and simplicity [1]. However, certain deficiencies restrict its
broad application. This study analyzed the degradation efficiency of DBD plasma by coupling it with two-cell
electrolysis systems. Pharmaceutically active compounds (PhACs) were oxidized with plasma in the anodic
chamber, while NOs;" was ammonified into NH; in the cathodic chamber. Combine plasma with electrolysis
(e-plasma) to speed Os; decomposition into ‘OH (2.8 eV vs. RHE), strong oxidation species, and simultaneously
increase the concentration of Os; introduced into the water phase. Results revealed that ‘OH was the primary
reactive oxygen species (ROS) responsible for PhAC degradation. Air discharge plasma at 2 L min” had the
highest degradation efficiency for all the PhACs because of the chain reaction between the ROS and RNS to
generate a higher -OH concentration. The E-plasma system has great potential for water remediation, and the
production of NH; as a value-added by-product considerably improves its practicality. Additionally, the produced
NH; is of great importance in agriculture and energy-related industries.

References
1. Kan, H., et al, High frequency discharge plasma induced plasticizer elimination in water: Removal
performance and residual toxicity. J. Hazard. Mater., 2020. 383: p. 121185.
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Visible light-driven photocatalytic ozonation mediated by LaFeO;
perovskite towards Ibuprofen demineralization

Nirmalendu S. Mishra', Min Jang"*
Kwangwoon University, Department of Environmental Engineering', Kwangwoon University PBRC?

Abstract

Emerging contaminants such as pharmaceuticals such as ibuprofen (IB), azithromycin (AZ), sulfamethoxazole
(SMX), etc., in aqueous media, are difficult to remove by conventional water treatment technologies. This
concern on the availability of safe and clean drinking water necessitates a suitable technology for the restoration
of the drinking water quality in a sustainable manner. Thus, we look forward to various advanced oxidation
processes such as photocatalysis, ozonation, sonolysis, Fenton-based reactions, etc., which could be aptly applied
to eliminate these compounds from their aqueous environment. This study was focused on IB demineralization,
which belongs to the class of non-steroidal anti-inflammatory drugs (NSAIDs) and is widely reported in a
wide-ranging concentration in surface and groundwater. The demineralization was achieved through the synergy
developed between photocatalysis and ozonation techniques. The visible-light-driven photocatalytic ozonation was
mediated through LaFeO;, which is a visible-light active photocatalyst with a bandgap gap of ~2.0 eV. The
synergistic combination of ozonation and photocatalysis increased the demineralization efficiency of the system,
and 99.98 % TOC removal could be achieved in 2 hr under visible light-assisted photo-ozonation. This can be
ascribed to the photoexcited electrons on the LaFeOs; surface, which react with adsorbed oxygen and ozone
molecules, decreasing the overall recombination tendency of the charge carriers and enhancing reactive oxygen
species generation.

* Corresponding author: Tel: +82-010-4687-6338, E-mail: minjang@kw.ac.kr (Min Jang)
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Reaction Engineering for Indoor Photocatalytic NO, Removal

Tae-Gyu Lee!, Tamal Tahsin Khan" 2 and Young-5Si Jun ¥ 3

'Department of Chemical Engineering, Chonnam National University,
77 Yongbong-ro, Buk-gu, Gwangju 61186, Korea
*Department of Material Science and Engineering, Chonnam National University,
77 Yongbong-ro, Buk-gu, Gwangju 61186, Korea
3School of Chemical Engineering, Chonnam National University, 77 Yongbong-ro, Buk-gu, Gwangju 61186, Korea

Increasing demand for a clean environment and public health reinforces regulations to mitigate environmental
pollution. Nitrogen oxides (NOy) are one of the most critical air pollutants generating a large portion (>75%) of
fine particulate matter (PM2.5), which severely affects human health, through the reaction with ozone and
ammonia in the atmosphere. For atmospheric or indoor NOyx removal (1 ppm), photocatalytic process is
advantageous because it only needs a photocatalyst and the light for the reactions, providing cost-effectiveness
and simplicity. In this study, reaction engineering is investigated to improve indoor photocatalytic NOy removal
process using two different photocatalysts, commercial TiO,, P25, and graphitic carbon nitride (g-CN).
Scavenger tests of reactive oxygen species (OH, ‘O, 'O,, and H,0,) demonstrate that the transfer of ‘O, or
its derivatives from g-CN to TiO, substantially improve the photocatalytic water oxidation process on the
surface of TiO,. As a result, the mixture of TiO, and g-CN shows a maximum removal of NO of 50.4% and
68.0% under fluorescence and UV lamp, respectively, which is higher than those of the pure TiO, (32.8% and
58.9%) and g-CN (12.2% and 24.3%). In addition, it is comparable to that of TiO,-g-CN heterojunction,
removing the complexity to design or investigate electronic band alignment, bending, efc.

Keywords: Photocatalytic NOy removal, reaction engineering, reactive oxygen species, mass-transfer
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Reaction kinetics study on toluene oxidation by
nonthermal plasma

Dong Ju Lee'?, Suhan Kim!
! Korea Institute of Industrial Technology, > Pusan University
" Corresponding author: suhankim@kitech.re.kr

A plasma technology has been investigated as an efficient method for eliminating indoor volatile organic
compounds (VOCs) from the air without the need for filter replacement. In this study, the VOCs removal
system using non-thermal plasma is proposed, and the oxidation reaction of toluene by the developed dielectric
barrier discharge (DBD) plasma module was examined. Additionally, the study delves into the kinetics of the
reaction between the reactive species generated by the plasma and toluene. The intensity of the plasma
generated at the electrode surface is quantified using intensified CCD (iCCD) technology. The various reactive
species, including reactive oxygen species (ROSs) and reactive nitrogen species (RNSs), produced by the plasma
are analyzed through the application of an Optical Electro Spectroscopy (OES) device. Ozone levels are assessed
using an ozone analyzer. To gauge the efficiency of the plasma system in oxidizing toluene, experiments were
conducted in a 300-liter sealed acryl chamber containing 100 parts per million (ppm) of toluene, with air
circulating through the plasma electrode.

Keyword: VOCs, plasma,
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Design of Heat Recovery Systems in Stenter Process for Energy
Efficient Dyeing Process

Jeongheon Kim'! Haneul Mun', Inkyu Lee!
!School of Chemical Engineering, Pusan National University
‘inkyu.lee@pusan.ac.kr
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Heating.,” Drying Technology, 33, 37-54 (2015)
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Enhancing Ionic Conductivity and Air Stability of the Argyrodite Solid
Electrolytes for All-Solid-State Batteries through Various Doping

Yeong Jun Choi', Yun Ji Hwang', Mingyu Son' Sun-I Kim' and Taehyo Kim''
'Green Materials and Processes R & D Group, Korea Institute of Industrial Technology,
Ulsan 44413, Republic of Korea

Lithium-ion batteries (LIBs) have many advantages due to their high potential for providing efficient energy
storage and environmental sustainability. However, most LIBs pose a risk of ignition and explosion because of
flammable organic liquid electrolytes. All-solid-state batteries with solid electrolytes without flammable
components have emerged as a next-generation alternative battery and solution for this issue. Among solid
electrolytes, LisPSsCl solid electrolytes with argyrodite structures are attracting attention due to their ability to
synthesize materials of various compositions through element substitution. Nevertheless, It has to overcome the
limit of solid electrolytes such as low ionic conductivity compared to liquid electrolytes, and the generation of
toxic gases by reacting with moisture in the air. In this study, we have demonstrated the argyrodite solid
electrolytes enhancing ionic conductivity and air stability by doping with Al, Sb, and O triple dopants. The
Lis 4Alg.1Po04Sbo.06S4.5500.15Cl1 5 electrolyte showed excellent air/moisture durability and high ionic conductivity.
Especially, the Al atom can be enhanced the ionic conductivity ability, and the strong Sb-S and P-O bonds
improved air stability. These findings represent significant progress in developing safe and high-performance
all-solid-state batteries.
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A study on the simultaneous production of low and high boiling oils
from waste polypropylene pyrolysis

