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Syngas production by dry reforming reaction with Ni—based catalysts:
How to stabilize Ni nanoparticles?

Jong Wook Bae#
School of Chemical Engineering, Sungkyunkwan University (SKKU), 2066 Seobu-—ro,

Jangan—gu, Suwon, Gyeonggi—do 16419, Republic of Korea

Various reforming reactions such as steam reforming of methane, dry reforming of
methane and combined steam and carbon dioxide reforming with various hydrocarbon
feedstock have been investigated to produce syngas using Ni—based heterogeneous
catalysts [1,2]. In general, the impregnated Ni nanoparticles having a comparable
activity can be easily sintered to form less active and bigger agglomerates with more
facile coke deposition natures [3]. To increase the thermal and catal;ytic stability of
Ni nanoparticles, many modification methods with proper structural promoters on the
various supports or bimetal compositions with oxophilic Co promoter have been widely
investigated [4—6]. In addition, the syngas composition (Hy/CO ratio) can be largely
changed by the types of reforming reactions such as steam reforming of methane
(SRM, CH,; + H,O = 3H,; + CO), carbon dioxide reforming of methane (CDR, CH; +
CO, = 2Hy; + 2CO), combined steam and carbon dioxide reforming of methane (CSCR,
3CHy; + CO; + 2H,0 = 8H, + 4CO), and steam reforming of propane (SRP, CsHg +
3H,O = 7H; + 3CO) and so on. In the present study, the strategies to stabilize the
Ni nanoparticles with less coke deposition for carbon dioxide reforming of methane are
explained such as the encapsulation methods of Ni nanoparticles and their spatial

confinement effects and so on.
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Process Design and Construction of Hydrogen Refueling Stations for

Commercial Fuel Cell Electric Vehicles
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CulnSs photocathode with Ru co—catalysts for hydrogen production
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Investigation of Chemical state of Photocathode under

Photoelectrochemical Reaction Condition
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0.3~10 MW

Effect of Turbine Inlet and Outlet Conditions
in 0.3~10 MW Class Liquid Air Power Generation Process
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Demonstration of direct mineral carbonation for use of carbon dioxide

conversion capture materials as construction materials
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A Study on the Amendment of Protection Wall Criteria for Hydrogen
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Hydrogen Vehicle Container Flame Test Standards and Test Results
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NPP Technical Support System Operatiom & Process Improvement
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AR EE AL FU 9 AV IE I AAAH HE
Technical Review on Domestic and Foreign Safety Standard for Nuclear

Power Plants
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APR1000 =A41v]&-§ AAZHZA Atz &43pd=F
DEC—A Mitigation Strategy for APR1000
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TR A4 (F
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oA (F)S FALAZ 7] FAAEA) 2 AFAFA1AE 3 (WENRA) Q] A1 4
A FHAAALA(EUR) 5% s}o}o% (1,000 MWed) 34 L=k
goF APRI000 /NHS Hasta 9l o] =Ho|x= APR1000 =4

(s u%‘“ A Alstaz) g,

o]

ul 8§ AAGHEE AFL(DEC —A) &gk

.

APR1000& 5%+A](Level 1~5) A =4o](Defense in Depth, DiD) /¥ S EQE AA =
g, o714 Level 3% AZA7]FAFaL(DBA)Ol thA3k= DiD—3a9t DEC—Ad] thA =
DiD—3bZ ThA] A|2slgtt. 7z DID 43 Sdy ohAER, Zad weo] ek 887
T, WA &S %—éé}ti AA7F 39k, APR1000 A A4 54 DiD w@A <
85 AAES FEHer AYrisd 3 g2 DD ool EEEHe AT
HAHow dAdr.

APR1000°]A 312]3}= DEC—AA} HEA o g, JAEA, WENRA, EURCIA] AJA &
% 13709] DEC—A A& B5F 2338, o] APELS ofgo] 3719 aFo s ERFEh
— oA AE(A00) EE 7 WIWg DBA Atast ZA3d dad gAY HdAE

R
rlr

9] %4 (CCF)

- A F 71EAHQ AV TS =Y o A CCFE E¢3ts 3 &

g AlvE e
— Z7|AMA(PIE) o] A# 2 e F744 < 4-s E3tshes HEAbaL
APR1000¢] DEC—A Apal ghspdere @d 138 71(SFC), b ew &/, 18 +4Y =
2, A=EHY, ALdFTF S B3 autonomy LAS WEIEE Rt DEC-A A}
I sl Ee JJEH o7 DEC-A AtaL(DiD—-3b) A& SAATS AbEste] WHHLE <
A3 (Safe State)ol =9 B FAAI7]E= Aolyt 54 DEC—A Atare] &3t AA7IE
AtaL(DiD—3a) WA -§ ¢HAaAIE o] AFE 7Hed A9 AFES & Q) CdE B dHdFSA
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Operation)ol] A& 4=
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T HAFIAES(SIS)ESE T 2 fFEFX(Feed and  Bleed
o, o2l DEC—A Ataol DBAAMAL thA]An|Ql 5w 2T
ATt
AR .

