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Production of Ethylene+ Using Non—Thtermal Plasma with

Heterogeneous Catalysts
Jonghyun Jeon, Kyoung—Su Ha"

Department of Chemical and Biomolecular Engineering

The non—oxidative coupling of methane (NOCM) into higher—order hydrocarbons
(ethylene+) represents a transformative gas—to—liquid route that bypasses the high
carbon footprint and energy intensity of traditional steam reforming. However, the
substantial C-H bond dissociation energy and thermodynamic barriers to long-—chain
growth typically require extreme operating temperatures, which invariably trigger rapid
catalyst deactivation through coking. In this study, we report a plasma—catalytic
strategy enabling the direct homologation of methane into gasoline— and diesel—range
hydrocarbons under ambient pressure and low temperature. Utilizing hierarchically
porous TiO2—Si02 catalysts synthesized via precisely controlled interfacial interactions
between block copolymers and homopolymers, we demonstrate a fundamental synergy
between non—thermal plasma and tailored pore architectures. The hierarchical porosity
promotes efficient plasma penetration and extends the residence time of methyl radical
intermediates, while the tunable Ti/Si molar ratio serves as a critical descriptor
governing the chain—growth probability, effectively steering the reaction toward
high—value liquid fractions. This approach achieves a Fischer—Tropsch—like distribution
of hydrocarbons without necessitating oxygen or syngas intermediates. Our findings
establish a robust, low—carbon pathway for the decentralized valorization of methane
into transportable liquid chemicals. In addition, we aim to investigate the performance,
issues, and potential development of this non—thermal plasma reaction system by

analyzing data obtained from a recent bench—scale multi—tubular reactor.
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Catalysts and Processes for producing aromatic compounds through

direct CO, hydrogenation

The conversion of various industrial by—product gases and captured CO2 into
value—added aromatic compounds, particularly BTX (benzene, toluene, and xylene),
which are key platform chemicals widely used as feedstocks, has been attracted with
significant attention as a promising carbon utilization strategy. In this study, we
proposed two distinct catalytic process routes for transforming CO2—containing
feedstocks into aromatics. The first route follows a conventional Fischer-Tropsch based
pathway, in which CO: is initially converted to CO via the RWGS (Reverse water gas
shift reaction), followed by Fischer-Tropsch synthesis (FTS) to produce hydrocarbons.
The second route involves a methanol—mediated pathway. In this process, CO2 is first
hydrogenated to methanol, which then undergoes a methanol—to—aromatics conversion
over acidic zeolite catalysts. This two—step strategy enables improved selectivity
toward aromatic hydrocarbons through controlled intermediate formation, including
catalyst regeneration capability, gas recycling, and compatibility with integrated process
design. To enhance reaction efficiency and selectivity, we proposed catalytic systems
combining metal oxide catalysts for CO: activation and aromatization with zeolites for
aromatic formation. Efforts include large—scale catalyst synthesis, durability and
regeneration testing, process simulation, and computational chemistry analysis.
Bench—scale studies are currently being conducted to validate process performance and
establish the technical basis for pilot—scale implementation. The direct production of
these high—value aromatics from CO: and industrial off—gases provides a sustainable
pathway for carbon recycling while supporting the transition toward low—carbon

chemical manufacturing.
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[1] Tran, X. T.; Mun, D. H.; Shin, J.; Kang, N. Y.; Park, Y.—K.; Kim, D. K. Fuel,

2024, 361, 130703.

[2] Tran, X. T.; Kim, E. S.; Mun, D. H.; Jung, T.; Shin, J.; Kang, N. Y.; Park, Y.—K.;

Kim, D. K. ACS Sustainable Chemistry & Engineering, 2024, 12, 12493-12503.
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Zeolite Design to Maximize Light—Olefin Yield from Plastic Pyrolysis Oil

Upgrading plastic pyrolysis oil into light olefins offers a direct route to valorize
mixed plastic waste into high—demand building blocks while reducing reliance on
fossil—derived naphtha «crackers. In this presentation, the mechanistic basis of
zeolite—catalyzed cracking—protonation on Brgnsted acid sites, C—C bond scission, and
the competition between [—scission—driven olefin formation and secondary
hydrogen—transfer/aromatization pathways will be outlined. ZSM—5 (MFI) has been
widely adopted for cracking due to its three—dimensional 10—membered—ring
micropore network and strong acidity; however, its high activity often accelerates
irreversible aromatics formation, limiting further gains in light—olefin selectivity. To
overcome this trade—off, we introduce a dual—zeolite bed strategy combining *BEA
and MTT zeolites, which provides complementary control over acid—site environment
and pore size. Relative to MFI, the *BEA/MTT configuration increases light—olefin
yield by higher than 10% by suppressing the aromatic route via the confinement effect
of MTT, thereby biasing the reaction network toward [B—scission as the dominant
pathway for light—olefin production. Finally, we briefly present a new MFI morphology
enabled by controlled heating ramps during synthesis, and discuss how
morphology—level transport tuning can be coupled with framework selection to further

enhance olefin yields from plastic pyrolysis oils.
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Scale—up of catalyst and reactor for selective production of p—xylene

from PET
Saira Kanwal” - Jong In Choi - Do—Young Hong"

Green Carbon Research Center, Korea Research Institute of Chemical Technology
(KRICT), *University of Science and Technology (UST)

Polyethylene terephthalate (PET) is widely used in packing and textile applications,
generating large volumes of post—consumer waste. Although mechanical recycling is
commonly practiced, its limitations have driven increasing interest in chemical recycling
routes capable of recovering high—value products. Among these strategies, catalytic
conversion of PET into aromatic hydrocarbons has attracted considerable attention
because compounds such as p—xylene are key feedstocks in the petrochemical
industry.

Recent studies have shown that hydrogenolysis of PET can yield aromatic
hydrocarbons, including p—xylene, under appropriate catalytic conditions, offering the
potential to integrate plastic waste valorization with existing petrochemical production
infrastructures. In this work, a catalyst exhibiting high activity and selectivity for the
hydrogenolysis of post—consumer PET to aromatic products was investigated, with
particular emphasis on selective p—xylene production.

The catalytic performance was first evaluated in a micro—scale reaction system,
where high PET conversion and favorable p—xylene selectivity were achieved. Building
upon these results, the catalytic process was subsequently scaled up from a micro
reaction system to a bench—scale semi—batch reactor operated under elevated
hydrogen pressure. The scale—up experiments demonstrated complete PET conversion
and maintained high selectivity toward p—xylene, providing important insights into
catalyst performance and reactor operation for practical implementation of PET to

aromatic conversion processes.
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Computational Design of Highly Selective Catalyst for PET to

BTX Production via Hydrogenolysis

The conversion of waste plastics into energy—dense chemical feedstocks such as
benzene, toluene, and xylene (BTX) offers a promising route to address both
environmental challenges and energy demands. As BTX compounds are key components
in fuel blending and chemical manufacturing, efficient catalytic processes for their
production from plastic waste are of great interest. In particular, selective
hydrogenolysis of polyethylene terephthalate (PET)—derived intermediates provides a
viable path for chemical upcycling and energy recovery. In this study, density
functional theory (DFT) calculations were employed to investigate the hydrogenolysis
mechanisms of Bis(2—hydroxyethyl) terephthalate (BHET) to BTX over Pt/Sn alloy
catalysts. Our computational analysis of the hydrogenolysis mechanism from BHET to
xylene revealed that the reaction steps involve the elimination of two water and two
ethylene glycol molecules, necessitating the dissociative adsorption of six hydrogen
molecules. DFT results indicate that on the PtsSn catalyst, the Sn sites exhibit strong
adsorption of the carbonyl group, which facilitates C-O bond activation and subsequent
cleavage thereby promoting the overall hydrogenolysis process. Pt site also
demonstrates superior dissociative hydrogen adsorption capability, particularly under
high hydrogen coverage, providing a consistent supply of active hydrogen atoms
required for the reaction. The insights garnered from these analyses underscore the
potential of using Pt/Sn alloys in developing next—generation catalysts that not only
improve the selectivity towards BTX but also reduce the energy requirements for PET

recycling.
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Hydrogen vield of plastic wastes pyrolysis using multi—stage
molten—metal bubble column reactors

Young—Il Lim**, Bang Thanh Le? Eunji Lee”, Geunyong Park® Young Jae Lee”

aCenter of Sustainable Process Engineering (CoSPE), Department of Chemical
Engineering, Hankyong National University, Gyeonggi—do, Anseong—si, Jungang—ro
327, 17579 Korea.

bCarbon Neutral Technology R&D Department, Korea Institute of Industrial Technology
(KITECH), 89 Yangdaegiro—gil, Ipjang—myeon, Seobuk—gu, Cheonan—si,
Chungcheongnam—do, 31056, Republic of Korea

1

“Corresponding Author: Tel.: +82 31 670 5207, Fax: +82 31 670 5209, E—mail
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Abstract

The growing global accumulation of plastic waste has motivated significant research
interest in recycling technologies for sustainable energy production and environmental
pollution abatement. This study experimentally and numerically investigated the
catalytic pyrolysis of polypropylene (PP) and polyethylene (PE) within multi—stage
molten metal bubble column reactors (MMBCRs) employing pure Sn and a Ga-Sn alloy
for high—yield hydrogen production. A one—dimensional MMBCR model incorporating
the thermal decomposition kinetics of PP and PE, the catalytic and non—catalytic
pyrolysis kinetics of hydrocarbons, and the hydrodynamics specific to MMBCRs was
developed to predict the gaseous product composition and hydrogen yield of PP and PE
pyrolysis. The model was validated by comparing it with the gas compositions
measured experimentally in the MMBCRs. Compared to molten Sn, molten Ga-Sn alloy
demonstrated superior catalytic activity, leading to increased H, production. The
maximum hydrogen yield predicted by the model was 83%, which was obtained at
1000 °C using Ga-Sn. These results highlight the potential of multi—stage MMBCRs

operating at elevated temperatures to achieve high H» yields from plastic wastes.

Keywords: Plastic Wastes, Polypropylene and polyethylene pyrolysis, Hydrogen
production, Catalytic and non—catalytic reaction kinetics, Molten metal, Bubble column

reactor, multi—stage reactor
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Demonstration Project for Onshore Carbon Dioxide Storage Using Steel
Process By—products

POSCO HOLDINGS N.EX.T Hub
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Development of demonstration technology for liquid fuel production
using captured CO,
Hye Sun Shin- Myung—gi Seo - Cheonwoo Jeong ‘- Joonwoo Kim

T AGRE F HgRokE 22V wEEe] ok39% $ES XHEta o] hEA
g thllE Aelty. 3 FAZFRdl= =2 COs, Hy, CHy, CO 9] ©hsbar 5ol 33

o] 9o mw FAHA HlEFE = BFG(Blast Furnace Gas)ole 2F 20~25%9] CO.=

EFF CO W Nt FHROE FHH| Ak, ol @ 44 PAhAE 1Y7} S5
T 5 Qe RS Ba 214 AU LAs A R AAS P FEe 71
7hsaet,

B AT E P47k BEG U COE 85eta, Co, A8S B8 Mue 4L 3+
o] 2w P4 L AW FEW FaS WSS AH AFHoD 0kglday F FEH
WIS Y waEAE FAS] AW 4 e FANE AL % HART AF7E AL
dgel sl ApstaA @t

BFG W 200kg/day 7 CO.% £ As) LeAFA5/18 B8atn, Foust Lol

o} ‘ W72l B A

o] A& 7ewR AFA TIAMHeE 4
Hof Aol A 7ol 7}% g 7R AdA ot

28 COy= 95447t~ %(Reverse Water—Gas Shift; RWGS) ¥He& S3] 45 CO=
She] = %7(3% A, *g*é-ﬂ CO/COy/Hy, =FxA A wEhE g w35 gk

SAdE eSS 29 A(Cy~Ce R #H3st= MTO(Methanol—to—0Olefin) ¥k =
275 T7HCHAIZIZ] f1gk S &ganst ghgo] My =, SEan A4S
BAZI7] 918 Ao R MTO ¥hg Al Cs ol &9 P4 vE&S 59 F AE: F
Bbg-o thgk A s i dAoln. &dA S o] Fast vhg 2 A Bhslaea
AWRES F7 BAE T AT o He @slrh S F58 F4E BAS F

Al

28 sl s H7rE ool
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3835 AY 229 s AvE-23FA NiCoFe/Monel 47157
AT AT

R AR B B4

N

s
A% - 48T - 4EY

Al HE AT 2 E

z =

EodATe " A ARk F8 FHEd Ao w2 Alx v Aste &84, aea
o2 AT AA A& Abeld =S FES] fdE FAEUTE olE As| WA ol
Holk ®ddl(Monel, Ni—Cu &) 713 HFA5SE 7|9k NiCoFe A7 Swil& 233
1aE YA AFES ATEsith WA AdEHTSFolE(DFT) AES Sl Ni, Co, Fe
A 3re] HA wigro] Fa4 B bk FE dUAE aRH o R Aojdhs Flilon, o
E e R guAsyt goldt Ar|ZEHES S8t ATH Ux Fx2E M Fe5E
AeHoz dAstgh. A=AY A% Hr7 23, 100 mA/em?e] AF WxolA =¥ A
e TS HEROIA 134 mV, OEROIA 97 mV7hA] w591om, 1,0008] o]/de] nki
TEoE 4% Ast e e g AdE e S84 5

542 AZsad o
o

Ag A & ate] 7]

=
5t A% S 184 NiCoFe Z¥Z3 Axng =d 7|3 719 744

gk Lok AA A Mg e AFE] A9

2417 A% A A 83.2%9] =& oA E&&F 4.57 kWh/Nm’e] AAY = Ay &
2SS gAY 2 A dx @9 AL Ry diE 23S GA7A ] 71EF
TS AFgor v9= dEHd AT AA FAS AAGIR ey, &F 4 A Ad
S 3 na&-gdy S e A AR o] HE e g
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Analysis of the relationship between interfacial property control using
Si0s nanofluid pre—injection and COs geological storage efficiency in

sandstone formations

]

g&S Asllstes oz dEA ot o)d E dAgE Si0, Yk
A (Nanofluid, NF) AFY4S
a5 MA axds 24549

g
[}

. ol 98 NF = (O 05, 0.1 Wt%)fﬂr F912(0.5, 1.0 Pore

volume, PV)& WFE 3tof, A% A ZF9 fﬂﬂ Z71(8.27 MPa, 323 K)olA &% 23 2
Azzta AW =4S Fg3190. C0,—Si0, NF  7He] Awds A3y Az}
COz;—deionized water W¥] F=¥H=E 2172} 2%, 7% @& 7H4AE yepbWlith bvbH NF A
YL AR ASAHE fFonEtA Mg dEE RETS ERIsa, olF nEoe=
CO, ¢ A¥E Fdste] A% &S vuslrh. NF v 25, 1549 3= <l
3 mAEete a9k CO, % B om 93] 58.80%9 wHe AY &S BTt
ol¢} mludle] NFE AFU3 g0l NF FFol wet a8 A A=7F 502 o
27 vEpgth WA 0.5 PV T AL, FY e Aol FobA] dEFAQl RAlweE
THlE FATeEN F I tib] HwlE 7Ee] CO, W o] 3.80—4.16 kPa S
AEE AT e 79 71 w2 mAEYE] fF HAstE fg wige] s 9

Kl
76.21-87.01%9 =& AY a3 K
A

=
ot B NE TN B G 2
- AU
e

At} A, 1.0 PV F Al
g #Ax}7} 0.45-0.58 kPa?l il Y

nA F5 JEE JAsa, Fagdo] o
33.77-43.62% %= warstlvh. Wb ATAY &
**Eﬁ}i ARG Zeads Auss 3l 51
A= FF NF 7|0 (A HY 94 oo BEUE AT 2oz 7|gEc
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43AF ATEY AEAY 487& AL
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dEthetal Apd-ol v x| shat, S al 7 ol | A g 9k shat

A3t gs g ©aTH o] 7Estdd wef, ojqkstekAa 234 % (Carbon
Capture and Storage, CCS) 7]<o] nfo]dyyxE Ag3s BECCS (Bioenergy with
Carbon Capture and Storage) 7]&o] "] oYz HIS #3 7|+ F sz A Fa
ATk eyt A sk 2 o] FHE olitsterAe] Ar|A kA A E&S SHHE

AAAE A 01T AFS AU @ F Y ATRY AN RUEY 7%l B
FAY, ¥ APE FFATAGE NxATH AP AP DE TR AW dho] oo

22bd = AFAd el dslo g BECCS 71&9 AdAS A Y3ty &) AEA=

H FAEAS} AsAE 4H7E MEe st olE fd, E AFdAE g uEAL,
AL, TEHHAN 5 A2 T8 B84 5SS Bt ATEY FAMAES &85
At xR} B BEE TR B, AN A A LA Thee Wk &
A Ao AR}, e, AFEE AR F AA} A B 2o g
T s flE JEd Ik AsAE Vles A8 wy Ve fFads fdset o
%, 3¢ BECCS A% FHA gt A3 oAu|dTE 3l 7« 4% 48 7ts4& 4
Egth o)gfdt F22 diqfe CCS FASAS 2 RUEE 7le9 a843% 4948 &
HEo2H, FF U BECCS 71«9 &3t 3 A4 #8498 Aust= b 71998 &

A& Aoz 7lger)

AFA}
oA e A sAdnEate] Ao AT ATH(NRF)S A0S whol = E A5
Ut} (No. RS—2024-00410397).
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Gasification characteristics of livestock manure biomass in a lab—scale

downdraft fixed bed gasifier

Yong Kyun Chong, Sung Jin Park, Ji hong Moon, Sang Jun Yoon

Clean Fuel Laboratory, Korea Institute of Energy Research
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EA¥ 2 CCU 7] 7|4k e—fuel(eMethanol, eDME) A34k7| &

Z9F - WA

(5 )mpol e T ="

e—fuel(e—Methanol, e=DME) Production technology based on
Carbon capture CCU Technology

A MARoz 715 st o5 EJ/\Za(Net—Zero) 9AdSs 98 =47t 2F 7lEY
T8A o] Srteta lom, 53] At FARANA wiEEE oitsteAE Ao w &E5h=
CCU(Carbon Capture and Ut1hzat10n) 71&o] FEIT 9ty CCU 7|&e E-E CO.E
stet duv A8=E ASFgomN 247 A5 FAl AEE oyA] AdEs FET
ATk ol ot o] 7w FA EZHE CO0F FAHTAE &35t FAAIAEE
AAtsk= e—fuel(e—Methanol, e~DME)2> ©45 Y AREA FF 9 318F Ay ol A

&8 7hsAdol A

2 AT 4y wlE CO: B wlolerbaE 83 CCU 7|9 e—fuel AAH7|=3 A}
st ds AigT WA ARE FAAA TSt wME7ts § CO.E EJstY] olE
HEH(CHy) 52 A 53 /W& (Bi—reforming) 98-S &3l #497F2=(Syngas)= 33}z,
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Demonstration Status of KIERSOL CO, Capture Technology
Jong Tak Jang - YeolL Yoon - Soung Hee Yun - Juyoung Oh - Joungho Park

Greenhouse Gas Research Department, Korea Institute of Energy Research
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Development of National Standards for Quality Criteria of Synthetic
Methanol Produced from Cement Industry CO,

By g4 $3% CCU(Carbon Capture and Utilization) 7] AFAH-Foll A w235}
= IF%E COE& &8 MER AduUA-stetiAdE Aikete 4 defom FE9a Qi
53], AHMEAY S = A CO. WiEd T stH=E, o5 &85 FAAMMEE A =
A7t 5 Adedts sAd g4 e fEe Vot & AT e Y Vles
ol Alxe wese] 4 SAS S48k, 71 AFEEt i S de] AfolE
oz I7FEF(KS) Aol daAdw) was AlA st

ARME FHE wj&7t2~E L35 f,:j\_ﬂ— w2 A 71 84 )|
"% CO, H:0, WukE CO. 5)9 & 5
7)ol S w Kt oo w7 ¢

TolM = el WgE F2 74 (IS0, ASTM, KS
S)E v A, AJHME 8 COp 7|Hk WgkEe] F4 Aty 2 He JES =&
AT
T3k AGA-SA-ZE7IB#HY JYS SE FAVIEe A dE(ek, o, AEAd
71E, St ) AT & A= CCU(Carbon Capture and Utilization) 7]%+ &t
dAdse FestE % F4 2EstY AEA AMEHEA, AWEAY S getastel o7 g
2T H A AS 7 d Aow VgiEn
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Membrane—Based CO, Capture from Hydrogen Production Off —Gas and
Fuel Cell Exhaust Gas

The increasing consumption of fossil fuels since the industrial revolution has
accelerated global warming, emphasizing the urgent need for effective carbon mitigation
technologies. According to the Intergovernmental Panel on Climate Change (IPCC),
global CO2 emissions must be reduced by at least 45% by 2030 compared to 2010
levels to limit the global temperature increase to 1.5 °C, and carbon neutrality should
be achieved by 2050. The International Energy Agency (IEA) also highlights the
importance of carbon capture, utilization, and storage (CCUS) technologies in achieving

net—zero emissions.

This study investigates a membrane—based gas separation process for CO: capture
from hydrogen production off—gas and fuel cell exhaust gas. A pretreatment system
suitable for the characteristics of each exhaust stream was applied to ensure stable
membrane operation. The membrane process was designed to separate CO2 based on
differences in gas permeation rates through the membrane. Key operating parameters,
including operating pressure and stage cut, were analyzed to evaluate their effects on

utility consumption and CO2 capture performance.

The results indicate that the membrane—based process can effectively separate and
capture CO2 from both hydrogen production off—gas and fuel cell exhaust gas under
appropriate operating conditions. These findings demonstrate the potential applicability
of membrane gas separation technology as a compact and energy—efficient CO2 capture

solution for hydrogen and fuel cell—related processes.
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Development of a triple thermal plasma pyrolysis system for the
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Oil—Based Immersion Jet Impingement System for
Data Center Thermal Management
Chuljae Jung - Sangwoo Kim" - Dong Hyun Lee - Jinyoung Jang

Korea Institute of Energy Research, Energy Efficiency Research Division,
Energy Convergence System Research Department,

“Energy AI & Computational Science Laboratory
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Development of a Multi—stage Latent Heat Thermal Energy Storage

System for Heat Pump Domestic Hot Water Loads in Buildings
Duck Jae Wei -Chul Jae Jung -Dong Hyun Lee-Sung Kook Hong

Korea Institute of Energy Research, Energy Efficiency Research Division,

Energy Convergence System Research Department

This study presents a cascaded latent heat storage system employing PCMs (RT64,
RT54, and SP58) to enhance the efficiency of building heat pumps in alignment with
global decarbonization goals. Unlike conventional sensible heat storage, this
high—density latent heat approach offers a more compact system architecture. By
synchronizing the phase change temperatures of the selected materials, the system
optimizes thermal charging and discharging processes. Experimental investigations into
the heat transfer and operational performance demonstrate the system's viability as a

high—density solution for sustainable building energy systems.
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Technologies on production and application of hydrogen and solid carbon

through pyrolysis of hydrocarbons
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Development of Variable Operation Technology for Medium and Large

Size Pump - Real Scale Model
Heesoo Hong", Seonmin Kim", Jubeak Lee”

Daijin Precision Co., Ltd.
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Impeller Tip Groove Technique for Cavitation Suppression
in an Axial—Flow Pump
Duc—Anh Nguyen™ -Jihyeon Park™ -Deok—Ju Sung™* -Jin—Hyuk Kim"*'
*Convergence Manufacturing System Engineering, University of Science & Technology
“Industrial Energy R&D Department, Korea Institute of Industrial Technology

a o

Cavitation is a detrimental phenomenon in axial—flow pumps that degrades operational
efficiency, induces significant noise, and accelerates blade erosion. Consequently,
effective mitigation strategies are essential in pump design. This study investigates the
implementation of grooves on the rotating impeller tip to suppress cavitation.
Numerical simulations were performed using Reynolds—Averaged Navier—Stokes
equations and a shear stress transport turbulence model with reattachment
modifications. The numerical model was validated against experimental data, showing
strong agreement in hydraulic performance curves and cavitation visualization. A
comprehensive analysis of internal flow dynamics—including pressure distribution,
velocity gradients, and turbulence—reveals that cavitation formation is driven by the
interaction between tip leakage flow and separation flow at the impeller’s leading edge.
The introduction of grooves disrupts the tip leakage vortex structure, resulting in
significant cavitation reduction without compromising pump efficiency. Notably, at the
best efficiency point, the proposed method achieves a cavitation suppression of up to
96.52% relative to the reference model. Furthermore, the results indicate that groove
placement is critical; grooves located near the trailing edge are ineffective and may
induce energy losses, as cavitation is predominantly localized to the leading edge

region.
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Wonchul Choi, Suwon Kim, Ilsu Yoo
Department of Energy Storage Systems, Korea Institute of Machinery and Materials

A study on the hydraulic characteristics of an axial—flow model pump
with a variable—opening inlet guide vane
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A Laboratory—to—Scale—up Correlation Research on the Shaping Process

of Alumina Supports

- Park Jung Hyun - Han Joong Jin

Yu Kwang Sun

Yu Yeon Jeong -

Carbon Neutral Demo—Plant Center, Korea Research Institute of Chemical Technology
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Development of Advanced Control and Operation Logic and Its

Application to Distillation Column with Electric Reboiler
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Durability Enhancement of Ferritic Stainless Steel Interconnects by AZO

Coating under High—Temperature Ammonia Exposure in SOFC Systems

Dong Woo Joh - Taehun Kim - Ji—Weon Shin - Jong—EunHong - Seungbok Lee -
Tak—Hyoung Lim - Rak—Hyun Song

Korea Institute of Energy Research

Ammonia (NHs) is gaining increasing attention as a carbon—free fuel and hydrogen
carrier, supported by 1its high hydrogen density and established infrastructure. In
particular, the high operating temperature of solid oxide fuel cells (SOFCs) (~700°C)
enables the direct utilization of ammonia without the need for external reforming,
making ammonia—fueled SOFC systems a promising solution for efficient and scalable
power generation in the emerging hydrogen economy.