BonJin Koo, JongSu Kim, SoonHo Kim, JooHyeong Yoon, SooHyeon Choi, SooHwa Jeong’
Carbon Neutral Technology R&D Department, Korea Institute of Industrial Technology
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Enhanced Air Stability and Li Metal Compatibility of Sn-Doped
Argyrodite Solid Electrolyte for All-Solid-State Batteries

Yun Ji Hwnag', Yeong Jun Choi', Mingyu Son' Sun-I Kim' and Taehyo Kim"
'Green Materials and Processes R & D Group, Korea Institute of Industrial Technology,
Ulsan 44413, Republic of Korea

The lithium-ion batteries (LIBs) have become common secondary batteries for mobile electronic devices such as
cameras, laptops, and mobile phones. In addition, LIBs have been dominant power sources for electric vehicles
(EVs) and energy storage systems in recent years. However, conventional LIBs have many issues such as
ignition and explosion due to flammable organic liquid electrolytes. All-solid-state batteries (ASSBs) which can
be applied as alternatives in the issue of LIBs, are attracting much attention due to their promise of improved
safety, energy density, and cycle life than traditional LIBs. Nevertheless, solid electrolytes (SEs) have still a
fatal disadvantage of low ionic conductivity compared to liquid electrolytes. Especially, there are electrochemical
and air stability issues due to the characteristics of sulfide solid electrolytes, such as a weak P-S bond and a
high reactivity of S. In this study, we have demonstrated air stability against atmospheric moisture and
interfacial compatibility between Li metal and SEs by doping Sn from argyrodite structure LigPSsCl. The
optimized Lig s Poss Sng;s SsCl shows maintained high ionic conductivity of 1.84 10° S cm” and the best
retention of ionic conductivity after exposure to moisture. This work can suggest the challenges and future
research directions on ASSBs.
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Modifying property of Alumina Beads for Ni/ALLO; Catalyst in Dry
Reforming of Methane to Enhance Catalytic Performance

Sung beom Hwang, Eunju Yoo', Dong Seop Choi' Sang Bin Kim'!, Nayeon Kim', Ji Bong Joo"
'Department of Chemical Engineering, Konkuk University, 05029, Korea

<Abstract>

Investigations on carbon capture, utilization, and storage (CCUS) strategy has been expanding since environment
and resource depletion issues induced by carbon emission are accelerating to the extreme. Dry reforming of
methane (DRM) is a chemical reforming method producing synthesis gas (synthesis gas) from the reaction of
methane and carbon dioxide. Despite the advantages of consuming greenhouse gas and producing syngas,
research to commercialization of DRM is still ongoing due to the high energy cost and catalyst deactivation.
However, palletization in the commercialization process to minimize the pressure drop in the reactor changes the
property of the catalyst making gaps between lab scale research and use in industry. Therefore, to eliminate the
differences that occurs while palletizing, this work introduced commercial alumina bead as supporting material
to initially minimize the pressure drop in the reactor. The effect of property modification by acid treatment on
commercial alumina bead support was further investigated to enhance catalytic performance. XRD, BET,
H,-TPR and NH;-TPD analysis were conducted to evaluate the characteristics of supporting bead and catalyst.
The catalyst activity performance was evaluated by measuring reaction product gases with GC.

References

1. Maria A. Goula. et al., " Nickel on alumina catalysts for the production of hydrogen rich mixtures via the
biogas dry reforming reaction: Influence of the synthesis method," Int J Hydog Energy., 40(30), 9183-9200
(2015).

2. Hale Akansu. et al., " Nickel-based alumina supported catalysts for dry reforming of biogas in the absence
and the presence of H2S: Effect of manganese incorporation," Catal. Today., 397-399, 37-49 (2022).
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Effects of Operating Parameters and Feed Gas Compositions on the
Dry Reforming of Methane over the Ni/Al,O; Catalyst

Eunju Yoo, Dong Seop Choi, Jiyull Kim, Na Yeon Kim, Sung Beom Hwang, Ji Bong Joo*
Konkuk University

In response to the global climate change caused by greenhouse gases, there is a continuous effort to secure
sustainable and environmentally friendly energy sources. Biogas is a renewable energy source generated through
anaerobic digestion of organic waste such as sewage sludge, food waste, and livestock manure, allowing for a
consistent supply. Dry reforming is a method that can utilize biogas without the need for a separation process
of methane and carbon dioxide after biogas purification, producing synthesis gas without additional carbon
emissions by utilizing greenhouse gases, methane, and carbon dioxide. Moreover, synthesis gas can be diversely
used for valuable chemicals and hydrogen production. Nickel-based catalysts are commonly used in both
lab-scale and practical processes in the methane reformation processes due to high catalytic activity and wide
availability. The dry-reforming process is a highly endothermic reaction and usually carried out at elevated
reaction temperatures, which often induce the agglomeration of nickel particles (sintering), leading to the loss of
the number of active sites and deactivation of the catalyst. In addition, the aggregated Ni particles can accelerate
the formation of carbon (coking), resulting in an overall performance drop of the DRM unit. By controlling the
operating parameters, it is possible to reduce carbon deposition and increase hydrogen yield while suppressing
undesirable side reactions. In this study, we applied the Ni/ALLO; catalyst to the dry-reforming reaction and
investigated the effects of operating conditions such as temperature, WHSV and the CO,/CH,4 ratio on the DRM
reaction. The reaction activity and deactivation behavior of the Ni/Al,O; catalyst are systemically studied. In
addition, the relationship between operation conditions and the tendency of side reactions is investigated.

References

1. Yoo. E., Choi, D.S, Kim, J., Kim, Y.H, Kim, N.Y, and Joo, J.B., “Effects of Operating Parameters and Feed
Gas Compositions on the Dry Reforming of Methane over the Ni/AL,O; Catalyst,” Catalysts, 13, 602 (2023).
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The effect of preparation method on the catalytic activity of V,0Os/TiO,
catalyst for low-temperature NH;-SCR

Siranuysh Badalyan, Jae-Rang Youn, Anush Mnoyan, Kyubock Lee*
Graduate School of Energy Science and Technology, Chungnam National University,
99 Daehak-ro, Yuseong-gu, Daejeon 34134, Republic of Korea
*E-mail: kyubock.lee@cnu.ac.kr

Selective catalytic reduction of NOy by NH; (NH3;-SCR) is an

effective and advanced technique for reducing NOy emission from " a, " e .
stationary sources [1]. Nowadays, lowering the operating . ) ’ . armoror
temperature range of the catalyst is another urgent task [2]. Because S Yo

of their high activity, V,0s/TiO, catalysts have been widely applied g e

in the SCR field. However, their narrow and high SCR reaction g %9t

temperature range limits their practical applications. 2w

To improve the low-temperature performance of V,0s/TiO, o L 2

catalysts, we adopted the deposition-precipitation modification £ 1;‘1 P e P R P

method for commercial G5 TiO, catalysts. We studied 5 wt.% V
loaded G5 1)
well-established wet-impregnation (WI) method and 2) adopted and

Temperature, °C
Figure 1. a) SCR test results. b) XRD revealed
only the TiO,-anatase phase in the catalysts. c)
and d) TEM images of V,0s/TiO-WI and
V,05/TiO,-DP respectively.

catalysts modified by two loading methods:
developed deposition-precipitation (DP) method. Our results show
that the catalyst made by the DP method (V,0s/TiO,-DP) has high
performance at low temperatures and shows 75.6 % of NO conversion already at 160°C. The V,0s/TiO,-WI
catalyst exhibits a 60% NO conversion at the same temperature (Figure 1).