* DEC (Design Extention Condition): A A&z
DEC—-At =AlW&§AaL, DEC-BE =4&§AL (S AL E ofn 3t
AOO (Anticipated Operation Occurrence), CCF(Common Cause Failure),
PIE(Postulated Initiating Event)
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Study on Methods to monitor radioactivity leakage in Cogeneration

Nuclear Power Plants
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Demonstration of Practical Elimination of Large or Early Radioactive

Releases in Nuclear Power Plants

SEGEE dd FES T8 e AR, 95, TEE o fH A7HER ofyE AL
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A Review on Legislation and Case for Continued Operation of

Nuclear Power Plants in Korea and USA

AAHF LA A F71 8 kA A 7 (Periodic Safety Review, PSR)2 AWddst, Al dH7, &4
A3 2 7ledd 5o vFHE S Ui dAE 977 5 15 HHAS B
st7] 918 A8 F7Imteh 147] b QlAbell thste] AxpeEdbd Al b HUHE skl
Atk =l ] A9 20304 7= 107 7] AR A7 Aol ko] AlS s
FZ Tl Atk olE HE Fad Visvies 8% HAdHRE Al FR2E7]7]e gk
A 2 ATEY T& v d8 VErieS 485kl HrtE Festelor st Egh
T - 9 AlESAY #AE HE vja FA T8 FEete] ASEHe A8 7F 27 AAF E S
HA F S8sto] ALY HA bdAdR7E AAA 9 ga&F ] Y] T H8st)

T A AL bAAdE e AR AldlE A6 (7714 bHAdE 7] A7
T) @l oA AAEAIAL HAAFH 7] wEE Fo O AHS ASete] A5k
Ag-oll gk AeRs qrAska glom FrARbAAE T W8S Atk AldE A3Tx
O 2 AldrE A202dd w2 1470 HHRIAF 6870 AF-H 7 AEA7|HE g T4
71710l tigt R 7y, 97t o) WstE WA g HutE Fastelof g,

n A e AL HE(License Renewal, LR) 10 CFR Part 54(Requirement for Renewal of
Operating Licenses for Nuclear Power Plants)el]l ¢Jsle] £ddxe] 937} wtuw F A%
TS AFgEta At ALEEHES FRANY] fsiAE AlEd A7) 413 10CFR Part 2,
§2.109(Effect of Timely Renewal Application)ell 9]&l], WAL AA7} &3] 7F vt d=ZHE 51
A7NA] AlEdS AAH st oF gt o] Aajel oA A& AAHAME AEFste A5 HEH
o2 A4 €@ "7x 7]F Wt whsd Aow e ged ASed A B4 A%
A Qs 7t BRG] A%, 7)7], FFE0 i8] A< 717 (Current License Basis,
CLB)9 &, dddstdrt 2 Al&ed 7I3F 5 daddsi7+E &5 o5 s digh
WA n] 7 AESSH AAHA HE T 2k s WA gk A
Au|er g7, AL Avld ol digh
sto] 2987t AL 7 o E A
9 AL FEPHAA a8t e AE, £ T 7SS BHET o gig 7F
HE T 585 Hrhsta A7 $AS wol A&EEdS 8stal ok

20203 49, v AxFE A9 Y3 (Nuclear Regulatory Commission, NRC)E  Reg. Guide
1.188(Standard Format and Content for Applications to Renew Nuclear Power Plant
Operating Licenses)S 7§AsAA 22 Al%&S7 413 (Subsequent License Renewal for 20
years, SLR)e| #3t A& wrgatqlet. dAl, vl= U &9 0 479 90% o]do] A%
= FAE FE 60 R 93] 7|gke] Ao AH WH| wel 23 AlSd A1F
3le] 80\ 9371 w9lE Y-S Turkey Point 3,4%7](20199 12¢¥ 591 5 67157] o]t}
LS o dAE Al AlEEd B Fo W&o, quUldHY A
+A Al IR, bdAET WS vddY ASEd A A, AESd A AR
D AEAA A 5 v aEA ste] 7)< skgl
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A Comparison of Hydrogen Depletion Rate evaluation methodology on

the Passive Autocatalytic Recombiner
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o] gnkgor TV AAAE Y AddE WHe FAEE S ¢ Aok
ol gt Al o R A U FiE = g kol Hke-FH =Y A PARE S0

[€]
wgel ola 4 £3/E AV 2 ZujAe] wAwg 9 Lt o

gog FAE 374
AsFe] Wslgs ol g3t WY
ol Al PARell ol A A= z
st i Aol A PARC] 93
DA AL AEe FaAEA A dFeE FHIESE M
A& AHAE o] &st, AAl 9HolA= PAR a9
st R A FaAAE F/PEHES AE3te Aol F

G B AT
=7 5

A
2AAE B7PEY
[e2]
oS

ol g3ke] H7tal

_64_



= 2022

48

il

4

FTTEE 375 MFAE I

Application and Improvement of Modified 37 Element Fuel Bundle in

Domestic CANDU 6 Reactor
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Analysis on the false alarm cases of loose part monitoring system

ol

71 A A4

<

A% FgaT

o)