However, direct exposure to ammonia at elevated temperatures can induce critical
degradation in metallic interconnects, including nitridation, chromium migration, and
oxide scale growth. These processes can lead to microstructural changes, resulting in
increased electrical resistance and reduced long—term stability.

In this study, an AZO ((Al/H)—ZnO) protective coating was applied to ferritic
stainless steel interconnects, and its durability was evaluated under ammonia exposure
at >700 °C. The electrical performance was assessed by monitoring the area—specific
resistance (ASR) over 100 hours. Post—test analyses, including surface morphology
observation, cross—sectional SEM/EDS, and phase characterization, were conducted to
investigate the coating behavior and interfacial stability.

The results demonstrate that the AZO coating effectively suppresses nitridation and
limits chromium outward diffusion, thereby mitigating oxide scale growth and reducing
ASR degradation. These findings indicate that AZO-—based coatings are a promising
strategy for enhancing the durability and reliability of metallic interconnects in
ammonia—fueled SOFC systems, supporting long—term operation in ammonia—based

energy applications.

[This work was supported by the Open R&D program of Korea Electric Power
Corporation (No. R23X003).]
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Abstract
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Unlocking Net—Negative Methanol Synthesis via Computational Screening

of Catalytic Amines for Reactive Capture and Conversion

tﬂ—d—rﬂ

-1

Abstract

Net—negative methanol production is fundamentally constrained by an energy penalty
intrinsic to conventional CO»: utilization pathways, wherein the thermal energy
demanded for solvent—based CO: desorption routinely exceeds the net carbon benefit
realized across the entire conversion cycle. We address this efficiency limitation
through a staged reactive capture and conversion (RCC) process that entirely bypasses
the energy—intensive desorption step by integrating CO2 capture and methanol
synthesis into a unified reactive loop. To identify the optimal chemical environment for
this integration, we performed high—throughput molecular screening of 176 million
compounds using a graph neural network (GNN)—based framework, through which
piperidine was identified as a key promoter that substantially lowers the energy barrier
for Carbon-Nitrogen (C-N) bond cleavage within the integrated system. The resulting
process achieves a single—pass methanol yield of 56%, more than doubling the
efficiency of conventional CO2: hydrogenation and exceeding standard industrial
coal—to—methanol benchmarks. Techno—economic analysis yields an estimated
production cost of $0.55 kg™!, which is competitive with fossil—derived methanol at
prevailing market prices. Comprehensive techno—economic and life—cycle assessments
conducted across 24 major countries further confirm that the RCC platform remains
economically viable and environmentally robust under diverse regional energy scenarios.
These results establish a technological foundation for translating molecular engineering

into a scalable global strategy for carbon—negative chemical manufacturing.
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NGCC 2H Al=d] &S A% A4 F COERE
AAA A4 F2 7le Ad
Next—Generation Dry Adsorbent Technologies for Post—Combustion
COzCapture in NGCC Systems

Yooseob Won!, Jae—Young Kim', Yuntae Hwang®, Dong—Kyu Moon', Sung—Ho Jo',

Hyunuk Kim? Wangyun Won®, Young Cheol Park® and Dong—Ho Lee'”

!Greenhouse Gas Research Department, Korea Institute of Energy Research, 152
Gajeong—ro, Yuseong—gu, Daejeon 34129, Republic of Korea
“Department of Advanced Materials Chemistry, Korea University, 2511 Sejong—ro,
Sejong City 30019, Republic of Korea
*Department of Chemical and Biological Engineering, Korea University, 145 Anam-—ro,
Seongbuk—gu, Seoul 02841, Republic of Korea

*E—mail address: dongho.lee@kier.re.kr

Abstract

Carbon dioxide (CO2) capture technologies have reached the demonstration stage;
however, high capture costs remain a major barrier to large—scale deployment and
commercialization of carbon capture and storage (CCS). The primary contributor to
these costs is the high energy demand associated with the capture process. Current
pilot—scale studies report regeneration heat requirements of approximately 2.2-2.6 GJ
per ton of CO: under coal—fired power plant conditions. As coal—based power
generation is being phased out, natural gas combined cycle (NGCC) plants are
emerging as the primary targets for post—combustion CO2 capture.

To enable commercialization beyond 2030, the development of advanced materials and
process technologies capable of significantly reducing regeneration energy and overall
energy consumption is essential. In response, the Korea Institute of Energy Research
(KIER) has developed proprietary dry sorbents and an advanced dry CO: capture
system incorporating sensible heat recovery. This integrated approach aims to reduce
regeneration energy, improve process efficiency, and enhance economic feasibility. This
study presents recent progress in dry sorbent development and system optimization,

demonstrating their potential contribution to next—generation CCS technologies.
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Investigation of Factors Influencing Water Tree Formation and

Aging Condition Design for Wet—Type Submarine Cables
Seung Won Lee - Jin Wook Choe - Byung Bae Park - Jin Seok Lim - Ik Su Kwon - Hae Jong Kim

Power Cable Research Center, Korea Electrotechnology Research Institute
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Development of a Wet Aging System for Wet—Type Submarine Cables
Jinwook Choe - Jinseok Lim - KwonJoon Lee
Power Cable Research Center, Korea Electrotechnology Research

Institute
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2D MXene and Transition Metal Oxide Electrodes based Supercapacitor
Device

Nanasaheb M. Shinde and Jiyoung Lee*

Department of Chemical Engineering, Ajou University, 206 World cup—ro,
Yeongtong—gu, Suwon—si, Gyeonggi—do 16499 Republic of Korea

*Corresponding author email: jylee24@ajou.ac.kr

Abstract

Supercapacitor, one the energy storage devices, of high capacity, better cyclic stability
and good rate capability can be a perfect solution to fulfill the growing energy storage,
harvesting and generation needs. Nanomaterials have already been proven to be
efficient electrode materials in supercapacitor applications as they provide a large
specific surface area and short transport/diffusion path for mass and carriers that leads
to a faster kinetics and high charge-discharge capacities. These materials exploit
controlled sizes, architectures, shapes, and compositions which have made them
potential electrode materials in supercapacitor applications.

In this presentation, we are presenting ongoing research activities to develop
supercapacitors device using inexpensive and environmentally friendly
solution—processed MXene and transition metal oxides i.e. Bi,Osand MnCo204 etc.,
electrode materials of different shape ansd size as microspheres, needles, nanorods,
and nanobelts morphologies. This work highlights a room—temperature synthesis
strategy for the MXene—based nanocomposite, leading to high—performance,
laboratory—scale prototype energy storage devices. Finally, these well—controlled
nanostructures were employed for assembling symmetric/asymmetric supercapacitor
devices for practical demonstrations as portable electronic device. Furthermore, future
studies will investigate the mechanistic charge—storage behavior, long—term cycling
stability, and scalability of the MXene-metal oxide architecture toward practical

aqueous zinc—ion battery applications.

Keywords: Chemical methods, 2D MZXene, Transition metal oxide, Supercapacitors

Device.
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Deciphering Metabolic Energy Redistribution Mechanisms in Cellular
Carbon Conversion Systems at Single—Cell Resolution

Hee Jung Kim'and Daechan Park®®

'Ajou Energy Science Research Center, Ajou University, Republic of Korea
Department of Molecular Science and Technology, Ajou University , Republic of Korea
SAdvanced College of Advanced Bio—Convergence Engineering, Ajou University,

Republic of Korea

Serine functions as a key metabolic intermediate that transfers carbon and nitrogen
within cells, supporting nucleotide and lipid biosynthesis while regulating redox balance
and methylation reactions through one—carbon metabolism. This serine—centered
metabolic network can be interpreted as a biological carbon conversion system that
governs intracellular carbon redistribution and metabolic energy conversion efficiency.
Understanding how cellular metabolic circuits are reorganized in response to changes in
external nutrient environments provides fundamental insights into next—generation
bio—based energy conversion principles. The objective of this study was to elucidate
how cellular carbon conversion networks adapt to nutrient limitation at single—cell
resolution.

In this study, we analyzed the adaptive characteristics of cellular carbon conversion
systems by comparing serine dependency across multiple cell models. A
high—complexity barcode system was employed to track clonal dynamics and
transcriptional states at single—cell resolution, and single—cell transcriptomic analyses
were performed under serine/glycine—replete (SG+) and serine/glycine—deprived (SG-)
conditions.

Under serine—limited conditions, intracellular carbon flux was extensively rewired,
accompanied by compensatory activation of the serine synthesis pathway and
one—carbon metabolic circuits. These findings indicate that cells dynamically
reconfigure  their metabolic networks to  sustain energy demands under
carbon—restricted environments. Furthermore, coordinated modulation of cell—cycle
regulation and redox balance suggests an integrated process of metabolic energy
redistribution.

Overall, this study demonstrates that serine metabolism acts as a regulatory node
controlling intracellular carbon conversion and energy redistribution. These findings
provide foundational insights into adaptive mechanisms of biological energy conversion
systems and suggest potential applications in metabolic engineering strategies for
bioenergy conversion and biological carbon utilization systems. These findings further
highlight fundamental principles of adaptive biological energy conversion under

carbon—limited conditions.
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Influence of Operating Conditions on Methanol Synthesis Using CO/CO,
Mixed Syngas

Hyun Dong Kim'® . Hyun Wook Hwang'?. Namkyu Kim! . Seok Ki Kim!*

YDepartment of Chemical Engineering, Ajou University, Suwon 16499, Republic of Korea
“Department of Energy Systems Research, Ajou University, Suwon 16499, Republic of Korea

JAjou Energy Science Research Center, Ajou University, Suwon 16499, Republic of Korea

*E—mail: seokki@ajou.ac.kr

Methanol is a vital platform chemical utilized as a precursor for numerous compounds,
including formaldehyde, methyl—tert—butyl ether (MTBE), dimethyl ether (DME), and
acetic acid. Furthermore, it plays an indispensable role in manufacturing plastics,
resins, paints, and adhesives that are predominantly used in everyday human activities.
In recent vyears, significant efforts have been dedicated to establishing fossil—free
pathways for direct methanol synthesis. This approach aims to valorize carbon dioxide
—either captured prior to emission or directly from the environment—in conjunction

with hydrogen derived from renewable energy sources.

In the present study, the performance of a commercial catalyst was evaluated by
systematically varying key reaction conditions, namely pressure, temperature, and gas
hourly space velocity (GHSV). The catalytic tests were conducted in a fixed—bed
reactor system, as illustrated in Figure 1, with gas—phase products continuously
monitored via online gas chromatography (GC). The production of methanol was
successfully verified across the tested parameters. The findings confirmed that lower
GHSV levels correlate with improved catalytic reactivity, and that the reaction strictly
initiates only when the temperature surpasses a certain minimum level. Additionally, it
was demonstrated that increasing the reaction pressure highly promotes the catalytic

activity during methanol synthesis.
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Nanoconfined Sol—Gel Process in Graphene Oxide Membranes for
Electro—Membrane Lithium Separation

The rising demand for lithium—driven by electric vehicles and renewable
energy storage—calls for sustainable and selective recovery technologies beyond limited
natural reserves. Electrochemical membrane separation is a promising route for lithium
extraction from complex aqueous streams due to low chemical consumption and high
energy efficiency, yet conventional polymeric ion—exchange membranes still exhibit
insufficient ion-ion selectivity.

Here, we develop sol-gel—enabled strategies to engineer graphene oxide
(GO)—based membranes with structurally stable and precisely tunable nanochannels for
electro—membrane lithium separation. Amorphous aluminosilicate (AS) nanoparticles are
introduced as inorganic crosslinkers to reinforce GO laminates, suppress water—induced
swelling, and improve mechanical robustness, leading to enhanced Li*/multivalent—cation
selectivity and long—term stability. By tuning AS nanoparticle size, we further regulate
the interlayer configuration, in—plane tortuosity, and microstructural stability of
reduced graphene oxide (rGO) membranes to balance Li* flux and selectivity. Finally, a
vapor—induced pore expansion approach 1s established to construct crosslinked,
hierarchical rGO membranes that integrate &ngstrom—scale selective channels with
nanometer—scale transport highways, achieving substantially enhanced Li* permeability
while maintaining exceptional selectivity against divalent transition—metal ions.

Overall, these results highlight sol-gel chemistry as a versatile platform for

designing high—performance GO membranes for electro—membrane lithium recovery.
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ARPES investigation of a coherent electronic band at the I' point in
4Hb—Ta82

Changmo Kang'. Woojin Lee®. Minjae Kim® Teahoon Kim® Mao Ye®. Sunghun Kim!'*

"Energy Science Research Center, Ajou University
Department of Energy Systems Research, Ajou University
3Shanghai Synchrotron Radiation Facility, Chinese Academy of Sciences, China

“Department of Physics, Ajou University

4Hb—TaS, i1s a layered transition metal dichalcogenide that forms an intrinsic
heterostructure through alternating stacking of 1T— and 2H-—TaS, layers. The 1T
phase is characterized by a /13 X \@ charge density wave and a Mott insulating
state [1], while the 2H phase remains metallic and becomes superconducting with a
critical temperature of approximately 0.8 K [2]. In the 4Hb polytype, these two
distinct layers are interleaved within a single crystal, where a /13 X 13 charge
density wave is associated with the 1T layers and superconductivity occurs with a
critical temperature of about 2.7 K [3, 4]. This mixed—stacking structure provides a
natural platform to explore how charge ordering and superconductivity coexist in

momentum—resolved electronic states.

In this work, we present angle—resolved photoemission spectroscopy (ARPES)
measurements on 4Hb—TaS,, focusing on a coherent band feature observed at the T
point. The I'—point band 1is likely associated with the surface 1T-—TaS,; layer.
However, its momentum—space characteristics are not trivially accounted for by the
conventional V13 X /13 charge density wave (CDW) periodicity of the 1T phase. To
further characterize this feature, we examine its temperature evolution and
momentum—space behavior, as these observations cannot be straightforwardly explained
within the established CDW description of the 4Hb—TaS,.

Reference:

[1] B. Sipos et al., Nat. Mater. 7, 960 (2008).

[2] Wilson, J. A. et al., Advances in Physics, 24(2), 117—201 (1975).
[3] F. J. Di Salvo et al., J. Phys. Chem. Solids. 34, 1357 (1973).

[4] A. Ribak et al., Sci. Adv. 6, eaax9480 (2020).
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All—dry processed high—efficiency perovskite solar cells with long—term

operational stability
Sawanta S. Mali, ' Jyoti V. Patil, ©* ? Chang Kook Hong %«

'Polymer Energy Materials Laboratory, School of Chemical Engineering, Chonnam

National University, Gwangju, 61186, South Korea.
’Optoelectronic Convergence Research Center, School of Chemical Engineering,
Chonnam National University, Gwangju, 61186, South Korea.

*Corresponding author: hongck@chonnam.ac.kr

Abstract:

Dry—processed photovoltaics, utilizing gas—phase or solid—state methods, garner
great interest from both academia and industry, as it eliminates the need for hazardous
liquid chemicals and offers commercial advantages in terms of scalability and
reproducibility. Nevertheless, all—dry—processed perovskite solar cells exhibiting
conversion efficiencies and operational stabilities comparable to their solution—processed
counterparts are yet to be realized. Here, we report the use of fully dry processed
layer—by—layer strategy for strain—free perovskites absorbers by incorporating of a
self—assembled monolayer—based buried interlayer and a surface passivation approach, for
the fabrication of layer—by—layer all—dry processed p—i—n inverted perovskite solar
cells. By tailoring the physical properties of the charge—selective oxide layers, while
protecting layers beneath via low—power sputtering, we report power conversion
efficiencies of 24.7% (23.74 % for 1 cm?®). The devices further exhibit excellent
operational stability under different testing conditions, retaining Tgs = 2000 hours
(ISOS-D-11I), Tgy = 800 hours (ISOS—-D-2I) at 85°C and Tg=1000 hours
(ISOS—=L—-11I) operational photostability, all while meeting many of the commercial

requirements for scaling up.

Keywords: All—dry processed perovskite solar cells, stress—free absorber, device

interface, high—efficiency, operational stability
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Structurally Tailored Cathode—Anode Materials Redox Ability Extends

the Lifespan of Zinc—Air Batteries

Ramasamy Santhosh Kumar® - Dong Jin Yoo!?**

"Department of Energy Storage/Conversion Engineering of Graduate School, Jeonbuk
National University, Jeonju, Jeollabuk—do 54896, Republic of Korea
Department of Life Science, Jeonbuk National University, Jeollabuk—do 548986,

Republic of Korea

Abstract

The slow kinetics of the oxygen reduction reaction (ORR) frequently limit the
performance of Zn-air batteries (ZABs). In this study, a carbon—encircling trimetal
catalyst was synthesized to obtain MIM2—N-—C. The prepared M1M2—N—-C catalyst
exhibits a half—wave potential of 0.78 V for ORR, indicating an exceptional ORR
catalytic activity because of its extremely stable structure and large number of active
sites. Compared to M1—-N—-C and M1M2—-N-C, the ZAB with M1M2—N-C exhibits a
higher power density of 210.7 mW/cm2 and an open—circuit voltage of 1.46 V.
Furthermore, after 400 cycles (>65 h), the M1M2—N—-C—based ZAB exhibits a small
drop in efficiency (0.5%), indicating greater long—term stability. These findings
suggest that M1IM2—N-—C is a promising catalyst for energy storage technologies. The
improved cycling performance of the zinc—air cells with Ni—Co MOF—coated zinc
anode is ascribed to the bimetals' synergistic function in the Ni—Co MOF, which

should provide superior catalytic activity and less corrosive behavior of the Zn anode.

*Corresponding Author : djyoo@jbnu.ac.kr
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Synthesis and characterization of alkaline satble poly(aryl piperidinium)

blended aon exchange membrane for fuel cell application

Iyappan Arunkumar® - A Jeevitha' - Dong Jin Yoo

"Department of Energy Storage/Conversion Engineering of Graduate School, Jeonbuk
National University, Jeonju, Jeollabuk—do 54896, Republic of Korea
Department of Life Science, Jeonbuk National University, Jeollabuk—do 548986,

Republic of Korea

Abstract

Anion exchange membrane (AEM) and anion exchange ionomer (AEI) have received
widespread attention as a promising electrolyte for anion exchange membrane fuel cell
(AEMFC) and anion exchange membrane water electrolyzer (AEMWE). However,
enhancing hydroxide (OH™) ion conductivity and alkaline stability of AEM and AEI is
highly challenging for the commercialization. In this study, we report the synthesis of
a blended AEM based on poly(aryl piperidinium) (PAP) to enhance hydroxide
conductivity and long—term alkaline stability. The membrane was prepared using poly
condensation, quaternarization followed by simple solution casting method.
Comprehensive physicochemical characterization was conducted to evaluate the
membrane’s ion exchange capacity, water uptake, thermal and mechanical stability, and
chemical durability in alkaline conditions. Additionally, electrochemical analyses were
performed to assess ionic conductivity and single—cell performances. The study
highlights the potential of PAP as a viable candidate for next—generation AEMFCs,
contributing to the development of efficient and durable polymer electrolytes for clean

energy applications.

*Corresponding Author: djyoo@jbnu.ac.kr
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Effect of Atmospheric—Pressure Plasma Treatment on the surface

Properties of Carbon Powder

N Rahul!, Hee soo Kang?, Ho—Eon Sung', Sang Won Lee? Min—Suk Oh'

'Division of Advanced Materials Engineering, Department of Energy Storage/Conversion
Engineering of Graduate School, Jeonbuk National University, Jeonju 54896
“Industrialization Division, Korea Carbon Industry Promotion Agency (KCARBON),
Jeonju 54852

Abstract

Atmospheric—pressure plasma offers a low—temperature, eco—friendly route to
functionalize petroleum coke powders for advanced battery applications without vacuum
systems or harsh liquid oxidants. In this work, a scalable plasma process was
developed in both dry and ethanol—wetted configurations using O, as the process gas
to tailor the structure and surface chemistry of coke—derived carbon. X—ray diffraction
revealed a turbostratic carbon framework in all samples, with dry plasma treatment
sharpening the (002) reflection and wet treatments inducing controlled amorphization
and crystallite refinement. X-—ray photoelectron spectroscopy showed that plasma
exposure systematically increased oxygen—containing surface groups, particularly
carbonyl—type functionalities, with the ethanol—wet short—exposure condition yielding
the highest carbonyl content, indicative of a strong synergy between O, plasma and
ethanol. Raman spectroscopy confirmed that dry treatment reduced defect—related
scattering and enlarged graphitic domains, where as wet treatments enabled defect
engineering, with short exposure generating additional disorder and prolonged
exposure favoring the survival of larger ordered crystallites. By decoupling and
tuning structural ordering and surface oxidation through process mode (dry/wet) and
exposure distance, this atmospheric—pressure plasma platform provides fine control
over conductivity and surface reactivity. The treated coke powders are therefore
promising as conductive additives or anode supports in lithium—and sodium—ion
batteries, with clear potential for industrial scale—up and deployment in
next—generation energy storage systems for electric vehicles.
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Pd-Fe Nitride Hybrid Catalyst Delivering Enhanced Performance in
Zinc-Air Batteries

Sayfiddinov Dilmurod® - Dong Jin Yoo'*

1Department of Energy Storage/Conversion Engineering of Graduate School, Jeonbuk
National University, Jeonju, Jeollabuk—do 54896, Republic of Korea
2Department of Life Science, Jeonbuk National University, Jeollabuk—do 54896,

Republic of Korea

Abstract

Developing efficient and durable bifunctional electrocatalysts for oxygen reactions is
essential for advancing rechargeable zinc-air batteries. Herein, we report the synthesis
of a Pd-Fe nitride composite (PdFeN) supported on N—doped reduced graphene oxide
(NrGO) via a hydrothermal deposition followed by high—temperature nitridation.
Structural characterization confirms the formation of quasi—spherical nanoparticles
uniformly anchored on the conductive NrGO framework. Owing to the synergistic
coupling between Pd and the Fe nitride phase, the catalyst exhibited enhanced oxygen
reduction reaction (ORR) activity in alkaline media with improved kinetic behavior and
a favorable four—electron pathway. Meanwhile, the Fe—containing nitride structure
contributed to excellent oxygen evolution reaction (OER) activity, enabling bifunctional
catalytic performance. When applied as an air cathode in a zinc-air battery, the
PdFeN/NrGO catalyst delivered high power density, low charge-discharge polarization,
and enhanced cycling stability. This work demonstrates a rational nitride—engineering
strategy for tailoring Pd—based electrocatalysts toward high—performance metal-air

energy storage systems.

*Corresponding Author : djyoo@jbnu.ac.kr
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Artificial Intelligence Powered Inverse Design of Energy Materials

The integration of artificial intelligence with data—driven methodologies Iis
fundamentally transforming materials science, enabling accelerated discovery and
rational design of advanced materials within a fully virtual environment. In this study,
we present an end—to—end Al—powered framework for inverse materials design. The
platform begins with large language models that systematically mine scientific
literature, extracting structured data and domain—specific insights from vast research
corpora. Building upon this knowledge base, generative artificial intelligence models
propose novel candidate materials tailored to targeted properties. These candidates are
subsequently evaluated using density functional theory calculations to determine their
physicochemical characteristics. The computed properties are further analyzed through
Al—based predictive models to efficiently identify and prioritize high—performance
materials. Moreover, machine learning based interatomic potentials are employed to
simulate synthesis pathways, bridging the gap between theoretical predictions and
experimentally realizable processes. By seamlessly integrating these components, we
establish a fully virtualized and scalable materials innovation pipeline. This work
underscores the transformative potential of Al—driven inverse design and provides a

forward—looking paradigm for next—generation energy materials research.
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Closed loop synthesis planning for materials discovery using large

language model

Demand—driven materials design is a long—standing ambition in modern materials
science. First—principles calculations and high—throughput screenings now map vast
regions of compositional space, but a stubborn gap persists between in—silico stability
and practical laboratory realization. Closing that gap requires tools that move beyond

property prediction toward explicit synthesizability forecasting.

This talk presents a language—centric approach that leverages the latest advances in
large language models (LLMs) to generate step—by—step synthesis recipes directly
from the experimental literature. By ingesting millions of journal articles, patents, and
theses, LLMs learn the tacit heuristics embedded in decades of bench—scale
experimentation—precursor choices, temperature ramps, atmospheres, and
cation—exchange tricks that rarely appear in databases. Prompt—engineering techniques
allow domain—specific constraints to be imposed: limiting toxic reagents, ensuring
furnace—compatible dwell times, or targeting thin—film routes instead of bulk sintering.
The resulting protocols are evaluated against phase—equilibrium data and kinetic
heuristics to flag potential bottlenecks such as volatile intermediates or sluggish

diffusion steps.