To study the mechanism of NOx adsorption on the surface of catalysts, we performed a systematic in situ
experimental investigation by FT-IR spectroscopy. XRD, TEM, and SEM were used to investigate the
morphology and structure of samples. V oxidation states were studied by XPS. To understand better the
difference of the acidic species on the surfaces of the catalysts and their influence on the NH; adsorption NH;

TPD was performed.
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High yield production of two-dimensional MXene via
Hydrothermal-Assisted Etching and Water Intercalation

Suin Shim and Chang-Ho Choi' *
"Department of Chemical Engineering, Gyeongsang National University

Ti3C2Tx (MXene) offers intriguing electrical and mechanical properties and has proven outstanding performance
in various applications such as batteries, supercapacitors, sensors, EMI shielding, and water purification. To
synthesize MXene, hydrofluoric (HF) acid etching process has been widely used. However, the corrosiveness
and toxicity of HF hinder the scalable production of MXenes. Additionally, typical yield of MXene is lower
than 20%, and increasing the yield remains a major challenge for facilitating the practical applications of
MXene in various research fields. In this work, hydrothermal etching and water intercalation processes are
proposed to improve the yield of MXene. A hydrothermal etching process based on modifying the in-situ HF
method results in the production of multilayer MXene with almost 100% etching efficiency. Subsequently, the
multilayer MXene are subject to a water intercalation process, where water molecules can intercalate between
the interlayers of multilayer MXene. This process enables the exfoliation of multilayer MXene into single or
few layer-MXene flakes without the need for additives, resulting in the production yield of MXene with 60 %.
This study provides a facile protocol to synthesize MXene in high yield and environmentally friendly manner,
promoting the potential applications of MXene.
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Selectively oxidizing the graphene edge enables exfoliation of graphite
into graphene with high dispersibility and properties

Gyuri Kim', Yonghyun Lee!, and Chang-Ho Choi'
"Department of Chemical Engineering, Gyeongsang National University

Graphene, a two-dimensional carbon nanostructure composed of a single atomic layer arranged in a honeycomb
lattice structure, can be produced from graphite through exfoliation processes. Despite its outstanding
mechanical, electrical, and thermal properties, the industrial applications of graphene are limited. Although
liquid-phase exfoliation is considered a widely used approach for graphene production, prolonged exfoliation
time and low production yield constrain the scalable graphene production. The poor dispersibility of graphene in
various solvents is also a significant challenge for the industrial applications of graphene. Herein, we suggest a
novel exfoliation method of selectively oxidizing the graphene edge to produce graphene with high dispersibility
and properties. It was found that selectively oxidizing the edge of graphene results in the increase of
interspacing distance of graphene, facilitating the exfoliation through mild sonication treatments. Additionally,
oxygen-containing functional groups at the graphene edge improves the dispersibility of graphene to various
solvents. This approach offers streamlined processes for graphene production with high solvent affinities,
significantly contributing to the advancement of graphene-related technologies.
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Characteristics of Decomposition Reaction of Various Hydrocarbons
Using Continuous Reactor Under High Temperature-Pressure Condition

Gi Bo Han*, Jung Hee Jang, Ji Eun Lee, Hyun Sung Jan
g g y g g
Institute for Advanced Engineering
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review,” Renew. Sustain. Energy. Rev., 38, 1029-44 (2014)

2. Meng, F. et al., "Research progress of aqueous amine solution for CO2 capture: A review," Renew. Sustain.
Energy. Rev., 168, 112902 (2022).
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A study on Analysis of Greenhouse Gas Emissions from
Hydrogen Production

Heekyung An, Sojeong Jang
Korea Institute of Industrial Technology
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1. Massarweh, O., Al-khuzaei, M., Al-Shafi, M., Bicer, U., and Abushaikha, A. S., “Blue Hydrogen Production
from Natural Gas Reservoir: A review of Application and Feasibility,” J CO2 Util, 70, 102438 (2023).
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Production in Transforming Energy Systems,” Prog Energy Combust Sci, 90, 100996 (2022).
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Measurement of CO, solubility and physical properties of
monoethanolamine solution with amino acids

Gicheol Jeong"’. Kwanghwi Kim'?, Hyunji Lim"’, Jinmyeong Oh"?, Hyun Sic Park’,
Jo Hong Kang'’, Jinwon Park’. Hojun Song"’
'Korea Institute of Industrial Technology, *Ulsan University, *Yonsei University
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CO, Absorption-Desorption Capacity of Single and Blended Aqueous
Amine and Amine Blending Strategy

lieun Kim'? Jo Hong Kang?, Sun Yup Hwang’, Hyun Sic Park? Jinwon Park' and Hojun Song”
"Yonsei University, *Korea Institute of Industrial Technology

Chemical CO, absorption using aqueous amine absorbents is the most effective for capturing carbon dioxide
from post-combustion flue gas [1]. To overcome the high regeneration energy consumption of
MEA (monoethanolamine), a commercial absorbent, blended amine absorbent has been proposed [2]. In this
study, the absorption and desorption capacity of each single amine was evaluated, and the best performing
amines were selected for the blended amine experiment. Blended amine absorbents took two strategies: mixing
tertiary amines with multi amines to improve the absorption capacity of tertiary amines, and mixing sterically
hindered amines with other amines to further improve the absorption and desorption performance. The capacity
of the absorbents was investigated using CO, screening apparatus under 15% CO, (N, balance), 313 K
(absorption) and 353 K (desorption). The results were compared to a commercial absorbent, MEA, using
absorption and desorption performance indicators.

References

1. Rochelle, G. T., “Amine scrubbing for CO, capture,” Science, 325(5948), 1652-1654 (2009).

2. Nwaoha, C., Saiwan, C., Supap, T., Idem, R., Tontiwachwuthikul, P., Rongwong, W., Al-Marri, M. J., and
Benamor, A., “Carbon dioxide (CO;) capture performance of aqueous tri-solvent blends containing
2-amino-2-methyl-1-propanol (AMP) and methyldiethanolamine (MDEA) promoted by diethylenetriamine
(DETA),” International Journal of Greenhouse Gas Control, 53, 292-304 (2016).
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CO,-unloaded/loaded IPAE &9 2%, A3 CO, & &
UE, A 24 9 4

Density, viscosity of CO,-unloaded/loaded IPAE solutions and
correlations as a function of temperature, composition and CO, loading

Gyeongmin Baek'?, Jieun Kim'"?, Jo Hong Kangl, Hyun Sic Park!, Hojun Songl*
"Korea Institute of Industrial Technology, *Dongguk University, *Yonsei University
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Effect of Pd precursors on the catalytic properties of Pd/CeO, catalysts
for CH; and CO oxidation

Sangbeom Yoo, Eunwon Lee, Gyuhyun Jang, Do Heui Kim’
School of Chemical and Biological Engineering, Seoul National University, Republic of Korea.

It is widely reported that the state of Pd in Pd/CeO, catalysts can be adjusted by various methods. Compared
to the numerous studies on the ceria morphology and catalyst preparation methods, the role of Pd precursors on
the properties and activities of Pd/CeO, remains largely unexplored. Herein, the Pd/CeO, catalysts using
different Pd precursors (palladium nitrate and acetate) were applied to the catalytic oxidation of CH4 and CO.
Various characterizations revealed that the Pd species in Pd/CeO,(N) are agglomerated in an oval shape, forming
the PdO nanoparticles on the surface of CeO, support which led to the greater methane oxidation activity than
the other. On the other hand, Pd species in Pd/CeO,(A) are inserted into the defect sites of the CeO, support,
inducing the formation of Pd,Ce; O, s which led to the greater CO oxidation activity. Our study described that
Pd precursors play a critical role affecting the catalytic activities and properties of catalysts, mainly altering the
Pd state and location.
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An investigation of CO, adsorption mechanism on bead shaped iron
based adsorbents.

Jiyull Kim, Sang Bin Kim, Ji Bong Joo*
Konkuk University
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Effect of hydrophobic coated polymeric HFMCs and
AAS for CO: capture

Hee Jun Lee and Suhan. Kim'
Korea Institute of Industrial Technology

Hollow fiber membrane contactors (HFMCs) are one of the most effective methods for capturing carbon dioxide,
owing to their superior surface area that interfaces between the absorbent liquid and the exhaust gases. Due to
the corrosive nature of CO, absorbents, HFMCs often exhibit a wetting phenomenon. The primary causes of this
phenomenon are the inherent wettability of polymeric HFMCs and the presence of highly corrosive absorbents.

