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(CT-1) High Electrical Conductivity of Electrospun Indium Tin Oxide
Nanofibers
s (Fedstn AARR3s)

(CT-2) 2RH71228E 1&
AL, FRR, 2,
‘Fudista 2stn, *Sdoistn Alaxgata

(CT-3) Improved Antioxidant Activities During the Hydrolysis of Okara Using
Subcritical Water as a Result of Isoflavone Profiles and Total Phenolics
David Nkurunziza', Periaswamy Sivagnanam Saravana!, Phillip Pendleton?,
Ml (lvAgsty AlZ 28kt 2School of Chemical Engineering, The
University of Adelaide)
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1:00 (109 Coffee Break
1110 (25)  (CT-14) o|MotErARIS SIgt BELA-CHIA Suho] 2
w99 (a%isdEtn)
11:35 (25°)  (CT-15) A7]3}erA o]AtsletA A £35F Cp, 3I3ME AJAH
aut | AAE (dRslsldd, sl sagss)
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45 FAE 14 (A
13:30 (25")  (CT-16) Power-to-X& st CO; 43 Fuj ¢ 374 7Y
Qe AL @A) shaEl wsl el szlet (et ry)
13:55 (25°)  (CT-17) Catalytic Transfer hydrogenation of furfural to furfuryl alcohol over
Uut Zr-MOFs
Anil H. Valekar!®, Ji-Woong Yoon!, Do-Young Hong'?, Jaesung Kwak!,
Kyungryul Oh!?, Cho Kyung Ho!, Ga-Young Cha'?® Jaehoon Jung?, Jong-San
Chang'”, Young Kyu Hwang'** (‘gt=stetd e, *Jaaitysta,
‘el s oigttislAnielw, ‘eAtTysl )
14:20 (25°)  (CT-18) BA =Z=2|o] ZWE AxE 935t HMFO A& 443} ¥rer|&
Udt 2744 A9 (‘shyist)
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15:00 (25")  (CT-19) /714 HAIY {722 HE FAAds 42 At 284 AAY 7=
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(CT-28) AAMBIE AAS 93t A2 & SCR ZUZ A58 2& THAeIE0|

09:30 (259 o83 Ax
RiC AR, olEd! A5 (Aedista AEEEy)
0055 (257  (CT-29) FCC LCOY A 2AA2/2A RS 53 295 Bolds A
A} 2A3A! R oy, AEY? FEF FeA? (sotsty, P2 U(F)
. ‘ (CT-30) Inter-particle migration of Cu ion between physical mixed
10'2_0 (25)  Cu-SSZ-13 and H-SSZ-13 by hydrothermal treatment
= olgts!, s, MAY!, sl (Aeryst)
(CT-31) IGFCOl 5§ 7F53 232 A& CuAl 3§ §2A49 A7) ope
10:45 (25°) EE}%}%?’ AT . . . . ) P N
shAg HHAE, o|gAl, Zuls’, ofEjAlY, v, o] 5F4, A|&e) ((FEHidd,
TE71%ATY, S HHAPY)
12:00 (90°)  AAIAIA}
&g olpE 14 (3Rt
13:30 (25")  (CT-32) ¥R 4 SFAHY] 5 T2 58 nAHA Wi Mgz AP d4 18
%7 AZEAY (SRR (F) el ey
13:55 (25")  (CT-33) CFBC H|AAE AFANZ AMESH a7 8249 93544 d+
by WAL ARG, AR, A, mR, oK, mAs
(F2HG AR AL, FRAV DAL ARR)
14:20 (25)  (CT-34) £4t2 A& RN Majxo] AW L3 Wg
oyt Zoul!, oA & (‘HRcfstn AHUoluI | B et
14:45 (25')  (CT-35) 1&/d A28 NH3-SCR @A F0jo] 24 AL F3F
Adt Zsg’, gaat, Oﬂia}” ol ! (g2 ATY, “AR}7 )
15:10 (10°)  Coffee Break
AR AES U (SRS A7)
1520 (25) (CT-36) 33 2ADIZ o8& A9 ej/tao] =&t ~3ew{du]o] d7e S8
a3 o]\:ﬂil* \:ﬂ-x]_ﬂ-l 015} 7131@?_2 (( )RIRIolE, ZO}j—WLAH/\}y]qu_—H)
15:45 (25°)  (CT-37) €47 SIH=E o]8sH NOx, SOx, Hg SA|AA 7|&
gu WA, 2ES 15E (ZAATSAT)
16:10 (25")  (CT-38) 448 = A NOx UAA|AH 83} 7|2 7L
Ut AEAY o] 7]! Ao (‘S| Y)
16:35 (25)  (CT-39) 57 RALR Fuja] 301N SOAAE 9Igt MgoA 44 54 A7
QP AR, ol o2 E, AR, MR (AR, 5o, sl

71
R AR 7] & A4, ‘Dot Ea]d)

- Vil -




09:00 (25)  (CT-40) A@§ =7 CO, B Hu|Z o8 Ejoj2E|= Ay
gyt Zefgl, urall, ols!, 2428 AdA? ((F)F71A. colHd 1Y)
09:25 (25")  (CT-41) 2GASA 374 71= £ &8 #oF
gyt ZQE op2A sy s, =55 Ada! (YAl EZYols)
09:50 (257)  (CT-42) 24A X3S o83t DIY P& dg AxE A+
Qe mag, QB ((F)ERIE, “A7tst)
10:15 (20°)  (CT-43) Pressurized Fluid Extraction of Bioactive Compounds from Saccharina
sk japonica with Ionic Liquid as Co-solvent
Periaswamy Sivagnanam Saravana', $3]&! A4l (\Ragisty)
10:35 (10')  Coffee Break
Mg o]d4 BFAL (KIST)
10:45 (20’)  (CT-44) Ionic Liquids for Biopolymer Processing
gyt oAk (et
11:05 (20)  (CT-45) Ionic Liquids as Catalyst and Reagent for Organic Synthesis
gyt 7188 (FRPAIZA )
11:25 (20)  (CT-46) 7IASNLEL U3 ol 2YU/Z4 YeBeA Loy
QAR
11:45 (20°)  (CT-47) o]/ A FEAAHS &85t WIE 4 5558
gyt 2tAA Fop, o] A (et AR A7)
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(CT-48) Development of a High Efficiency Biogas Production Technology

09:078-220) through the Co-digestion of Lipid-waste FOG
e A, 2 5, 455, oRlx, AUE (GYusa)

09:20 (15°) (CT-49) Facile microwave hydrothermal synthesis of sulfur and TiO, coated graphite
%m carbon nitride composite for the enhanced removal of BPA under 400 nm LED
=1 O

Kien Tiek Wong, A, 85}, §4 A, & 91" (F0istw)

(CT-50) Bio-alcohols generation enhancement with controlled methane
09:35 (15°)  production through Volatile Fatty Acids(VFAs) reduction by Microbial
sty Electrosynthesis(MES)
José Gavilanes, C. Nagendranatha Reddy, ®1¥-7]* (733]cfjstw)

09:50 (15°)  (CT-51) £5%7] 7i2 ¥k3-2 Ni-La,03-CeosZro20, FU[9] La,0; &F F| X3} A
s MR el g4, A (AAdish)
. ‘ (CT-52) Integration of submersible microbial fuel cell in anaerobic digestion
10:05 (159 . .
Sl for enhanced production of methane and current at varying glucose levels
e Hoai Thi Vu, 21%7]" (F3]tjst)
Coffee Break
10:20 (15) ~ ~ .
A3 AEd 9 (@ds)
) (CT-53) Artificial Photosynthesis: Assembly of Nanoparticle/Cytochrome
10:35 (15 . .
olut Biohybrid Photoanodes