Case studies on metastable oxides and solid—state electrolytes demonstrate the power
of this approach: the model recovers published synthesis routes, suggests viable
alternatives that align with known mechanistic insights, and even highlights unexplored
precursor combinations with lower energy and fewer impurity phases. By transforming
unstructured text into actionable laboratory instructions, LLM—driven recipe generation
can dramatically reduce trial—and—error, accelerate discovery cycles, and bring

theoretical predictions closer to experimental reality.

Ultimately, Al—assisted synthesis planning promises a closed—loop workflow in which
theory, language intelligence, and experiment converge—ushering in a new era of

efficient, data—rich materials research.
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Net—Negative Methanol Synthesis via Computational Screening for

Reactive Capture and Conversion

We present the first demonstration of an amine—assisted reactive capture and
conversion (RCC) process that directly converts the captured CO; into methanol,
eliminating the need for energy—intensive CO, regeneration. By employing graph neural
network—based material screening framework, we identify optimal amines tailored for
target reactions from vast chemical space. This enables a reaction aware process
design that achieves unprecedented single pass yield of 56%, exceeding twice that of
conventional methods (<25%). Rigorous technoeconomic analysis and life cycle
assessment indicates up to a 10% reduction in production cost compared to
conventional CO; to methanol processes, along with a carbon abatement of —0.92 kg
COy/kg methanol, approaching nearly 67% of the maximum achievable reduction (—1.37
kg COz/kg methanol). Comprehensive analyses of catalyst and amine selections,
hydrogen supply scenarios, and country specific assessment demonstrate the economic
viability and scalability of the proposed RCC based methanol production. Our findings
establish a commercially viable carbon—negative pathway for methanol synthesis,

paving the way toward net—negative CO, emissions.
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Confined Space Inspection in Power Plant Facilities
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Analysis of Ammonia Dispersion Behavior and Water Curtain Mitigation

Effect for a Pressure Safety Valve Release in an Ammonia Storage Tank
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Establishment of Real—Time Simulation (HILs)—based Evaluation
Environment and Real—time Verification for Dynamic Characteristics of

Water Electrolysis—Fuel Cell Linked Power Conversion Control
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A Study on the Estimation of Jeju's Electricity Emission Factor

Considering the Jeju Power System
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Kyoungboo Yang - Yungpil Yoo - Si—Doek Oh
Blue Economy Strategy Institute Co., Ltd., “Jeju Energy Corporation
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The Impact and Policy Implications of Preliminary Evaluations of

Government R&D Programs in the Energy Sector

LEE, Yoon Been
Chung—ang University
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A Study on the Evaluation of Probabilistic Fracture Mechanics in
Korea and Abroad

H A AA dAE Ah9AE 71y AAHAEA AHWA H7FH(Deterministic Fracture
Mechanics)7} 71zl 3 egh By S eksbetal, 9= 7Inke] FelzQl oA EA S del 7]
sl FE24 329 (Probabilistic Fracture Mechanics, 13} PFM) 71¥ =S 7143}
atal ok Ao WS (NRC)I ¥ (NRA) & 8 9 &9 PFME 4 A4
o] WA zlete] 7F5=AAIn—Service Inspection) & 2&, ZA'd &332 (Aging Management
Program) A vl#, = ARE 83 57 WA o H540=2 &8st Ut

3 v=e grASt AGAVE FEoR JfEd PEM =9l xLPRS &&3dto] tfd vtk o
ZAVF ALY HIETE 53] Wes AR fgFetglon, ol B ddm hHAd H
7F & TS Horz A8 HeE st gt

Srdol e wul Ao Uy sd WA AFEE AFsEr] Y ATE
Festa 9on, 11 dgoZ OPR-10008 ¢He dido= test PFM Z=E &8
SHAES Sttt H7F A7, SEEFATE e 8 2o HFT vE e
= 1079 ~ 107%d 7o R Yelhg e A3del NUREG-1829 715 uin] S8
gk b A FEE FEEta Y-S Rl ek A g2 AIFEH A g 9]
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AEA o2 PFM2 =l 944 &d oAf% FrE 9g Holut&=A7](Transition
Break Size) Z2#A 2 3d*+A(Leakage Before Break) 719 7144 HEEFZA] )
=8 T84S 7RG ot I A S0 o] AFA ARS e dE dHolH
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Introduction of a Canadian Case Applying REGDOC—-2.4.1 to CANDU
Safety Analysis
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Evaluation of thermal hydraulic behavior in accordance with SGTR

operator action in Unit 1 and 2 of Hanul

Bum—So0, Youn - Chang—Keun, Yang
KHNP CRI Safety Analysis Group

Z71kA 7] g3l 949 (Steam Generator Tube Rupture, SGTR) A=
AP T U7 4 3k (Double Ended Break, DEB)¥ o] x21ZtA4) A% (Reactor
Coolant System, RCS)¥} F+Z7] A2 (Main Steam System, MSS) A}o]¢] HZH
v Atazeltt. e el EAor d-olx Al F E AAY Aol #HEHIL
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A Consideration of Gamma Background Effect
on Control Rod Worth Measurement Results
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FarE A2 (F) F94A Y (KHNP-Central Research Institute)
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Efficient Hydrodeoxygenation of PET over Ru/TiO, via

Cyclopentane/Water Biphasic Catalysis
Jae Hyun Park - Do Heui Kim"

Seoul National University, Department of Chemical and Biological Engineering

The plastic pollution crisis worldwide has resulted from being overly dependent on
recycling options. Although Polyethylene terephthalate, or PET, is known to be highly
recyclable, conventional mechanical recycling eventually degrades its integrity through
polymer downcycling and contamination. To address these issues, chemical upcycling
has emerged as a promising solution allowing the conversion of waste plastics into
value—added fuels and chemicals. In recent years, significant efforts have focused on
the catalytic hydrodeoxygenation of PET to produce oxygen—free hydrocarbons suitable
for sustainable fuel alternatives. However, obstacles such as the use of extremely
harsh conditions, large catalyst dosages, and long processing time still remain,
rendering the option economically impractical. In this work, efficient catalytic PET
HDO under pressurized hydrogen conditions was achieved in a batch reactor using
ruthenium catalysts supported on rutile TiO,. Various solvent compositions including
biphasic systems were tested to investigate their influences on overall catalytic
activity and selective promotion of reaction pathways. The catalyst design was also
modified by controlling the state of Ru nanoparticles through varying the loading of
metal and post—treatment conditions. The metallic Ru sites dispersed on rutile TiO,
promoted the decomposition of PET polymer as well as ring hydrogenation and C—-0
hydrogenolysis, allowing unprecedented cycloalkane yields up to 98.2% at 240 °C and
40 bar H, within just an hour. These results, alongside characterization methods such
as CO—chemisorption, CO—DRIFTS, and XPS also shed light to the correlation between
reduction temperatures, metallic state of Ru particles, and catalytic activity, which can

contribute to the development of the chemical upcycling process of PET.
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Design Optimization and Thermodynamic Comparative Analysis of
Ammonia Boil—0Off Gas Re—liquefaction Systems for Large Ammonia
Carriers
Sangmin Ji - Yujin Cheon - Jinkwang Lee”

Gyeongsang National University, Department of Mechanical Convergence Engineering
Gyeongsang National University, Department of Mechanical Convergence Engineering

Gyeongsang National University, Department of Mechanical Convergence Engineering”
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Development and Demonstration of Wet CO2 Capture Technology Based
on a Rotating Packed Bed
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Biochar as a Cracking Medium for HDPE Pyrolysis: Progressing Toward

Stable Plastic—to—Hydrogen Conversion
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Techno—Economic and Environmental Assessment of a Carbon—Neutral

Hydrogen Production System Using Biogas
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Comparative Study on Hydrogen Production from Biodiesel—Derived
Glycerol for HEFA Process Integration
Suyeon Yeo, - Eunhye Song - Jonghun Lim - Gi Hoon Hong

Hydrogen Energy Solution Center, Institute for Advanced Engineering
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Design and Performance Analysis of a CO2 Compression and Cryogenic
Liquefaction Process for LNG Combined Cycle Power Plant Flue Gas
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Demonstration and Life-Cycle Assessment of Membrane-Based CO»
Capture Technology in LNG—CHP
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Application of Gas Separation Membrane Process for Hydrogen

Production from Biogas

Increasing global energy demand has led to the depletion of fossil fuel resources and
has accelerated global warming, highlighting the urgent need for the development and
deployment of renewable energy technologies. Accordingly, technological advancements

and policy initiatives promoting renewable energy utilization are expanding worldwide.

Biogas is primarily composed of CHa, COg2, and trace impurities, and is produced
through the anaerobic digestion of organic wastes such as food waste, sewage sludge,
livestock manure, and other biodegradable residues. By removing impurities and CO2
through upgrading processes, biogas can be converted into high—purity biomethane
containing more than 95% CHai. While raw biogas 1is typically used for power
generation and boiler fuel, upgraded biomethane offers greater flexibility due to its
ease of storage and transportation. Consequently, it can be utilized in various
applications, including injection into natural gas pipeline networks, transportation fuel,

hydrogen production, and fuel cell systems.

Gas separation membrane technology enables selective gas separation based on
differences in gas solubility and diffusivity within the membrane, resulting in variations
in gas permeation rates. This technology provides several advantages, including
operational flexibility under fluctuating feed gas compositions and flow rates, relatively
low capital and maintenance costs, and a compact system footprint. Therefore,
membrane—based gas separation 1is considered a promising technology for hydrogen

production processes utilizing biogas.

In this study, a membrane—based gas separation system was applied to upgrade biogas
and to design a process integrating hydrogen production with CO2 separation and
capture. The proposed process was designed and implemented in a field—scale

application.
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Improvement of Simulation Accuracy through Thermo—Mechanical
Behavior Analysis of Polymer Electrolyte Membrane Fuel Cell Electrodes

W.=Y. Jeong® - Seungtae Oh? - J.—B. Pyo?”
Department of Mechanical Engineering, Kongju National University,

2Department of Mechanical & Automotive Engineering, Kongju National University
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Competing Demand Centers for Low—Carbon Hydrogen in Korea: CDU

vs. NCC Fuel Switching and CCU Trade—offs
Muhammad Ansub Khan, Eprillia Intan Fitriasari, Jay Liu*

Chemical Engineering Department, Pukyong National University, Busan.

This study assesses Korea's refinery CDU and petrochemical NCC furnaces as
competing demand centers for low—carbon hydrogen and hydrogen carriers, evaluating
deployment pathways based on life—cycle emissions reductions and carbon avoidance
cost (CAC). The approach integrates the two case—study frameworks into a common
comparison using product—normalized emission reduction (kg CO2/ t gasoline and kg
CO2/ t ethylene) and CAC ($/t CO2) for three fuel—switching options—imported green
ammonia (NHs) from Australia, imported blue NHs from the USA, and domestic blue
hydrogen (H:)—and three CCU configurations. Key results show that green NH3z
delivers the largest abatement among the three fuels in both applications (280 kg/t in
CDU and 470 kg/t in NCC), but at high CAC (553 $/t COs for CDU; 698 $/t CO2 for
NCC), indicating that upstream import and logistics costs can dilute net benefits. Blue
H. provides consistently strong reductions (245 kg/t in CDU; 380 kg/t in NCC) with
the most deployable economics among direct fuel switches (101 $/t for CDU; 228 $/t
for NCC), positioning domestic blue hydrogen as the most scalable near—term bridge
option. Blue NH: shows intermediate abatement (121 kg/t CDU; 280 kg/t NCC) but
relatively high CAC (667 $/t CDU; 610 $/t NCC), reinforcing the sensitivity of traded
carriers to embodied emissions and shipping distances. CCU integration across the two
applications delivers emissions reductions of 180-375 kg CO2/t gasoline/ethylene with a
wide CAC range of $70-$5,147/t CO2., showing strong dependence on process
integration and energy requirements. Urea outperforms methanol as a CCU product
because it can directly utilize imported ammonia without an energy—intensive cracking
step, improving overall abatement and cost. Overall, the findings suggest that Korea's
low—carbon fuels strategy should prioritize domestic low—carbon H: scale—up and
targeted CCU integration where robust utilization sinks exist, while treating ammonia
imports as a high—abatement but supply—chain—sensitive option. The study concludes
that NCC tends to extract larger per—tonne benefits from low—carbon fuel switching,

whereas CDU can serve as the lower—cost decarbonization anchor.
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Tailoring support defects in Ru/yttria—ceria catalysts for effcient and

durable ammonia decomposition

Ammonia (NHj;) decomposition is a carbon—free route for on—demand hydrogen
production, yet high activity and durability at moderate temperature are often limited
by kinetically demanding N desorption and surface inhibition effects. Ru/CeQ, catalysts
exhibit high intrinsic activity, but their performance 1is frequently constrained by
insufficient defect density and only moderate metal—support interaction. Here, a
structure—defect—interaction—performance relationship is established for Ru catalysts
supported on yttria—ceria mixed oxides (Ru/aY—CeO,) by systematically tuning the Y
content in the fluorite lattice. Incorporation of Y*' into CeQ, induces lattice distortion
and charge—compensating oxygen vacancies while maintaining the fluorite framework at
intermediate Y levels.

The increased defect density strengthens Ru—O—Ce interfacial bonding, enhances
interfacial electronic coupling, and increases surface basicity. Among the investigated
catalysts, Ru/50Y—CeOy achieves 80% NH; conversion at 450C with a hydrogen
formation rate of 10.8 mmolg., min~! and maintain stable operation for 168 h without
measurable deactivation. This superior performance is attributed to an optimized defect
population that maximizes Ru—support interaction, facilitates recombinative Ny
desorption, and suppresses hydrogen—induced surface inhibition. These findings
demonstrate that defect engineering in rare—earth oxide supports provides a rational
strategy for enhancing both activity and durability of Ru—based catalysts for ammonia

decomposition.
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Reaction Pathways for CO2 Hydrogenation to Methanol on Cu(111): A
DFT-Microkinetic Investigation

Yuna Song, Seongjun Lee, Minkyu Kims

CO2 hydrogenation to methanol is an attractive route for carbon utilization and
sustainable chemical production. Here, we combine density functional theory (DFT)
calculations with steady—state microkinetic modeling to elucidate the reaction network
on Cu(111). Three major mechanistic families—formate, carboxyl, and formyl—were
systematically analyzed by examining reaction energetics and elementary activation
barriers. In addition to conventional H#* transfer, we also considered CHO— and
OH-—assisted hydrogenation channels as alternative hydrogen—donor pathways. The
DFT analysis suggests that the carboxyl— and formyl—based routes are comparable in
overall wviability, while the formate pathway can become markedly faster when
CHO—mediated hydrogen transfer is operative, owing to lowered Kkinetic barriers.
Incorporating these energetics into microkinetic simulations reveals that methanol
production is dominated by the formate manifold under relevant conditions, with
methanol desorption acting as the key selectivity—controlling step. Guided by this
insight, we screened catalyst modifications and identified indium as a promising
promoter that weakens methanol adsorption (thereby reducing the desorption penalty)
without compromising the energetics required for CO:2 reduction. Experimental
validation using core-shell Cu@SiO2, and Culn@SiO2 catalysts supports this prediction,
showing a strong enhancement in methanol selectivity up to 92.7% upon indium
incorporation, accompanied by suppressed CO formation. Taken together, this integrated
computational-experimental approach provides mechanistic clarity and design principles

for improving methanol selectivity on Cu—based catalysts.
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Promotional effect of silica shell coated NiO physically mixed with

Mo/HZSM—5 catalyst on methane dehydroaromatization

In our previous study, the activity and stability of the Mo/HZSM—5 catalyst were
enhanced by mixing physically with NiO in methane dehydroaromatization (MDA)
reaction. It has been confirmed that the physically mixed NiO not only promoted the
dispersion of MoCx active sites but reduced the coke formation on the MoCx owing
to the CNTs on Ni [1]. However, the promotional effect of NiO was limited when the
particle size was reduced, due to the excessive interaction with MoOx (forming
NiMoO4) which is detrimental to the MoCx dispersion [2].

To overcome the limitation, silica shell on NiO particles with various sizes (5 nm,
15 nm, 110 nm) was introduced. The core—shell structured NiO particle was prepared
by a modified Stober method and physically mixed with Mo/HZSM—5.

The catalyst with silica shell coated NiO with the size of 15 nm exhibited a
significant improvement in both BTX vyield and stability, and the catalyst with silica
shell coated NiO with the size of 5 nm achieved the highest maximum BTX yield,
about 7.2%. This demonstrates that the performance improved as the NiO particle
size decreased with the introduction of the silica shell. Combined TEM—-EDS, XRD,
CH4—-TPSR, CO chemisorption, visible Raman, and TGA analysis allowed us to
confirm that a thin silica shell further enhances the MoCx dispersion while preventing
the formation of Ni—Mo complexes. However, when the size of NiO decreased to 5
nm, CNT growth on Ni was limited during the reaction, which is crucial for reducing

coke on Mo active sites, resulting in the decreased catalyst stabilization ability of Ni.
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Role of alumina supports in non—oxidative direct conversion of methane
using Fe—based catalysts
Jin—Ju Lee'? - T.G. Gebreyohannes® - Youn—Sang Bae® - Yong Tae Kim'*
'CO, & Energy Research Center, Korea Research Institute of Chemical Technology,
*Department of Chemical and Biomolecular Engineering, Yonsei University, *Department

of Chemical Enginnering, Ajou University, ‘Department of Advanced Materials and

Chemical Engineering, University of Science and Technology (UST)

Direct methane conversion is considered a promising technology for achieving carbon
neutrality. However, the high C—H bond dissociation energy of methane (439 kJ
mol™!) makes its activation challenging and often leads to catalyst deactivation due to
coke formation during the reaction. In this study, we investigated the roles of Fe
cations and the Al;Os; support in hydrocarbon production over Fe/Al,Os; during the
non—oxidative methane conversion (NMC) reaction.

Fe/Al,O5 catalysts with different particle sizes were synthesized via incipient wetness
impregnation and evaluated for NMC at 900 ‘C. The highly crystalline a—Al,O; showed
weak metal—support interactions with Fe species, limiting the formation of additional
radical scavenging sites. The yield of C2—C5 hydrocarbons exhibited a volcano—type
dependence on the Al;Osz particle size. Further optimization of the Fe loading yielded
the highest selectivity toward C2—C5 hydrocarbons and aromatics. The optimized
catalyst maintained stable activity over 1000 h without noticeable deactivation during

reaction—regeneration cycles.
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Electronic Structure Driven Origin of Selectivity Differences in
CO2—to—BTX Chemistry on Fe-ZSM—5 Tandem Catalysts

Fe-ZSM—5 tandem catalysts offer a modular platform for CO2:—to—BTX conversion by
combining CO2 activation on Fe—related sites with hydrocarbon transformation within a
zeolitic environment. Yet, how the local Fe configuration dictates product distribution is
still debated. In this work, DFT calculations are performed across multiple Fe motifs
to Interrogate selectivity at the level of C2 precursor chemistry, focusing on the
competition between olefin—generating and paraffin—generating sequences. The
calculations show that the decisive factor is not the absolute favorability of one route,
but the energy gap and competitive balance between the two channels evaluated under
identical reference states. Framework—substituted Fe most effectively sustains an
olefin—directed sequence while limiting over—hydrogenation tendencies, whereas
FeO/cluster—like motifs reduce selectivity by enabling both channels too readily.
Electronic analyses (DOS and Bader charge) connect these trends to the nature of
electronic states near the Fermi level: framework Fe provides sufficient electronic
adaptability for necessary charge rearrangement without creating a strongly
hydrogenation—active electronic environment. Overall, the study links precursor
competition, energetics, and electronic descriptors into a unified mechanistic picture
and proposes framework—level Fe incorporation as a rational lever for improving BTX

selectivity in Fe-ZSM—5 tandem catalysis.

- 266 -



" 2026 SIRO|LYT|LE EA S EUES) =

Cu—Zn—Al 718t 1A= N CO 25 & :
Cox—"&re A% A5 % 75 &

1 =1 N = 1 o 2 3 = 4
AT gesl . A5l B e o] REt

Esta 7)1 AF st A oy st

Effect of CO Co—feeding on COx—to—Methanol Conversion Performance
and Thermal Distribution in a Cu—Zn—Al Fixed—Bed Reactor

CO/CO(COX)E YERE 3 W FAL LANAS 137} 3legaz [das ¢ =
T3 gA 88 v|ER FEu u. B Afd e Cu—Zn—Al(CZA) Zuf Ao A
)t [e]

COy/H, @& ¥ =9} CO/COy/H, £3 3
¥ %7 ol Aoz v},

L = 2o =
o Wg %S FAR FUEE(SV) D Fo) ¥

AHe 14 F(packed—bed) ¥H&7]oll A 230TC-290C, 30-50 bar®] At¢] XA} Ao =
Fatdlon, AdE AFE WFETHS oF A4S B 7taaz2ntE 289 (GC)
2 BEAATh CO, A3E, CO HEg, Cox Adg, e Hax 2 F288 F8 Ay
A x= sl

23 A3l CO/CO/H, &3 v= Z7oA wets H Ao b v= thu] {23t

A7k ol CO AR 23t A= F7H4 7]ojet gaof, #A7adews
T % OH T4 AA 2 &4 H AAe] HdH oz 283 A= 34

(WGS) 4 ol
At = FF 2 v FAFE dAgor T SVE Ao s SV Ao wE
g B ves s80 o] AFgHez Y

A% S oM B ST ) T W 2= Bx VA= 9F

- 267 -



" 2026 SIRO|LYT|LE EA S EUES) =

0] 2+3} ek 2~ (CO,) 9 WIEH(CH,)# Ze Cl 7t2 BAE 13 717bx 33E= [ddksts
] R A &7bse ARS] FES 9%k fe §8 ¥HoR FEWa gy ey
ol A= 49y oz wlg bAet a&AQl HES fsiAe HEe wkg dEgy
Zu AAZE A5Holth 53] CO.9 CHE BAld dA@sh= wbee 7b Expe] 43
z7lo] Aolstar g&2Ql st A2 W Fujrl FHete] o] = HAR Hof
Atk HEAQD T4 Dry reforming 882 CO.9t CHsE SAlCl &83 ? nov, &
Td W 54 (Ulkesk = 247 kI mol o= A& ek oA Flo] Hash oX
a&o] vt} vk, CH,¢F CO.& A4 AFste] CHsCOOHE Aitshe= HJ%-S— AA a&7
TR Fgelgts AHE }XWHP WS 22 AU A (AGesk = 58.1 kJ mol )7k w9
ﬂ s

dogygor EIlF3 whsoR A gt}
Q = PQ’E(MO)JJr FEEAFA (MCO3) AFel2] CO, adsorbent shuttling
+ CO; < MCO3)ell #<tste], CHy9F CO.9l EA] Age)] Fhty = 54
SHAIE S5 & e A2 dbg AZE AT [1, 2], o] H=FlA MO COE
Faste] MCOsE ¥Adshar, J4% MCO; ¥ &4std I CO, 5 AFshd
CH.ste] WS %3 CH,COOHS A4 & 91%% walth
3]
[e)

[e)

we A2 B4 2290 (1. Gl MO ohd

CO.9l Fol me MCO,l BAF oF CHsel weE B CHCOOH 43¢
Asgrh. vk MO W EujelM CO, FH} FE CH wES

K
J&‘l

ol A, CO¢t CH,E AEAH o= AR3PHA CH;COOHE A4kst= CO,—CHy
A4 g3t Suf RkE cycles JHEEESIT [1] FE AFolA = o] W

st5 S8l on, CO.9t CHyol +xF4 &3t Aol x

(monodentate or bidentate)”} &&}A| 1L, °]°ﬂ wep vhg H AU F %E}Xﬂ A=
A g webA dEkso] AAES gl [2].