In this study, a perfluoroether (PFE) grafted silane (KY-164, Shin-Etsu) coating was applied to the layers of
hollow fiber membranes to mitigate membrane wetting by enhancing membrane surface tension. As the CO,
absorbent, a 2.5 M solution of amino acid salt (AAS) containing 1.5 M Potassium serinate and 1.0 M
Piperazine (PSZ) was used. In comparison to the commonly used monoethanolamine (MEA), PSZ is anticipated
to diminish wetting phenomena due to its low corrosiveness and high surface tension. The practical effects of
hydrophobic-coated polymeric HFMCs and the application of AAS on CO, removal efficiency were observed
through a comparison with MEA and AAS solutions.
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Development of high efficient separation process for
CO,-based polyol
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Adsorption Characteristic of Carbon Dioxide on
Amine-impregnated Adsorbent

Jo Hong Kang'?, Min Ju Choi®, Hyun Sic Park v Sun-Yup Hwangl, Hojun Song1
'Korea Institute of Industrial Technology, *Yonsei University, *Dongguk University
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Characteristics of Carbon Capture using Limestone in a Demo-Scale
Direct Aqueous Carbonation Plant

Dong Kyoo Park, Changsik Choi*
Clean Energy Conversion Research Center, Institute for Advanced Engineering
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A study on ideal additives in wet absorption process for long-term

removal of low-concentration SO, in flue gas

Sang Bin Kim, Jiyull Kim, Sung Beom Hwang, Ji Bong Joo
Konkuk University
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1. Ji Eun Jeong. Chang-Yong Lee, "The simultaneous removal of sulfur dioxide and nitrogen dioxide by the
limestone slurry with addition of organic acid additives," Korean J. Chem. Eng., 38, 2064-2071 (2021).

2. Lina Lv. Jianbin Yang. Zhigang Shen. Yanbo Zhou & Jun Lu, “Selecting organic desulphurization additives
in flue desulphurization process”, Energy Soutces., 38, 2649-2655 (2016)
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Experimental Study on NOx Removal Performance of Selective
Catalytic Reduction using Metallic Monolith with Various Cell Density

Min Kyum Kim? Mino Woo!, Hee Soo Kim!, Jung ho Jae?, and Dong-Ha Lim""
Green Materials & Process R&D Group, Korea Institute of Industrial Technology, Ulsan, Korea'

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

Since combustion-generated nitrogen oxides (NOx) emissions (e.g. from steel industry and power plants)
adversely affects human and environment, reduction of NOx emissions matters urgently [1]. The selective
catalytic reduction (SCR) technique is mainly used to reduce NOx emissions where ceramic monolith is
typically used as catalyst substrates. While ceramic monolith have lower mechanical strength and is difficult to
maintain and repair [2], the metallic monolith, composed of a thin metal foil formed in a flat and a corrugate
structure inside the metal cell, has superior thermal conductivity and mechanical stability. In this study, a
VMo/TiO, catalyst was prepared and coated on the surface of metallic monoliths with five different cell
densities (100 ~ 500 cpsi). In order to investigate the denitrification characteristics according to the cell density
of the metallic monolith, NOx conversion performance was experimentally evaluated using a bench-scale flue
gas denitrification test apparatus. Inlet gas composition mimics the exhaust gas in the steel industry (NOx 300
ppm, NH; 300 ppm, SO, 100 ppm, 15 vol% O,, 5 vol% H20, N2 Balance, SV 5,000 h-1). The NOx
conversion performance did not monotonically increase with increasing the cell density of the monolith channel.
With increasing cell density, specific surface area increases which is favorable for catalytic conversion, while the
retention time dramatically decrease due to the narrowed flow path. The findings of this study indicate that the
non-monotonic behavior depending on cell density was attributed to the trade-off relationship.

Acknowledgement

This study has been conducted with the support of the Korea Institute of Industrial Technology as ‘“Development
of the super clean modular platform technology based on Al for eco-friendly ship to respond to IMO 2020/2050
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Enhanced SO, absorption performance and corrosion inhibition of
carbon steel in KITSSOL with green corrosion inhibitors
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Development of Double-layered SCR Catalyst Coated on Metallic
Monolith, Exhibiting Excellent Resistance to H,O and SO, from
Marine Engine Exhaust Gas

So Hyeon Lee, Hyejin Kim, Hee Soo Kim, and Dong-Ha Lim*
Green Materials & Processes R&D Group, Korea Institute of Industrial Technology, Ulsan, Korea

The selective catalytic reduction (SCR) technique has long been used to reduce NOx emissions in power plants,
steel industry, and automotive exhaust [1-2]. The vanadium-based V,0s-WOs/TiO; catalysts are most commonly
used in such SCR systems. The V,0s-WO;/TiO, catalyst exhibits excellent SO, resistibility and denitrification
efficiency at temperatures ranging from 300 °C to 400 °C, while catalytic activity is degraded due to the
ammonium bisulfate formed by presence of HO and SO, at temperatures below 240 °C [2]. Therefore, it is
necessary to develop a vanadium-based SCR catalyst that has not only high denitrification efficiency for a
process in which H,O and SO, are present, but also good durability to respond to high pressure drops. In this
study, Mn, Mo, and Ce as secondary metals were added to the vanadium-based SCR catalyst to improve the
resistibility in the presence of H,O and SO,. The catalyst was synthesized by incipient wetness impregnation
method. The as-prepared double-layered SCR catalyst was coated on the metallic monolith, and its NOx
conversion performance was experimentally evaluated by a lab-scale micro-reactor system. Our results show
excellent denitrification performance under the model gas composition targeting marine engine exhaust gas.
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A Study on Surface Reaction Characteristics of Mn-Cu-Based Catalysts
for Ozone Decomposition

Dohoon Yang, Byung Chan Kwon, Minkyu Kim, No-Kuk Park’, Dohyung Kangl,
Jong Sun Kong?, Seong Wook Kong’
Yeungnam University, 'Seoul Nantional University of Science & Technology, *Inwoo Eco Corp.
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Removal of chlorine contained in waste plastics pyrolysis oil
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Hydrogen Production from Catalytic Gasification of Waste Wood
Plastic Composite using Different Low Cost Catalysts

J[imin Sim, Jihyeon Seo, Haneul Shim, Young-Kwon Park*
School of Environmental Engineering, University of Seoul
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Cu/CeO,-MgO catalyst for high temperature water-gas shift reaction for
high-purity hydrogen production
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Development of Ru-based catalysts for Steam Reforming of Mixed
Alkane Hydrocarbons Reaction Using Various supports

Min-Ju Kim', Ji-Hyeon Gong', Kyung-Won Jeon?, Won-Jun Jang"*'
"Department of Environmental Engineering, Ajou University,
’Department of Environmental and Safety Engineering, Ajou University
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Azt ch S s H7HE Yall H,0/C ] 7.0, RES1= 850 Tofl A 124]17F 59k A HAES A
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Evaluation of Steam Reforming of Mixed Alkane Hydrocarbons
Performance in Ni-based Catalysts though Supports and
Promoters Addition
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Design of a liquid metal bubble column reactor for hydrogen
production by methane cracking

Dong Kyoo Park, Hyo-Sik Kim, Jae-Hong Ryu*
Clean Energy Conversion Research Center, Institute for Advanced Engineering

Abstract
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AN E(CeOy) YAt EH/ld 9 B4tam A

A Study on Surface Modification and Dispersion effect of Cerium
Oxide (CeO,) Nanoparticles

Jae Yeon Hwang, Xuelong Zhuang, Min Chang Shin, Si Eun Kim, Jung Hoon Park*
Department of Chemical and Biochemical Engineering, Dongguk University