=T golw @A)

(CT-54) Electro-fermentation of platform chemicals from glycerol by

10:53?”(115 ) metabolically engineered Klebsiella pneumoniae 1.17
TO A, A9 uae (Rudel, feetiet)
. . (CT-55) Biological Nitrification in Microbial Electrolysis Cells at different Applied
11:05 (159 . .
sy Voltages and Ammonia Concentrations
B Ao, 957" (Feicjeta)
11:20 (15Y) (CT-56) H7|& 7tA8t SH7IAE A L3 AL2/d7tA K ol¥E-3-8 BaCo/CeO, U]
g Ba XY FHs} AT
e A74%1, oY, A" (ANt L)
11:35 (15Y) (CT-57) Electrochemical treatment of leachate containing phenols using a Pt/Ti
%}Aﬂ anode
=1 O

Johanna Zambrano, 187" (43]chsty)
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13:30 (25) (CT-58) CO, &&  oluxAAS gt vkt A
Qur ZAML 2GR, ARl e (PR

1355 (25 (CT-59) APOILIA] A7 #3080 71 Y ol
aw E=RAl m@AL 24 AR A9 (FRuAr|ea )
14:20 (25)  (CT-60) 22 w|st A& U]B2-2 o] &3t vjol Qufiat T4 7
gy el Awsl 297 224 B8 guyl Fuel (aet)

14:45 (15")  Coffee Break

15:00 (25  (CT-61) AXJAHA] o]8 1AW AL 93t 7|&
Qlut Al z29A!l, 1Al oled!, eull AxIs!
258! (lst2oux]7 & ATLY)

15:25 (257)  (CT-62) 5717 HAIAQ] Wgsts FXA7= 229 718 BEAETA 7=
Qe Qe AEl Al olsE (LG-sIEA I8 £54)

15:50 (25°)  (CT-63) CO; BEM(Biological Electrochemical Methanation) 34 A7 7|1&
Ayt S99 A5 aEe! (1571ed7Y)
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(CT-65) Removal Efficiency of lead(Il) by polyphenolic derivatives

Dongfang Wang'?, Chul-Ho Shin? Yufeng Zhao®, Joon-Seok Park?,

Moonhee Ryu!* (!Chonbuk National University, ?Seohae Environment Science
Institute, *Chonbuk National University, * Kangwon National University)

Coffee Break
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13:30 (30°)  (CT-68) Photosynthetic Conversion of CO; to bioenergy and biochemical
=3 Aozl Pgel oz oal eem (et
14:00 (15°)  (CT-69) Preparation and characteristics of Bamboo activated carbon through
sk H3PO, pretreatment and steam activation
89 Hoang Vu Ly', Z4e71', Ax4?, 454" (FLdisty, *Zs|dist)
14:15 (159 (CT-70) Potential of large-scale implementation of macroalgae-based
shA biorefineries in Korea
Mohammadamin Zarei', & &' ('f£740gtw)
14:30 (209 (CT-71) Fractional catalytic fast pyrolysis of bamboo with HZSM-5 and red
Ayt mud for upgrading bio-oil
Hoang Vu Ly', 889!, 25142, 744" (udiet, *Heidetin)
14:50 (10')  Coffee Break
g 9% wa (Rtel)
15:00 (20")  (CT-72) Convergence study of electrochemical systems and biocatalysts for
Avt CO; conversion
o]4dl, oAl ARAl Heh=? o o3 o]HAM (IghRoUA]7|eH 1Y,
‘gtiat, *BAtt)at)
15:20 (159 (CT-73) Economic feasibility of combined heat, power and hydrogen
shA production via hydrothermal liquefaction followed by hydrothermal
gasification of Saccharina japonica
Haider Niaz!, Boris Brigljevic!, &&!* ({25t w)
15:35 (15°)  (CT-74) Process design of macroalgae based biorefinery producing fuel and
shA chemicals: A superstructure based approach
Rofice Dickson', &' (‘274 ehw)
15:50 (209 (CT-75) Sulfonic Acid-Functionalized Graphene oxide catalyst for Direct
Qut Chemical Conversion of Xylan into Furfural
Pravin Upare', ojug!, &Hsd!, F&5AF, gojo! (‘gh=stetd 1y
Saxtdstd s, Fhasistd Y CCPEEETd)
16:10 (20°)  (CT-76) Development of Bio-fuel for Power Generation
Uyt A2, #elst (gF=AgalY)
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PA-01
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PA-03

PA-04

PA-05

PA-06

PA-07

PA-08

PA-09

PA-10

PA-11

3 Hyl22YE S slpstel 5, e, AA V1
oA, wolgh uAP, e ARALYAATY, (F)71§AY)

Simultaneous in situ detection of Pb* and Hg?' using nuclease-resistant
DNA aptamer on gold nanoparticles

Joong Hyun Kim!'*, Chan Ho Chung', Hyunjin Kim! ('Medical Device
Development Center, Daegu-Gyeongbuk Medical Innovation Foundation)

Jage JHAE UVAst Fa 419 AR D 54 97
Zerl!, WMol 2o, wAg' (AL

AFN Y HEPoA A ATAT WS 54

= LT
=11 =2 7 1 x1x153 Aws4
FEd! Aus? moq, AP 299
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RAER, Ausl e, A5, 298 (gstelgstn wasy,
'2YARBERALA, HSE Tech, ‘sHrfatin
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PA-22

FHAHE Sujot PULSAS o] 8T AUE 9o Mot 2Y

TAaE o
= 1 1 = 2 =1x11,* (1 = =1 = = 2 -
L, R, SIAS AT (R4Ust etebgstut, “Fd g usty
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ol
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84 ufo 32908 71 Bl $8)-71W A
S8, AP (R0 )
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bal

| 3 ulo] 22908 COR7LATY f4ta-2E)
T L RECERT SRR EERE st

op [
o
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T22 EAT CoPAEYolal A4A FLAE ol§F oML T2 54
232!, 7. BAN" (ATREUSE B LA TEA G
AR 7| & ATY LATPAATA)

& 979 40 nmF FYF 713L JAE ol YEA IANAERY ¥Y 2L A5
ot A2 A&

Mg, xFYT (FRost)

22 9gs] 392 591 BHE 03 =2A-AW 129 FaAEE/ /4
2R FOIRAA SI2A] HE

x9al 2340 (FROE s

Multi-channel Gt12& Zt= MoSe2/N-doped carbon nanofiber?] &y}t
A FOIAA] S3E=4 A&

1 1x (1= = S olals
HeQ 254 (B0 YstE

Effect of pulse hydrocarbon agent on NOx Removal in an Atmospheric
Pressure Plasma with a Selective Catalyst Reduction

Duc Ba Nguyen, Van Toan Nguyen, Young Sun Mokx* (Department of
Chemical and Biological Engineering, Jeju National University, Jeju 63243,
Republic of Korea.)

A study on the reaction enhancement of catalytic CF4 hydrolysis using a
multi-stage catalyst-adsorbent reactor

Jae-Yun Han'?®, Chang-Hyun Kim'®, Boreum Lee?, Seonju Jeong? Hankwon
Lim? Kwan-Young Lee®, Shin-Kun Ryi!* (!Korea Institute of Energy
Research, 2Ulsan National Institute of Science and Technology, *Korea
University)

Conversion of Xylose to Furfural using combination Lewis acid and
Bronsted acid or Salt in Biphasic systems.