T

)

KN
T

Part Monitoring System)

Loose

o

o

o

bz
1=

717, A=Yz A

=
<]

K

&

PAY 7171

sFefo] Ws

ergl

‘(ﬂ

b= gzt

2]

o] Al

2

s

Azt way

bt ot

5|

AHIES 20

wjr

_66_



= 2022

MN3lFir AT

A Risk Analysis for Leakage and Pool Formation of Liquefied hydrogen

Storage Tank
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Study of Hydrogen Brittleness and High Pressure Hydrogen Pipe

Fabrication for Hydrogen Station
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A Study on the Method of Calculating the Transaction Quantity in
Hydrogen Charging Station
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A Study on the Safety Evaluation Simulation Method for the Explosion

Structure of the Barrier at a Hydrogen Refueling Station
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et R A oy A4S Y3 At $219 AA 9 X34
Design and Numerical Analyses of Low—head Hydro Turbines for

Energy Production from Cooling Tower Canal

Hydrokinetic energy is an easily available source of renewable energy that can be
generated from run—off—the river, agricultural and industrial waterways, tailwater
channels, and other shallow water passages using low—head hydraulic turbines. The
hydrokinetic energy available at the cold water canal of cooling towers is exploited by
developing and testing several hydraulic turbine designs using Computational Fluid
Dynamics (CFD) modeling. A horizontal—axis screw turbine, horizontal and vertical axis
savonius turbine, tubular axial turbine, ducted axial turbine and a inclined kaplan
turbine are studied for their design feasibility and performance. The turbines are
designed based on the installation site operating conditions and the constraints on head
and turbine diameter for a safe operation of the cooling tower. The inclined Kaplan
turbine design is selected based on its efficient performance by meeting all the site
constraint conditions and targeted power. The presented turbine designs can be
considered for power production based on the available site conditions and economical

viability.
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A Study on the Correlation of Major Components for Francis Turbine at
Various Specific Speeds of a 30MW—Class
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A study of Compressed Air Energy Storage (CAES) process

development using unused space
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Hydrodynamic Design of a Single—channel Pump with the Different

Power Frequency based on the Similarity Law
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Recently, single—channel pumps have become popular for wastewater treatment in
Korea. To be able to use this kind of pump in other countries with a different power
frequency, this study employs the similarity law to redesign the impeller shape of the
Single-channel pump optimized from the previous work. The numerical simulations are
carried out by using steady and unsteady Reynolds—averaged Navier—Stokes equations
and the shear stress transport reattachment modification (SST k—w) turbulence model.
The hydraulic efficiency curves and internal flow field including contours and
streamlines are carefully investigated and analyzed. An experiment based on the 11th
API610 standard is used to validate numerical simulation results. The new pump model
satisfies the design criteria with a minimum total head coefficient at the design flow
rate. When compared to the reference model, the new model's hydraulic performance is
decreased under low flow rate conditions but its efficiency is increased under high
flow rate conditions. At low and design flow rates, the sweep area of the unsteady
radial force distribution in the new model is slightly larger than that of the reference
model while at high flow rate condition shows the opposite. However, as compared to
the reference model, the distance between the center of the radial force and the origin
of the new model is significantly reduced, particularly at the design flow rate
condition. Furthermore, the unstable radial force values are consistent with the steady
radial force results. Moreover, the pressure oscillation of the new model is decreased
as compared to the reference model. The new model clearly suppresses the
non—uniform high—pressure zone induced by the rotor—stator interaction around the
impeller outlet. The new model's improvements are mostly due to the enlargement of

the cross—sectional areas of both the impeller and volute channels.
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Comparative Analysis of CFD and Ventilation experiment for

Determination of Good Place for LP Gas Ventilation
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A high electrochemical performance of N,S co—doped FeCo nanoparticles

.‘.l

encapsulated three—dimensional (3D) porous carbon nanofibers for
application of PEMFC

& o7 up

7}

oH
Lo g

The depletion of fossil fuels, CO2 emission, and other environmental awareness
intensively propel the progress of hydrogen society. In particular, proton exchange
membrane fuel cells (PEMFCs) are the most promising attention to obtain the clean
hydrogen energy. Currently, Pt—based electrocatalyst is regarded as the benchmark for
ORR side in the PEMFCs. However, the high cost, scarcity, and poor durability of this
electrocatalyst limits the large—scale application and commercialization. Of course,
state—of—art non—Pt—based electrocatalysts is being consistently studied to overcome
aforementioned problems.