N,
APSHAIE(CeOr) Wrim A= - 545 7H Aty A=A A7 Absake] v 7] 7k Aot vl
A A 2] Iuk(Polishing)of] EHA1% o] o] Stk Z1ejuf AbebAlE W oAU A7E 7] wlZol 8-
ol gallE wf tiedxE 78] Az SR =7 elnh dubdlo g SR A7]= Y AR vfe- =
7] wizell dAE s el Eqﬂ dsol At ofof wet AtstAlE e dAE e oz S o
WA FAA7E A7 ARE A A S W AMSAlE Wi dAke] B A A1V
?ls CTAB oF & Ao A Alz=gt FAtA S AREsho] AbshAlg Aol i/l d S 3 shel) Aks}
AF gl ERAY 9 RASAE 48] S5 FLIR, PSA XPS 34do) $lssion e
A7F I VRS AT AR el Bl et EHe A7)
al ﬁi;@ o7 }\]—gl_]\ﬂ_ﬂ_ L}}.—_O‘X}

1o
2]
g ¢
=
i m
b@i
)
N
&9
oo ¥
filo
1o
ro
nﬁl
alil r

el

=387|a88] 20239k FAH &3] ¥ st&0g



PI-2

Aol Aelatol= FYH Ao /A4

§ Srd B9 npo]aE Awo]
T4 L AF oA §IFAax

jo) 2g

1A ol Z=A)
S 392
H 715 dst EAZE e ouA] A g ek et olan, o & < g AE A
AU A Mg bl 2E oA bdA Arh Fs] A vk uhebd] A g o £ FAL
dABH] 918l g W e 5AE JH ) SA A At FEEa ok 23 AEEl
¥ O] 2ERE.200 mA W) O R Q3 feh S5 AR DFHI QLo A Al A Aol
HEg R PFoR ek LA Bt AVJHEE(10? SemE gk HHEA Ast EA7E
ok & Aol A EEARE W FAAE FHE § dolgs Aejatels gy deagd g
=9 wpol AR AT o) 5 ggste] BlF ol A SR A Eetth FAA S Fa e Eie)
P O AEy dolgd dejatel =5 AEg wiele] fRg sto] dee] RuWAS oAstdS
Wk opet SEd o] AV HEES FAAAC AW T vE A E ARE A Ate] 1A o]
T A3 st wpolAR Ao 7ho] &G guiste] snje] B4 Fdol slefstgict 1 A,
dolg Aejatel= sy AeAAA B4 859 volazsuol: 1.0 Al AFUEA 600

2| /4
cycle -] 908 mA h/g9] w2 B &8-S f-A8% o 3.0 A/ge] £ AFUofAl 1,000 cycle F-of =
379 mA h/g?] WA 853 YERY

208 SIRHI|&SIE| 202345 £ £3] U SHALH3



PI-3

Effect of solvent polarity levels on ultrasound-negative pressure
cavitation methanol-water fractional precipitation of
(+)-dihydromyricetin

Chaeyeon Kim'?, Hyunji Oh'?, Ji Hyun Um'?, Myeong Heon Um'?, Jin-Hyun Kim"%
ICenter for Future Sustainable Technology, *Dept. of Chemical Engineering, Kongju National University,
Y P 8 8 8] Y
Cheonan 330-717, Korea

Abstract

This study presents the ultrasound-negative pressure cavitation methanol-water fractional precipitation to
dramatically improve the precipitation efficiency of (+)-dihydromyricetin from biomass. The precipitation
conditions (solvent composition, precipitation time, temperature, etc.) for the fractional precipitation of
(+)-dihydromyricetin were optimized, and the kinetics and thermodynamics of precipitation process were
analyzed. Precipitation efficiency has been dramatically improved, and the time required for precipitation has
been reduced compared to conventional methods. The Johnson-Mehl-Avrami-Kolmogorov equation was applied
to the experimental data to obtain the rate constant and to calculate the activation energy. Thermodynamic
parameters, such as standard enthalpy, standard entropy and standard Gibbs free energy change, were
investigated. In addition, the ultrasound-negative pressure cavitation precipitation behavior was quantitatively
investigated by calculating the precipitate size and diffusion coefficient of (+)-dihydromyricetin.

Acknowledgment
This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Government
of Korea (MSIT) (Grant Number: 2021R1A2C1003186).
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Chromatography-free purification of (+)-dihydromyricetin by three-step
tandem cavitation fractional precipitation

Hyunji Oh'?, Ji Hyun Um'?, Myeong Heon Um'? Jin-Hyun Kim"*
!Center for Future Sustainable Technology, *Dept. of Chemical Engineering, Kongju National University,
Cheonan 330-717, Korea

Abstract

In this study, a chromatography-free purification process through a three-step tandem cavitation fractional
precipitation (CFP) was developed to obtain high-purity (+)-dihydromyricetin. Ultrasound and negative pressure
were introduced simultaneously into three types of precipitation solutions (acetone-water, methanol-water, and
ethanol-water) and precipitation was performed for 30 min. The purity of (+)-dihydromyricetin after the
three-step tandem CFP was >98 % and the overall yield was >90 %. In addition, the impurity removal patterns
at each precipitation step were observed through reverse phase-high performance liquid chromatography analysis,
and the chemical structure of (+)-dihydromyricetin finally purified through the three-step tandem CFP was
confirmed through Fourier-transform infrared spectroscopy analysis.

Acknowledgment

This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Government
of Korea (MSIT) (Grant Number: 2021R1A2C1003186).
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A non-chromatographic method for the purification of
paclitaxel from Taxus chinensis

Da-Yeon Kang'? Phil Rip Jeon'?, Myeong Heon Um'?, Jin-Hyun Kim"*
!Center for Future Sustainable Technology, *Dept. of Chemical Engineering, Kongju National University,
Cheonan 330-717, Korea

Abstract

In this study, a chromatography-free process using tandem cavitation fractional precipitation was developed for
the purification of high-purity paclitaxel. Paclitaxel was purified with a purity of 98.8% and an overall yield of
91.1% through a three-step fractional precipitation using acetone/pentane (1:9, v/v), methanol/water (61.5:38.5,
v/v), and acetone/water (1:2, v/v) systems. In addition, the precipitation characteristics and step-by-step impurity
removal behaviors were observed through reverse phase-high performance liquid chromatography, and the
structure of the paclitaxel purified by tandem cavitation fractional precipitation was confirmed through
Fourier-transform infrared spectroscopy.
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of Korea (MSIT) (Grant Number: 2021R1A2C1003186).
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Effect of ultrasound and negative pressure cavitation on the adsorption
efficiency of paclitaxel from cell-free culture supernatants of
Taxus chinensis onto Diaion HP-20

Yeji Kangl’z, Da-Yeon Kangl’z, Phil Rip ]eonl’z, Myeong Heon Um'?, Jin-Hyun Kim**
'Center for Future Sustainable Technology, *Dept. of Chemical Engineering, Kongju National University,
Cheonan 330-717, Korea

Abstract

In this study, an ultrasound-negative pressure adsorption characteristics of paclitaxel from the cell-free culture
supernatants of Taxus chinensis by adsorbent Diaion HP-20 were investigated using different parameters
(ultrasonic power, negative pressure intensity, initial paclitaxel concentration, adsorption temperature, and contact
time, etc.). The adsorption amount according to the ultrasonic power and negative pressure intensity was
investigated, and the experimental data were fitted to various adsorption isotherms (Langmuir, Freundlich,
Temkin, and Dubinin-Radushkevich) in order to study the adsorption characteristics. In addition, the feasibility
and nature of the adsorption process were investigated through kinetic and thermodynamic analyses.

Acknowledgment

This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Government
of Korea (MSIT) (Grant Number: 2021R1A2C1003186).