Dasom Mun', Nhan T.T Huynh!? , Seok-Kyu Park!, Kyoung Won Lee!, Jin
Ku Cho'? ('Korea Institute of Industrial Technology (KITECH), ?University of
Science and Technology (UST))
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Synthesis of 5-Acetoxymethyl-2-furaldehyde (AMF) from sugars

Nhan T.T. Huynh!? Kyungwon Lee!, Seok-kyu Park!, Jin ku Cho'? ('1.
Korea Institute of Industrial Technology (KITECH), *Korea University of
Science and Technology (UST))

Hydrogen Production With Low Carbon Monoxide by Steam Methane
Reforming Using Palladium Membrane Reactor

Chang-Hyun Kim'®, Jae-Yun Han'?, Hankwon Lim? Kwan-Young Lee®,
Shin-Kun Ryi'* (!Korea Institute of Energy Research, ?Ulsan National
Institute of Science and Technology, *Korea University)

Optimized encapsulation of cesin oil eugenol with polycaprolactone using
particle from gas saturated solutions (PGSS)

David Nkurunziza!, Jin-Num Moon!, Jin-Seok Park!, Byung Soo Chun'*
(‘Department. of Food Science and Technology, Pukyong National University)
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Ni-NiO Supported on Nitrogen-Doped Carbon Nanowebs as a Highly
Efficient Electrocatalysts for CO, Reduction to CO

Hyunsu Han!, Yuseong Noh'!, Seongmin Park!, Won Suk Jung!, Jungeun Cha'
and Won Bae Kim!* ('Department of Chemical Engineering, Pohang
University of Science and Technology (POSTECH))

Kinetic study of catalytic CO:. gasification of biomass char

Wongeun Yoon'!, Yoongon Kim? Seungjun Lee!, Jaejin Bae!, Yekyu Kim!
Hyunwoo Ahn! and Won Bae Kim!'* (‘Department of Chemical Engineering,
Pohang University of Science and Technology (POSTECH), “School of
Materials Science and Engineering, Gwangju Institute of Science and
Technology (GIST))

Highly stable robust superhydrophobic coating deposited on glass substrate
using atmospheric pressure plasma jet.

Md. Mokter Hossain!, Quang Hung Trinh?®, Duc Ba Nguyen!, Van Toan
Nguyen', M.S.P. Sudhakaran', Young Sun Mok"* (!Jeju National University,
’Duy Tan University (Vietnam), *Le Quy Don Technical University (Vietnam))
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Atmospheric-Pressure-Plasma Assisted Selective Catalyst Reduction of NOx and Soot
Van Toan Nguyen, Duc Ba Nguyen, Md.Mokter Hosian, Young Sun Mok®
(Department of Chemical and Biological Engineering, Jeju National
University)
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Bioelectrochemical control of 3-hydroxypropionic acid/1,3-propanediol
production rate

Jiyun Baek!, Changman Kim', Young Eun Song', Jung Rae Kim!" (!School of
Chemical and Biomolecular Engineering, Pusan National University)

A2 0|83t ol 9skx U ASMH(Siloxanes) E3 AFo] B AT
!, Zgol, olch!, uhge? (F)olMALRA oulA] AL
!

re oy
2o
o
r 7
olo
N
fuj
o,
&
[n0]
=
o,
ko
i
)
oX
2
ojo
P
ol
)
o
2]
o
U]
p-
I

fol
p-
o
oX
1o
re
I
Mo
r>~l

R 2% FAA 4 L 2F A SHGE FAF 2R 4Y) Wt
=11 512 1 2 (= = =
233!, £33, 042, AFY @YUSLL, ABoHAI7|2A7H2)

1A A&0] £7 sol4 ulo] 12012 o] 8§ vloler D T
Uga gast, ARE (AT suY Ae7ad A

LN
ATE, o2l 244! XE 259 (157]1A1Y, LI EHH),
33toFrfatw)
- O -

- XVl -




ZAENE (1)

A oAl w4 (AETEw)

PB-01  WI=Z &Ao| Jb5dt BRolS 7Y TIOIALY HT FEU| 4 W UYPo
=T
Ay, oldF, BEE!, FA1R" (st stetat)

PB-02 Isolation of electroactive CO converting microorganism using zero valent
iron for bioelectrochemical system (BES)
Hyun Seong Im', Changman Kim', Yeong Eun Song', Chae Ho Im? Jung Rae
Kim' (*School of chemical and biomolecular engineering, Pusan National
University, *School of energy and chemical engineering, UNIST)

PB-03 POME Hlo]@7tA 1ASHE 93t & &4 34 A4
o2’ A4y, Helgy, ojgA? A g ('sh=RoURZ|ed Y, “Sdrist)

PB-04 A2LEHE AZ42 A% B1to] =4 utasuiolE Yk FUf A&
ojFg !, Ay, A (M ey ey, [rFEMA(F))

PB-05 Cellulose Nanofiber and Au,Ag Nanoparticle Composite Film for Highly Efficient
Solar-to-Steam Generation
Bon Jun Ku!, Anush Mnoyan!, Kyubock Lee!* (!Graduate School of Energy
Science & Technology, Chungnam National University)
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Immobilization of marine macro-algae powdered biochar in alginate
hydrogel bead for dye removal

Ohemeng-B. Godfred, Joo Hee Yang, Chul Woo Lee, Seung Han Woo
(Department of Chemical and Biological Engineering, Hanbat National
University)
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Preparation and Characterization of Spherical Micro Silicone Resin Powders
Joo Hee Yang, Seok Woo Hong, Chul Woo Leex (Department of Chemical
and Biological Engineering, Hanbat National University)
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Simaltaneous electricity generation and nutrient removal from wastewater
by photosynthetic microbial fuel cell in continuous mode
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Preparation and characterization of Fe*-TiO,, and FeO,/TiO, as a support
of V;,05-WO;3 catalysts for selective reduction of NO by NHj3
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Enhanced As(Ill) and As(V) removal via polyacrylamide composition with
Mg-Fe LDH
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effects
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Mixture Pressure-Swing Distillation Process Design and Optimization for the
Separation of Minimum- and Maximum-boiling Azeotropes based on
Vapor-Liquid Equilibrium Analysis

Alyssa Marie Fulgueras, Dong Sun Kim, Jungho Cho" (Z&tfstu, skstgstat)

CFD Simulation of Atmospheric Detritiation System in a Packed Bed Reactor
Daniel Owusu Asante, Jungho Cho, Dong Sun Kim" (z-Ztjistw, skshgst)

Comparative study of heterogeneous azeotropic distillation and extraction
process for the separation of Acetic acid-Water system through process
simulation

Leah Jessica Sebastian!, Kim Dong Sun, Jungho Cho'* (Z&tjstw, 3}shzstu})

Control and Optimization of Acetone-Chloroform Separation using 1-methyl
2-pyrrolidone as Solvent
Manish Pokhrel', Jungho Cho* (ZFtjgtw, sfeh-zata})

Modeling, Optimization, and Dynamic Control of Pressure-Swing Distillation
for the Separation of Methanol-Chloroform Mixture
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CT-01

High Electrical Conductivity of Electrospun Indium Tin Oxide
Nanofibers

Inchan Hwang® (thwang@kw.ac.kr)
Department of Electronic Materials Engineering, Kwangwoon University, Seoul 01897, Republic
of Korea

Indium tin oxide (ITO) is one of transparent conducting materials that are widely used as an
anode for optoelectronic applications. As the demand for wearable devices increasingly grows,
however, the fragility and lack of mechanical flexibility is the main issues. To overcome this
issue, electrospinning technique is attempted to improve the flexible properties, but low
electrical conductivity has to be improved. Herein, we demonstrate high electrical conductivity
of electrospun ITO nanofibers. The surface coverage of electrospun ITO nanofibers on a
substrate is often to be poor. We found that the surface coverage depends on the morphology
of nanofibers. The improvement in surface coverage reduces the sheet resistance down to as
low as 350 Q/sq. In addition, we discuss the role of ITO nanoparticles on the formation of
ITO nanofibers when they are embedded.