Herein, we intensively developed a N, S co—doped FeCo NPs supported on the carbon
nanofibers (CNFs) via a 2—step process: electrospinning and carbonization techniques.
In addition, the catalyst was co—doped with N and S, which lead to highly improving
the electrochemical performance, thereby impressively displaying 5.32mA cm—2 @
0.4V vs. RHE of the half—cell.
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Study on the rGO—coated NiSeyx NPs supported by carbon nanofiber for

application of potassium—ion battery

A8, RS, o7l

’

Globally, alternative Li—ion batteries (LIBs) as a key solution to hold a lead for the
resources war have been still required on account of the depletion of the resources.
Among the next—generation batteries, potassium—ion battery (PIBs) is the most
promising energy storage and conversion system as an alternative attention with
earth—abundance and reasonable energy density. However, it cannot be still
commercialized since the larger ionic radius of potassium (1.38 A) than that of lithium
(0.76 A) leads to poor electrochemical performance.

In this study, we pioneered the way to overcome the Ilimitation, considering
rGO—NiSe,—CNF composite prepared by several steps. At the first time, carbon
nanofibers were prepared with Ni and GO as potentialities to be developed to
rGO—coated Ni NPs on the CNF by the carbonization, subsequently synthesized as the
rGO—NiSe,—CNF composite by the selenization. In terms of physicochemical
/electrochemical characteristics, rGO—NiSex—CNF composite displayed that it led to
the improvement of specific capacity and durability of PIBs (276 mAh g '@50 mA
¢ 1) during 30cycles.
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A novel copper cobalt carbonate hydroxide needles on graphitic carbon

M

3

nitride with nitrogen deficient sites as an ultra—stable electrocatalyst for

sea water splitting
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Scaling up electrochemical water splitting is nowadays affordable for hydrogen economy
implementation. The most advantageous electrocatalytic water splitting has considerable
potential to produce clean H; with zero carbon emissions. The overall water splitting
electrolysis can be divided into two half-cell reactions: the anodic oxygen evolution
reaction (OER) and the cathodic hydrogen evolution reaction (HER). Both reactions are
slow and to overcome the limitations, electrocatalysts is the only way to boost the
kinetics of OER and HER. Todate, Ru/Ir and Pt are the state art of materials for the
OER and HER but their high cost, scarcity and poor stability limit their large—scale
application. Recently, metal oxide and carbon based polymer composite have been
reported as potential material to maintain stability for long term.

In this work, novel copper cobalt carbonate hydroxide and graphitic carbon nitride
(CuCo-CH)/g-C3Ny were developed by facile hydrothermal method. The morphology of
the sample were characterized by filed emission transmission electron microscopy
(FE-SEM), transmission electron microscope (TEM). The crystallinity and chemical
properties are studied by the X-ray diffusion (XRD) and X-ray photoelectron
spectroscope (XPS). As expected, when serving as an OER and HER catalyst in 1 M
KOH aqueous solution, the CuCo-CH/g-C3N; presents a high activity with lower

2 and a small Tafel slope, as well as a

overpotential at a current density of 20 mV cm
high durability observed at 24 h of a chronopotentiometric tests. Their excellent
performance was also investigated under artifical sea water (ASW). Furthermore, an
efficient and stable alkaline-electrolyzer using the CuCo-CH/g-C3N4/NF as both the

-2

cathode and anode achieve a low voltage at the current density of 10 mA cm ° and

maintain robustic stability for about 100h.
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Development on Passive Auxiliary Feedwater System for APR1000
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Study on Optimal Combination of Steam Turbine for Small Modular

Reactors
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Analysis of Multiple Spurious Operation of Flow Control Valves of

Auxiliary Feedwater System for Westinghouse Nuclear Power Plant
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Design Development of APR+ Pressurizer Upper Support Structure
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Study on Eemergency Planning Zone for Innovative

Small Modular Reactor
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A Sensitivity Analysis of Core Damage Frequency
for Innovative Small Modular Reactor
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Applying RG 1.97(Rev. 5) of Electrical Power System for SMART100
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Offsite Power System Design of SMART100
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Analysis and Countermeasure for Malfunction of

Insulation Monitor in Nuclear Power Plant
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Study on the Safe Shutdown Design of a Passive Nuclear Power Plant

&

]

o
0

o

o
O

—l

hul

B =) A7)l

¢l SMART1004] o

S
=47t

d

2019 12¢, 429 ¢
Foith. 20129

5|

-
T

)

=
T

=42 2

SMART €&

uro.
— -

=
=

i

g

2 %

=
=

A Q17}

el AZIE A7) wol T

i
=

7RE  BAAL

2021

d

ATt

Zl =] o

A=z 4

A71E

=
=

?l.

2 wx
A A
=
[¢)

Xl

N

VA =

o132

EREKa

71 A Z A el

3

[e)
B

Ll

A2 7}

<

A =

1)

ek

o] 7 7
e, 3) ol @

e, 2) wAlolu A=W ZA A

1:_
T
B

o
T

s Al =

=1
KRn

A AA7L

H
o

7171 A& ol

]

A
f

-
a-

—~
o

i
W)

z:gl,

A

Aoy 71717+ 4

-
.

oE FAA 7]

A AR A

2]

¢}

R Rt

g
1. ey

5]

G
A
T
0

T

c

ol

93.3 CZ A

s

HATIAAD L

=
=

Wzre 3

7] 98 27

SETHA Y2

.
3k

7}

[e)
T

AERAREE

wK

Aot Ax2A IAEAA T

2

485

FLAAAE ]