D O A
JE}‘NJEQ‘LJ}EM

R4

Reference
[1] Applied Catalysis B: Environmental 339 (2023) 123120
[2] Applied Catalysis B: Environment and Energy 357 (2024) 124304

- 268 -



" 2026 SIRO|LYT|LE EA S EUES) =

Dual—Function Transition Metal Materials for Hs Production in Biomass
Ca—Looping Gasification
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<Abstract>

The calcium looping (Cal) process offers the advantage of simultaneously
enabling high—temperature CO2 capture and hydrogen production, but it faces
limitations in maintaining performance during long—term operation due to
sintering of the circulating medium and reduced reactivity. To overcome these
limitations, this study compared and screened the performance of CaO-
transition metal dual—function media combining CO: capture and oxygen
transfer capabilities, and evaluated hydrogen production performance through
gasification reactor experiments. Samples were synthesized by
co—precipitation, doping CaO with 5 wt% Fe, Co, Ni, Mn, or Cu respectively.
XRD analysis was used to assess crystalline stability and phase
transformations. Oxygen transfer reversibility was evaluated via TPR and
redox cycle experiments, while CO: absorption capacity, reaction rate, and
retention were compared through TGA—based carbonation/calcination cycles.
Gasification reactor experiments were conducted on selected samples to
quantitatively analyze fuel conversion rate and hydrogen selectivity. The
results showed that CO: capture efficiency, oxygen transfer characteristics,
and gasification reaction promotion effects varied depending on the transition
metal species. It was predicted that specific compositions would exhibit
superior performance in terms of hydrogen selectivity and conversion rate.
These findings demonstrate that dual—function media screening and
optimization studies can contribute to enhancing the efficiency of calcium
looping—based hydrogen production processes.
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Novel process design for carbon neutral heat pump—assisted hydrogen
production

from organic waste enhancing energy and economic potential

Biogas—derived hydrogen (H:) is a sustainable and regionally available energy source.
To enhance its energy and economic efficiency, improving the conversion rate during
anaerobic digestion is crucial. Therefore, this work designed the heat pump-—assisted
Hs production process from the organic waste to enhance the energy and economic
potential. To design the proposed process, a process model was developed and it
mainly composed of following four steps : (1) heat pump—assisted anerobic digestion,
(2) biogas upgrading, (3) H, production, (4) COy utilization and (5) H,; compression
and supply. Then to demonstrate the economic feasibility of the proposed carbon
neutral heat pump assisted H2 production process, the detailed techno—economic
analysis (TEA) was conducted based on the simulation results. Also, the economic
feasibility of proposed process by various country is addressed by case study. The
results show that the produced biogas is increased by 81% by installing the heat pump
in anerobic digestion and also the Hs production rate can increase by 41%.
Furthermore, the TEA results indicate that the total annualized cost (TAC) can be

reduced by 8% due to increased revenues from H: and liquefied CO2 production.
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Development of a 3D Compressible Flow Solver on a Two—Component
(CH4—N3) System
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Fig. 1. A mesh for acoustic pulse wave Fig. 2. Pressure propagation field
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Development of Cathode Materials for Next—Generation Thermal
Batteries

Thermal batteries are essential military power sources for guided weapon systems
because of their negligible self—discharge during long—term storage and excellent
environmental durability. Despite continuous progress in thermal battery technology,
most developments have focused on anode materials, whereas cathode materials still
largely rely on legacy technologies established in the 1970s. This limitation has
become increasingly significant as next—generation guided weapon systems demand
higher operating voltage, greater energy density, and superior thermal stability. Among
commercial cathode materials, FeS: has been widely used in thermal batteries;
however, its relatively low operating voltage window and limited energy density
restrict its suitability for next—generation high—performance applications. In this study,
an FeOF—based non—sulfide cathode incorporating reduced graphene oxide (rGO) was
designed to overcome the inherent voltage—capacity trade—off commonly observed in
non—sulfide cathode systems. The incorporation of rGO enhanced the electrochemical
reactivity and electronic conductivity of the FeOF—based material, enabling a high
operating voltage of 2.67 V (vs. Li/Li*). The proposed cathode was also analyzed to
achieve an energy density exceeding 1300 mAh/kg, representing an approximately 18%
improvement over conventional FeS.. In addition, the material exhibited excellent
thermal stability above 550°C, indicating strong potential for maintaining structural and
electrochemical integrity under severe military operating conditions. These results
demonstrate that the proposed rGO—FeOF cathode can effectively address the
limitations of conventional FeS: and serve as a promising cathode material for

next—generation thermal batteries.
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Primary Aerodynamic Design Methodology for a 5 kW—Class

Electronically Commutated Mixed—Flow Fan
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Fans play a significant role in energy consumption within industrial thermal
management systems, especially in data centers and high—density cooling
environments. Improving fan efficiency is a crucial strategy for reducing overall energy
consumption in these systems. While aerodynamic optimization techniques can lead to
highly efficient designs, an improperly defined baseline geometry can increase
computational costs and cause delays in the optimization process. Therefore, it is
essential to establish a theoretically consistent primary design procedure before
undergoing optimization. This study introduces an aerodynamic primary design
methodology for a 5 kW—class electronically commutated (EC) mixed—flow fan
impeller. The meridional geometry is determined based on the relationships among flow
rate, pressure rise, and rotational speed under specified operating conditions. The blade
inlet and outlet angles, as well as the radial geometric distributions, are derived using
velocity triangle analysis and Euler turbomachinery theory. To ensure manufacturability
and maintain geometric simplicity, the hub and shroud meanlines are defined, and the
blade surface 1is constructed using a ruled—surface approach that connects the two
spans. Steady—state numerical simulations are conducted by solving the
Reynolds—averaged Navier-Stokes equations with the SST k- turbulence model to
evaluate pressure development and static efficiency. The computed static pressure at
the design point is within 5% of the target value, indicating that the proposed primary
design procedure produces a baseline configuration that is suitable for subsequent

aerodynamic optimization.
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Development of a Catalytic Filter for Simultaneous Removal of
Fine Particles and Nitrogen Oxides from Incineration Facilities
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Integrated Control Architecture for Autonomous Nuclear Power Plant

Operation Combining Intelligent Inference and Safety-Protection Layers
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Sensitivity Analysis Results of Level 1 PSA for the APR1000
Considering MACST Strategy Implementation
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YA 713kl AlgE 7 e =Folojo i) HEAZ 2 AAV|IF @EFS 9%
AAYRHL daesloltt, agla HAHE 2 53t AAES B Y-S UE AAded
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FHAFAY A7} 2AG R AP 7 AEL 27 Ao r AZAFH YRS THI
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°F 5 bar7kA 4EAFES FE€FE F A AAEY. PCBE AZYAAGAEALLA
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7158 SHFAY. R AL GEALL 5 A AGEAL A SR E 9 gAY
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AAFHA] Aot d, "o dASAAT Y, MAAFU AN

Research Trends in Food—Related Energy Studies: A Bibliometric

Analysis with a Comparative Perspective on Global and South Korean Research

71333}t A 1, AE7se Ay e FEY EAd g$sly] g8 A% A 2E
I AU H A AAl tigh #Ao] Frksta Ak A= 2016 WH-EH 2025 d7H]
gl AA FRE BAstE AL B

SCIE o] #oF Ade] AlAe Az #A A9
o 2 3t} Scopus Hlo]E{H| o] 2o A F=F] 3
stlom, 3 4, 18 A, F8 wUtek Ad, 19 1Y E v A7 FAE FA

om ¥AsgTh £ 22 AT @5 ATe 54 wmagch

A Ay, A" B YA AFe HS wEA sk 2ok UEETT E3 =i
= 2016 98 H A 2024 266 How =75t o, & 8 = 2 717 5o
168 3]ol A 17,647 3= AA S7ketdvh. =7bE A5 A E4 M= S50l 723 A
o7 TP B2 =ie Aibsialon, Qlkel mao] 1 HE oY xS T 128 Ho
2 AA 4 9& 7158 Y. Ad 24 23 AT voledyqA] 9 vfolenj A I Ad
o A=FH+E= AHELS B om, E3| Bioresource Technology, Energies, International
Journal of Hydrogen Energyol A &WstA AAE = AL 2 YEST. =2 49 &3
52016 W 4 oA 2025 A 17 Ho R FUhsilon, & 918 4 oA 20161 33|
A 20254 1,292 32 IAA =7}

719= FEd B4 Ay 229 AF9AE food waste 7|RF o= A3 H7]A 438}
o} nlo] @ 7t~ A4t A3FsHH wlol w2~ A3 7)< pyrolysis € gasification, L83l
food — energy — water nexus &} A|&7FsA HIrlel 22 A& o] AT S AH
7F A EATE v g ATt @714 A% vpo]l A AR Wi A4, waste
valorization 5 food waste 7]¥F Hlo] QoA A3k 7]& FAlo A FA7F FreH
ol A= SR AT7F AF-ouA A28l A&7 EAR e s v, &

= A7 vl eduA B4 /1% FHOE WASE 9eg welFh

B oATE Y Bd duA a7 A4 FRE AAYeE ANGD FF AT
gak A e AT e,
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oA 1T ANF DS

HBAFUANA, "@FAAENAT, AN, st gAY st} Fas

National Clustering Patterns in Global Top—Tier Energy Research and
Korea's Research Competitiveness: A SOM Clustering and BERTopic Analysis

B o= o ux] Eof Impact Factor A 10% SCIE g 13 Fo 2011dFE 2025
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Enhanced Equal—Area Criterion for Transient Stability Studies in
GFM—Integrated Power Networks

AN TqA 2] By gl AdYASe #dS A AAAA, dE8Y A A=
& AstAn. & =EodAe srEArek e =2 (GFM) I E 7 EAE dEAE
ol GFM <QIME9 T3 7odkEs AFAor Hristy] 93k SFd ¥4 7+
(Equal—Area Criterion, EAC) X AdHIAE Aetsit}, Aotd HeHS JA A AAZ
(Critical Clearing Time, CCT)S EAC &4 Fgso=2zHN, titE oz sloAe 3%
A= ARFE H7HE ¢ JEF g e JidE S RES TRte R V|E FUEA
7l T4 AEHN T3 =S FAsH7] A Hegk HA GFM §%FS AAACR A
shoh, X mka A Aol digh AlEdeld ARE S A 7IHe fFadS ASse

| =2 AHAEZAA GFM A7t A= FH=E A
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2% 879 A Tl FEA GEYOHNH;) 98 2 E4 V|Eo] "igte s RAS
@ e wel A 2SR (NO, NOy)®ak olygl ofiksh4d 4 (N,0)
7t A AR 71w A8 WY Fdivt 87E 3 Ak 53] N.OE
34 (GWP)7F CO, the] 2738) I3, 7] = o] ok 11439
W 2Avtzmelng wjE e Aol Erh olEe W wv|7ts A=

Aed Zuf 3A(SCRIE LA (FRYol, 24) 7uk FAo] e H&un Axilss
Jovt, drYol &H, vl 9%, ds 2 oA §4 #e 6§
ATE 94, 22 =v glo] NO, NO,;, N,0 g7} 7Fs3k o)
S71(MMBCR) & A& daA 712 &3 54
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X
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o
a8

et g5
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Aol el AA ags &l

B354 AHRe A

a1 T s¥° 37t =o] 100mm S/t
°F 50C 2% As3 FAFE Al A S Helt olg3d ZAite 2% A5 glojx A
55 SR ¢ g 4 24 59 Scale—up A7 HolHE &8E £ USS AA T
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Rapid pulsed Joule heating 7|"H& ©|8 3t dynamic operation®} &3

A5 4 F4 hs AR WS

'Korea University Department of Chemical and Biological Engineering, Seoul, Korea
(Korea Research Institute of Chemical Technology, Daejeon, Korea

SUniversity of Science and Technology (UST), Daejeon, Korea

b S7bskel wet 719 da 7 88 FAHL YA as

skl ok olHd FAE WAst] g et ® A AEE

st A 7)8F ¥H-5-7] (electrified reactors)”F &3 glow, 53] 54 &% (dynamic

operation)2 A|7tol uwlg} W= WEE 2 Aojste] AA AH o IAES

o= W BAES 7T 7 Uvke ARl Utk 7 AFeA = H7)EF 9hEr]] F 4
5

= -
3 WS (reverse water-gas shift, RWGS)2] A5 nx&= o3k

o 54 A
AL

g AE A= Huf ool YA FAird(nickel nitrate)s AEH o= RSl
AP9E g4 AEE= F2 A5 Afolol ZAHH] 4 wEy] Rl FHoE wiAH AT
Aeele 2elxlms) @99 &2 2 AF Abolg3s d7ste] 55 2 & 7Fd(rapid

H

pulsed Joule heating, RPJH)S Fd3gom, AF A7), #AF <7l @2 = Ay
ZAE5S W3tA7IH RWGS vhg-& x5l

A3 23, RPJH+= wE 7Fd3 97 AfolEE &3 o] AEHAQ] 12 =5
Z9gon A& = J}<d(continuous Joule heating, CJH)o| H]8] © W& AHAx
AL éfjrg— Hdoh Fgk Ni gxbe] o] Ao FHuff ko] ATt RWGS
e Ni GAFol o&Es o, 4 2794 3wt% Ni/carbon felt Fvlli= CO, H3H&
44%%} CO d % 93%E EAaeith

olgfgt A= w4 o] H7|st wkEr] W W FAES AFHoE Aojste] ¥k
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A Ak W 318 AEe PCF(AIE 84 dx=) A+

Study on PCF (Product Carbon Footprint) of Chemical Products in the

Electronics Industry

H 71 917] dES AT ©@Ah FHol AdAl A AAR gl wE AEe] A
AefF=7] St WA AL WEFS AFsshe AF g A= (PCF) 54 T
240 FdiEa vk 53 #Aa 9 wEA Ao s 7] A wMEFE FE9
o A WAEE Scope 3 WlEFol F H|FE AASH, 1 FolME ANAA Foieh A
¥ Scope 3.1 W& A 24 U #FsF P =HAQA AAR FAh & AFE @

A Az A FYEE Fo s BAe ugor, 1 Any FIHLCA) HolE
Mol =9l Ecoinvent$t #41 Al 7I¥F PCF #4 = (Muir ADE &3te] wEFS vl
At Hlolele] AT} M-S HESA

o}
A7 PorE WA FHNA ALE MNEsh Faws} ¥
5 S =

2+ PCF #tol Hdl 50% ol
e g 3 244

o FolvR FoF RS HASRGTE AT Fol WEY 3 AT
vt &S WA 24 dehkom, NRyg e A% 55 2l A& dolelo] 2

:’og
o
s
a?
e
]
¥
30,

& A olEd AR Hag 8 A w4 oo Adds REeta, wheAl aA ¥
oA A7k wige] HFEHe WS e qtEslth ole @ Aves FF AR
oA, eldA & A, FEdA 99 A 5 A-AQ B AR UekE sEshs b
71918 & glth vpoprt WbwA] 44 53 PCF #7F Zeld9as THFORA A 4k
kel g @ebast @ A& Jhed Ax ds A7 tel=als Al staAt
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DENEATY A ZAUADTER F2el YA &M e

Waste Concrete Recovery System for Air Pollutant Capture and
Utilization: Novel Process Design and Techno—Economic Analysis to

Determine a Cost—Effective Configuration

Kwonchan Son - Jonghun Lim

AT SaFY 2 A& 7Mes A wdo] gigk BAlo] F7HEk wl, #HEZAgE
g83 4o BF ¥ 4 AUsF vl Ui Ay @] Wy a k. &2 Od
TolME HEZAYUES 83 C0.% S0,8 EH 83 NH:E o] &3 NO, ALS 93
s3 ¥HE Actsta, o °ﬂ st AL 244 Frte sl At FgS HE
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Tailoring Cation Disorder in Cu3BiS; via Enthalpy—Driven Coordination
Control for Photoelectrochemical Water Splitting
Jisu Jung, Wooseok Yang

Department of Chemical Engineering, Sungkyunkwan University.

Suwon, Korea

Cation disorder has emerged as a transformative strategy for modulating semiconductor
characteristics beyond the constraints of traditional bandgap engineering. By introducing
structural aperiodicity within the cationic sublattice, it is possible to unlock unique
phenomena in charge carrier dynamics, defect physics, and optical response that are
unattainable in perfectly ordered systems. However, conventional methodologies for
inducing such disorder predominantly rely on thermal processing and entropy—driven
alloying, which often lead to structural instabilities and limited controllability in the
resulting lattices. Furthermore, the systematic exploration of disorder—property
relationships in earth—abundant, non—toxic Cu—based chalcogenides remains largely
nascent. In this study, we propose a novel paradigm for disorder engineering centered
on the coordination—chemistry—mediated control of mixing enthalpy. By exploiting the
robust metal-ligand interactions inherent in dithiocarbamate (DTC) precursors, we
demonstrate that precise coordination management in the Cu-Bi-DTC system can
effectively stabilize disordered cationic configurations at low temperatures, bypassing
the need for high—temperature processing. Taking CusBiS; as a representative
photocathode material, density functional theory (DFT) calculations, and experimental
validation to probe the impact of cation disorder on the lattice and electronic
landscapes. Our findings reveal that disorder—induced electronic states significantly
promote photoelectrochemical efficiency. Consequently, the engineered Cu3BiS3
photocathodes deliver markedly improved photocurrent densities for solar—driven water
splitting. This research wunderscores coordination—driven enthalpy modulation as a
powerful and scalable platform for disorder engineering in advanced energy conversion

materials.
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Design and Optimization of an Induction Heating Ammonia Cracking

Reactor

Conventional furnace or burner heating suffers from large thermal inertia and
heat—transfer limits, leading to slow start—up/shut—down, strong temperature
gradients, and local overheating that reduce efficiency and raise safety and durability
concerns. This study develops an induction—heated ammonia cracking reactor that
generates heat directly in the tubular workpiece to enable rapid electrified operation
and precise, localized heating. We quantify eddy—current and hysteresis losses,
impedance, and power factor using electromagnetic simulations, then couple Maxwell-
Fluent to transfer these losses as heat sources for thermo—fluid and reaction modeling.
Key design variables include frequency and current, coil-tube gap, tube
thickness/material, and flow rate (GHSV), and performance is assessed under the
conversion-hydrogen vyield trade—off. Increasing frequency/current and strengthening
coupling increase tube heating and wall temperature, improving conversion, while higher
GHSV reduces hydrogen yield despite higher throughput. The results provide practical
design and operating guidelines and motivate multi—objective optimization for balancing

conversion, yield, and electrical efficiency.
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Design of cost—effective Ru—free perovskite derived catalysts with
optimized Ni exsolution and electronic properties for high performance

ammonia decomposition

Seungbeom Yoon - Jae Min Park - Do Heui Kim

School of Chemical and Biological Engineering, Seoul National University

Ammonia decomposition 1s a promising route for carbon—free hydrogen production, although the
development of non—noble metal catalysts with high activity remains a critical challenge. We report
the rational design of LaNiOs—based perovskite—derived catalysts for efficient ammonia decomposition
via systematic La— and Ni—site substitution and thermal treatment optimization. Incorporation of Ba
into the La site significantly enhanced the electronic density of Ni by increasing surface basicity and
facilitating electron donation. Subsequent Co substitution at the B—site further improved Ni dispersion
by destabilizing the perovskite structure, promoting exsolution of metallic Ni. Thermal treatment
parameters—including calcination temperature, reduction temperature, and ramping rate—were optimized
to facilitate the exsolution of surface—accessible Ni nanoparticles with high dispersion. Comprehensive
characterization using XRD, H,—TPR, N,—physisorption, H;—chemisorption, CO,—TPD, XANES, and
XPS revealed correlation among Ni dispersion, electronic properties, and catalytic reactivity. The
catalyst with optimized Ba/Co content and thermal treatment (denoted optimal LBCN) exhibited the
highest NH; conversion (85.9 % at 550 °C, 30,000 mL/g. *h) and demonstrated outstanding thermal
stability over 100 h. This study highlights the synergistic role of structural and electronic tuning in

designing cost—effective perovskite—derived catalysts for ammonia—based hydrogen production.
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Binder—free, Nonpyrolytic CoFe—ZIF Nanosheet Networks

as Efficient Bifunctional Electrocatalysts for Alkaline Water Splitting
Inseo Cho - Gibaek Lee

School of Chemical Engineering, Yeungnam University

Developing cost—effective and durable bifunctional electrocatalysts for the oxygen
evolution reaction (OER) and hydrogen evolution reaction (HER) remains a primary
challenge for the sustainable production of green hydrogen. While noble—metal
catalysts like Ir and Ru show superior activity, their scarcity and high cost limit
practical large—scale applications. In this study, a facile, low—temperature strategy to
fabricate binder—free, non—pyrolytic bimetallic CoFe zeolitic imidazolate framework
(ZIF) nanosheet networks directly grown on nickel foam (NF). Fe—ion incorporation
exerts a dual effect by reorganizing the Co-ZIF architecture into interconnected 3D
networks for enhanced charge and mass transport and simultaneously modulating the
electronic environment of Co centers to generate rich Co/Fe-N coordination sites.

The optimized CoszFe;—ZIFelectrode exhibits exceptional bifunctional activity, delivering
overpotentials of 275 mV for OER (at 20 mAcm ?) and 156 mV for HER (at 10 mA
cm ?) in 1.0 M KOH. Notably, the catalyst demonstrates robust durability, sustaining a

2 for 100 hours with negligible degradation.

high current density of 500 mAcm~
Comprehensive electrochemical analyses, including distribution—of—relaxation—time
(DRT), demonstrate significantly reduced charge—transfer and transport—related
resistances. Post—OER characterization reveals an operation—induced evolution toward
oxyhydroxide—like active states, which are responsible for the enhanced kinetics. This
work provides a scalable approach for designing non—pyrolytic MOF—based electrodes,
offering a promising pathway toward high—rate alkaline water splitting and sustainable

energy conversion.
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Microwave Synthesis for Enhancing the Selectivity of HEA Catalysts in

Acetylene Hydrogenation
Ha Neul Lee - Seok Ki Kim"

Ajou University, dept. of Energy System Research

The selective hydrogenation of acetylene is essential for polymer—grade ethylene
production to prevent catalyst deactivation and ensure product purity. In this process,
the key 1s to remove acetylene impurities while suppressing ethylene
over—hydrogenation and oligomerization. Although Pd—based catalysts exhibit excellent
activity, they face limitations such as high cost and over—hydrogenation. Therefore,
the development of highly active non—precious metal—based catalysts is required.In
this study, high—entropy alloy nanoparticles (HEA—NPs) composed of various
non—precious metals, including Ni and Cu, were supported on carbon nanotubes
(CNTs) and synthesized at high temperatures within seconds by microwave heating.
The synthesis procedure involved the addition of metal precursors to a CNT
suspension, followed by mixing, ultrasonication, drying, and microwave irradiation (700
W) under an Ar atmosphere for several seconds.The synthesis parameters, including
the sample loading, dispersion, and heating time, were optimized to minimize particle
agglomeration. Evaluation of the catalytic performance revealed that the synthesized
HEA catalysts exhibited higher ethylene selectivity than those prepared by
conventional wet impregnation. This improvement is attributed to the synergistic
effects of the diverse metal compositions and the enhanced nanoparticle dispersion
achieved through microwave synthesis.This study presents a HEA catalyst synthesis
strategy with strong potential to replace Pd—based catalysts. The proposed
microwave—based synthesis method enables the rapid fabrication and precise control of
metal compositions, contributing to cost reduction and performance enhancement in

acetylene hydrogenation processes.
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Techno—Economic and Environmental Assessment of Polystyrene
Waste—derived Liquid Organic Hydrogen Carriers Systems for
Low—Carbon Energy Storage

Heedo Ryou!, Hyeongeon Lee?, Jongil Bae', Kwangjin An? Jeehoon Han'*

"Department of Chemical Engineering, Pohang University of Science and Technology
(POSTECH)
2School of Energy and Chemical Engineering, Ulsan National Institute of Science and
Technology (UNIST)

Hydrogen is a clean and efficient energy carrier, but challenges in storage have led
liquid organic hydrogen carrier (LOHC) systems to be considered a promising
alternative. At the same time, the continuous increase in waste plastic generation is
causing environmental problems. This study proposes a novel LOHC system via
polystyrene waste pyrolysis. Based on experimental results, process modeling and
energy analysis were conducted to verify its energy feasibility. In addition,
techno—economic and environmental assessments were performed with scenario
analyses regarding energy recovery from polystyrene incineration, hydrogen production
technologies, and comparison with fossil fuel—based LOHC. The results confirmed that
the polystyrene waste—derived LOHC system 1is environmentally superior and
economically competitive compared to existing LOHC systems. demonstrating its

potential as a low—carbon energy storage strategy for hydrogen.
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Tuning Hydrogel Properties to Modulate Bubble Dynamics and HER
Performance

Min Jae Kim' - Wooseok Yang™*
1 Sungkyunkwan University, Department of Chemical Engineering
? SKKU Institute of Energy Science and Technology (SIEST), Sungkyunkwan
University, Republic of Korea

Electrochemical water splitting is a promising technology for green hydrogen
production; however, hydrogen bubbles generated during the reaction hinder efficiency
by blocking active electrode sites and increasing overpotential. This study proposes a
novel interfacial design strategy by introducing hydrogel—coated electrodes to actively
control hydrogen bubble behavior. The introduced hydrogel consists of polyacrylamide
(PAM) and aminopropyl imidazole—grafted alginate (Alg—API) crosslinked with Ba2*
ions. In this study, we demonstrate that the mechanical properties (stiffness and
interfacial adhesion) and the internal microporous structure of the hydrogel are crucial
factors dictating bubble dynamics. By optimizing the size and network structure of the
micropores within the hydrogel, we fundamentally suppressed the massive growth and
coalescence of hydrogen bubbles on the electrode surface. Simultaneously, the
precisely tuned mechanical properties facilitate the rapid transport and detachment of
the generated microbubbles through the pores. This structural and mechanical
regulation of the hydrogel significantly lowers the bubble desorption force.
Consequently, even at high current densities of —500 mA/cm?2, it dramatically reduces
interfacial resistance and minimizes electrode damage, thereby maximizing the catalytic
efficiency and long—term stability of the hydrogen evolution reaction (HER).