Aned

1. Sangcheol Yoon, Hyebin Kim, Eun-Sol Shin, Jun Nyeong Huh, Yong-Young Noh, Byoungchoo Park,
Inchan Hwang, ACS Appl. Mater. Interfaces 9, 34305-34313 (2017)

2. Sangcheol Yoon, Hyebin Kim, Seung-Jae Cha, Eun-Sol Shin, Yong-Young Noh, Sung-Jei Hong,
Byoungchoo Park, Inchan Hwang, J. Phys. D: Appl. Phys. 50, 475305 (2017)
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Production of high purity gallium from process wastes and trace
elements analysis

Yoon, Jaesik!*(jaesiky@kbsi.re.kr), Yang, Jaeyeol'?, O, Byungsung?, Jang, Minkyung'?®
L*Korea basic science institute Department of Earth and environmental research, Chungnam
national university Department of Physics, *Chungnam national university Department of
Materials science and engineering
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Improved Antioxidant Activities During the Hydrolysis of Okara
Using Subcritical Water as a Result of Isoflavone Profiles and Total
Phenolics

David Nkurunziza!, Periaswamy Sivagnanam Saravanal, PhillipPendletonZ, ByungSooChun“
(bschun@pknu.ac.kr)
'Department of Food Science and Technology, Pukyong National University
’School of Chemical Engineering, The University of Adelaide, Adelaide, SA 5000, Australia

In this study Okara was exposed to subcritical water with aim of extracting the isoflavone
aglycones. The optimization using Response surface methodology resulted in optimum
conditions for temperature, pressure and mixing ratio. The reaction time for the hydrolysis of
okara sample was extended (30 minutes between one extraction and the other 5 to 275 min).
The change in concentrations of isoflavone aglycones through conversion and degradation of
glucoside conjugated isoflavones were Kkinetically modelled using Laplace Transform for the
prediction of the isoflavone profiles in the final extracts. Isoflavone aglycones genistein and
daidzein increase reached 6.5 and 9 fold from 5 to 245 min reaction time respectively.
Isoflavone beta glucosides were negatively affected while total phenolics and antioxidant
activities (ABTS, DPPH and FRAP) increased significantly (p<0.05) with increasing reaction time.
The optimum conditions for the extraction of isoflavones were Temperature= 146;
Pressure=39.8 bar and mixing Ratio = 20mg/ml. The correlation analysis showed a strong
positive relationship between the antioxidant activities of okara hydrolysates with isoflavone
aglycones and total phenolics while a negative correlation existed with conjugated beta
glucosides. The study of the interaction of wvariables was conducted using the principal
component analysis (PCA) and confirmed strong correlations between variables. This study will
help in the understanding of the advantages of high pressure thermo-processing in the
extraction of bioactive compounds to be used as nutraceuticals or food ingredients. The
process is green since it uses only water and the resulting extracts are safe for human
consumption.

Hugd

1. Andrade, J., et al. (2016). "The effect of thermal treatment of whole soybean flour on the
conversion of isoflavones and inactivation of trypsin inhibitors." Food Chemistry 194:
1095-1101.

2. Baber, R. (2010). "Phytoestrogens and post reproductive health." Maturitas 66(4): 344-349.

3. Chien, J., et al. (2005). "Kinetic model for studying the conversion and degradation of
isoflavones during heating." Food Chemistry 91(3): 425-434.

4. Islam, M. A., et al. (2015). "Deconjugation of soy isoflavone glucuronides needed for
estrogenic activity." Toxicology in Vitro 29(4): 706-715.

5. Ko, M.-]., et al. (2014). "Relationship analysis between flavonoids structure and subcritical
water extraction (SWE)." Food Chemistry 143: 147-155.
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Research of Product Design Indicators for Resource Circulation

Hyeri Yun!, Hanwoong Lee I , Kyounghoon Han', Yujin Chun Jinho Kim!
(proteolee@kncpc.re.kr)
'Korea Institute of Industrial Technology
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1. Act on Resource Circulation (2018).
2. BS 8001, Framework for Implementing the Principles of the Circular economy in

organization - Guide (2017).

KNCPC, Guideline for Assessment of Uni-materialized Product. (2017).

European Commission, Mandate M/543. Commission Implementing Decision of 17.12.2015 on
a standardisation request to the European standardisation organisations as regards
ecodesign requirements on material efficiency aspects for energy-related products in
support of the implementation of Directive 2009/125/EC of the European Parliament and of
the Council. (2015)
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Study of Equilibrium Solubility of CO; in Blended Amine Aqueous
Solution: Thermodynamic Modeling, Optimization, and Regeneration
Energy Estimation

Jong-Ho Moon!, Jong-Seop Lee!, Joo-Young Jung!, Young Cheol Park!, Dong-Hyuk Chun!,
Hyunuk Kim!, Jong-Kyun You!, Hun Yong Shin? Hyun-Je Sung3, Byoung-Moo Min!4*
(bmmin@kier.re .kr, 152, Gajeong-ro, Yuseong-gu, Daejeon)

Korea Institute of Energy Research, ?Seoul National University of Science & Technology,
*Hansol EME, “Enertopia

The removal of carbon dioxide from exhausted flue gas using amine based solvents continues
to be of big interest. In this study, equilibrium solubilities of CO, in MEA (primary), DIPA
(secondary), MDEA (tertiary), AMP (steric hindrance) and their binary mixtures (blended amines)
were evaluated by using experiments and thermodynamic models. The solubilities of CO, have
been measured from 40 to 120°C by the static method. In order to overcome non-ideality,
equilibrium constants for amine protonation (Ki), activity coefficients and fugacity coefficients of
each component were regressed from experimental data. The activity coefficient models, such as
Deshmukh Mather model[1] and Electrolyte NRTL model[2], take into account interaction between
solute species in the liquid phase. Also, Kent Eisenberg model[3] without considering non-ideality
(activity) was compared with both of two models. In this study, CO,; solubility was calculated at
all temperatures, blended amine concentration, and CO; loading regions. Through this, CO,
absorption, partial pressure, pH and heat of absorption can be calculated in each condition
region. Also simple method to calculate the regeneration energy(4] in a typical amine-based wet
scrubbing process was proposed. All solubility calculations and optimizations (parameter
regression) were executed by using MATLAB® 2018a version.

ey

1. Deshmukh, R. D., Mather, A. E., “A Mathematical Model for Equilibrium Solubility of Hydrogen
Sulfide and Carbon Dioxide in Aqueous Alkanolamine Solutions,” Chemical Engineering Science, 36,
355-362 (1981).

2. Austgen, D. M, Rochelle, G. j., Chen, C., “Model of Vapor-Liquid Equilibria for Aqueous Acid
Gas-Alkanolamine Systems. 2.Representation of H2S and CO2 Solubility in Aqueous MDEA and COZ Solubility
in Aqueous Mixtures of MDEA with MEA or DEA,” /nd Eng Chem Res., 30(3), 543-555 (1991).