[}

I

el

[e]
A

=
T

fsi3
=

o

=

X0

B

i

No

e e E 5 ek

ofp

ted, SMART100& Apal

F7ts

ool
}:_i

AT

vE Fulstein

3zt
olo] w}, SMART1009]

o

c

]

[e}

_93_



m 202214 SHLO||LR|TtE| ZAGHEHIES| =

SMART1009] HIMAAF HAI=2] A
Regulatory Treatment of Non—Safety System Design of the SMARTI100
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Development of Validation and Verification Method for Emergency
Operation Guideline Considering Accident Sequence of SMART100
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Analysis of the Revision of RCS Operational LEAKAGE in NUREG—1432
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Status of the Study on improving the applicability of Technical
Specifications in OPR1000 Nuclear Power Plants
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ether sulfone) for proton exchange membrane fuel cell
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Synthesis of Low loading Pt Nanoparticle anchored on Transition nano
composite N-doping Graphene Nano fiber used as efficient
electrocatalyst for hydrogen evolution reaction

Subramanian Vijayapradeep® - Milan Babu Poudel’ - Karthikeyan Sengadurai Chitra® -

Dong Jin Yoo 2

"Department of Energy Storage/Conversion Engineering of Graduate School, BK21
FOUR, Jeonbuk National University, Jeollabuk—-do 54896, Republic of Korea

“Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk-do 54896, Republic of Korea
*Corresponding Email ID: djyoo@jbnu.ac.kr

Hydrogen is studied as a promising clean energy source and developing highly
active and longer durable, cost—effective electrocatalysts have become inevitable for
energy storage and conversion application. Herein, we synthesized a Pt -
Nanoparticle core-shell anchored to transition nanocomposite by the hydrothermal
method and then calcined it at 600 °C for 2 h with the Pt-aniline complex. The
prepared electrocatalyst was characterized by various analytical methods such as
field emission scanning electron microscope (FE-SEM), energy-dispersive Xray
spectroscopy (EDS), high-resolution transmission electron microscope (HR-TEM),
X-ray diffraction (XRD, thermogravimetric analysis (TGA). The prepared
electrocatalyst shows a lower hydrogen evolution reaction (HER) overpotential of 32

mV at a current density of 10 mA cm™® as compared to Pt-C and long-term
durability of 36 h at a current density of 10 mA cm 2. Furthermore, the prepared

electrocatalyst shows we improved HER performance in alkaline water /seawater.

Keywords: Hydrogen Evolution Reaction, hierarchical flower-like electrocatalyst, Pt

Core-shell,
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Graphene nanofiber incorporated poly (phenylene oxide) anion exchange
membrane for fuel cell application

Iyappan Arunkumar!, Ramasamy Gokulapriyan®, Ae Rhan Kim!, Dong Jin Yoob?

"Department of Energy Storage/Conversion Engineering of Graduate School (BK21
FOUR), Hydrogen and Fuel Cell Research Center Jeonbuk National University,
Jeollabuk—do 54896, Republic of Korea
“Department of Life Science, Jeonbuk National University, Jeollabuk—do 54896,
Republic of Korea

Abstract:

Anion exchange membrane fuel cells (AEMFCs) are considered as beneficial to their counterpart
proton exchange fuel cells (PEMFCs) due to their outstanding advantages. Both fuel cells use
membranes as polymer electrolytes to improve fuel cell properties and peak power densities.
However, the low hydroxide conductivity and poor chemical stability of the AEMs are the current
major challenges for their application in AEMFCs. This work evaluates a series of quaternized
poly (2,6—dimethyl—1,4—phenylene oxide) (QPPO) incorporated with GNF for improving ionic
conductivity, water uptake, mechanical stability and fuel cell performance. The bromomethylated
polymer was synthesized from bromomethylation of poly (phenylene oxide) (PPO). Finally, the
(QPPO)/GNF blended membrane was fabricated via simple solution casting method by varying
the amount of GNF in the membrane. The structural changes were analyzed by nuclear magnetic
resonance ('"H NMR) and fourier transform—infrared spectroscopy (FT—IR). 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 with the addition of GNF. The overall result
concluded that anion exchange membrane blended with GNF would be the efficient electrolyte

for fuel cell application.

Key words : Anion exchange membrane fuel cell, inorganic filler, graphene nano fiber,

lonic conductivity
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Copper quantum dots decorated on transition metal sulfide nanosheets
for an excellent electrochemical CO; reduction

Murugesan Prasanna' - Palanimuthu Naveen Kumar' - Tamilarasi Subramani' - Dong Jin
1,2%

Yoo

Department of Energy Storage/Conversion Engineering of Graduate School, BK21
FOUR, Jeonbuk National University, Jeollabuk—do 54896, Republic of Korea

“Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 5.4896,7 Republic of Korea
*Corresponding Email ID: djyoo@jbnu.ac.kr

Abstract: Electrochemical reduction is the finest pathway to overcome the hurdles in
CO, reduction reactions. To date, this is the most promising tool and effortless. The
product generations at the potential window (—0.33 to —1.90 V vs. RHE) are
thermodynamically stable CO, molecules. Developing a well—designed electrocatalyst to
attain higher faradaic efficiency, stability, and selectivity is essential. Nevertheless,
copper—based electrocatalysts show better results despite the observed lack of
selectivity and stability obstacles. In this regard, transition metal sulfides have unique
properties such as high surface area and facile electron transportation. Here, we have
developed quantum dots decorated on transition metal sulfide nanosheets. It can
enhance the COs reduction reaction with high faradaic efficiency. Moreover, we have
confirmed the material formation with various analyses such as XRD, XPS, FE—-SEM,
EDAX, and HR—TEM.