Furthermore, we present a model -elucidating the correlation between hydrogel
mechanics and bubble dynamics, providing a new metric for electrode optimization
through interfacial material design. This work addresses the persistent bubble
accumulation issue in water electrolysis, offering a functional material technology that
will contribute to the development of next—generation, highly efficient hydrogen

production systems.
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Biomethane—fed tri—reactor chemical looping for low—carbon ammonia

production

This study develops and evaluates a biomethane—fed tri—reactor chemical looping
(TRCL) system for ammonia production with integrated CO, separation. The proposed
configuration consists of three interconnected reactors—fuel, steam, and air—in which
biomethane reduces an oxygen carrier, hydrogen is generated through redox—based
water splitting, and the carrier is continuously regenerated to sustain cyclic operation.
The produced hydrogen is subsequently combined with nitrogen for ammonia synthesis.
The system is modeled at an industrial scale with a production capacity of 1000 ton
NHs/day, and its performance is evaluated based on mass and energy balance analysis
under consistent operating assumptions. For comparison, conventional natural gas—Haber
-Bosch and biomethane-Haber-Bosch pathways are examined under identical conditions.
Environmental impacts are assessed through cradle—to—gate life cycle assessment,
with global warming potential quantified using the IPCC 2022 characterization factors.
The study evaluates the potential of biomethane—based TRCL as a lower—carbon

alternative to conventional ammonia production pathways.
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Plasma—assisted methane—to—ethylene (MTE) conversion represents a novel
electrified pathway for sustainable chemical manufacturing. In this study, a dielectric
barrier discharge (DBD) reactor system was scaled to a commercial capacity of
604,800 tons/year of polymer—grade ethylene through parallelization of modular coaxial
tubes. Process modeling was implemented in Aspen Plus, integrating upstream gas
purification, downstream cryogenic separation, and acetylene hydrogenation. Capital
expenditures were estimated using exponential cost correlations (c«<cV”™0.9), reflecting
surface—area—limited plasma discharge behavior. Techno—economic analysis (TEA)
yielded a minimum selling price (MSP) of $903/ton under first—of—a—kind conditions,
placing the process near the current global ethylene market range. Monte Carlo
simulations (10,000 iterations) revealed electricity price volatility as the dominant
economic risk factor, underscoring the importance of stable power purchase agreements
for commercialization. Life cycle assessment (LCA) indicated a global warming
potential (GWP) of 7.63 kg COz—eq./kg C2Ha4, substantially lower than that of
conventional steam cracking (~10 kg CO:—eq./kg). Scenario analyses further showed
that adopting renewable electricity could reduce GWP by up to 33%. Other
environmental hotspots were identified in catalyst production, particularly terrestrial

ecotoxicity, suggesting areas for future mitigation.

Overall, this work demonstrates the technical viability and sustainability advantages of
plasma—enabled direct C: upgrading, bypassing syngas intermediates while leveraging
modular and distributed reactor configurations. The findings highlight the strategic role
of electrified plasma chemistry in advancing carbon—efficient ethylene production and

support its potential contribution to the decarbonization of the petrochemical sector.
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Liquefied hydrogen (LH:) import terminals are emerging as critical infrastructure for
long—distance hydrogen trade, vyet their techno—economic and environmental
performance is strongly governed by Dboil—off gas (BOG) generation and
deep—cryogenic handling requirements. In this study, an integrated LH: receiving
terminal was modeled to quantify steady—state mass and energy balances for
ship—to—shore unloading, on—site storage, and terminal—side BOG management under
representative operating duty cycles. The modeling scope was defined at a
gate—to—gate level, and all results were reported on a delivered basis using a
functional unit of 1 kg LH. delivered, defined as the net liquid hydrogen dispatched
from the terminal interface.

Process simulations were implemented in Aspen HYSYS, incorporating unloading
operations, cryogenic storage, and BOG handling (e.g., compression and
re—liquefaction). Thermophysical properties were evaluated using the NIST REFPROP
property package to ensure reliable prediction of phase behavior below 30 K. Hydrogen
was represented as a para/ortho mixture (98% para—H:, 2% ortho—H2) consistent
with common LH: re—liquefaction assumptions. The terminal scale was parameterized
as a 40,000 m3—class cryogenic tank (= 2,840 t LH. inventory) with a representative
throughput of 300 kg-h™ on an inflow basis.

Techno—economic analysis (TEA) and life cycle assessment (LCA) were conducted to
identify key cost and impact drivers across alternative BOG handling configurations,
emphasizing the trade—offs between added refrigeration/compression capacity and
penalties from BOG losses and electricity demand. Sensitivity and scenario analyses
further assessed how duty cycles and electricity sourcing shift delivered performance,
providing design insights for minimizing losses while maintaining operational robustness.
Overall, this work offers a consistent delivered—basis framework to compare LH-:
terminal configurations and supports scalable terminal strategies that reduce electricity

intensity and BOG-related inefficiencies in future hydrogen supply chains.
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Synthesis and Characterization of Highly Durable Platinum—Nickel Alloy
Catalysts for the Oxygen Reduction Reaction
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Operational Strategy Analysis for Hydrogen Production in an Anaerobic

Digestion—Based Bio—SESR Process Considering CaO Deactivation

Bio—Sorption Enhanced Steam Reforming (Bio—SESR) is an integrated process that
produces hydrogen from renewable biomass while simultaneously capturing CO, within
the system, making it a promising pathway for low—carbon hydrogen production.
However, quantitative investigations of operational strategies that account for sorbent
deactivation in SESR systems utilizing anaerobic digestion—derived biogas remain
limited. In this study, a Bio—SESR process was implemented through Aspen Plus-based
steady—state simulation using biogas from anaerobic digestion (AD). The system was
designed as a dual fluidized bed configuration consisting of a carbonator (600C) and a
regenerator (850C), where circulating CaO serves as both a heat carrier and a COy
sorbent via the carbonation—calcination reaction. In situ COs capture shifts the water—
gas shift equilibrium toward hydrogen formation, enhancing hydrogen yield. Baseline
performance without deactivation was first evaluated, followed by application of a
long—term average conversion (X,.)—based deactivation model to quantify performance
degradation under cyclic operation. A sensitivity analysis was conducted with the CaO
circulation rate as the key design variable to determine the additional circulation and
fresh make—up required to maintain constant CO, capture efficiency. The results show
that deactivation necessitates higher CaO circulation rates to sustain capture
performance, leading to a trade—off between increased sorbent consumption and
hydrogen productivity. This study proposes practical design guidelines for Bio—SESR
processes considering sorbent deactivation and supports the large—scale implementation

of renewable biomass—based low—carbon hydrogen production systems.
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Mechanical Behavior of Fuel Cell Electrodes under Sub—Zero Conditions

o] |
7 T
wr Ho
Moy,

-0 T

oo

2]l
e @

]
!

2 G2 A71Ash ol mE my

5
“

A=}

24 tge] Aasolef

7t
0 C, =50 C =100 C, —130 C =

o

W

t71 9, =A== Fdel 7t

37}5

o =
= %

SAA ] A= Ao NAH As

=1
BN

Fo] A2(RT)

5]

A+

T
O

el
100

el

S

, =100 T 9]

o

Einl

A7) 9} (side chain) 24

w
wy &
BT
= ~
W T
Ho =
"
A
T
W oo
W
w °

ol
.O# LH
%O %e
\_&IL ﬁ
5w E
~
file)
=0

oy

=3

=

m
W o))
Ho
B
)A

T B
T -
o o
o) T
X od
nro=
o B
I H
A+ of

- 313 -



ofs| =4

=0f|H x|

<
st

= 20269k

B!
e

Nd

o
o

il

JorE 514

H

175-28

Study on Operating Conditions for Reaction Temperature Stabilization in
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Multiscale insights into PTFE Fibrillation in Dry Electrode Processing

High—performance electrodes can be fabricated using environmentally friendly
dry processes instead of wet processes. A key material in dry processing is
polytetrafluoroethylene (PTFE), which fibrillates under shear stress and forms a robust
fibrous network essential for electrode integrity. However, the precise control of PTFE
fibrillation is challenging owing to the complex transfer of shear forces from
macroscale equipment to microscale particle dynamics. To address this, we present a
multiscale optimization framework integrating finite element method simulations,
Gaussian process regression, and Bayesian optimization to engineer PTFE fibrillation.
Our model identifies the optimal particle size and particle—loaded pressure. It
demonstrates that a 10-5 um bimodal system with 14 MPa of particle—loaded pressure
yields the most effective fibrillation. Electrodes are inversely designed using 10-5 pm
particles, and enhanced electrochemical properties are experimentally validated. The
proposed optimized dry electrode fabrication bridges microscale particle dynamics with

large—scale processing.
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Role of Ion Distribution in Droplet—Based Hydrovoltaic Energy
Harvesting

Hydrovoltaic is emerging energy harvesting technology with the remarkable
capability of generating energy through the direct interaction of water and material.
The hydrovoltaic generates volt—level potentials without any external force, and its
electrical performance can be enhanced by using an aqueous solution. However, it is
not clear how ions affect or interact with the material. Herein, the theoretical model
was used to provide an in—depth analysis of working principles. The model
incorporates four physics: water flow in unsaturated porous media, transportation of
ions, chemical reactions, and electrostatics. It was found that the distribution of ions is
key to improving the voltage output. The higher gradient of ions’ concentration leads
to strong potential differences. Additionally, we analyzed the parametric effects of
substrate porosity, and relative humidity under the various solutions. Our findings
improve the understanding of hydrovoltaic mechanisms and pave the way for the

practical use of hydrovoltaic systems.
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Development and Performance Evaluation of a Thermal Conductivity

Hydrogen Sensor Module for Safety Monitoring in Hydrogen Facilities

Tae—Un Kim!, Chanho Park!, Yurim Park!, Kyungdeog Nam', Hun Woo Kim®,

Sang—Do Han'', Inho Kim!’

'R&D Center. Innoteco Inc.
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Identifying Stability and Efficiency Boundaries of Atomically Dispersed
Pt in Solar Hydrogen Production

Juneseo Park - Sungju Yu"

Department of Energy Systems Research, Ajou University

The transition toward renewable energy has increased interest in solar—powered
hydrogen production as a sustainable energy source. A major challenge is maximizing
catalytic efficiency while minimizing the use of precious metals like Pt In this study,
we developed an atomically dispersed Pt catalyst for efficient hydrogen evolution.
Compared with conventional Pt nanoparticle catalysts, atomically dispersed Pt showed
more than 82—fold higher hydrogen production efficiency per unit of metal. This
approach ensures that nearly every Pt atom acts as an active site, dramatically
improving metal utilization and cost—effectiveness. Through structural analysis during
the reaction, we identified a dispersion threshold that determines catalyst stability.
When Pt atoms remain isolated below this limit, the catalyst maintains both high
activity and stable operation. When the loading exceeds this range, Pt atoms undergo
aggregation, leading to a loss of their atomic dispersion and a decrease in catalytic
efficiency. These results clarify how the atomic structure of Pt evolves during
operation and provide guidance for maintaining stable single—atom active sites in

catalyst design.
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Energy—Tunable Photocatalytic Systems for Visible Light Methane

Conversion

Methane is a potent greenhouse gas whose conversion into value—added hydrocarbons
offers a sustainable pathway for carbon utilization. Here, we present a
visible—light—driven catalytic system that facilitates methane coupling under mild
conditions. The energy enhancement on the metal surface induced by light, the system
promotes the activation of methane molecules. A key finding of this study is that the
product distribution depends on the excitation energy of the light source. This
illumination dependent behavior indicates that the excitation energy directly influences
charge carrier generation and interfacial charge transfer, thereby altering surface
reaction pathways. These results demonstrate that controlling light energy is an

effective strategy for optimizing selectivity in methane upgrading.
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Optimizing Reaction Selectivity in Photocatalytic Ammonia Splitting for
Efficient Hydrogen Production

This study investigates the behavior of noble—metal-modified semiconductor
photocatalysts during the ammonia splitting process for sustainable hydrogen
production. We show that overall catalytic efficiency is controlled by the strategic
balance between productive reaction pathways and inhibitory surface processes that
limit activity. In particular, surface states play a dual role: while they enable catalytic
turnover, they also promote the formation of surface complexes. These intermediates
impede the flow of charge carriers and occupy critical active sites, ultimately hindering
hydrogen production. Through surface—state modulation, we clarify how these
competing interactions influence overall efficiency. Based on these insights, we
establish an optimization strategy that minimizes unproductive surface interactions

while promoting favorable reaction pathways.
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Metal Promoter Effects on Pd/CNT for Selective Hydrogenation of

High—Concentration Acetylene

Selective hydrogenation of acetylene is a critical step in upgrading
ethylene—containing C2 streams, especially for non—petroleum—based routes that can
produce feeds with relatively high acetylene levels. This study systematically compares
metal—promoted Pd/CNT catalysts under fixed reaction conditions using acetylene—rich,
ethylene—containing feeds representative of emerging C2 processing. Catalytic behavior
was evaluated in terms of acetylene conversion, ethylene selectivity, and
time—on—stream stability to isolate promoter—dependent trends. The introduction of
metal promoters was associated with measurable shifts in hydrogenation behavior and
catalyst stability, indicating that promoter addition can influence reaction pathways and
deactivation tendencies in acetylene—rich environments. Overall, the results provide a
practical basis for selecting promoter strategies in Pd/CNT catalyst design for

next—generation ethylene purification and C2 stream upgrading.
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Abstract

Anion exchange membrane (AEM) electrolyte have received widespread attention in
the field of energy materials for future energy conversion technology. However,
enhancing hydroxide (OH—) ion conductivity and alkaline stability of AEM and AEI is
highly challenging for the commercialization. Therefore, in this study a series of
quaternized poly (ether imide) (QPEI) was blended with poly (aryl piperidinium) AEM
developed for improving ionic conductivity, water uptake, mechanical stability and fuel
cell performance. The structural changes were analyzed by nuclear magnetic resonance
(1IHNMR) and Fourier transform—infrared spectroscopy (FT—IR). Electrochemical
performance was certainly investigated by comparing pristine and blended membranes.
The obtained results were indicated that the water uptake, water contact angle and
hydroxide conductivity and mechanical stability was enhanced with cross—linking. The
overall result concluded that anion exchange membrane blended with PAP/PEI would be

the efficient electrolyte for fuel cell application.

Keywords: Anion exchange membrane, cross—linked, polymer electrolyte, hydroxide
conduction, alkaline stability

*Corresponding Author: djyoo@jbnu.ac.kr
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Abstract

Anion exchange membrane fuel cell (AEMFC) has received widespread attention in
the field of energy materials for future energy conversion technology. However,
enhancing hydroxide 1ion conductivity and mechanical stability of anion exchange
membrane (AEM) is highly challenging for commercialization of AEMFC. Therefore, in
this study a series of poly(vinyl alcohol) (PVA) was blended with poly(biphenyl
piperidinium) (PBP) for improving ionic conductivity, water uptake, mechanical stability
and fuel cell performance. The structural changes were analyzed by nuclear magnetic
resonance (1HNMR) and Fourier transform—infrared spectroscopy (FT—IR). The
morphological changes were analyzed by field emission—scanning electron microscope
(FE—SEM) and atomic force microscopy (AFM). Thermal stability of the blended
membranes was analyzed by thermogravimetric analysis (TGA) and differential
scanning calorimetry (DSC). Electrochemical performance was certainly investigated by
comparing pristine and blended membranes. The obtained results were indicated that
the water uptake, water contact angle and hydroxide conductivity and mechanical
stability was enhanced. The overall result concluded that AEM blended with PVA/PBP

would be the efficient electrolyte for fuel cell application.

Keywords: poly(vinyl alcohol), poly(biphenyl piperidinium), anion exchange membrane
fuel cell, durability
*Corresponding Author: djyoo@jbnu.ac.kr
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Abstract

Developing cost—efficient and durable oxygen reduction reaction (ORR) catalysts is
essential for the advancement of proton exchange membrane fuel cells (PEMFCs) and
rechargeable zinc—air batteries (ZABs). Herein, we present a one—step synthesis of Pd
-Ag alloy nanoparticles anchored on reduced graphene oxide (Pd-Ag—rGO) as a
bifunctional ORR electrocatalyst. The synergistic interaction between Pd and Ag
effectively tailors the electronic structure, optimizes oxygen intermediate adsorption,
and enhances resistance to surface oxidation. Electrochemical measurements
demonstrate that Pd-Ag—rGO delivers superior ORR performance in both acidic and
alkaline environments, surpassing monometallic Pd—rGO and Ag—rGO in onset potential,
half—wave potential, and Tafel slope. Remarkably, Pd-Ag—rGO exhibits excellent
durability, sustaining stable operation for over 120 hours in ZABs and more than 100
hours in PEMFC tests. These results underscore the strong potential of Pd-Ag—rGO as
a robust and versatile ORR catalyst for next—generation energy conversion

technologies.

Keywords: Oxygen reduction reaction; Pd—Ag alloy; Proton exchange membrane fuel
cells; Zinc—air batteries; Bifunctional electrocatalyst;

*Corresponding Author : djyoo@jbnu.ac.kr
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Abstract

The growing demand for high—performance energy storage systems has accelerated
the development of asymmetric supercapacitors (ASCs) owing to their ability to
deliver high energy density, long cycle life, and rapid charge-discharge rates. However,
the electrochemical performance of ASCs remains strongly dependent on the design
and functionality of electrode materials. In this work, we report a novel hierarchical
electrode architecture based on a MOF-—derived ternary ZnNiCo layered double
hydroxide (LDH) integrated onto CuxO nanowires synthesized via a vapor-solid phase
method. The MOF—derived ZnNiCo—LDH provides a high surface area and abundant
redox—active sites, enhancing ilon adsorption and charge—transfer kinetics, while the
one—dimensional CuxO nanowires serve as conductive pathways that promote efficient
electron transport and structural stability. Benefiting from this synergistic effect, the
electrode delivers a high specific capacitance of 1450 F g™ at 1 A g7', outperforming
many conventional carbon— and metal oxide-based electrodes. Moreover, excellent
cycling stability is achieved, with 90% capacitance retention after 5000 charge-
discharge cycles. These results highlight the effectiveness of combining MOF —derived
ZnNiCo—LDH with CuxO nanowires for high—performance asymmetric supercapacitors
and offer valuable insights into the rational design of advanced electrode materials for

next—generation energy storage devices.

Keywords: Asymmetric supercapacitors (ASCs); MOF—derived materials; ZnNiCo
layered double hydroxide (LDH); CuxO nanowires; Hierarchical electrode architecture

*Corresponding Author : djyoo@jbnu.ac.kr
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Abstract

Proton exchange membrane fuel cells (PEMFCs) have attracted considerable attention
as environmentally friendly energy conversion devices due to their high energy
efficiency and minimal emissions. Despite these advantages, their large—scale
deployment is constrained by insufficient proton transport and inadequate chemical
durability of conventional polymer electrolyte membranes when exposed to demanding
operating environments. One effective approach to address these challenges involves
the incorporation of inorganic fillers that provide both proton—conducting functionality
and structural stabilization within polymer matrices. In this study, composite
membranes were fabricated by dispersing ceria—doped zirconia (Ce-ZrO,) nanoparticles
into a sulfonated poly(phenylene oxide) (SPPO) matrix via a straightforward
solution—casting technique. A comprehensive evaluation was conducted to examine how
varying Ce-ZrO, content influences the membranes’ structural, morphological, thermal,
and electrochemical characteristics. The introduction of Ce-ZrO, nanoparticles improved
water uptake and facilitated additional proton transport pathways owing to their
oxygen—vacancy—rich framework, while simultaneously enhancing the oxidative and
thermal resistance of the SPPO matrix. Consequently, the SPPO/Ce-ZrO, composite
membranes demonstrated markedly higher proton conductivity, reduced methanol
crossover, and improved long—term stability relative to pristine SPPO membranes.
These results highlight the strong potential of SPPO/Ce-ZrO; composite membranes as

advanced electrolyte materials for PEMFC applications.

Keywords: Proton exchange membrane fuel cells, Sulfonated poly(phenylene oxide),
Composite membrane, Proton conductivity, Chemical durability

*Corresponding Author : djyoo@jbnu.ac.kr
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Abstract

The design and optimization of electrocatalysts are crucial for enhancing the oxygen
reduction reaction (ORR), a key electrochemical process that governs the efficiency
and durability of anion exchange membrane fuel cells (AEMFCs). In this work, we
report the synthesis of a noble—metal—modified catalyst consisting of Pt—incorporated
Cr20s supported on reduced graphene oxide (Pt@Cr203/rGO), prepared via a facile
two—step hydrothermal method. The electrocatalytic performance of the as—prepared
catalyst was systematically evaluated toward ORR in alkaline media. Incorporation of Pt
into the Cr203 framework significantly enhanced ORR activity compared to Cr203/rGO,
as confirmed by comprehensive structural, morphological, and electrochemical
characterizations. The optimized Pt@Cr203/rGO catalyst exhibited a high onset potential
(E_onset = 0.89 V), a half—wave potential of 0.82 V, and a limiting current density
of 5.6 mA cm?2?, following a dominant four—electron ORR pathway (n =3.6) and
superior durability in half—cell measurements, outperforming commercial Pt/C catalysts.
The improved performance is attributed to the synergistic interaction between Pt, Cr20
3, and the conductive rGO support, which facilitates efficient charge transfer and
stabilizes active sites. These results highlight the strong potential of Pt@Cr203/rGO as
a highly efficient and durable electrocatalyst for AEMFC applications.

Keywords: Anion exchange membrane fuel cells (AEMFCs), reduced graphene oxide,
oxygen

*Corresponding Author: djyoo@jbnu.ac.kr
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Abstract

This study presents the development of a high—performance symmetric supercapacitor
by incorporating iron oxide (FeyO3) nanowires on hollow carbon nanofibers (PCF). The
structure is further enhanced through the co—doping of manganese (Mn) and phospho—
rus (P), which optimizes the electrochemical properties. Herein, we report that the
Fe;O3—based nanomaterial exhibits a unique hierarchical architecture that significantly
improves electron and ion transport efficiency, making it a promising candidate for en—
ergy storage applications. X—ray absorption spectroscopy reveals that Mn doping in—
creases the electron density around iron atoms, whereas P doping improves the stabil—
ity and chemical interactions within the material, leading to improved overall
performance. The Mn/P—Fe;0;—PCF material demonstrates high areal capacitance, ex—
cellent rate capability, and long—term stability. When assembled into a solid—state
symmetric supercapacitor, it delivers impressive energy and power densities, making it
an ideal candidate for future energy storage systems. This research highlights the po—
tential of combining co—doping strategies with advanced nanostructures to achieve en—
hanced electrochemical performance and offers a novel approach to developing bind—
er—free, high—energy—density supercapacitors with superior performance. These find—
ings contribute to advancing the design of high—efficiency energy storage devices for

practical applications.

Keywords: Symmetric supercapacitors, Nanowire array, Co—doping, Binder—free, High
energy density, Mn/P—Fe;O03;—PCF, Manganese doping, Phosphorous doping
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Abstract

Proton exchange membrane fuel cells (PEMFCs) are promising clean energy devices
due to their high efficiency and eco—friendly operation. However, conventional polymer
membranes often suffer from low proton conductivity and limited chemical stability
under fuel cell operating conditions. Incorporating functionalized inorganic nanofillers
into polymer matrices is a proven strategy to improve membrane performance. In this
study, composite membranes were fabricated by blending sulfonated polyether imide
(sPEI) with amine—functionalized titanium nanotubes (NH.—TiNTs) via a facile
solution casting method. The amine groups on TiNTs facilitate acid—base interactions
with the sulfonic acid groups of sPEI, enhancing proton conduction pathways and water
retention. Comprehensive characterization showed improved structural integrity,
hydrophilicity, and proton conductivity in the composite membranes compared to
pristine sPEI. Additionally, the presence of NH:—TiNTs enhanced membrane thermal
and oxidative stability. These synergistic effects resulted in composite membranes
exhibiting superior proton conduction and durability, making them promising electrolytes

for high—performance PEMFC applications

Keywords: Sulfonated poly ether imide; Amine—functionalized titanium nanotube;
Composite membrane; Acid—base interaction; Oxidative stability.
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Abstract

The zinc (Zn) batteries, which are based on metallic Zn anodes and aqueous liquid
electrolytes possess unique advantages such as high energy density, low cost, and
large natural reserves. Several approaches have been employed to mitigate this issue
such as incorporation of electrolyte additives, physical coating, structural design, etc.
Among these strategies, formation of artificial solid electrolyte interface (ASEI) has
been identified as a potential method to prevent the corrosion of zinc foil for
enhancing the performance and durability of zinc—based batteries. In the present work,
bimetallic nickel—cobalt metal—organic framework (Ni—Co MOF) was synthesized and
employed as a protective coating for zinc foil. Finally, Zn—air cell with uncoated and
Ni—Co MOF coated zinc anode was assembled and their charge—discharge performance
was analyzed.The results demonstrated a substantial increase in the wettability of
electrolyte and reduced corrosion rate of Ni—Co MOF—coated zinc electrode compared
to uncoated one. The zinc—air cells with Ni—Co MOF —coated zinc anode exhibited
better cycling performance and is attributed to the synergistic role of bimetals present
in the Ni—Co MOF which is expected to offer excellent catalytic activity and reduced

corrosive behavior of Zn anode.

Keywords: Zinc—air batteries, Ni—Co MOF, Artificial Solid Electrolyte Interface
(ASEID), Zinc anode protection
*Corresponding Author: djyoo@jbnu.ac.kr
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Abstract

This study aims to improve the structural durability and electrochemical performance
of proton exchange membranes (PEMs) by incorporating aminated (—NH, functionalize
d) BaZrO; nanoparticles into a sulfonated poly(2,6—dimethyl—1,4—phenylene oxide) (S
PPO) polymer matrix. The composite membranes were fabricated through a solution—c
asting approach followed by controlled functionalization and homogeneous dispersion of
the inorganic phase to ensure strong interfacial compatibility within the polymer frame
work. The presence of surface amine groups on BaZrO, enables acid—base interactions
with the sulfonic acid groups of SPPO, promoting the formation of extended hydrogen—
bonding networks. These interactions enhance membrane cohesion, suppress excessive
swelling, and improve resistance against oxidative and thermal degradation. In addition,
the functionalized inorganic filler contributes to improved water retention and facilitates
proton migration by creating supplementary proton—conducting domains throughout the
membrane structure. Among the developed formulations, the membrane containing 15 w
t.% NH, —BaZrO, demonstrates superior electrochemical performance, achieving a proto
n conductivity of 152.11 mS cm™ ! at 90 °C under 100% relative humidity. When evalu
ated in a single—cell configuration at 70 °C and 100% RH, this optimized membrane de

2 and a current density of 1926.14

livers a maximum power density of 512.21 mW cm™
mA cm™2. Furthermore, long—term stability testing reveals a low open—circuit voltage
decay rate over 100 hours of continuous operation, indicating excellent operational dura
bility. Overall, the integration of aminated BaZrO, into the SPPO matrix effectively rein
forces membrane stability while maintaining high proton conductivity, demonstrating str

ong potential for advanced PEMFC applications.