212 SRHYI|&SIE| 2023495 £ £3] U ALY



P1-7

Adsorption isotherm, kinetic and thermodynamic studies for the
negative pressure-assisted adsorption of paclitaxel from cell-free culture
supernatants of Taxus chinensis using Diaion HP-20

Sangmin Yun'?, Da-Yeon Kangl’z, Phil Rip ]eonl’Z, Myeong Heon Um'?, Jin-Hyun Kim*
'Center for Future Sustainable Technology, *Dept. of Chemical Engineering, Kongju National University,
Cheonan 330-717, Korea

Abstract

The negative pressure adsorption characteristics of paclitaxel from plant cell cultures of Taxus chinensis by the
commercial adsorbent Diaion HP-20 were investigated using different parameters such as negative pressure
intensity, initial paclitaxel concentration, adsorption temperature, and contact time. The experimental data were
fitted to four adsorption isotherms including Langmuir, Freundlich, Dubinin-Radushkevich and Elovich in order
to study the adsorption mechanisms and characteristics. Also, kinetic analysis was performed using the
pseudo-first-order, pseudo-second-order, and intraparticle diffusion models. Furthermore, the thermodynamic
parameters, isosteric heat of adsorption, and activation energy were quantitatively examined in order to evaluate
the feasibility and nature of the adsorption process.

Acknowledgment
This work was supported by the National Research Foundation of Korea (NRF) grant funded by the Government
of Korea (MSIT) (Grant Number: 2021R1A2C1003186).
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Effect of the NiO particle size on the activity of Mo/HZSM-5 catalyst
physically mixed with NiO in methane dehydroaromatization

Jangeon Roh, Hae Won Ryu, Kihun Nam, Yong Hyun Lim and Do Heui Kim'
School of Chemical and Biological Engineering, Institute of Chemical Processes, Seoul National University

Methane dehydroaromatization is an effective reaction that directly converts methane to benzene, toluene, xylene
(BTX), and hydrogen in a non-oxidative atmosphere. Our previous study reported that when commercial NiO
was added to Mo/HZSM-5 via a simple physical mixing method, the methane conversion and BTX selectivity
were significantly improved. In this study, the efficiency of NiO particles with various sizes (4, 22, 36, 45, and
101 nm) as promoters was evaluated, and it was found that NiO (36 nm) has the optimum size for enhancing
the activity of Mo/HZSM-5. The results of temperature-programmed reduction of methane, X-ray diffraction,
transmission electron microscopy, and CO chemisorption revealed that among the samples analyzed, NiO (36
nm)-Mo/HZSM-5 had the highest dispersion of MoCx active sites because it had the lowest reduction
temperature for NiO and MoOx. When the NiO particle size was smaller than 22 nm, the formation of inactive
NiMoO, was preferred, which caused the severe agglomeration and low dispersion of MoCx.
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Photothermal water evaporation by hydrophilic/hydrophobic PDMS
sponge containing gold nanorods under UV, visible,
and infrared irradiation

Jachwan Hong, and Younghun Kim*

Sustainable access to clean drinking water is an escalating global concern amid changing environmental
challenges. This study investigates the efficacy of solar-driven water evaporation, offering potential advantages
in terms of energy efficiency and scalability, using a hydrophilic gold nanorod (AuNRs)/porous
polydimethylsiloxane (PDMS) sponge matrix. Differing light sources were categorized by wavelengths, and their
individual contributions of ultraviolet (UV), visible (vis), and infrared (IR) light sources to evaporation rates
were assessed using a cut-off filter. Results show that while UV light contributed most effectively due to its
high energy, substantial evaporation was also enabled by vis and IR light sources. This expands the adaptability
of the technology across various lighting conditions. The AuNRs/PDMS sponge matrix, showcasing superior
water wettability and photothermal efficiency, demonstrates the potential for improving water evaporation. Our
study provides crucial insights into optimizing the photothermal effect via particle tailoring for enhanced light
absorption at specific wavelengths, setting the groundwork for pioneering water evaporation technologies with
broad applications and significant environmental benefits.
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As the production and disposal of disposable health masks exponentially increases during the COVID-19
pandemic, interest in their environmental impact is growing. In this study, an environmental assessment was
conducted on all stages including pre-manufacturing, manufacturing, use, and disposal of KF94 masks, and a
hypothetical scenario was applied in which the incineration rate would increase step by step from the current 68
% to 100 % when discarding masks. As a result of the characterization when the incineration rate was increased
to 100%, eutrophication of marine and freshwater and non-carcinogenic toxicity to humans were reduced by 63
%, 31 %, and 18 %, respectively, among the 22 environmental impact categories considered, showing the largest
environmental impact. Ecotoxicity in marine and freshwater was also reduced. On the other hand, stratospheric
ozone depletion increased by 10 % and human carcinogenicity by 1 %, and the effects were negligible in the
other categories.

Therefore, when disposing of KF94 masks, incineration rather than landfill seems advantageous in terms of
human health, ecosystem, and resources.
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The Effect of Various Solvents on Process for the Synthesis
Precipitated Calcium Carbonate Using Oyster Shell

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

<Abstract>

Oyster shells, one of the industrial wastes, were illegally disposed or neglected, resulting in poisonous odors
(NH3, H,S) and difficulties in maintaining and controlling landfills. The synthesis of Precipitated Calcium
Carbonate (PCC) using oyster shells could not only recycle oyster shells but also create value-added product
through the carbonate synthesis. In this study, the effect of different solvent types on the synthesis of PCC using
oyster shell powder were investigated. Ca ions were extracted from the oyster shell using hydrochloric acid,
ammonium chloride, acetic acid, nitric acid, formic acid and oxalic acid. Oxalic acid produced the Ca
compound, and ammonium chloride showed lower Ca extraction rate compared to other solvents. Therefore,
oxalic acid and ammonium chloride are unsuitable as the solvent and were excluded from the subsequent
experimental stages. And then, solubility was high in the order of nitric acid, hydrochloric acid, formic acid,
acetic acid. After extraction, the pH of the Ca solutions was adjusted to 11 using sodium hydroxide in order
to eliminate impurities such as Fe and Al. In addition, sodium hydroxide was injected during the carbonation
to maintain pH in the range 10.5-11.0, facilitating the formation of CO;>. After that, the behavior of carbonation
was observed according to the type of solvents and carbonation time. The Ca conversion was high in the
following order : nitric acid, hydrochloric acid, formic acid, acetic acid. In addition, in the case of acetic acid
and formic acid, the morphology of PCC was ellipsoidal or sphere, whereas hydrochloric acid and nitric acid
resulted in cubic and polyhedral shapes.
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'Clean Technology'.
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The Morphology Change of Precipitated Calcium Carbonate synthesis
from Oyster Shells Depends on the Type and
Concentration of the Eluent Used

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

<Abstract>

Every year, a vast amount of oyster shells are illegally dumped, reclaimed, and laid out. This leads to
environmental pollution, such as wastewater, dust and odor. This study aims to observe the effect of eluent type
and concentration on the production and morphology change of PCC from oyster shells. Several eluents,
including Nitric acid(HNO;), Acetic acid(CH;COOH), Phosphoric acid(H;PO,), and Sulfuric acid(H,SO.), were
used at various concentrations (0.1 M, 0.5 M, 1.0 M, 1.3 M, and 1.5 M) to extract Ca ions from the oyster
shell. In the case of H,SO4, Ca ions were not eluted due to the formation of other Ca compounds during the
Ca elution stage. Additionally, H;PO4 produces other Ca compound during the pH control stage. Therefore, the
experiment was conducted for each concentration using CH;COOH and HNOs, excluding the two eluents. The
Ca-rich solution was raised to pH 11 using 3M Sodium Hydroxide (NaOH) to eliminate impurities and adjust
the carbonation environment. Subsequently, the carbonation behavior was investigated according to type and
concentration of the eluents. As the concentration of both eluents increased, CaCOs; production increased linearly
to specific concentration (HNOs: 1.0 M, CH;COOH: 0.5 M). Above the concentration, the production rate
increased slightly. As the concentration increased, morphology of the PCC particle was formed in cubic shape
at HNO; sample, and gradually transformed cubic into sphere at CH;COOH sample.
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Cu,O Nanocubes with Capping Agents: Synthesis, Antimicrobial
activity, and Dispersion Stability in Nonpolar and Polar Solvent