3. Haji-Sulaiman, M. Z., Aroua, M. K., Benamor, A., “Analysis of Equilibrium Data of CO, in Aqueous
Solutions of Diethanolamine (DEA), Methyldiethanolamine (MDEA) and Their Mixtures Using the
Modified Kent Eisenberg Model,” Chemical Engineering Research and Design, 76(8), 961-968 (1998).

4. Kim, H, Hwang, S. J., Lee, K. S., “Novel Shorcut Estimation Method for Regeneration Energy of Amine
Solvents in an Absorption-Based Carbon Capture Process,” Environ. Sci. Technol, 49, 1478-1485 (2015).
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Zeolite Membranes for Effective Carbon Capture

Yanghwan Jeong and Jungkyu Choi* (jungkyu_choi@korea.ac.kr)
Department of Chemical & Biological Engineering, Korea University
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Development of CO, superflux capillary membrane for
post-combustion carbon capture

Churl-Hee Cho*(choch@cnu.ac.kr, 99 Daehak-ro, Yuseong-gu, Daejeon)
Graduate School of Energy Science and Technology, Chungnam National University
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1. Earth’'s CO2 homepage(www.co2,earth)
2. Fatih Birol, “Energy, Climate Change & Enviroment 2016 Insights,” IEA Report (2017).
3. Xuezhong He, “The lastest development on membrane materials and processes for post-combustion CO,

capture: A review,” Scienceforcast, Article 1009 (2018).
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A zeolite membrane and polymer membranes were prepared for the enrichment of NF; waste
gas. NF; is a strong greenhouse gas with a 100-year global warming potential (GWP) of
>16,600, and is mostly used in the plasma enhanced chemical vapor deposition (PECVD)
process as an etching and cleaning gas. First, dense polymer films using polysulfone,
polyimide, AF-2400, AF-PDMS(polymethylsiloxane), PTMSP (poly (l-trimethylsilyl-1-propyne)),
and PTMSDPA (poly[l-phenyl-2-[p-(trimethylsilyl)phenyllacetylene]) were prepared, and their
Ny/NF3 separation performance was studied. High N,/NF; ideal selectivity was obtained from
the polyimide and polysulfone films, but these modules were not attractive for the NFj3
enrichment process because of their low N,/NF; mixture gas selectivity. SAPO-34 membranes
were then prepared and applied for the NFj3; enrichment process. This membrane exhibited
promising separation performance (>200 Nj,/NF3; selectivity, >200 N, GPU) for the NF;
enrichment process. However, in order to deal with a high waste stream volume, it was
necessary to greatly increase the membrane area. Potential zeolite membrane frameworks for
NF3; enrichment have been proposed through membrane-based system design.
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Development of Novel Catalysts for Production of Various Fuels
from COZ

Sungtak Kim'*, Seok Ki Kim?
(kimst@iae.re.kr, 175-28, Goan-ro 51, Gaegam-myeon, Cheoin-gu, Yongin-si, Gyeonggi-do)
"nstitute for Advanced Engineering, ?Korea Research Institute of Chemical Technology

ABSTRACT

The enormous amount of CO, released into the atmosphere per year by industrialization of
human civilization (about 35 Gt estimated in 2017) is attributed to global warming as a threat
to human survival and ecosystems. Techniques for recycling CO, as a resource for renewable
energy or chemical production as a carbon source have been actively studied over the last
few years as a promising alternative. However, research on the use of CO, as a resource is
still challenging because of the thermodynamic inertness of CO; molecules: one of the last
products in the combustion process [1]. Nevertheless, once the reverse-water-gas reaction
(RWGS), which is the step of converting CO; to CO, is carried out, a various of liquid fuels,
such as gasoline, jet fuel, and diesel, and common platform compounds can be produced via
several continuous reactions (for instance, Fischer-Tropsch reaction or methanol synthesis).
This is because the CO molecules obtained by the reverse water gas reaction has high
reactivity and can be easily converted into hydrocarbons. In order to overcome above
mentioned problem, researches on noble system and catalysts for low temperature RWGS
reaction has been recently drawn attention [2,3]. In this presentation, the trend of catalyst
development used in the RWGS and its continuous processes such as Fischer-Tropsch and
methanol synthesis will be discussed, and the research results presented for overcoming the
limitations of the processes will be introduced. In addition, we will introduce a
low-temperature, high-activity CO, hydrogenation catalytic material possessing frustrated
Lewis pairs (FLP) as a catalytic sites and suggest the possible reaction mechanism in the
catalyst system.

Augd

1. Kaiser, P., Unde, R. B., Kern C., Jess A., “Production of Liquid Hydrocarbons with CO, as
Carbon Source based on Reverse Water-Gas Shift and Fischer-Tropsch Synthesis,”
Chemical Engineering Technology, 85, 489-499 (2013).

2. Gao, P., Li, S., Bu, X., Dang, S., Liu, Z., Wang, H., Zhong, L., Qiu, M., Yang, C., Cai, J.,
Wei, W., Sun, Y., “Direct conversion of CO; into liquid fuels with high selectivity over a
bifunctional catalyst,” Nature Chemistry 9, 1019-1024, (2017).

3. Stephan, D. W., Erker, G., “Frustrated Lewis Pairs: Metal-free Hydrogen Activation and
More,” Angewandte. Chemie. International. Edition., 49, 46-76 (2010).
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Design Strategy toward Recyclable and Highly Efficient
Heterogeneous Catalysts for the Hydrogenation of CO; to Formate

Sungho Yoon"
(yoona@kookmin.ac.kr, 77 Jeongneung-ro, Seongbuk-gu, Seoul)
Department of Applied Chemistry, Kookmin University

ABSTRACT

One bottleneck in the realization of CO, conversion into value-added compounds is the lack
of catalysts with both excellent activity and recyclability. Herein, a catalyst is designed for the
hydrogenation of CO, to formate to boost up these features by c¢ onsidring the leaching
pathway of previously reported heterogenized catalyst; the design strategy incorporates
oxyanionic ligand(s) in the coordination sphere to provide a pathway for both preventing the
deleterious interactions and assisting the heterolysis of H,. The tailored heterogenized catalyst,
[bpy-CTF-Ru(acac),]Cl, demonstrated excellent recyclability over consecutive runs with a
highest turnover frequency of 22 700 h™!, and produced a highest formate concentration of
1.8M in 3h. This work is significant in elucidating new principles for the development of
industrially viable hydrogenation catalysts.