Keywords: Acid—base pair; Composite membrane; PEM; Proton conductivity;
Single—cell performance.
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Techno—Economic and Environmental Assessment of a Biogas—Based
Hydrogen Production Process via Anaerobic Digestion Integrated with a

Heat Pump

Renewable hydrogen production technologies have gained significant attention as a
critical strategy for achieving carbon neutrality. As a clean energy carrier, hydrogen
holds considerable potential for decarbonizing various sectors, including industry,
transportation, and energy storage. However, conventional production methods such as
steam methane reforming (SMR) remain heavily dependent on fossil fuels and emit
substantial CO2, which undermines their long—term sustainability. This has led to
growing interest in integrated processes that combine hydrogen production with carbon
capture.

A key inefficiency in conventional hydrogen production systems is the large amount of
low—grade waste heat generated across multi—stage high—temperature reactors, most
of which is discharged to the atmosphere without recovery. Heat pump technology
offers a practical solution to this problem by recovering waste heat and upgrading it to
higher—temperature streams that can be reintroduced into the process. This approach
reduces external fuel consumption and improves overall energy efficiency. Furthermore,
when the heat pump is powered by renewable electricity, the resulting reduction in
life—cycle greenhouse gas emissions can be substantial.

In this study, a heat pump system is applied to an integrated hydrogen production and
CO2 capture process, and its performance at commercial scale is evaluated in terms of
energy efficiency, techno—economic feasibility, and environmental impact. The analysis
aims to identify the conditions under which carbon—negative hydrogen production
becomes achievable, thereby providing technical evidence to support the development of
a sustainable hydrogen economy.
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Comparative Study on Catalytic Characteristics for Hydrogen Production

via Reforming of Biodiesel—Derived Glycerol

Gi Hoon Hong

Suyeon Yeo -

Hydrogen Energy Solution Center, Institute for Advanced Engineering
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Analysis of Permitting Risk Types and Proactive Response Strategies in
Hydrogen Production Infrastructure Projects
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Hydrogen Energy Solution Center, Institute for Advanced Engineering
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Rational Design of Hierarchical Porous Carbon for Dendrite—Free and

Long—Lived Lithium—Metal Batteries
Jihyeon Kim - Gyeongmin Kim - Gibaek Lee

School of Chemical Engineering, Yeungnam University

Lithium metal anodes, with an ultrahigh theoretical capacity (3860 mAh g ') and the
lowest redox potential (—3.04 V vs. SHE), are key to next—generation high—energy
batteries. However, their practical deployment is hindered by dendritic growth, severe
volume fluctuation, and unstable interfacial chemistry. Herein, we present a hierarchical
micro-mesoporous nitrogen—doped carbon host (mNC) derived from ZIF—8 via a
melamine—assisted pyrolysis strategy. Unlike conventional ZIF—derived carbons
dominated by micropores (<2 nm), the controlled gas evolution during pyrolysis
constructs an interconnected micro-mesoporous framework, enhancing electrolyte
accessibility and Li* transport. The optimized host (mNC[1.5]) effectively homogenizes
ionic flux and provides sufficient internal space for stable Li deposition. As a result,
the mNC[1.5] electrode exhibits a markedly reduced Li nucleation overpotential of
14.9 mV, compared with 53.4 mV on bare Cu. In Cul |Li half—cells, it delivers high
Coulombic efficiencies of 98% for 300 cycles at 0.5 mA cm™2 and 97% for 160 cycles
at 2.0 mA cm™2. Moreover, symmetric and asymmetric cells demonstrate prolonged
stability exceeding 500 h and 250 h, respectively. Post—mortem analyses reveal that
the tailored pore architecture provides a stable scaffold that suppresses dead—Li
accumulation and maintains a uniform interfacial layer. The minimal evolution of
impedance and Distribution of Relaxation Times responses further confirms that the
hierarchical network ensures homogeneous ion transport and mitigates interfacial
degradation during repeated plating/stripping. This work highlights a versatile
additive—mediated pore—engineering strategy to stabilize Li—metal anodes and offers a
rational design principle for MOF—derived carbon hosts toward durable high—energy
batteries.
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Integrated design of ammonia—based solid oxide fuel cell system

preventing nickel nitride degradation
Je=Woo Shim - Dong—Kyoung Shin' - Chul-Jin Lee??"

Department of Chemical Engineering, Chung—Ang University"

Department of Intelligent Energy and Industry, Chung—Ang University?

Hydrogen is widely recognized as a clean energy source, and ammonia is regarded as
a promising hydrogen carrier. Solid oxide fuel cells (SOFCs) can supply sufficient heat
for ammonia decomposition due to their high operating temperatures, making them a
viable option for ammonia—based power generation. However, Ni—based anodes suffer
from nitridation during direct ammonia utilization, posing a major obstacle to long—term
operation.

Conventional approaches, such as employing noble metal catalysts (e.g., Ru) in
external reactors or modifying SOFC designs, either lack scalability for large—scale
power production or require further development. Moreover, as SOFC research
increasingly focuses on lowering operating temperatures to reduce thermal stress, the
nitridation behavior also changes, necessitating optimized prevention strategies.

In this study, nitridation prevention is investigated from a process design perspective
by regulating the anode inlet stream composition. Based on the concept of nickel
nitriding potential, optimal inlet conditions are identified and integration with gas
separation processes 1is proposed. This approach provides a systematic strategy to
prevent nitridation and enhance the feasibility of ammonia—based SOFC systems for

sustainable power generation.

Key words : Hydrogen, Ammonia, Solid oxide fuel cell (SOFC), Nitridation prevention,

Gas separation process, Power generation
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Anionic Biopolymer Based Electrolyte Additives
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Hysteresis of Global Wind Energy Resources under Symmetric

CO2 Forcing

Young—Min Yang'?¢, Jae—Heung Park?®, Alaa Al Khourdajie*, and Zhiwei Zhu®

University of Hawair, USA Z2Jeonbuk National University, South Korea 3Seoul National
University, South Korea *Imperial College London, UK °Nanjing University of Information

Science and Technology, China

Abstract

Wind energy 1s central to global decarbonization, yet its long—term behavior under
atmospheric CO2 removal remains poorly understood. Using a 28—member
large—ensemble Earth system model (CESM1.2) driven by symmetric CO2 forcing—a
1% per year increase from 2000 to 2140 followed by an equivalent decrease to 2280
—we apply an industrial wind turbine power curve to assess the reversibility of global
wind power. Despite complete CO2 restoration, approximately 59% of terrestrial
regions exhibit irreversible changes in wind power output, indicating widespread
hysteresis. Persistent reductions occur in the Central US, Argentina, South Australia,
and Central Africa, while Western Europe, South Asia, the Gobi Desert, and North
Brazil display partial recovery or enhanced wind resources. These spatially asymmetric
responses are driven by residual surface temperature and vegetation feedbacks that
modify near—surface atmospheric stability. Our findings reveal that wind energy
availability is path—dependent on the cumulative history of climate forcing, with critical

implications for adaptive, region—specific planning of renewable energy infrastructure.

Keywords: wind energy; climate hysteresis; CO: removal, negative emissions;
renewable energy planning; Earth system model; CESM
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the Technical Necessity of High—Assay Low—Enriched Uranium Demand
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New operation and improvement strategies for
the R&D management system from the user’s perspective
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Life Cycle Assessment of Air Pollution Impacts Associated with Flue

Gas Composition and Reagent Dosing in Waste Incinerators
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Analysis of the Current Status and Expected Effects of

Green—Remodeling Profects for Public Buildings

- Kim, Seung—Hee - Kim, Jae—Hong

- Ra, Seon—Jung

Oh, Se—Min
Department of Green—Remodeling Center of Korea Authority of Land & Infrastructure Safety
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A Study on the Mandatory Greem—Remodeling Policy for Public

Building: Implementation Directions and Target Setting
Oh, Se—Min - Kim, Jin—Young @ Ra, Seon—Jung - Kim, Seung—Hee - Kim, Jae—Hong

Department of Green—Remodeling Center of Korea Authority of Land & Infrastructure Safety
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A Study on the Establishment of a Decision Support System Utilizing a
Green Remodeling Al Platform

Ra, Seon—Jung - Kim, Jin—Young - Oh, Se—Min - Kim, Seung—Hee - Kim, Jae—Hong
Department of Green—Remodeling Center of Korea Authority of Land & Infrastructure Safety
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Dry—Sorbent Carbon Dioxide Capture Integrated with Natural Gas

Combined Cycle: Techno—Economic and Life Cycle Assessment
Byeongchan Ahn - Wangyun Won

Department of Chemical and Biological Engineering, Korea University

Natural gas combined cycle power plants emit less CO2 than coal—fired generation, yet
deep decarbonization requires post—combustion CO: capture. This study evaluates a
dry—sorbent CO2 capture process integrated with natural gas combined cycle flue gas
using a circulating polyethyleneimine—on—silica sorbent. Two regeneration strategies
are compared—vacuum swing adsorption and temperature swing adsorption—under
consistent system boundaries and assumptions, targeting 80% direct CO2 removal and
compressing the recovered CO: to 51 bar with heat integration to reduce utility
demand. Performance is quantified through integrated techno—economic analysis and
life cycle assessment. The levelized cost of CO: capture falls in the range of 73.3-
76.4 United States dollars per metric ton, while net global warming potential decreases
by 45-49%, corresponding to annual reductions of 827x<103-908x102 metric tons of CO
o equivalent. Across both configurations, electricity demand is the dominant driver of
both cost and net emissions reduction, with blower power associated with pressure
drop 1identified as a primary lever. Sensitivity analysis confirms that reducing
adsorption—column pressure drop delivers the largest joint improvement in capture cost
and climate benefit. These results provide system—level evidence for dry—sorbent CO:
capture on natural gas combined cycle plants and identify electricity—demand reduction

and pressure—drop mitigation as priority engineering targets for deployment.
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System—Level Assessment of Building Ventilation Energy Reduction via

Return—Air and Outdoor—Air CO2 Capture
Byeongchan Ahn - Wangyun Won

Department of Chemical and Biological Engineering, Korea University

Ventilation improves indoor air quality (IAQ) but can increase HVAC electricity use
and emissions through higher outdoor—air intake. We conduct a system—level
assessment of ventilation energy reduction by integrating CO: capture into air—handling
unit (AHU) operation, comparing return—air CO2 capture and outdoor—air CO: capture.
Return—air CO2 capture removes CO: from recirculated air to reduce outdoor—air
requirements, whereas outdoor—air CO: capture removes CO: from incoming outdoor
air to meet the same indoor CO: target.

We evaluate both pathways using an environmental techno—economic assessment
(eTEA) framework that integrates techno—economic analysis (TEA), life cycle
assessment (LCA), and a carbon allowance price (CAP). Performance is quantified
with environmental net present value (eNPV), environmental payback period (ePB), and
environmental benefit-cost (eB/C) ratio, and sensitivity is tested for electricity price,
CAP, sorbent working capacity, sorbent lifetime, operating time, and equipment cost.
Return—air CO: capture yields larger electricity savings and higher eNPV, while
outdoor—air CO: capture can deliver shorter ePB and higher eB/C when equipment
costs are lower. Monetized benefits increase with higher electricity prices and CAP,
but viability is dominated by sorbent performance and capital cost. These results
define deployment conditions and key levers for CO:—capture—integrated ventilation to

reduce building energy use and emissions while maintaining TAQ.
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Additive—Induced Redox Modulation Enabling Oxygen—Stable
Electrochemical CO, Capture

Youngeun Kim
School of Chemical Engineering, Sungkyunkwan University

Carbon dioxide (COz) emissions are a major driver of global climate change,
necessitating energy—efficient carbon capture and concentration (CCC) technologies.
Conventional amine—based absorption processes are limited by high regeneration energy
demands, thermal degradation, and volatility. In contrast, electrochemical carbon capture
and concentration (eCCC) enables reversible CO, capture and release via redox
reactions under ambient, isothermal conditions, offering intrinsic compatibility with
renewable electricity and scalable operation.

Redox carriers (e.g., quinones) are promising eCCC materials due to their ability to
reversibly bind CO, wupon electrochemical reduction. However, improving oxygen
stability by anodically shifting the redox potential typically weakens CO2 binding,
posing a critical limitation under atmospheric COs concentrations (~400 ppm).
Addressing this trade—off requires molecular—level strategies that simultaneously
control redox behavior and CO. affinity.

Here, we report an oxygen—stable eCCC system in which the redox and
CO,—binding properties of quinone carriers are jointly tuned through controlled
interactions with alcohol additives. High—throughput computational screening revealed a
strong correlation between redox stability and CO, binding strength, which was
validated by experimentally measured binding and Kkinetic parameters. Complementary
UV-Vis, Raman, and NMR analyses further elucidated how these interactions stabilize
the reduced species. Together, these results demonstrate that rational redox tuning can
overcome the trade—off between oxygen stability and CO, reactivity, enabling stable

electrochemical CO, capture under ambient conditions.
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Sustainable Integrated Process for Methyl Formate via CO,

Hydrogenation over Ru—based Heterogeneous Catalyst
Baejeong Kim" - Taeksang Yoon® - Minji Kang® - Hongjin Park® - Sungho Yoon™ -
Chul—Jin Lee!?”

Department of Intelligent Energy and Industry, Chung—Ang University"’
Department of Chemical Engineering, Chung—Ang University?

Department of Chemistry, Chung—Ang University®’

Carbon capture and utilization (CCU) via CO: hydrogenation offers a promising route
for producing value—added C1 chemicals such as methyl formate (MF). Despite its
industrial relevance and favorable volatility, scale—up of CO:—to—MF processes
remains limited by catalyst recyclability and insufficient integration of reaction and
separation.

In this study, a Ru—based heterogeneous catalyst (Ru—MACHO—-POMP) was applied
for CO2 hydrogenation in methanol using tripropylamine (TPA). Quantitative NMR
confirmed stable catalytic activity over multiple recycling cycles. The heterogeneous
catalyst enabled facile separation from the reaction medium, Iimproving process
operability compared to homogeneous systems.

Reactive distillation was introduced to enhance downstream separation and process
sustainability. An MF-—rich distillate was selectively recovered while retaining the
TPA-—containing bottom phase for reuse, forming a closed—loop configuration. Aspen
Plus simulation was conducted to evaluate mass and energy balances and integrated
process feasibility.

Preliminary techno—economic analysis (TEA) and life cycle assessment (LCA) were
performed to assess economic and environmental performance. The integrated reaction—
separation strategy highlights the potential for sustainable MF production through

recyclable heterogeneous catalysis and process intensification.
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Utilizing methane as a feedstock offers a promising alternative to conventional
petrochemical processes, given its abundance. The production of benzene, toluene,
xylene (BTX) via methane dehydroaromatization (MDA) has attracted significant
attention from both academia and industry, owing to the high demand for BTX and the
additional generation of hydrogen as a valuable byproduct. Molybdenum—impregnated
zeolite catalysts such as Mo/ZSM~—-5 and Mo/MCM—-22 are commonly employed.
However, the lifetime of these catalysts is short due to rapid deactivation by carbon
deposition during the MDA process. Consequently, cyclic MDA operation involving
reaction and regeneration steps 1s necessary to remove coke and restore BTX
productivity. Although oxidative regeneration can effectively burn off the coke species,
it also leads to the loss of active sites through multiple causes: zeolite framework
collapse, Mo sublimation or agglomeration, and generation of MDA—inactive
Al,(MoOy)s. The irreversible loss of both active sites severely hinders catalyst
recovery and restoring initial MDA activity. Therefore, developing MDA catalysts with
enhanced long—term stability is essential to commercialize the MDA process.

Herein, Mo/MCM—22 zeolite catalysts with and without Fe promoter were prepared
via wetness impregnation (4MolFe/MCM—22 and 4Mo/MCM—22, respectively). The
average BTX yield of 4MolFe/MCM—22 reached the maximum at the third cycle, and
even after this point, the rate of irreversible deactivation was slower than that of
4AMo/MCM—22 whose BTX vyield continuously declined throughout the experiment.
Extensive characterization including H,—TPR, 2%’Al MAS NMR, and UV Raman
spectroscopy revealed the role of Fe in enhancing regeneration stability.
Co—impregnation formed Fe,(MoO,)s species, leading to poorer Mo dispersion. After
regeneration, these species segregated and promoted re—dispersion of Mo species into
the zeolite micropores. This behavior accounts for the increasing BTX yield observed
up to the third cycle. Furthermore, the presence of Fe stabilized Mo, thereby

mitigating the loss of active sites and retarding irreversible deactivation.

- 372 -



" 202691% $ITO|AX|SS] EASEUTE|

Si0y Z¥& &3} Fischer—Tropsch HH28 IHEA Zw] 7

AdA - ES

3wt

£

al Bheky

£

2}

Si10s—encapsulated Co304 metal oxide catalyst for Fischer—Tropsch

synthesis

Fischer—Tropsch synthesis (FTS) reaction is a key process for hydrocarbons
production from non-—petroleum resources such as coal, natural gas, shale gas and
biomass, where the wide—range hydrocarbons are produced such as gasoline, diesel,
light olefins and aviation fuels etc. For the FTS reaction, typical Co, Fe, and Ru were
widely known as active metals, and cobalt—based catalysts generally showed high
catalytic activity at low temperatures with smaller CO, by—products. However,
sintering of cobalt nanoparticles can cause catalyst deactivation. In addition, H.O
formation during the FTS reaction can cover active sites and enhance CO, selectivity
with agglomeration of cobalt nanoparticles. Therefore, to improve catalyst stability with
high activity, SiO; coated cobalt—based catalysts with porous silica shell structures
were proposed to facilitate transfer rates of intermediates with an enhanced thermal
stability of cobalt oxides, which was prepared with SiO, shells on the Co—based
catalysts. In addition, promoter such as Mn and Zn was added to enhance the activity
and Al for acidic property such as zeolite. Through this, we developed an encapsulation

catalyst optimized for hydrocarbon synthesis.

- 373 -



]
N
o
N
[@))]
[
H1
o
H
=
i
Ral
o
ot
i

ActsLES| =

Mechanochemical Defect engineering and Acidity Control of MCM—22

via Ball—milling for Enhanced Methane Dehydroaromatization

Methane dehydroaromatization (MDA) over Mo supported zeolites is a promising route
for direct conversion of methane into value added aromatics. However, rapid
deactivation due to severe coke formation remains a critical challenge. In this study,
ball milling (BM) was introduced as a pretreatment for as—made MCM—22 to induce
intentional framework defects and shorten diffusion length. The BM treated samples
were converted to H—form and impregnated with 4wt% Mo. The physicochemical
properties were characterized via XRD, SEM, TEM, N, physisorption, NH;—TPD,
Pyridine—FTIR. H,—TPR, XPS, Raman spectroscopy and NMR.

Structural analysis revealed that BM treatment effectively induced partial defects of
the MWW layers, leading to increased external surface area and shortened diffusion
lengths without collapsing the core crystalline framework. Pyridine—FTIR results
demonstrated that BM treatment creates intentional framework defects, significantly
modulating the Brgnsted to Lewis (B/L) acid sites ratio. Specifically, the MCM—22(BM
10) sample exhibited an optimized B/L ratio. Ho—TPR and XPS results indicated that
these defect sites act as "anchors" for Mo species, promoting the formation of highly
dispersed Mo oxo—clusters and suppressing the growth of bulk MoOs; particles. This
enhanced Mo speciation led to a more efficient transformation into active Mo—carbide
phases during the induction period. In MDA tests at 700C, the BM 10 catalyst
showed superior stability and benzene yield compared to the untreated catalyst. TGA
and Raman spectroscopy confirmed that the BM-—induced structural changes and
optimized Mo dispersion significantly inhibited the formation of graphitic coke.
Furthermore, the improved dispersion of active sites facilitated better regenerability,
maintaining catalytic performance over multiple reaction—regeneration cycles.
Ball—milling treatment successfully tuned the pore structure and acidity of MCM-—22.
The induced structural defects and reduced diffusion length not only enhanced Mo
dispersion but also effectively suppressed coke deposition, providing a robust strategy

for designing high performance MDA catalysts.
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FAIRChem-DFT oYX £4& T3 SEEI=Z A0
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FAIRChem-DFT Energetics Reveal Preferential Ni Incorporation in
Octahedral—Vacancy—Rich yv—Al:0O3 and Its Link to NiAl;O4 Formation,
Gaeun Jo - Seokki Kim

H A= v—ALO; A A A A Niel Ax W =< (incorporation) ™ NiAl,O4(spinel) A
748Fo] AR A 9] tetrahedral(Th)/octahedral(Oh) vacancy 3ol & oj@A GEx|=X
E duA #AeA st} stk ol & & kgt vacancy $49 7 @4 ¢
5l FAIRChem 7]4F pretrained ML force field(omat) AXtSZ 33}, tFE FZo
3 Al+= VASP-DFT A lUA (AE/atom)}te] HlaE F3l 4o A=AdS ASs3lth
(R* = 0.9961). A4 RE &= poehmite 2 tetragonal v—Al,0s5 AF&391 21 Th/Oh
vacancy ratios 4/6, 3/7, 2/8, 1/9, 0/109] 55Tz MAT H 7 FFdA FA9
vacancy w3 10715 AAste] A4z HASE ’“f‘fEﬂOﬂE} o] % 7z} ratiovit} AFA Ao
F vacancy site 832 Ni 9#} 170E Adsle] & 807N configuration?] oYX EXE &
ARo =z HA stk YA A EZ pristine X]X]Xﬂ«] At ek A3} bulk fee NiE 7]
o2 A3k Ni addition energy(AE.q9)E =3 23}, Oh—vacancy’} H3H(= MA—hke)
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Trends and Prospects of Hs and NH; Combustion for

Decarbonization of Petrochemical NCC Processes

A atel kol Al FA <l NCC(Naphtha Cracking Center, FARZ]) Auj= o g d

5 7% 3EE Ao "gHoly, AR AR 9% iR CO, HER geksdir)
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Hydrodynamic Analysis of Solids Circulation under Pressurized

High—Temperature Conditions in a CFB

Calcium looping(Cal.) has been extensively investigated as a high—temperature CO,
capture technology employing circulating fluidized bed reactors. In these systems, the
solids circulation rate(Gs) governs gas—solid contact and particle residence time. Most
existing Gs correlations have been developed under atmospheric high—temperature or
cold—flow pressurized conditions. However, practical CalL operation involves
simultaneous high temperature and elevated pressure, where gas properties differ
markedly from those at atmospheric pressure. In particular, increased gas density
under pressurized conditions modifies gas—solid drag and solids transport behavior,
raising uncertainty regarding the applicability of conventional atmospheric—based
correlations.

Hydrodynamic behavior under representative high—temperature and high—pressure
conditions was analyzed using MP—PIC-based simulations in the Barracuda VR. A
circulating fluidized bed configuration relevant to Cal systems was modeled. Because
pressure—induced changes in gas density alter characteristic velocities such as the
minimum fluidization velocity and terminal velocity, superficial gas velocity was treated
as a primary operating variable. Steady—state Gs values were obtained from the
simulated flow fields.

Under pressurized high—temperature conditions, G, exhibits a nonlinear dependence on
gas velocity, reflecting density—driven changes in drag and particle transport.
Correlation analysis was conducted to examine the relationship between Gs and key
hydrodynamic variables. These findings provide insight into solids circulation behavior
under realistic Cal operating conditions and support improved Gs prediction under

pressurized systems.
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Cu(triNHC) —Catalyzed CO, Utilization
Sokolova Ekaterina and Hye—Young Jang

Department of Energy Systems Research, Ajou University

The use of carbon dioxide (CO,) in the functionalization of amines represents an
attractive and sustainable strategy for converting abundant CO, into valuable C1 units.
In particular, the N—formylation and N-—methylation of amines provide access to a
wide range of important intermediates and functional compounds. However, efficient
catalytic systems capable of selectively promoting these transformations remain limited
due to the difficulty of controlling reaction selectivity. In this work, a Cu(triNHC)
complex was employed as a catalyst for the reductive N-—formylation and
N—methylation of amines using CO, as the C1 source and phenylsilane as the reducing
agent, showing high selectivity toward the N—methylated product. Mechanistic studies
suggest that this catalytic system enables the independent formation of N—methylated
and N—formylated products, in contrast to previously reported N—methylation reactions
that proceed via the reduction of N—formylated intermediates. This mechanistic insight
1s supported by reaction monitoring and control experiments using N-—formylated

substrates.
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Carbon—Coated Zeolite Tandem Catalysts for CO2 Fischer—Tropsch
Synthesis to SAF

Hyun Wook Hwang'“and Seok Ki Kim'*

Department of Chemical Engineering, Ajou University, 206 Worldcup—ro, Suwon
16499, Korea

Department of Energy Systems Research, Ajou University, 206 Worldcup—ro, Suwon
16499, Korea

1

Producing sustainable aviation fuel (SAF) via CO,—derived Fischer-Tropsch (FT)
synthesis is an attractive pathway under increasingly stringent carbon constraints.
However, conventional iron—based FT catalysts follow the Anderson-Schulz-Flory
(ASF) distribution, producing a broad hydrocarbon spectrum and inherently limiting
selectivity toward the SAF range (Cs—Cyg). Catalyst and process strategies that enable
SAF—oriented product control are therefore required.