Keywords: Transition metal sulfides, Quantum Dots, Electrocatalyst, CO, Conversion,

Selectivity.
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Zinc-Cobalt Selenide Nanoparticles Enhancing Oxygen Reduction and
Oxygen Evolution Reactions for Zn—Air Battery Performance
Investigated by In—situ XRD and Ex-situ XAS Analysis

Ramasamy Santhosh Kumar! - Tamilarasi Subramani' - Dong Jin Yoo'?*

'"Department of Energy Storage/Conversion Engineering of Graduate School,
BK21 FOUR, Jeonbuk National University, Jeollabuk—do 54896, Republic of
Korea

“Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 54896, Republic of Korea
*Corresponding Email ID: djyoo@jbnu.ac.kr

Zn-air batteries are becoming promising energy sources for environmentally
friendly energy storage devices and hybrid/electric vehicles due to their high
specific energy density and low cost for next—generation green and sustainable
energy technologies. An air electrode integrated with an oxygen electrocatalyst is
the most important component and inevitably determines the performance and cost
of a Zn-—air battery. This article presents exciting advances and challenges related
to air electrodes and their relatives. After a brief introduction of the Zn-air battery,
the architectures and oxygen electrocatalysts of air electrodes and relevant
electrolytes are highlighted in primary and rechargeable types with different
configurations, respectively. Moreover, the individual components and major issues
of flexible Zn-air batteries are also highlighted, along with the strategies to
enhance the battery performance. Finally, a perspective for the design, preparation,
and assembly of air electrodes is proposed for the future innovations of Zn-air

batteries with high performance.

Keywords: Spinel nanoparticles, Redox reactions, Zinc-air batteries, In-situ XRD,

Density functional theory
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Design of Hydrogen explosion test for Revison of Current Hydrogen
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A Study on the Analysis of Accident Cases for Securing Safety of

Hydrogen Infrastructure in Korea
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Metal organic frameworks (MOFs) derived zinc cobalt telluride
integrated nitrogen doped carbon for high performance

supercapacitors

Milan Babu Poudel! -+ Ae Rhan Kim! - Dong Jin Yoo'?*

"Department of Energy Storage/Conversion Engineering of Graduate School,
BK21 FOUR, Jeonbuk National University, Jeollabuk—do 54896, Republic of
Korea

“Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 54896, Republic of Korea
#Corresponding Email ID: djyoo@jbnu.ac.kr

The synchronous improvement of ionic diffusivity and electronic conductivity of
electrode materials 1s of enormous significance for boosting its electrochemical
performance. Transition bimetallic compounds are exploited as high—capacity
electrode materials for supercapacitors due to their abundant electroactive sites and
electrical conductivity. However, it remains grand challenge to construct
supercapacitor devices that deliver high energy density. This work reports the
fabrication of metal organic framework derived zinc cobalt telluride integrated
nitrogen doped carbon (ZnCoTe-N-C) on nickel foam as a binder free electrode for
supercapacitors. Specifically, ZnCoTe-N-C cathode exhibited high specific capacity
as well as excellent long-term stability. The excellent electrochemical activity of
the electrodes is attributed to the incorporation of redox rich bimetallic components
and nitrogen rich carbon directly grown on the current collector, which reduces the
dead volume and avoids volume expansion during charge discharge process. This
study expands a way to construct a hybrid supercapacitor with well-designed
structure and superior performance for clean energy storage technologies utilizing

minimum resources.

Keywords: Metal organic frameworks, zinc cobalt telluride, N-doped carbon,

supercapacitors, specific capacity

*Corresponding Author: Dong Jin Yoo (djyoo@jbnu.ac.kr)
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A Non-Enzymatic Electrochemical Sensor for Glucose Detection Based
on NiO;@PG Nanocomposite

Tamilarasi Subramani! - Ramasamy Santhoshllz{umar1 - Sayfiddinov Dilmurod® - Dong
Jin Yoo'*

'"Department of Energy Storage/Conversion Engineering of Graduate School,
BK21 FOUR, Jeonbuk National University, Jeollabuk—do 54896, Republic of
Korea

Department of Life Science, Hydrogen and Fuel Cell Research Center, Jeonbuk
National University, Jeollabuk—do 54896, Republic of Korea
*Corresponding Email ID: djyoo@jbnu.ac.kr