Aned

1. Gunniya Hariyvanandam Gunasekar, Jeongcheol Shin, Kwang-Deog Jung, Kiyoung Park, and
Sungho Yoon “Design Strategy toward Recyclable and Highly Efficient Heterogeneous
Catalysts for the Hydrogenation of CO2 to Formate” ACS Catalysis, 8, 4346-4353 (2018).
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A Study on the Oxidation of Hydrogen Sulfide(H,S) in Biogas over
Iron Catalysts

Shin Dong Kim!*, Young Noh Kim, Soo Ah Kim!, Da Young Lee!, Jung Hoon Park?
(catalite@hanmail.net)
E & Chem Solution Corp., Energy & Environment Research Center'
Dongguk University, Department of Chemical and Biochemical Engineering?
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1. Lim, C. -J., Bak, C. -U., Kim, W. -S., and Kim, Y. -D., "Adsorption Characteristics of Commercially
Available Adsorbents for the Removal of Sulfur Compounds and Siloxanes in Biogas', The Korean
Society of Mechanical Engineers. 12, 494-498 (2016)

2. Anatolii Davydov, Karl T. Chuangx*, and Alan R. Sanger "RMechanism of H2S Oxidation by
Ferric Oxide and Hydroxide Surfaces’, The Journal of Physical Chemistry B. 102(24), 4745-4752(1998)
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Ladder-structured Polysilsesquioxane-based Membranes
for Enhanced Gas Separation Performance

Jong Suk Lee'*(jongslee@sogang.ac.kr), Ju Ho Sin!, Hyun Jung Yul, Heseong An'!
1Sogamg University, Department of Chemical & Biomolecular Engineering

Polysilsesquioxanes are composite materials consisting of inorganic framework and organic
functional groups. Especially, ladder-structured polysilsesquixoane (LPSQ) materials are of
interest due to their unique double-stranded siloxane structures with organic functional
groups attached. For the first time, free standing LPSQ films were successfully prepared for
gas separations, allowing for their practical applications in the membrane area. A proof of
concept study for a new type of gas separation membrane was considered based on the
ladder-structured poly (phenyl-co-glycidoxypropyl) silsesquioxanes with phenyl
glycidoxypropyl copolymer ratio of 6:4 (LPG64), which were synthesized by a base-catalyzed
sol-gel reaction.! Along with our proof of concept study, engineering organic functional
groups of LPSQs was found effective to improve gas separation performance.?® Also, these
LPSQs can be incorporated into a glassy polymer matrix to develop advanced membranes for
high gas separation performance. Our current work potentially provides a new pathway for
the utilization of LPSQs in the gas separation applications by engineering appropriate organic
functional groups.

Au2d

1. Kang, W. R., Lee, A. S., Park, S., Park, S-H., Baek, K-Y., Lee, K. B., Lee, S-H., Lee, J-H., Hwang, S.
S., and Lee, J. S., Journal of Membrane Science, 475, 384-394, (2015).

2. Park, S., Lee, A. S., Do, Y. S., Hwang, S. S., Lee, Y. M., Lee, J-H., and Lee, J. S., Chemical
Communications, 51, 15308-15311, (2015).

3. Park, S., Lee, A. S., Do, Y. S., Kim, J. F., Hwang, S. S., Lee, Y. M., Lee, J-H., and Lee, J.
S., Journal of Membrane Science, 516, 202-214, (2016).
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Dry reforming of coke oven gas over Ni-based catalysts for the
syngas production

Hyun-Seog Roh", Hak-Min Kim, Beom-Jun Kim (hsroh@yonsei.ac.kr, Department of
Environmental Engineering, 1 Yonsei-dae-gil, Wonju, Gangwon-do)
Yonsei University

Coke oven gas (COG) is a byproduct from iron and steel production process. COG is
composed of Hy (55-60%), CHy (23-27%), CO (5-8%), Ny (3-6%), CO, (<2%). Most of the emitted
COG is used as a heat source, while only a small amount of COG is used to generate
electricity [1]. Recently, the studies on the syngas production via dry reforming of COG have
been received much attention in energy conservation, resources utilization and clean
production aspects [2]. Generally, Ni based catalysts have been used for the reforming
reaction because they are economical compared with noble metal based catalysts. However,
Ni-based catalysts easily deactivate due to carbon formation. It is reported that resistance to
carbon formation is strongly affected by the physicochemical properties of catalysts such as
interaction between Ni and support, basicity, and oxygen vacancy [1-3].

In this study, various supported Ni catalysts have been applied for dry reforming of coke
oven gas. Among the prepared catalysts, Ni/MgO-Al,O3; catalyst exhibits the highest catalytic
performance. To understand the relationship between catalytic performance and
physicochemical properties, various techniques have been carried out such as X-ray
diffraction (XRD), Brunauer-Emmet-Teller measurements (BET), Temperature programmed
reduction (TPR), CO;-temperature programmed desorption (CO;-TPD), Hy;-chemisorption.

33

1. Park, J. E., Koo, K. Y., Jung, U. H., Lee, ]J. H., Roh, H.-S., and Yoon, W. L., “Syngas production by
combined steam and CO, reforming of coke oven gas over highly sinter-stable La-promoted
Ni/MgAl,04 catalyst”, Int ] Hydrogen Energy, 40(40), 13909-13917 (2015).

2. Guo, J., Hou, Z., Gao, J., and Zheng, X., “Production of Syngas via Partial Oxidation and CO,
Reforming of Coke Oven Gas over a Ni Catalyst”, Energy Fuels, 22, 1444-1448 (2008).

3. Jang, W.-]., Kim, H.-M., Shim, ].-O., Yoo, S.-Y., Jeon, K.-W., Na, H.-S., Lee, Y.-L., Jeong,
D.-W. Bae, J.-W., Nah, [.-W., and Roh, H.-S., “Key properties of Ni-MgO-CeOg,
Ni-MgO-Zr0O;, and Ni-MgO-Ce(-»Zr»0, catalysts for the reforming of methane with carbon

dioxide”, Green Chem., 20(7), 1621-1633 (2018).
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Efficient assembly of light absorber-catalyst for photocatalytic CO,
reduction

Wooyul Kim" (wkim@sookmyung.ac.Kkr)
Department of Chemical and Biological Engineering, College of Engineering, Sookmyung
Women's University,

Efficient coupling of the light absorber with the catalyst is the most critical step for
multi-electron transfer processes of carbon dioxide reduction. With the goal of demonstrating
robust, light abserber-catalyst assemblies for converting CO, to high energy product, we
systematically investigated a two-dimensionally heterogenized systemon Nafion film as a
platform for coupling of light abserber (i.e.,Ru-(bpy)s*") and catalysts (i.e.,Re(bpy)(CO)3Cl).
Ru-complex/Nafion/Re-complex system demonstrates the higher photocatlytic conversion
efficiency (up to 1.5 times) and the highly enhanced the photostability compared with those in
the well-known homogeneous sensitizing system without Nafion (Ru-complex/Re-coplex). The
roles of the Nafion in this system are proposed to be twofold: to provide binding sites for
cationic sensitizers and to enhance the charge transfer kinetics from light absorber to
catalyst. The details including the coupling, and charge transfer properties between
Ru-(bpy)s**orRe(bpy)(C0)sCl, and Nafion will be presented.
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Electrocatalysis for CO,; conversion to C,. products
Youngkook Kwon!?" (ykwon@krict.re.kr)

'Korea Research Institute of Chemical Technology,
2University of Science and Technology

Designing active catalysts toward electrochemical carbon dioxide reduction reaction (CO2RR)
has attracted enormous interests as it plays a key role for an energy cycle of fossil fuels.
Since only copper (Cu) is capable of converting CO, to hydrocarbons, extensive researches
have been devoted to find active sites via experimental and theoretical approaches. Especially
promising selectivity to multi-carbon products (i.e. ethylene) has been achieved by increased
binding energy of intermediates (i.e. mainly CO) on heterogeneous surfaces such as low-index
surface, oxygen vacancies, oxidation states and grain boundaries. However, active sites in
practical system using catalysts with high porosity are not limited to single-direction surface
geometry, as mostly considered in previous works, but 3-dimensional structure of catalyst
needs to be taken into account. Therefore, in this talk, a new method to prepare 3D active
catalysts for enhanced C-C coupling will be discussed.
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Development of CO, Hydrogenation Catalysts and Process for
Power-to-X