Fe-zeolite tandem catalysts have been explored to reshape FT product distributions,
yet they often suffer from two critical issues: (i) excessive cracking driven by strong
zeolitic acidity, which shifts products toward lighter fractions and reduces SAF
selectivity, and (ii) catalyst deactivation accelerated by water generated during FT
synthesis. In particular, Cg+ hydrocarbons often face diffusion limitations within
conventional zeolite micropores and therefore tend to react at acid sites on the
external surface and near pore mouths, where excessive cracking is more likely.

Here, we propose a tailored carbon—coating strategy featuring a mesoporous carbon
shell to shield external acid sites responsible for unselective cracking and to increase
surface hydrophobicity, thereby improving both selectivity and stability in tandem
catalysis. Zeolite surfaces were carbon—coated using glucose as a carbon precursor. To
prevent the carbon layer from blocking access to the internal micropores and to
facilitate the rapid diffusion of bulky Cs+ intermediates, a sacrificial templating method
was employed to create an interconnected mesoporous network strictly within the
carbon shell.

These engineered tandem catalysts enhance the oligomerization of FT-—derived light
olefins while substantially suppressing the excessive cracking of heavier hydrocarbons.
By selectively masking the external acid sites with this mesoporous carbon overlayer,
the breakdown of Cgi+ products into light gases and gasoline—range fragments is
minimized, shifting the product slate toward heavier, SAF-relevant fractions and
enabling more controlled upgrading behavior.

Under wet conditions representative of the FT environment, the coated catalysts also
exhibit improved resistance to deactivation and maintain more stable activity than
uncoated counterparts, consistent with reduced water uptake. In conclusion, Fe-zeolite
tandem catalysts incorporating these mesoporous carbon—coated zeolites suppress
excessive cracking driven by external acid sites while mitigating deactivation under
wet conditions relevant to COs;—based FT synthesis. These combined effects go
beyond conventional post—FT upgrading and demonstrate a practical catalyst design
strategy to reshape the ASF-—limited product distribution toward SAF-—range fractions.
Moreover, because the coating precursor and meso—porosity can be tuned to control
acid—site accessibility and surface wettability, this approach provides a scalable platform
for simultaneously improving selectivity and stability in COs—to—SAF tandem FT upgrading.
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Screening of Zn—Based Mixed Oxide Catalysts for the Reverse
Water—Gas Shift (RWGS) Reaction

Youn—Jeong Choi'?Jin—Ju Lee’*Insoo Ro*Yong Tae Kim!'**

1CO, & Energy Research Center, Korea Research Institute of Chemical Technology
’Department of Chemical and Biomolecular Engineering, Korea University
SDepartment of Chemical and Biomolecular Engineering, Yonsei University
Department of Advanced Materials and Chemical Engineering, University of Science
and Technology (UST)

The reverse water—gas shift (RWGS) reaction provides a direct route to generate CO
from CO., and oxygen—defect sites on oxide surfaces can promote CO, activation and
facilitate CO formation. Zn—based mixed oxides offer a practical platform to enrich
oxygen defects by tuning the cation chemistry, which motivates a composition—guided
screening approach. Here, we screened Zn—based binary mixed oxides to build a
simple design map for controlling RWGS performance.

We prepared Zn—based binary mixed oxide catalysts (ZnZrOx, ZnGaOx, ZnAlOx,
ZnCrOx, ZnInOx) by a precipitation method. We systematically varied the
Zn/second—metal molar ratio and the calcination temperature. Catalytic performance
was evaluated at 340 °C under WHSV = 30000 mL g.: ' h™'. We quantified CO,
conversion and the selectivities to CO, CH,, and oxygenates, and we used the CO
selectivity as a practical indicator of RWGS activity.

Under the kinetic regime, the CO selectivity ranged from 40% to 90% and was
governed primarily by the mixed—oxide composition. These results suggest that the
surface nature of Zn—based mixed oxides, including the density and character of
oxygen—defect sites, controls RWGS selectivity, and we discuss this link in

mechanistic terms.
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Effect of Carbon Black on the Intrinsic Properties of MCM—22 and Its

Regenerability in Methane Dehydroaromatization

Methane dehydroaromatization (MDA) is a promising process for directly converting
natural gas into high—value aromatics. Among various zeolitic frameworks, MCM—22
has been widely recognized as one of the most effective catalysts for MDA due to its
unique MWW topology. However, rapid catalyst deactivation due to severe coke
formation within the zeolite channels remains a primary challenge. In this study, we
investigated the effect of carbon black addition during the synthesis of MCM—-22 on
its catalytic properties and regenerability. The catalysts were prepared by loading 6
wt% Mo onto the synthesized MCM—22 via a wet impregnation method. In addition to
its conventional function as a mesopore—inducing template, carbon black influenced the
crystallization environment, which modulated the framework aluminum distribution and
acid site strength. The catalytic stability and regenerability were evaluated through
five successive reaction—regeneration cycles. Notably, the carbon black—assisted
6Mo/MCM—22 demonstrated superior regeneration efficiency and consistently high
activity restoration compared to the conventional 6Mo/MCM—22. These results indicate
that the presence of carbon black during synthesis plays a significant role in tailoring
the intrinsic framework properties of MCM—22, which effectively manages deactivation
and facilitates active site restoration. This work provides new insights into optimizing

high—performance zeolite catalysts for enhanced regenerability in the MDA reaction.
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7Zn—Gallate—Catalyzed PO/CO, Copolymerization via a Lattice Hydroxyl—driven Pathway

The efficient utilization of CO, as a sustainable feedstock requires catalysts with
well—understood active sites and reaction pathways. Zn—gallate has emerged as a
highly active heterogeneous catalyst for PO/COs copolymerization, yet its mechanistic
origins remain unclear. Here, we combined density functional theory (DFT) calculations
with experimental validation to elucidate the catalytic mechanism. Calculations on zinc
hydroxide slab models reveal that lattice hydroxyl groups, rather than surface OH,
initiate polymerization by nucleophilic attack on PO, forming Zn-alkoxide without
additional activation steps. CO, insertion into Zn-alkoxide is kinetically accessible and
becomes favored under high CO, pressure, while the subsequent coupling of Zn-
carbonate with PO 1is identified as the rate—determining step. These insights resolve
long—standing uncertainties in heterogeneous zinc catalysis and provide a
molecular—level foundation for the rational design of efficient, low—cost, and scalable

catalytic systems for COs conversion into value—added polymers.
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Enhanced Regenerability of Mo/MCM—22 Catalysts via Ru and Zn

Addition for Methane Dehydroaromatization

Methane dehydroaromatization (MDA) remains a highly attractive process for the direct
production of value—added aromatics from natural gas. Among the various catalysts
explored, Mo—supported zeolites like ZSM—-5 and MCM-—22 have shown exceptional
performance; however, their practical implementation is often limited by rapid
deactivation during cyclic reaction—regeneration. This study focuses on enhancing the
durability of Mo/MCM—22 by introducing Ruthenium (Ru) and Zinc (Zn) as secondary
metal promoters.

Catalytic evaluations were performed at 700°C over five successive cycles. First, the
impact of Mo loading (4 wt.% vs. 6 wt.%) was investigated to understand the
trade—off between initial aromatic yield and long—term stability. To mitigate the
severe deactivation observed in the high—loading 6Mo/MCM—22 system, 1 wt.% of Ru
or Zn was added via a co—impregnation method.

Experimental results showed that while 6Mo/MCM—22 delivered higher initial BTX
(benzene, toluene, and xylene) vyields, its regenerability was poor, with activity
declining to 77% by the fifth cycle. This poor regenerability stems from the
irreversible formation of inactive Al,(MoQO.)s; phases, formed by the reaction between
excessive Mo species and the MCM—22 framework. Conversely, the addition of Ru and
Zn significantly improved the catalyst’s robustness, maintaining 90% of its initial
activity. Characterization via Ho,—TPR indicated that the bimetallic catalysts lacked the
high—temperature reduction peaks, instead exhibiting profiles comparable to the more
stable 4 wt.% Mo catalyst. Furthermore, TGA data confirmed that the promoters
effectively suppressed Mo sublimation at temperatures exceeding 800°C. These
findings suggest that Ru and Zn enhance Mo dispersion and restrict the mobility of Mo
species, thereby enhancing stability during regeneration. The proposed stabilization
mechanism will be further corroborated by TEM and XPS analyses, offering a

promising approach for designing high—performance, regenerable MDA catalysts.
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CO; Fischer—Tropsch &% ¥&7]19 EZF5 7] £33 Gas—Velocity

Gas—Velocity—based operating window for thermal runaway prevention

in a CO, Fischer—Tropsch fluidized—bed reactor

Seo Young Park!-Seok Ki Kim!
! Department of Energy Systems Research, Ajou University, 206 Worldcup—ro, Suwon
16499, Korea

COs;—based Fischer-Tropsch synthesis (CO;—FTS) can offer higher overall thermal
efficiency for liquid—fuel production than the two—step reverse water—-gas shift
(RWGS) followed by FTS route, but its strongly exothermic nature makes heat
removal and the prevention of thermal runaway a critical reactor—design challenge. In
this work, we quantify thermal operating constraints in CO;—FTS fluidized—bed
reactors using three—dimensional Computational Particle Fluid Dynamics (CPED)
simulations coupled with experimentally derived kinetics for Na—promoted Fe catalysts.
The kinetic model, calibrated from fixed—bed experiments (553-603 K, 3.5 MPa),
captures both direct CO, hydrogenation and RWGS pathways and is implemented in a

cylindrical fluidized—bed reactor equipped with internal cooling coils.

Simulations identify a critical superficial gas velocity of u = 0.055 m/s (= 2Xups,
with umr = 0.027 m/s) to maintain near—uniform temperature profiles. At w/ums = 1.0,
thermal runaway initiates near the gas distributor, with temperatures rising
uncontrollably and conversions becoming thermodynamically inconsistent. Increasing
Wums to 1.5-2.0 suppresses temperature gradients while achieving 31-38% CO,
conversion. Lowering the cooling—coil temperature from 573 K to 373 K changes
conversion only marginally (~3%) but effectively moderates temperatures in the
middle and upper bed; however, cooling alone cannot prevent thermal runaway without
sufficient gas velocity. These results define a gas—velocity—based operating window
and highlight that CO,—FTS fluidization design should prioritize thermal—stability

metrics (critical gas velocity and heat—removal duty) over hydrodynamics alone.
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Optimization of Precursor Concentration for Direct Methanol Synthesis

from Carbon Oxides over CuZnMgAl Catalysts: A CCUS Approach

Jang Jung Gyu - Kwon Min seok - Lee Seung Woo - Kwon Byoung Chan” - Park
No—kuk" - Kwon Jae Hyun™ - Bae Jong Wook™

Yeungnam University, “Yeungnam University Institute of Clean Technology,
“SungKyunKwan University
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Selective CO, Hydrogenation to Liquid Hydrocarbons Driven by Cu—Fe

Interfaces and Oxygen Vacancies
Seongeun Kim - Hyeonji Yeom - Yongseok Kim - Woosung Leem - Jongmin Park -
Kyungsu Na

Department of Chemistry, Chonnam National University

As interest in reducing greenhouse gas emissions grows, sustainable fuel production
has gained significant attention, and CO, hydrogenation is considered a promising
alternative to carbon—intensive conventional oil refining. In this study, FeK/CuAl;Oq4
catalysts were synthesized, and their structures were adjusted by controlling the
reduction temperature to achieve the selective formation of gasoline—range (Cs-11)
hydrocarbons. Among the prepared catalysts, FeK/CAO_450 exhibited the highest
performance, producing 285.2 mL g ' h™! of Csy; hydrocarbons at a CO, conversion
of 36.4%. This enhanced catalytic behavior was attributed to the combined effects of
oxygen vacancies, Cu’—Fe;0, interfacial sites and Fe carbide species. Oxygen
vacancies generated through Cu exsolution improved CO, adsorption, while hydrogen
spillover over Cu’ facilitated H—assisted RWGS. In addition, the basicity associated
with oxygen vacancies and FesO, promoted Fe carburization, leading to the formation
of FesCo Owing to its high H, dissociation ability, Fes;Cs enabled the selective growth
of Cs-11 hydrocarbons through Fischer—Tropsch synthesis. Overall, these results
demonstrate that precise tuning of catalyst structure and composition is essential for

efficient CO, conversion and selective hydrocarbon production.
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Enhancing light olefin yield in catalytic cracking of WPPO
using Mixed zeolite systems
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Catalytic cracking of WPPO 1is being researched as one of sustainable ways to treat
polyolefin wastes, which takes up about two—thirds of all plastic waste produced
globally. ZSM—-5 (MFI), a 3—dimensional 10MR zeolite, is widely used due to its
porosity and acidity. While the strong acidity of the 10—membered ring is
advantageous, MFI also has a high shape selectivity for BTX, which is a loss in the
light olefin yield point of view. In this research, we review the effects of mixed
zeolite systems of zeolite Beta(*BEA) with several non—3—dimensional 10MR zeolites
to enhance light olefin yield and selectivity in catalytic cracking of WPPO.

Zeolite Beta(*BEA) was selected as the base because its large pore and high acidity
are advantageous for treating bulky molecules. We prepared zeolite Beta with a Si/Al
ratio of 11.5 and particle size of 450 nm, and physically mixed them with 10MR
zeolites. We used dodecane as the model feed and MTT, FER, and TON of various
Si/Al ratios and morphologies for the 10MR zeolites.

Cracking test of these mixed zeolite systems showed that all three 10MR zeolite
structures suppressed BTX formation while maintaining light olefin selectivity compared
to MFI (Albemarle co.). In particular, *BEA/MTT(Si/Al=25) system increased light
olefin yield by 13.2%. Comparison with single zeolite systems using the same *BEA
and MTT samples showed that the mixed system shows a synergistic effect on BTX
suppression and propylene production. Results using MTT with the same Si/Al ratio
with different particle size and morphology imply that these too play an important role.
These results imply that with optimization in Si/Al ratio, particle morphology, and
mixing ratio, mixed zeolite systems using *BEA and 10MR zeolites can help enhance
light olefin yield in cracking of WPPO. Also, further research could help us understand

the effect of mixed systems in terms of reaction mechanisms.
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Resource Recovery Characteristics of Carbon Particles from Plasma

Pyrolysis of Solid Refuse Fuel

Seungryul Yoo - Chang Hyun Cho - Ji Hun Kim - Sangheum Eom - Jung Woo Yoon -
Jong Keun Yang - Jin—Young Han - Yong—Sup Choi - In Je Kang

Institute of Plasma Technology, Korea Institute of Fusion Energy
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Fluorine Doping of Powder Materials Using an Atmospheric—Pressure

Plasma Process
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Active Site Optimization via Lattice Distortion in Trimetallic Layered
Double Hydroxides for Electrochemical Nitrate Reduction in Neutral

Electrolytes

Gawon Sim' - Wooseok Yang'?*

Department of Future Energy Engineering, Sungkyunkwan University (SKKU),
2School of Chemical Engineering, Sungkyunkwan University (SKKU)

— Electrochemical nitrate reduction (NO3RR) to ammonia (NHj3) offers a sustainable
pathway for wastewater treatment and nitrogen upcycling. However, its practical
implementation remains challenging due to sluggish intermediate kinetics and
competitive hydrogen evolution, fundamentally arising from an insufficient understanding
of how local coordination structures dictate reaction Kkinetics and selectivity. In
particular, NO3sRR in neutral electrolytes is especially challenging due to limited proton
availability and unstable interfacial microenvironments that hinder proton—coupled
electron transfer and nitrate adsorption. Here, we develop a strategy to deliberately
regulate atomic coordination in trimetallic Co-CuAl layered double hydroxides (LDHs).
Valence—state modulation induced by Co incorporation triggers Jahn-Teller—like
distortion within the LDH lattice, leading to structural reconfiguration and systematic
modulation of metal-oxygen and metal-metal interatomic distances. This
distortion—driven structural evolution reshapes the local coordination environment and
precisely adjusts the spatial coupling between Cu and Co active sites, establishing an
optimal coordination environment that facilitates a tandem effect between active sites.
By correlating interatomic distance variation with catalytic performance, we identify an
optimal atomic configuration that accelerates the Kkinetically limiting step and promotes
the NOsRR pathway over the competing hydrogen evolution reaction. This strategy
delivers significantly enhanced NHj; selectivity and yield under neutral conditions,
offering fundamental insights into the design of high—performance LDH-—based
electrocatalysts.
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Bimetallic MOF Catalyst for Nitrate to Ammonia Conversion at Low
Nitrate Concentration

Jaemin Park,! Wooseok Yang'x

1" School of Chemical Engineering, Sungkyunkwan University (SKKU), 16419, Republic

of Korea.

wooseok.yang@skku.edu

Ammonia (NHj;) is one of the most widely utilized chemicals in modern society,
playing a crucial role in agriculture and emerging as a promising carbon—free energy
carrier. Transitioning from the conventional Haber—Bosch process to electrochemical
NH; production is imperative, as the former not only operates under energy-—intensive
high—temperature and high—pressure conditions but also accounts for over 2% of
global COs emissions. Among various electrochemical approaches, electrocatalytic
nitrate reduction (NOs;RR) to NHs; under ambient conditions presents a sustainable
alternative, offering simultaneous NHj; synthesis and nitrate removal. However, the
efficiency of this process is significantly hindered by the high reaction overpotential,
limiting its energy and cost effectiveness, particularly under neutral pH and low nitrate
concentration conditions. To address this challenge, we propose a bimetallic,
cost—effective metal—organic framework (Co,Cu—MOF) as an efficient catalyst for
practical NOsRR. The synergistic interaction between the distinct metal sites plays a
pivotal role in optimizing the electronic structure, where Co sites modulate the local
electronic environment within the MOF, thereby reducing the Gibbs free energy (AG)
of the potential—determining step in the NO3;RR pathway. As a result, the optimized
Co,Cu—MOF catalyst exhibits exceptional electrocatalytic activity, achieving a
remarkable NHs Faradaic efficiency of 91% at —0.3 V versus the reversible hydrogen
electrode under neutral and 10 mM NOj;~ conditions. This high—performance,
cost—effective catalyst offers significant potential for practical NOsRR applications
under neutral pH and low nitrate concentration conditions, paving the way for

sustainable ammonia synthesis and effective nitrate removal.
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Thermal plasma

plastics for

assisted catalytic pyrolysis of biomass and waste

enhanced production of high—value chemicals

Daejun Oh - Ji Hun Kim - Seungryul Yoo -

Sangheum Eom - Chang Hyun Cho - Jung

Woo Yoon - Jong Keun Yang - Jin—Young Han - In Je Kang"

Korea Institute of Fusion Energy, Institute of Plasma Technology,
Plasma Recycle Technology Research Team, 37 Dongjangsan—ro,
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Catalyst Strategies for the Production of E-Fuels from Carbon Dioxide
Hyeonji Yeom - Yongseok Kim - Jongmin Park - Seongeun Kim - Kyungsu Na

Department of Chemistry, Chonnam National University

The catalytic conversion of carbon dioxide into e-fuels offers a promising approach to
closing the carbon cycle while producing drop-in fuels compatible with existing
transportation infrastructure. However, the selective synthesis of hydrocarbons from
CO, remains challenging due to the complex reactions involved in CO, activation, C—C
coupling, hydrocarbon growth, and secondary upgrading. Here, we present catalyst
strategies based on bifunctional oxide—zeolite systems that direct CO, hydrogenation
toward valuable e—fuels. In these systems, FeK/CuAl;0, based oxide catalysts provided
active sites for CO, activation and olefinic intermediate formation, while nanosheet MFI
zeolites with hierarchical porosity enabled efficient secondary transformations through
enhanced diffusion and accessible acid sites. By engineering catalyst functionality
through spatial proximity control and zeolite structure design, the product distribution
shifted toward either selective Cg-19 aromatics or paraffinic hydrocarbons. Notably,
granule-mixed configurations improved CO, conversion and suppressed CO formation by
promoting favorable oxide—zeolite synergy. Additionally, Pt incorporation into nanosheet
MFI tailored acidity fundamentally redirected the reaction pathway from acid-driven
aromatization to metal-assisted hydrogenation, enabling simultaneous production of
liquefied petroleum gas in the gas phase and jet-range paraffins in the liquid phase
with strongly suppressed aromatic formation. These results demonstrated that the
rational integration of active oxide phases, hierarchical zeolites, catalyst proximity, and
hydrogenation metals constitutes an effective platform for overcoming distribution
limitations in CO, hydrogenation. This strategy provides important design insights for

the tailored synthesis of e-fuels from carbon dioxide.
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Enhanced Efficiency of Triple—cation Wide—Bandgap Perovskite Solar
Cells via B—site Manganese doping

Ajit S. Mali,® Sawanta S. Mali,* Jyoti V. Patil,*® Pavan M. Kodam,* Gopal K.
Kulkarni,® and Chang Kook Hong®"
Polymer Energy Materials Laboratory, School of Chemical Engineering, Chonnam
National University, Gwangju, 61186, South Korea.
Optoelectronic Convergence Research Center, School of Chemical Engineering,
Chonnam National University, Gwangju, 61186, South Korea.

Corresponding author: hongck@chonnam.ac.kr

Abstract

Wide—bandgap (WBG) perovskite absorber is the key absorber layer for the
fabrication of tandem and semi—transparent perovskite solar cells. However, higher
bromine (Br) content often leads to challenges such as phase segregation, limited
long—term stability, and large open—circuit voltage (Voc) losses. To tackle these
issues, we explored B-—site doping with a transition—metal ion to suppress phase
segregation and improve charge separation. In this work, Pb®>" in the triple cation
(Cs0.05FAo.7sMAg 23Pb1— Mn,(Io77Bross)s) (E, =1.67 eV) WBG perovskite was partially
substituted with Mn?* at various concentrations and evaluated device performance. The
optimal doping level of 1.5% Mn?' resulted in notable improvements in grain size,
crystallinity, phase stability, and reduced trap—state density. Consequently, the Mn>"
doped device achieved a power conversion efficiency (PCE) of 18.36%, which is higher
compared to the control device (16.31%). Furthermore, the Voc increased from 1.09 to
1.16 V, confirming the beneficial role of Mn?" doping on the optoelectronic properties
of the WBG perovskites. Overall, the stability assessment shows 350 h of ambient

stability with excellent reproducibility.
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Stable lead acetate mediated CsPbI;Br inorganic perovskite solar cells
achieving 1.323 V open circuit voltage
Pavan M. Kodam, Sawanta S. Mali, Jyoti V. Patil, Ajit S. Mali, Gopal K. Kulkarni,

Chang Kook Hong
Polymer Energy Materials Laboratory, School of Chemical Engineering, Chonnam
National University, Gwangju, 61186, South Korea.