Abstract: Nickel oxide-phosphorous doped graphene (NiO;@PG) has developed as
a stimulating earth rich catalysts for electrochemical glucose sensor. There are
variety of factors that impact glucose sensor activity and selectivity, including the
catalyst surface structure morphology, composition the choice of electrolytic ions
and P" and the electrochemical cell design. Many of these factors are often
intertwined, which can complicate catalyst discovery and design efforts. Here we
take a bored and historical view of these different aspect and their complex
interplay in glucose sensor catalysis on Nickel oxide with the propose of providing
new insights, critical, evaluations, and guidance, to the field with regard to research
directions best practices. First, we describe the various experimental probes and
electrochemical applications that have been used to discern the mechanism by
which products are formed, and next we present our current understanding of the
redox reaction network for NiOs@PG. we then analyze two key method that have
been wused in attempts to alter the activity and selectivity of NiO@PG
nanostructure and the formation of NiOy@PG/Glu electrode. Finally, we offer some

prospective on the future outlook for electrochemical glucose sensor.

Keyword: Nickel oxide, Phosphorous doped graphene, Glucose sensor, Real

sample analysis, Electrochemical sensor.
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Manufacturing and characterization of aqueous CNT dispersion for

lithiumion battery conductive materials
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An analysis of Short—Term Wind power forecasting model based on

weather information
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Performance Analysis of Liquid Air Power Generation system
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Compressed Air Energy Storage(CAES) Overseas Technology Trend

Analysis
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Development of Non—Powered Module Type Biogas Purification System
based on Hybrid Media
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Sputtering power dependent properties of Zn2Sn0O4 films

Shin Yeonju* - Ignatius Andre Setiawan - Kim Dong Hyo - Kim Boyeon - Gedi
Sreedevi, Vasudeva Reddy Minnam Reddy - Salh Alhammad - Woo Kyoung Kim::x
School of Chemical Engineering, Yeungnam University, 280 Daehak—ro, Gyeongsan
38541, Korea.

* Presenting author (tls6780@naver.com)

#* Corresponding author (wkim@vynu.ac.kr)

This work presents the effect of sputtering power on the properties Zn2Sn0O4 thin
films deposited by the RF magnetron sputtering technique varying the sputtering
power. As the sputtering power increases, it was observed that the thickness of
7Zn2Sn04 thin films increases. The structural, electrical, and optical properties of the fi
Im are studied using various characterization techniques. Hall—effect measurements
revealed n—type conductivity with carrier concentrations of 1x1019 cm”™ 3. The films
show transmittance over 85%. Surface morphology of Zn2SnO4 thin films is observed
by SEM.
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A reinforcement learning—based method of optimizing the usage ratio of
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minimize the performance degradation cost
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Analysis of applied parts to reduce conductive electromagnetic noise for

power supply and control module of drive motor
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Impact Assessment of core reactivity

due to the operated period of Pressurized Heavy Water Reactor
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Preliminary Analysis of Limiting Condition of Operation of ShinWolseong
Units 1&2 compared to NUREG—1432
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Performance Evaluation on Compound Flexible Operations
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HE5$5Q9u8Y) A5A ol 3 SPACE ZE $E5IAERD F7}
Assessment of Condensation Heat Transfer Model built in SPACE Code
for PCHX Performance Test

T 5o AAdES o)&st HEFoR A AAIF HEEETTAE (PAFS, Passwe
Auxiliary Feedwater System)o] t® 2% Aujo|t}. & AELS APR+o| FHEE ZHEHQAI\-—‘EI#
TFEAHYE TILAR] APR10009] AleTAo= =9dste] A 2=2A7 Ad ol g
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LAPLACE(LArge Scale PAFS Loop for Assessment of Condensation Effectiveness)
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2H] 15/240, dadky] AE FHa4H 1/4, 271"% e
8 AAVIFEeR s, AA S71EAY, dEesHEas
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T SR grhEY. v, g VR Rde] A YaSve eSS A
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A Status of Augmented In—service Inspection in Domestic NPPs
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A Integrity Assessment of Steam Generator Tubing in the High Dissolved
Oxygen Environments of Condenser during the Operating at NPP
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et G5 AWEgFEst A CNT Aol CoZn/HZSM-5 Zwle] H|&Ad 3]
n| X &= 3k
An influence of CNT formation on deactivation of CoZn/HZSM—5

catalyst for ethane dehydro—aromatization
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Effect of noble metal addition to methane dehydroaromatization over

Mo/HZSM—5 catalysts

I I

SUCE

5

f<

BTX A4S o

]
e

W7 2 AR ET, s

Mo/HZSM—-5 &

s %

=
=

= Ropolt}. of¢]

el
Gita!