Jeongyeon Park'?, Siwoo Lee!, Yangdo Kim*" and Youngbok Ryu'’
'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 antimicrobial textiles employing inorganic Nanoparticles (NPs) are effective in
controlling bacteria, microbial, etc. However, it is still challenging to disperse inorganic NPs into fiber matrix
uniformly, especially for melt-blown nonwoven. In this work, the dispersion stability of capped Cu,O NPs was
investigated in different solvents (Hexane and DMF:Acetone = 3:2 (vol%)) and compared the antimicrobial
activity of Cu,O NPs. The nonpolar properties of the PP resin were simulated by Hexane. A mixture of DMF
and Acetone, polar solvent, was used for electrospinning. The Cu,O NPs were prepared by chemical reduction
method and the capping agents (PVP, SDS, PEG, CTAB) were added during the precursor solution preparation.
The presence of the capping agent on surface was confirmed by Fourier-Transform Infrared (FT-IR)
spectroscopy. To analyze the effect of capping agents on dispersion stability, the transmission of colloidal
solutions (capped Cu,O in solvents) at different heights and times was measured by using Turbiscan. The
morphology and crystal structure of Cu,O NPs were characterized by Scanning Electron Microscopy (SEM)
images and X-ray Diffraction (XRD). Antimicrobial activity of Cu,O was evaluated by the Dry Rehydratable
Film Media method.
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A Study on the Decomposition Characteristics of Liquid Fuel
Using a Flow Reactor

Min Chang Shin, Jae Yeon Hwang, Xuelong Zhuang, Min Yeong Ko,
Sung Woo Han, Jung Hoon Park’
Department of Chemical and Biochemical Engineering, Dongguk University
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Rationally designed functional interlayers comprising N-doped graphitic
carbon-coated CoSe, nanocrystals entangled in conductive and porous
three-dimensional rGO-CNT microspheres for Li-S batteries

Saroha Rakesh', Jung Sang Cho*!
'Chungbuk National University

Three-dimensional porous microspheres consist of a highly conductive framework made of reduced graphene
oxide-carbon nanotube (rGO-CNT) with well-embedded nanocrystals of cobalt selenide (CoSe;) coated with
N-doped graphitic carbon (NGC) and named “P-CoSe2@NGC/rGO-CNT” microspheres, were synthesized using
spray pyrolysis technique. This innovative nanostructure was then utilized as an electrocatalytic interlayer to
enhance the performance and durability of lithium-sulfur (Li-S) batteries. The incorporation of the NGC layer
and rGO-CNT framework not only enhances the electronic conductivity significantly but also offers numerous
conductive pathways (primary and secondary) for efficient electron transport. Macropores (¢ = 100 nm) formed
by the decomposition of PS nanobeads (¢ = 200 nm) guarantee effective electrolyte penetration and short
diffusion pathways, enabling faster redox kinetics. Moreover, CoSe, nanocrystals offer a multitude of polar
active sites that effectively anchor polysulfide intermediates. Benefiting from the merits of the nanostructure,
Li-S cells featuring a P-CoSe;@NGC/rGO-CNT-coated separator and a conventional sulfur electrode
demonstrated outstanding rate capability (up to 2.0 C) and remarkable cycling stability (1,000 cycles at 2.0 C).
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Design and Synthesis of Three-Dimensional Porous TiO, Microsphere
Composited with N-Doped Graphitic Carbon as Anode Material of
Lithium-Ion Battery

Hye Seon Ka', Jung Sang Cho*'
'Chungbuk National University

Recently, the utilization of lithium-ion batteries (LIBs) has been expanded in various applications due to the
increasing concern about climate change. The LIBs have played a vital role in energy storage, primarily due to
their high energy density. Hence, it has been intensively studied to improve rate capability and cycling
properties of anode materials. In this study, three-dimensional porous TiO, microspheres composited with
N-doped graphitic carbon (NGC) are synthesized via spray pyrolysis process and post heat-treatment process.
Utilizing porous TiO, microspheres as anode material for LIBs, the discharge capacities after the 2,000 and
5,000 cycle are 219 and 160 mA h g' at 2.0 and 3.0 A g ,respectively. Moreover, the TiO, microspheres
indicate the final discharge capacities of 300, 248, 215, 184, 167, 143, 126, and 105 mA h g'1 at current
densities of 0.2, 0.5, 1.0, 2.0, 3.0, 5.0, 7.0, and 10 A g, respectively. The NGC and the porous structure
contributes to high electrical conductivity and electrolyte infiltration inside the electrode, respectively, thereby
enhancing rate capability. Additionally, the stable cycling properties are results of the porous structure to
accommodate the volume expansion, coupled with the low volume expansion of TiO, (~4%).
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Enhancing Cu,O Nanoparticle Dispersion in PP Films and
Masterbatches for Improved Antibacterial Performance

Taejong Jang'?, Siwoo Lee' Yangdo Kim” and Young Bok Ryu' "
'Green Materials and Process R&D Group, Korea Institute of Industrial Technology(KITECH),
’School of Materials Science and Engineering, Pusan National University

<Abstract>

Due to their low cost, non-toxicity, and abundance, Cu,O nanoparticles are widely used as antibacterial agents
in various industries. Through the use of polypropylene(PP) masterbatches that contain Cu,O NPs as
antibacterial agents nonwoven materials with antibacterial activity could be produced. However, when Cu,O NPs
aggregate within the nonwoven fabric, localized concentration variations can lead to inconsistent overall
antibacterial performance. Therefore, achieving uniform dispersion of Cu,O NPs within the nonwoven fabric is
essential to maintain consistent and reliable antibacterial performance across the fabric. In this study, PP films
were produced using PP masterbatches containing Cu;O NPs at 0.1wt%, 0.25wt%, and 5wt% to investigate the
dispersibility of Cu,O NPs in the PP matrix. In order to investigate the influence of mixing time on the
dispersion of Cu,O NPs during PP films production, the use of a masterbatches and the direct mixing of Cu,O
NPs with PP pellets were compared. Additionally, polyethylene glycol(PEG) was added during the synthesis of
Cu,O NPs to assess the effect of a dispersant on the dispersion of NPs within the PP film. The dispersibility
of the film samples was evaluated using HAZE measurements, tensile testing, scanning electron microscopy, and
energy dispersive spectroscopy.
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1. Lee et al., “Three-dimensional hierarchically porous micro sponge-ball comprising anatase TiO, nanodots and
N-doped graphitic C as anodes for ultra-stable Li-ion batteries,” J. Energy. Storage., 66 107396, 1-14 (2023).

2. Park et al., “Advances in the synthesis and design of nanostructured materials by aerosol spray processes for
efficient energy storage,” Nanoscale, 11, 19012-19057 (2019).

3. Jo et al., “Coral-Like Yolk-Shell-Structured Nickel Oxide/Carbon Composite Microspheres for High-Performance
Anodes in Li-lon Storage," Nanomicro Lett., 11(3), 1-18 (2019).
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Polycyclic aromatic hydrocarbonsZ -8 BTXEQ} C,;p-C;; aromatics2]
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Effect of Desilicated Catalysts on the Production of BTXE and
Ci10-C13 Aromatics from Polycyclic Aromatic Hydrocarbons

Yeongseo Park, Sooyeon Hong, Gi Bo Han!, Byunghun Jeong?, Jong-Ki Jeon
Kongju National University, 'Institute for Advanced Engineering, *Agency of Defense Development

AG 2 aizko| what AlG-slelad HAME 9] 11E7kslrE @ 5tE] a1 @itk Polycyclic aromatic hydrocarbons
(PAHs)+= 2-ring aromatic hydrocarbons Y 3-ring aromatic hydrocarbons® -+ = o]Qlo] A= ZAAY A
A= 2 20]al Q1O XL PAHsE benzene, toluene, xylene, ethylbenzene(BTXE) &2 T4 @ 2 1l
HL] SRR AREl 7] THo] WolA Tt glck . 9T hydrocrackingS 3 PAHsE R E]
BTXE®} dotAA] 7o) alal AE o] C-Ci3 2] mono-aromatic rings “1&] 3l di-aromatic ringsS ¢ 314} 3
th. A A A 2+ desilications 218 3}o] mesopore & A2 H-beta, HUSY, ZSM-52 4145131 th Co &
MoS 217} 3, 5 wt% A8l mesoporous =1l 9] S}et4 4 E2]24 EA-2 N,-adsorption and desorption,
X-ray fluorescence(XRF), NH;-temperature programmed desorption(TPD) “12]1l H,-temperature programmed
reduction(TPR)2- ©|-§-5}o] FA 3} A| 23k S5 trickle bed reactorof] A Qg o} 4l 2HJo}= 713
3 7, PAHs®] 57 2alN-8-8 Saaisir.