Corresponding author: hongck@chonnam.ac.kr

Abstract

All—inorganic cesium lead halide (CsPbl;—(Bry) perovskite solar cells (PSCs) have
garnered significant attention due to their high—power conversion efficiency (PCE),
thermally stable black perovskite phase, and strong potential for use as the top cell in
tandem configurations. In this work, we successfully stabilized the ambient—phase
CsPbI:Br (x = 1) using a lead acetate Pb(Ac), additive. The Pb(Ac), played a key
role in regulating the crystallization process and stabilizing the photoactive black phase
of CsPbl:Br. By incorporating 5% Pb(Ac), into the precursor solution, we achieved a
notable enhancement in device performance, with the PCE increasing from 12.33%
(control CsPbl:Br device) to 16.04%. Simultaneously, the open—circuit voltage (Voc)
increased from 1.231 V to 1.323 V, among the highest reported for Pb(Ac);—based
inorganic perovskite solar cells. Furthermore, Voc increased upto 1.358 V for
phenyltrimethylammonium chloride (PTACI) passivation. This result arises due to the
reduced recombination and formation of Pb—O surface. Moreover, the optimized 5%
Pb(Ac)s—based device demonstrated excellent thermal and ambient stability, retaining
over 90% of its initial performance after 100 h of at 85 °C in air without
encapsulation. These results highlight the effectiveness of Pb(Ac)s; in simultaneously

boosting performance and long—term stability of inorganic perovskite solar cells.
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Tuning of Wide Bandgap in Csi—FA.Pbl,+:Bri—x Perovskites via
Antisolvent Free and Dry Processing Approach for Efficient and Stable

Perovskite Solar Cells
Jyoti V. Patil, ' 2 Sawanta S. Mali, > Chang Kook Hong %«
'Optoelectronic Convergence Research Center, School of Chemical Engineering,
Chonnam National University, Gwangju, 61186, South Korea.
“Polymer Energy Materials Laboratory, School of Chemical Engineering, Chonnam
National University, Gwangju, 61186, South Korea.
*Corresponding author: hongck@chonnam.ac.kr

Abstract:

Wide bandgap (WBG) perovskites are crucial for tandem solar cell applications,
where efficient light harvesting and thermal stability are essential. In this work, we
present a novel strategy for tuning of WBG in Csi-.FA.Pbl,+Bri—x perovskite by
combining an antisolvent free hot air and a dry process method. Here, the bottom
layer of the CsPbl:Br is deposited using an antisolvent free hot air method, enabling
uniform, thick films with followed by a dry processed FAPbI; top layer to modulate
the halide and A-—site cation composition, forming a compositionally tuned mixed WBG
perovskite. The resulting mixed perovskite films through different film thickness of
FAPbI; layer exhibit a tunable WBG in the range of ~1.74 to 1.83 eV, which would be
suitable for tandem solar cells fabrication. This mixed Csi-,FA,Pbl,+Bri-x perovskite
(target) device showed notable improvement in power conversion efficiency (PCE) of
18.26% and long—term operational stability compared to control CsPbl:Br—based
(13.15%) devices. This work highlights an alternative route for fine tuning of WBG
perovskites with high performance and durability.
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All—dry processed high—efficiency perovskite solar cells with long—term

operational stability
Sawanta S. Mali, ' Jyoti V. Patil, ' ? Chang Kook Hong %«

'Polymer Energy Materials Laboratory, School of Chemical Engineering, Chonnam

National University, Gwangju, 61186, South Korea.
2Optoelectronic Convergence Research Center, School of Chemical Engineering,
Chonnam National University, Gwangju, 61186, South Korea.
*Corresponding author: hongck@chonnam.ac.kr

Abstract:

Dry—processed photovoltaics, utilizing gas—phase or solid—state methods,
garner great interest from both academia and industry, as it eliminates the need for
hazardous liquid chemicals and offers commercial advantages in terms of scalability and
reproducibility. Nevertheless, all—dry—processed perovskite solar cells exhibiting
conversion efficiencies and operational stabilities comparable to their
solution—processed counterparts are yet to be realized. Here, we report the use of
fully dry processed layer—by—layer strategy for strain—free perovskites absorbers by
incorporating of a self—assembled monolayer—based buried interlayer and a surface
passivation approach, for the fabrication of layer—by—layer all—dry processed p—i—n
inverted perovskite solar cells. By tailoring the physical properties of the
charge—selective oxide layers, while protecting layers beneath via low—power
sputtering, we report power conversion efficiencies of 24.7% (23.74 % for 1 cm?).
The devices further exhibit excellent operational stability under different testing
conditions, retaining Tgs = 2000 hours (ISOS—D—-1I), Tgy = 800 hours (ISOS—-D-2I)
at 85°C and Tg=1000 hours (ISOS—L—1I) operational photostability, all while

meeting many of the commercial requirements for scaling up.

Keywords: All—dry processed perovskite solar cells, stress—free absorber, device
interface, high—efficiency, operational stability
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Interface Engineering of Bilayer Charge Transport Layers for
High—Efficiency Inverted Perovskite Solar Cells: Insights from
SCAPS—1D Study
Gopal K. Kulkarni!, Sawanta S. Mali', Jyoti V. Patil'? Ajit S. Mali', Pavan M. Kodam',
Chang Kook Hong!?s

!Polymer Energy Materials Laboratory, School of Chemical Engineering, Chonnam

National University, Gwangju 61186, South Korea
2Optoelectronic Convergence Research Center, School of Chemical Engineering,

Chonnam National University, Gwangju 61186, South Korea

ABSTRACT:

Bilayer charge—transport layers in perovskite solar cells (PSCs) have gained
significant attention for enhancing efficiency through improved energy level alignment,
suppressed recombination, more efficient charge extraction, and enhanced light
absorption. In this work, a high—efficiency inverted (p—i—n) PSC with bilayer
charge—transport layers (CTLs) is studied using SCAPS—1D. A comprehensive
comparison of various electron and hole transport materials, including PCBM, ZnO,
IGZ0, Cgo, SnOs, SnO;—Cgo (for ETLs), and P3HT, PEDOT: PSS, V05, PTAA, NiOy,
and NiOy—SAM (for HTLs), is performed to identify the most suitable interfacial
combinations. The bilayer configuration of NiOy,—SAM as the hole—transport layer and
Sn0,—Cgo as the electron—transport layer notably improved carrier extraction, reduced
interfacial recombination, and achieved excellent energy—level alignment with the
perovskite absorber. The optimised device structure,
I[TO/NiOx—SAM/Cso.1FA( oPbls/SnO,—Ceo/Ag, delivers outstanding photovoltaic
performance with V.. = 1.21 V, J = 27.15 mA/cm? and FF = 83.29%, yielding a
PCE of 27.35%. Furthermore, the effects of absorber thickness, trap density (N),
operating temperature (T), series and shunt resistances (Rs & Rsy), capacitance (C)
and impedance (Z) are systematically analysed to understand their influence on device
performance. This study highlights the crucial role of bilayer CTLs in optimising
interfacial charge dynamics, providing an effective pathway towards high—efficiency and
stable perovskite photovoltaics.
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A Study on NB—IoT based Smart Grid AMI Scenarios and
Communication Performance Verification for Energy Efficiency

Optimization
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A Study on Multi—regional PS—=LTE/NB—IoT Testbed Interworking
Operation and Enterprise Support Demonstration System for Energy

Safety Technology Advancement
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Load Pattern-Based Classification of Building Energy Use and
Optimization of Demand Response Strategies

Seohoon Kim - Hyeryeong Nam - Hyunyoung Lee - Jongbin Park
KIEL Institute, Green Energy Division Zero Energy Team

This study proposes a load pattern-based classification framework for building energy
use and evaluates the effectiveness of lighting and plug—load demand response (DR)
strategies through simulation and empirical validation. Eight demonstration buildings
with diverse functions (public offices, industrial facilities, educational buildings,
healthcare facilities, and hotels) were analyzed using a Korean Green Button platform.
Building energy use was classified based on lighting—to—plug load ratios and energy
intensity (toe/m2?) using K-—means clustering (k=3). The clustering validity was
statistically verified (Silhouette score = 0.55; ANOVA p = 0.019), and a strong
correlation (r = 0.75) was observed between plug—load ratio and energy intensity. To
evaluate demand-—side management potential, EnergyPlus v9.6 integrated with BCVTB
was employed to simulate various control strategies, including schedule—based control,
sensor—based lighting dimming, and plug—load interruption. Model accuracy satisfied
ASHRAE Guideline 14 criteria (R2 = 0.80-0.89 CV(RMSE) < 15%). Simulation results
showed an average annual energy reduction of 8.2% and peak load shifting of 11.3%,
with sensor—based DR strategies demonstrating superior performance compared to
static schedule—based control. The results indicate that load pattern-based
classification provides a more effective framework for DR strategy selection than
conventional building—type categorization. The proposed approach supports data—driven
energy efficiency planning and offers practical implications for demand—side resource
integration and policy development.

Keyword : Building Load Profiling, Demand—Side Management (DSM), Plug Load
Control, Clustering Analysis, Peak Demand Reduction, Energy Simulation, Green Button
Platform

Acknowledgement : This study was conducted with the support of the Energy Demand
Management Core Technology Development Project funded by the Ministry of Trade,
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Effect of SiOy/Epoxy Coatings on Microstructure, Surface Morphology

and Thermomechanical Behavior of Al 6061 alloy
Yu—Seong Lee - N Rahul® - + Min—Suk Oh

Division of Advanced Materials Engineering, Jeonbuk National University, * Department

of Energy Storage/Conversion Engineering, Jeonbuk National University

Aluminum alloys are well—known as lightweight structural materials but exhibit
relatively high coefficients of thermal expansion (CTE), which can lead to dimensional
instability under thermal cycling. In this study, a SiO; powder/epoxy coating was
coated on Al 6061 substrates to increase the effective CTE and surface/thermal
characteristics. A 10 wt% suspension of SiO, powder in epoxy resin was prepared
under controlled viscosity conditions and deposited onto mechanically polished
aluminum. The microstructure and dispersion state of the SiO, particles within the
coating were examined by FE—SEM, and the phase constitution was analyzed by
X—ray diffraction, which confirmed the presence of Al, Mg,Si, and SiO, without
additional reaction products. Thermomechanical analysis (=70 to 140 °C, 0.1 °C/min)
demonstrated that the coated specimens showed less length change and a reduced

effective CTE relative to the uncoated substrate.

Keywords: SiO, powder, Epoxy coating, Coefficient of thermal expansion,

Thermomechanical analysis
+ Corresponding Author: misoh@jbnu.ac.kr
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Analysis of Hanul Unit 6 Reactor Coolant Pump Trip Transient Using

SPACE Code

SPACE" ==& Sl A= ddAea Aded ks dabz=elth, SPACE ZEE
AAHLAL 1,220 A F8 58S 2A% 5 9o, I=d g 537]EF
AR A 187 A5S S8l Ul 7FATRE] kAl AHEE 4 S-S s
o SPACE sE=x= BFAQl 7PES AR AAIZIEA AL 248 1444 B o= sl
o HHFEA oY AFTaAex HE&%4 gty AFolA= SPACE =S o &3 ¥
Ao HAEAE A T2 AoAEl gt SPACE =& 7dsta 7Aws o o
3 AT AdelA e 657]oA AAZ LA A2 YAAFZ 10 AR g A=
HAS EA8I §S% 657]= OPR1000 9do® A7Z&8 1000MWe] 71742 o]
o, AR 14, S7IEA7] 270, &3 270, A 4, AARIAAFEE 47t A A E
o] Stk WA WA AEdEFe HAAIIE oz A PARZYZAHEZ 1497}
A E = Abdelth, A 1t A Folle U] 379 Fx= G4 Zhsste] ARl W
g SHetlvh. A 1d) ZH el vt A2 A AsrF BAEen, AxE 4 H
W AGA 7 HAsGltE EEl XS g3 F7] AojAlEe] ekl 225 FUIdE s
Z43&qlth. SPACE = #4437 2= 19 AAF FFo] #dx 54 A5t fFASS
glstglom, AA wdset FARH EN9-3] F7] AlojAlEe] FAEEe FIdE FE
S JAEgS Felstdnh. etE HAH A SPACE Z= 48L& s V&A1Y 2 AlEY
ole] HZF Tl &8 oHolrt

1) SPACE : Safety and Performace Analysis CodE for Nuclear Power Plant
2) OPR1000 : Optimized Power Reactor 1000
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Effect of Modeling Reduced B4C Radius on Control Rod Worth in

OPR1000
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Sensitivity Test of Axial Offset to Control Rod Movement During Power

Reduction and Recovery

Power reduction followed by recovery in pressurized water reactors induces
time—dependent axial power distribution due to xenon Kkinetics. Because xenon
production and depletion are coupled to the local neutron flux with characteristics time
constants on the order of several hours, axial offset(AO) exhibits delayed oscillation
behavior during load—following scenarios. Since control rod insertion perturbs the axial
distribution and modifies the power shape that serves as the initial condition for xenon
buildup, it is necessary to quantify the extent to which control rod operational
parameters influence xenon—driven AO oscillations. In this study, a three—dimensional
nodal code(RAST—K) was employed to evaluate the sensitivity of AO behavior to
control rod motion parameters under a representative power maneuvering scenario
(100%—reduced power—>100%). Three independent variables were examined: (1)
control rod step change, (2) control rod speed, (3) initial core condition.

Sensitivity test with respect to rod step change showed that variation in insertion or
withdrawal rate had negligible influence on the oscillation amplitude of AO. Because
xenon kinetics dominate the amplitude, rendering the AO peak relatively insensitive to
rod motion rate. In contrast, the control rod speed affected the phase and apparent
period of the oscillation. Prolonged insertion modifies the axial flux distribution prior to
xenon re—equilibrium, thereby altering the spatial xenon precursor distribution. During
power recovery, this modified xenon field produces a shifted oscillation phase and an
adjusted temporal trajectory of AO. However, the maximum amplitude was not
substantially increased, indicating that holding duration primarily influences oscillation
timing rather than its magnitude. The most pronounced sensitivity was observed with
respect to the initial core condition. Variations in initial AO and rod position directly
changed the initial axial flux imbalance, which determines the subsequent xenon
distribution during power reduction. Larger initial axial asymmetry results in stronger
xenon redistribution and correspondingly greater AO excursions during recovery.
Overall, the analysis indicates that xenon Kkinetics govern the amplitude of AO
oscillation during power maneuvers, while control rod operational parameters mainly
affect phase characteristics, not amplitude. These finding clarify the relative importance

of kinetics versus operation in xenon—driven axial stability during power maneuvering.
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Study on the Optimization of Operating Voltage in Ionization Chamber
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Study on Report Quality Improvement Measures through Analysis of the
WANO Quality Factors in Domestic Nuclear Power Plant Operating

Experience Reports
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Analysis on the Aging Management Program of electrical and I&C for
Subsequent License Renewal
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Korea Hydro & Nuclear Power(KHNP) Central Reaserch Institute
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Comparison of Microbial Inactivation in Water and Energy Efficiency of
Sinusoidal and Nanosecond Pulsed Driven Low—Temperature
Atmospheric—Pressure DBD Plasma
Sangheum Eom - Jin—Young Han - Jong keun Yang - Daejun Oh - In Je Kang - Jung
Woo Yoon - Chang hyun Cho - Seungryul Yoo and Ji Hun Kim

Institute of Plasma Technology, Korea Institute of Fusion Energy
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Analysis on Use Result of External Operating Experience
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Development of a Reload Core Safety Analysis Checklist Module
for APR1400

Do—Yeon Kim
KHNP Central Research Institute
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Development of Prediction Module for an OPR1000 Core Loading Pattern
Optimization System
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KHNP Central Research Institute
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A Comparative Study on Electrical Techinical Specifications for
APR1000 and APR1400 According to Design Features

Yongwan Kwon
The Central Research Institute of Korea Hydro & Nuclear Power Co., Ltd.
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Development of an Anomaly Detection Framework through

Multi—modal Similarity Learning

The ultimate goal of nuclear power plant safety is to prevent failures before they
occur. Predictive Maintenance seeks to achieve this by identifying minute deviations
from normal operating conditions. However, existing predictive maintenance systems
often rely solely on sensor time—series data or visual inspections, potentially missing
anomalies that manifest as discrepancies between different data modalities.

This paper proposes a novel anomaly detection framework based on cross—modal
similarity learning, training a model to understand the "normal" relationship between a
component's textual description and its visual appearance. Using a Siamese network,
both modalities are projected into a shared embedding space where normal text—image
pairs are positioned closely. An anomaly is then detected when a component's image is
semantically distant from its manual description. This approach detects not only
obvious visual defects but also subtle inconsistencies that are missed by single—modal
analysis or rule—based systems.

The proposed framework is based on a Siamese neural network with two identical
subnetworks sharing weights. One network uses a transformer—based language model
to process textual descriptions, while the other uses a CNN like ResNet to process
component images, generating fixed—dimensional embeddings for each input. The
network is trained using a contrastive loss function with both normal and abnormal
state data. This function aims to minimize the distance between the embeddings of
positive pairs and maximize it for negative pairs, effectively teaching the model a
document—based visual standard.

In conclusion, this framework can play a crucial role in the proactive anomaly
detection for nuclear facilities. By learning the semantic consistency of multimodal data
from text and images, it enables a broader and more subtle detection of anomalies
than single—modal systems. This approach directly enhances safety and reliability by
flagging potential issues, including those arising from human error, before they escalate
into failures, providing a robust, data—driven method for continuous anomaly

verification.
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An Intelligent Maintenance System for NPP Using Lightweight Object
Detection and a Multimodal Knowledge Graph

Maintenance operations in nuclear power plants demand the highest standards of
precision and safety. A significant challenge for even seasoned technicians is rapidly
locating necessary information within vast manuals and schematics and connecting it to
physical equipment on—site. This paper proposes an intelligent maintenance system
that addresses this issue by integrating real—time object detection and context—aware
information augmentation. The system is designed to instantly provide technicians with
relevant procedures and data directly related to the equipment they are observing,
facilitating a more intuitive and efficient workflow.

The essence of this system lies in two core technologies that bridge the gap
between physical assets and the digital knowledge base in real time. When a technician
points a device at a piece of equipment, the live video stream is fed into a
lightweight, deep—Ilearning object detection model like YOLO. This method relies solely
on the visual features of the equipment, eliminating the need for physical markers.
This allows for rapid and seamless identification. Once an object is identified, the
system can continuously track it in the wuser's field of view, ensuring that any
displayed information remains anchored to the correct component even as the
technician moves.

Once a component's unique ID is identified, the system uses it as a key to instantly
query a multimodal knowledge graph and augment the user's view with information.
The graph is a database that stores all information about equipment in a connected
network. When a valve is recognized, the system leverages RAG to extract and
visualize contextually relevant information. The system does not merely list data; it
prioritizes information based on the current task context. If the task 1is safety
inspection, the relevant checklists are displayed first. This context—aware approach
ensures the technician receives the most crucial information precisely when needed.

The combination of real—time object detection and context—aware information
augmentation proposed has the potential to transform maintenance workflows in nuclear
power plants. Technicians no longer need to search through cumbersome manuals, and

they can focus entirely on the equipment in front of them while receiving all

necessary information instantly. This dramatically reduces human error and times.
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Electrode lamination 1s a key process in dry process lithium ion battery cathodes
because electrode quality is determined without a solvent coating and drying step. In
this study, dry process LiNi0.6C00.2Mn0.202 (NCM622) cathodes were fabricated
using two lamination routes, hot pressing and cold pressing lamination, and their
effects were examined at electrode thicknesses of 100 and 200um. The compaction
state generated by each lamination route was evaluated using thickness reduction, bulk
density and porosity, adhesion behavior, and EIS based contact resistance, and its
impact on electrochemical performance and degradation was analyzed using cycling
tests, SEM, XRD, Raman spectroscopy, and TEM.

Hot pressing improved electrode to current collector contact and reduced high
frequency ohmic and contact resistance, whereas cold lamination showed weaker
adhesion and interfacial delamination, leading to higher contact related resistance.
However, hot pressing also caused stronger compaction, increasing density and
reducing porosity, and this effect became more pronounced in thick electrodes. In 200
um cathodes, hot pressing was associated with higher tortuosity, larger charge transfer
resistance growth, poorer cycling retention, and more severe structural damage,
including particle cracking, pore like low density regions, and local rock salt like
reconstruction.

These results show that lamination effects in dry process NCM622 cathodes are
strongly thickness dependent. Improved interfacial contact does not always lead to
better long term performance in thick electrodes, and lamination conditions should be
optimized according to electrode thickness to balance contact quality and structural and

transport integrity in high loading dry cathodes.
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Effects of citric acid—treated Ferrierite zeolite for gas—phase DME

carbonylation activity
Jimin Kim - Jong Wook Bae”

School of Chemical Engineering

For the indirect conversion of syngas to ethanol, dimethyl ether (DME) carbonylation
1s an important step to achieve higher yield of ethanol through three steps of syngas
conversion to DME and DME carbonylation to methyl acetate (MA) and MA
hydrogenation to ethanol. For DME carbonylation, Ferrierite (FER) zeolite with active
Bronsted acid sites in 8 membered—ring channels, is effective for enhancing catalytic
activity and stability. However, the acidic sites in larger micropores such as
10—membered ring channels generally cause coke depositions related to catalyst
deactivation. To improve the catalytic stability, weak acidic citric acid treatment was
applied for modulating surface acidic sites and structures of FER zeolite. The citric
acid—treated FER zeolite revealed an improved catalytic activity and stability due to
the adjusted external acidic sites with less coke depositions.
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The Reverse Water—Gas Shift (RWGS) reaction is a key technology for CO,
utilization, producing carbon monoxide that is essential for downstream processes such
as methanol and Fischer—Tropsch synthesis. However, the endothermic nature of the
RWGS reaction (AH = 41.2 kJ/mol) necessitates high reaction temperatures, leading to
substantial energy consumption. Therefore, it is necessary to develop catalysts that
exhibit high activity and selectivity even at low temperatures. Cu—CeQO, catalysts have
emerged as a promising system by combining the high CO selectivity of Cu with the
excellent oxygen mobility of Ce species. In this study, to further improve the
performance of Cu—CeQO, catalysts, Cu—Ce—Mg catalysts were synthesized by
coprecipitate Cu, Ce, and Mg. The properties of the catalysts were systematically
characterized using XRD, XPS, BET, temperature—programmed techniques, DRIFTS, and
NoO chemisorption. As a result, Mg—doped catalyst exhibited higher activity at low
temperatures while maintaining almost 100% of selectivity, mainly due to the low CO,
adsorption strength confirmed by CO,—TPD and DRIFTS. Furthermore, the catalyst
maintained its stability during the 60h of stability test at 400 °C.

Acknowledgements

This work was supported by the Korea Institute of Energy Technology Evaluation and
Planning(KETEP) and the Ministry of Trade, Industry & Energy(MOTIE) of the
Republic of Korea (RS—2024—-00469587) and also supported by the National Research
Foundation of Korea(NRF) funded by the Ministry of Science and ICT. (No.
RS—-2023-00261851)

- 475 -



" 202691% $ITO|AX|SS] EASEUTE|

Electrophoretic CO, Capture over Molten Nitrate—Promoted MgO

Sorbents
You Seok Kang - Jeong Gil Seo

Department of Chemical Engineering, Hanyang University, Seoul, Republic of Korea

The first principle study on electric field—controlled CO, adsorption was
proposed that applying an external electric field on certain conductive materials can
activate and enhance the CO, adsorption porperty, but experimental confirmation has
never been reported. In this research, the first experimental demonstration of electric
field—assisted CO, capture using nitrate—promoted MgO sorbents were presented.

Results showed that applying an electric field to the sorbent increased the
CO2 adsorption performance by over 34%, while also lowered the onset temperature
for adsorption below the nitrate melting point. This effect is primarily attributed to
joule heating which elevated the sorbent bed temperature above the furnace input
temperature, enabling CO, uptake below the nitrate melting temperature. Nevertheless,
the cyclic performance was significantly improved, demonstrating an 84% capacity
retention, which is attributed to the electrophoretic migration of nitrate under electric
field environment. SEM—EDS and sorbent bed depth—resolved xrd phase analysis
confirmed a nitrate species migration from anode to cathode side, enhancing nitrate and
MgO contact and promoting MgCOs; formation. Furthermore, double metal carbonates
such as Li,COs3, KyCOs3 and KLiCOj3; phases were observed in the spend sorbent and
remained after conventional desorption step. Nitrate behavior during EF—assisted CO,
adsorption was also investigated by mass spectrometry.

These results demonstrate that the electric field facilitates COs adsorption
and/or dissolution into EM while activating EM participation in carbonate formation,
dynamically generating new carbonate phases absent under conventional conditions.

This work was supported by the National Research Foundation of Korea(NRF)
grant funded by the Korea government(MSIT)(RS—2025—-02306122), and Korea
Institute of Energy Technology Evaluation and Planning(KETEP) grant funded by the
Korea government(MOTIE)(20224000000440, Sector coupling energy industry

advancement manpower training program).
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Structural and Surface Modulation of CeQO; via Mg Incorporation for

Low—Temperature Reverse Water—Gas Shift Reaction
Nomer C. Arriola Jr. - Jeong Gil Seo

Department of Chemical Engineering, Hanyang University, Seoul, Republic of Korea

The global reliance on traditional fossil fuels has significantly contributed to
the escalation of greenhouse gas emissions, particularly carbon dioxide, aggravating
climate change with evident temperature rises and unpredictable wea
ther patterns. Addressing this pressing environmental challenge requires innovative
approaches, with one promising strategy being the utilization of carbon dioxide to
value—added chemicals. The reverse water—gas shift reaction (RWGS), an endothermic
CO;, conversion reaction that is crucial for carbon monoxide production and sustainable
fuel synthesis with renewable hydrogen.

CeOs is widely studied for RWGS catalysis due to its oxygen vacancies, redox
properties, and strong metal-support Interactions. In this work, the catalytic
performance of CeO, was enhanced through Mg incorporation using a facile synthesis
approach. A series of Mg—modified CeQO, catalysts with varying Mg contents was
prepared, systematically characterized, and evaluated in a fixed—bed reactor.

By leveraging Mg properties to promote activity, a CO, conversion of 12.20%
at a lower reaction temperature of 400°C was achieved. Characterization techniques
confirmed that low Mg content ensured good dispersion, while excess Mg formed MgO
phases on the surface. The possible substitution of Ce!* by Mg®>" increased the
electron density of oxygen atoms, promoting Lewis basic sites and oxygen vacancy
formation. However, higher Mg content also increased the H./CO ratio, suggesting
potential retention of Hs and reduced catalytic efficiency. Overall, Mg incorporation
strategically modifies CeOq structure and surface chemistry, facilitating
low—temperature activation and hence, contributing to the development of more
efficient catalysts for sustainable chemical processes.

This work was supported by the National Research Foundation of Korea(NRF)
grant funded by the Korea government(MSIT)(RS—2025-02306122), and Korea
Institute of Energy Technology Evaluation and Planning(KETEP) grant funded by the
Korea government(MOTIE)(20224000000440, Sector coupling energy industry

advancement manpower training program).
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A Study on the Application of Reverse Engineering Techniques and
Acceptance Methods for Commercial—Grade Dedication (CGD) in Nuclear
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Analysis of Limitations in Arrhenius Model and Review of Alternative Life
Models for Aging Evaluation of Non—metallic Materials in Nuclear Power
Plants
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