Seok-Ki Kim!, Sun-Mi Hwang', Seung-Ju Han', Hae-Gu Park!, Ki-Won Jun'*
(kwjun@Xkrict.re kr)
'Korea Research Institute of Chemical Technology
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Catalytic Transfer hydrogenation of furfural to furfuryl alcohol
over Zr-MOFs

Anil H. Valekar!®, |, Ji-Woong Yoon!, Do-Young Hong!® Jaesung Kwak!, Kyungryul Oh'? Cho
Kyung Ho!, Ga-Young Cha'® Jaehoon Jung® Jong-San Chang'? and Young Kyu Hwang''?®
'Research Center for Nanocatalysts, Korea Research Institute of Chemical Technology,
2Department of Chemistry, Sungkyunkwan University, *Department of Green Chemistry and
Environmental Biotechnology, University of Science and Technology (UST), ‘Department of
Chemistry, University of Ulsan

Catalytic transfer hydrogenation (CTH) reaction considered as potential route for upgrading
biobased carbonyls to corresponding alcohols. The development of heterogeneous catalyst for
efficient transfer hydrogenation of carbonyls at low-temperature is always of great importance
but remains a significant challenge. Herein, a series Zr-based metal organic frameworks
(Zr-MOFs) containing various metal cluster to ligand coordinations were synthesized and
tested for CTH of furfural (FUR). It was found that metal cluster coordination is plays crucial
role than porosity of Zr-MOFs in CTH of FUR. The lowest metal cluster to ligand connectivity
(6) was emerged as the most active catalyst among the various tested Zr-MOFs. Furthermore,
surface of Zr-MOF was modified by activation and activated Ac-Zr-MOF was extensively
studied by various characterization techniques to observe the changes in its local structure of
metal node. Catalyst was recycled for five consecutive cycles with little loss after first cycle
and fully characterized to observe the changes in its structure. Finally, plausible reaction
network will be proposed based on the catalyst characterization results and product
distribution data.
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Low-temperature Hydrogenation of HMF for the Production of
Furan-based Polymer Platform

Jinsung Kim!, Young-Woong Suh'* (ywsuh@hanyang.ac.kr)
1Department of Chemical Engineering, Hanyang University

AR HETIA YRS BRI /LN ORE oA Ropo] TeEo] 9o0] A9afe} ASA
I SRAE U AAS OIAISHE 212 LS ujoja A AR, TEoPiAe] A aEs
FEAE % 24 L 01 Festchn & 4 9ok olo] 69Y TARNE F Z2u] TP
Arsto] CO, el ThgAler whgste] Bejriuulo]ES APAtete APE U1 JHAYT Qlrkn wHh
AN YR UE AH HMFE slald oz MEsiel o2 siarEe garsin £92
o} (Fig. 1). olo} #lel 2RSS BAg Auh, FOMS Aastd] golas 7a) Ao Sujs
o2 AGASH, E 12 243} UHSS FUE AL 1 U UM WA Adel a7EL

)

tlo

0

woh 2 39 rie o2 4

oA
M=)
ro &l o

WA FDMS AEiR oz Airsty] ¢t RUiS 7idstitt. 71£9 £uf Algds 29 Hags4dS 7t
He HEsta, ojdf 2] AAt gFojut AAAS A &stol JuiE

A Al
e o =
Alzstoct 1 A, AR 70wolH HMF Aghgo] 100%o] Qot= Euj2 shustgict. x7bAel &
Azg S st Soje) S24L YST o UAS PO oflet Zo) BNL 53 YRgol $ous
sholstick. SA|S FDME ol §3to] n2AIS AAE A9, YS2EoA FDMo| Uxoz 2orgstol
nEA AT S ol2 g 35 AP So) nASIAC
olo] HMFO| 3 waj7tx] 448k7h ©f THFDME AAZ 4 9t &042 @A) 7% Folth. FDM A
Aope o] B ko 2Er} Wade Helsigon, dA Su1 Il et ATede MY 5
o[t} THFDMo| L¥AF A& §2]8 HL, of BAL ALt Zujaa Aol B35 Aolc),
AERoz ¥ APt ZsluyolE gito] Wast FI Zojo BAEL ApUsied) 2mE ot
Zotel 270 A1/ S Bole FUE MEE 4% &% vholedmolyd] Aot Z 7IE T
2 9L Zoz woEch
a Isomerization Dehydration B Reduction
HO™ 0. LOH HOw O/ ~0H Q\ [ o~ Q. . e = =y
S \i'IOH + H}_{;EH e \\\“TJZ}’A‘OH + © ) on " (] Ton
OH
2-Hydroxymethyl-S-furfural Furan Tetrahydrofuran
ek T rar
Aldlctse Ketose ( TF!; 2,5 d(lr__neﬁgurd 2‘5('%%%%“)"“
Fig. 1. Reaction pathway from six-carbon sugars to furan-based diols
A3

1. Kumalaputri, A. J. et al., ChemSusChem, 7, 2266-2275 (2014).
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walsl® gt JFAXE Umair H. Hassan (ihbaek@kier.re.kr, tiAA] S 712 152W)
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Ultra-clean Pretreatment Technology for the production of Clean
Fuel from Organic Waste-derived Gas

Baek 11 Hyun, Park Sung Youl, Nam Sung Chan, Umair H. Hassan
(ihbaek@kier.re .kr, 152 Gajeong-ro, Yuseong-gu, Daejeon, 305-343, Korea)
Korea Institute of Energy Research, Greenhouse Gas Research Center

o

2015 1294 COP 219] m2jgefo] ool B& ot GA=2 35 4 2

o2 7HRA "ot AUoAM= 2015 7EREH AR AIAE S0l 28} A=(RFS, Renewable Fuel
Standards)’t Al38%]0], 475 Tiloh= A= 2.5%9] vlo]QUALS o

o] SH]&2 2018 3%, 2020 d0l= 5%7HX] =g Al oo 1].

= dFolM= 771 mHAFES o]8sto] Hio]Q @ US AAkSHIL o= P& 2ATEA Ao 7|ofstalA} vf
ol7tA FPAT} 7| NdotuA} sttt f71/d mWAtEe] "io]lertAa & A2 EARQl 2AVEAQL tgt
(CHy)2} O] 28t A(COy) &2 ZV2E 60~70, 30~40%= Hd% o] sid FA371A0] 2y 9l AJUdsht Basitt &
713 HAIRECHE Sk, SAE2Y7] §)olA EXchs BAVEAS E8sto] AYStsh] YoliA= Hlo] kA
o] A7t ¥tEA] "Hasitt. 7]E9] {71/ HAAoA] et B E7pAC] k8.0 OEE g g ARgsto] FE
Agato]] o] BE| ARG BAWEA F BEALTE 17HQ] CHy, CO, 59 CIZ7IAS 1EIP7HA] sfetd gL} 3siA|EAy
Ato] A=z 2 AREsH] YoliAe B3] 1L=AAIZE gteEA] HQshi2].