!

ofp

0

+
oj
ol
el

meo
]
ol
M

3

o

Zu)o] ub

1 Mo/HZSM—5

3

A NF&5Y EAL F
kg Aol thep

K

r

q

LR

3

ol el
b

5]

-
R

btk

S

tol felg it

S

- 177 -



" 202{E gHo|LR|etE AAIA LR =

AA7rs Sl H3 B33 AskE A o|A Mo/HZSM-5 vl
=9E At vl e 23

Effect of Silica Binder introduced to Mo/HZSM—5 Catalyst on Natural

Gas Dehydroaromatization Reaction and Oxidative Regeneration

Fud - Hdd - ARE - 0B’

F8 @skEe] Adske Aol Fhsta gow, kA BgEe BIXE I
Biochemicals®] & X3t Z718ta Q). old wgl, A7AE AL&35te] BTXE A8}
= 29l UE Beyel TR HAskaE B8 A9 A% FHOR BIXNE A
dhs A4S AA7hAE FEshe A4S AR Aavt glolA vE aEAeln JIE IAHR
R

Mo/HZSM—-5 12| MFI A &gfo]Ex= TBTX9 H] 523k 3_7]4 pore sizeE AUl gl
A E=o Helds At shA Rt "t geadEs) uke = FAEE cokedt Mo
=3 sintering®. &2 <18 A)&#o]E channel blocking, 2Hd ZA7F WS Zuf v &A]
3} oz oot FAE cokedE AAZ] & e AbstH A RS =94 H
§-, dealumination®.2 13+ Fu] F+x =z s ¢ wE v&dsr7t Yephdu

of Aol A= oled WAE FHaaA, Mo/HZSM—5e] A7k uile & =ste] S
A Fule] 2 gy J4S At g8tk SEM, BET, XRD #4& &3 nid
t7b E9]¥ Mo/HZSM—5 Zvj 9] ?— o} el =5 vashylity. B3 dArts

7E
YA FHe WS B v 24 nwE Qs
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Effect of surface properties of Pd/wrinkled silica catalysts on

hydrogenation of furfural

e - olwg - owy’
A EATA SRR, e e 33 EEe

With improving the demand for sustainable and renewable materials, many researchers
have reported utilization and conversion of biomass—derived materials due to the
depletion of fossil fuels. Tetrahydrofurfuryl alcohol is an organic material obtained
from hydrogenation of furfural or furfuryl alcohol, which were used as a green solvent
and synthetic intermediate. To improve hydrogenation of furfural of furfuryl alcohol,
the acid—base properties need to be modulated. Herein, surface properties of wrinkled
silica was modulated by different concentration of organosilanes. The functional
organosilanes were chemically anchored to wrinkled silica surface by hydrolysis
reaction. Then, Pd supported catalysts were synthesized by chemical reduction method
and their catalytic activities were tested via hydrogenation of furfural under mild
temperature. The results indicated that the catalytic activity was dependent on surface
properties due to the nature of functional groups bonded to wrinkled silica. Compared
to Pd supported on pristine wrinkled silica, Pd nanoparticles supported on the
pretreated wrinkled silica were highly dispersed due to the induction of functional

groups as anchor sites, leading to higher activity.
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T4 AL Al olitsterA AFS dAIgE I3AE Fok2d A 5
Development Trend of Eco-Friendly Oil and Gas Fields

with Carbon Dioxide Storage in Hydrogen Production

AEA - otk . o]t E . AZEA*
El=nta Vs ke e RE DA AR Ersieini}

4121
Bt} Aako] o] Fo]H F7tAHS o ® 7345 (enhanced oil and gas recovery,
EOR/EGR) ¥} o]4tsters A4S 9% A A7t FAEA o, A ATS
A A8l ZeAET 28 9 A o 7k AFTOA R o] AkstEr A
TUH AS s AFS -2 H] (mobility ratio), *|3& & (displacement
|

[e)
efficiency), AF% <% % =

In
I
e
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_Q‘ _4

gL 5 gk ks mhotsk np glomn, x7]d
ojibsterA T AL EaelA] 7] 9% HAe FdxR AAVE d83S AAFeSlH
ojibsterA 9] ¥, Ao AAAAS vetstaal Ar|7te] AlEdoldoRZEE FAH A
S 2UEYatar ¥3 7] 2 (trapping mechanism)< 3o}3k v} glo). 3 A &S e
M AAA B0 dEHolug o]tetetA Halo] uwhE HES F7FHQ Af Aato g
FE B Thsdhe geoteilty. 5 AAAHAEE SRE o AFdesd 7lEelA o
Absheha AS AAISE CSEOR 3 CSEGRE flsiA = € olitsteth Asat A%
UHE T2 28T F v HAS 7= F4o] 2483 Ao=w Bt
A} A}
o] EHE 2021d%E AFEAAAT Afhoz 61—-?:,101]1/1%]7]€Jﬂ7]—ﬂ,/] 2] 9L o} 223
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A Strong Message to Enhance Energy Security of

Korea from European Countries in Trouble
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Design of Elastic Container Material for Compressed Air Storage of
Static Pressure Compressed Air Energy Storage using Hydrostatic

Pressure
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Development of 5G—based Smart Factory Digital Energy Signal Log
Analysis System
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A Study on the Operation Method of Energy Platform Based on Mobile

Communication Network for Efficient Energy Management
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A Study on the Trend of Energy Management System Using Private 5G
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