N
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1. Upare, D. P., Park, S., Kim, M. S., Jeon, Y.-P., Kim, J., Lee, D., Lee, J., Chang, H., Choi, W., Park, Y.-K.
and Lee, C. W., “Selective hydrocracking of pyrolysis fuel oil into benzene, toluene and xylene over
CoMo/beta zeolite catalyst,” J. Ind. Eng. Chem., 46, 356-363 (2017).

2. Jung, M.-J., Jung, J.-Y., Lee, D. and Lee, Y.-S., “A new pitch reforming from pyrolysis fuel oil by UV
irradiation,” J. Ind. Eng. Chem., 22, 70-74 (2015).

3. Lee, J. and Park, S.-K., “Research Papers : Synthesis of Carbon Materials from PFO, Byproducts of Naphtha
Cracking Process,” Appl. Chem. Eng., 22(5), 495-500 (2011).

4. Shin, J., Oh, Y., Choi, Y., Lee, J. and Lee, J. K., “Design of selective hydrocracking catalysts for BTX
production from diesel-boiling-range polycyclic aromatic hydrocarbons,” Applied Catalysis A: General, 547,
12-21 (2017). Nov. 16, Houston, TX, (2004).

5. T. Jia, S. Gong, L. Pan, C, Deng, J.-J. Zou, X. Zhang, Fuel, 2020, 264, 116843
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Enhancement of adsorption-based heat storage of
zeolite-type water adsorbent

Kanghee Cho *
Department of Chemistry and Chemical Engineering, Inha University, 100 Inha-ro, Michuhol-gu,

Incheon 22212, South Korea

Zeolite 13X with various cations was tested for water-adsorption heat storage. The improvement of adsorption
thermal storage requires high water uptake at high temperature. Thermogravimetric analysis and Differential
Scanning Calorimetry measurements were performed for the zeolites, showing that the amount of heat stored
during water desorption is varied with respect to the type of the cations. Detail results will be present in this
poster.
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A development of PVA Core-Shell bio-carrier to
nitrogen removal in wastewater

Jachoon Shim', Jiwoo Seol?, Jisu Nam', Intaek Kwon'
'ENKI E&C Co.,Ltd., *LOTUS E&T Co.,Ltd.

22 Ao A d71A4 I E AFSHANaerobic AMMonium OXidation, ANAMMOX process)”7} =51
a0tk '@V dEE AEe deERY AAE AASH:E WY stuR, dRe AR ndE
(Ammonia oxidizing bacteria, AOB)o]| 2]3] i 0] 22 o &AL o] 20 & %33t &, ANAMMOX U] A&
o] oIt o]} o} R A} o] &L A AR HFsl= 1S ou]dltt. ANAMMOX process= 7] & A =314
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A Study on the Catalytic Pyrolysis of Wax Produced by
Waste Plastic Pyrolysis

Jaemin Hong, Haneul Sim, Hyunji Lim, Young-Kwon Park*
School of Environmental Engineering, University of Seoul

Ar) Absle] wrlof whel Zetsge] Abgo] 7151
T

al S
SEeleo) ARS e B ARE G dslat ges whes 3
H 5] o]

> = al
S 9l Bl A aER BelolHArE) dile) 4

9 AR BYAH HEE
b ke o So) iy Bol o AR ol taFd ¥ 2gol FoiE 2ejsts] uji
of AR WG et St oS Aol MulshAG Auly nEA LA A 5 9
Ay ARs] 0w Held Bavt gk B A4 v Eekae vl PP, PE W E3 PP-PES] u}
o AEL Shao] Ful ARSNE Fof AuY 1YY oA WA Fol Wolua g
B oATE SRl AUOR AFEHANY | EAKETO|H FHste Sheiae] S4siyerele)
AU e B o

el

IR |&5H5] 2023WE FH &5 U



PI-38

Decomposition of Hydroxylammonium Nitrate Solution using
Metal Oxide Coated on Metalfoam Catalyst

Seyeon Won, Dalsan Yoo', Jong-Ki Jeon
Kongju National University

Hydrazine has been generally used as a liquid propellant in the aerospace industry. Hydroxylammonium nitrate
(HAN) is well-known green propellant. HAN is high density, specific impulse, stability and low freezing point
resulting in reduction of fuel tank size and increase in fuel efficiency. However, since it is dissolved in water
to maintain the aqueous solution, very high temperature is required for initial ignition. Therefore, the catalytic
decomposition is necessary to lower the ignition temperature. In this study, metalfoam catalysts were prepared
by wet impregnation of coated monoliths. Coated supports have been impregnated by metal precursors in order
to deposit metal active phases; for example; H,PtClg salt precursor for Pt-based catalyst. HAN decomposition
experiments were carried out in a lab-scale batch reactor. During the decomposition of the HAN solution, the
temperature of the catalyst increased sharply because of a strong exothermic reaction. The point at which the
temperature started to increase is referred to as the decomposition onset temperature. With regard to thermal
decomposition without a catalyst in the decomposition reaction of the HAN-solution, the decomposition onset
temperatures was 122 °C. Using the metal oxide/metalfoam catalysts, the decomposition onset temperature could
be lowered to 83 °C.
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Synthesis of Biodiesel from Nepalease Jatropha Oil using
Dolomite Bead Catalysts

Yehee Kim', Minsok Sim', Seunghee Lee', Rajendra Joshi’, and Jong-Ki Jeon'
"Department of Chemical Engineering, Kongju National University
*Department of Chemical Science and Engineering, School of Engineering, Kathmandu University

Biodiesel is used in the transportation industry by mixing a fixed amount with existing diesel worldwide.
Biodiesel consists of fatty acid methyl esters (FAME) and is produced by transesterification of oils and
methanol. Homogeneous catalysts such as NaOH and KOH are mainly used for the transesterification. However,
vegetable oils contain free fatty acids (FFA), as well as fats, compared to animal oils, so they react with base
catalysts to form salts. In addition, since it uses a homogeneous catalyst, it has the disadvantage of increasing
cost in the process of separating from biodiesel and treating wastewater. In this study, the free fatty acid content
was lowered using the heterogeneous acid catalyst, Amberlyst-15, to reduce the cost of wastewater treatment and
to extend the life of the catalyst. Then, a transesterification reaction was performed using a Dolomite pellet as
a heterogeneous base catalyst. Reaction conditions were optimized by varying the amount of methanol, the
amount of catalyst, the calcination temperature of the catalyst, and the reaction temperature.

El

2HNI|E36| 20239 7 £3) U starfs| 245



P1-40

Trickle bed reatoro]| 4| ¥WZ/&Fu|y} bead SojE ©0]-&3t
1-methylnaphthalene =43} W&

Hydrogenation of 1-Methylnaphthalenes over Bead-type
Pt/Alumina Catalysts in Trickle Bed Reactor

Sooyeon Hong, Seung Kyo Oh'!, Gi Bo Han? Byunghun Jeong’, Jong-Ki Jeon"
'Kongju National University
*Institute for Advanced Engineering
SAgency for Defense Development
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Analysis of Domestic and International Policies for
Recycle of Waste Plastics

Tae-Jin Kang', Hyo-Sik Kim', Hyun-Ji Kim', Yeji Lee’, Soo Chool Lee’, and Suk-Hwan Kang'
'Clean Energy Conversion Research Center, Institute for Advanced Engineering, 175-28,
Goan-ro 51, Yongin city, Gyeonggi-do, 17180, KOREA
“Research Institute of Advanced Energy Technology, Kyungpook National University,
80 Daehakro Bukguk Daegu, 41566 KOREA
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