olZ sl #7178 WA 1=gA 579 7S sl w717 mi7I=olA Ei8sk= 487120 A Biogas to
Liqud Fuel(BTL)g7dof] AFed 1w9] CH,Q COE 2elshs 7S FA0=2 shal Qiot. JfdstiAlshs 7]
S 2 Hjo]Q JtA F HyS 7hA0] ofsf Hio]QItA digkgzdo] F-THhSol ARRE= FUi9] JsAste Al71X]
A= 71E9] A= 4HE biogas upgrading 5730] dlsl] 11=3f = FA| F7do] ¥tEA] Hasitt ol {714
LAY [Gei7tal] D EAgA|7T Eojof Hio]@rtA gkEAdolA Fujo] mE U /s AlstE oPIAIZIA] ¢7]
ol 7717 mIAFEolA HoS D =gAI7t 7hsst Ad-8st AAlE7dS Zigsta FAIRE ePgARl 38de A
off A9 RXx ehd2 uj@ dasitt 2 AFoA olF B/dsh] st S

QA I FA| 7]a7fY ShaA}t St

>

223

1. http://www.e2news.com/news/articleView.html?idxno=85879
2, DOE, “Hydrogen from Coal Program”, 2008
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A} At Qe YAES mstw E0) wlgo] Meiyo] wl
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i)
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>~

)

d} o)
[e] (o]
Zn 52 °]&3r CO &Y Fuf 7fZoly Cug o]&3h C2 o9 stda ¥4 Fuiol UolA 4 A
of £uf d5S FAstL CO, &L S FIA7I7] Yol 88z Aets 7 Ui Juf 4

A2

1. Lee, S. Y., Jung, H., Kim, N.-K., Oh, H.-S., Min, B. K., Hwang, Y. J.*"Mixed Copper States
in Anodized Cu Electrocatalyst for Stable and Selective Ethylene Production from CO2
Reduction” J. Am. Chem. Soc. (2018).

2. Jung, H, Lee, S.Y., Won, D.H., Kim, K.-]J., Chae, S.Y., Oh, H.-S., Min, B.K,, Hwang, Y.
J.x“Understanding Selective Reduction of CO2 to CO on Modified Carbon Electrocatalysts”
ChemElectroChem, 5, 1615-1621 (2018).

3. Mota,F. Marquesf,Nguyen, D.L.TT, Lee, JE, Piao,H, Choy, JH, Hwang, Y. J.* and Kim,D.H.*,
“Toward an Effective Control of the H2 to CO Ratio of Syngas through CO2
Electroreduction over Immobilized Gold Nanoparticles on Layered Titanate Nanosheets” ACS
Catal. 8, 4364-4374 (2018).
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Ae ofg @R XY Az Al 7le JiE @

ofF A" zpEf!, o] 8 L! olxj2! o 5 !(yangwon@kitech.re.kr)
StEABAN | &A1Y L2oURA| AR D&

Status of Technology Development for Fuel Replacement to Biomass
in Coal Power Generation Plants

Won Yang'®, Tae Young Chae!, Yongwoon Lee!, Jaewook Lee!, Ho Lim! (yangwon@XKitech.re kr,
89 Yangdaegiro-gil, Ipjang-myun, Seobuk-gu, Cheonan-si, Chungnam, Korea)
'Thermochemical energy system group, Korea Institute of Industrial Technology
A2 AAMARNCR 7P st 7|A Rt AYojHA = 7 w2 %’27}5

Zdoltt. 53], o] goF o]e UoAM = AEstUA oA 247tA HlE A7t
0] 7= AEstEojof st Agoltt. & oA = AU AgAY ot
oF & timAQl ©7|A WUriQl violujAzo] Ag tiA] 7|& /Y g tisto
H}Oliﬂﬁi Ada tAle A s=dAoA 7 A 247EA viss 248 4+

WA} Sk Hlgof whef ohefet W S0l EAlRH & RN Ai7[sd1Y W Pil
g olgst 7|esS Alstil, =427 vpoleuja 24 3 LU NOx AdZ &

212 AR B3 71E Abjo) JE 2 £71 glol vloleojA §48e AnjsE 4 b welow
4% WISl (Torrefaction) @7 §% % 227 vlo|onjs FES 3t APFUEE QR dFolct




oL 2018 BRERI S 2 Sars 227

CT-22

Aertrst §eedl1E Y82 ol&d UK A= 7le AL

0.3 "(castor08@iae.re.kr), MEsH x3A! 719En?
BESESET PP e et

Development of Building Material Manufacturing Technology using
Coal Gasification Molten Slag as Raw Material

Jung Woohyun'*(castor08@iae.re.kr), Jeon Donghwan', Jee gyuchul!, Kim Yooteak?
Institute for Advance Engineering, ?Dept. of Materials Engineering, Kyonggi University

Sajutet AR whA My = 20201-4 71% oF 40%71 20 ol4, 16%7} 30| ol AutEle 5 UA
au7h W] oetei glod, %XE(NOX SOx, OJMHA] &), o]Atelers wjE A 7st &
AV OE HH 48, =8 *4% d dH] giF7E Algstel das, A9 Vledd tash SEEA

(IGCC) = & A&HQ S717} o= n gick.
CpREol JpAs TN JHAslR FREE AR VAR FHIAR AR D, 2AYLE D)
!

2 ojiio] ggelo] 2ei(Slag) FENZ BREEID], 300MW ASHuolHE sLAs] SRR 88H 2
ot vjEEes 15eof ook A2 Sof AFMu] edo] PANoR MAHo| wet ¥ 2L %
o] 8.19HE/ 7HA] F7bE 702 ®ol Atk 8821t A =

A Tz z APV 27
S0, opAZRA] F3ieh AjF-E wWhlo] gloebz ATF mio] oESt ok b A= Eesi
= WEAHY Kiﬂ st ol digh 7Ie7igol 251 Qe AAoltt

Ao s AT 8eedls e ZAESA 2ystol XleEYY vhEE fEsHYaL, ot
KlEiEJEHE AEAZ Z8s5h7] Yt A48 Aldsklnt. of2] ASAAY 301]/\15 71EY] TR ELE
d(EPS) T 3 7ﬂakﬂﬂtiqelE(ALC)a dAE & Qe AAlE 1SS AsgstRch d+2Y 24T
AleZajn] el Fe YT 0.062 g/cm’, BHEE 0.055 W/mKe] 2218 54 Uepion, 53|
= su= US4 oA gxjo] o Feket YR ZAAERIEPS) WIS AT & AL Jle=
shiElgltt. 281 1ob ASAMQ BF7IEEAE AR B¢ BE 0.062 g/cm’olst AlHO|A
USdE 8 Mpa oS YEHIeH, ojff ERlkks 0.119 W/mK o|stE LERo] FAAIS vl
Al &5 ol 2 HEHIH.
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AES3F A&k &8-8 9|5t Pressurized Drop Tube Reactor o] £
MEbtast 54 A7

e, 2egl A9l 2x8 eaE! aasl geal oy, eal
(seojun@kier.re.kr, T A| %’\é—? 7P =2 152)
BF2oUA 7| &A1Y AHAZA LA

The Study of Coal Gasification Characteristics for Application to
Low Rank Coal Using Pressurized Drop Tube Reactor

Sung Min Yoon'!, Tae Young Mun,* Myung Won Seo!, Ji Hong> Moon', Sang Jun Yoon', Jae Ho
Kim!, Yong Ku Kim!, Jae Goo Lee!, Ho Won Ral*
(seojun@Kkier.re.kr, Daejeon 34129, Korea)
Korea Institute of Energy Research, Clean Fuels Laboratory

AR 5 B0y BAPL M o AZSIAHA 71EY A WA o 2AES SEsks wun
9 A Zgol et ASo] Us| ABHD ek olFo] AHAAS FYS 2E T & At
WHE stel Asshasto] ohet 2ol &k

MEptasts 71E0] MEElERA 5 Aue] Ue IRZgolM Yol thedt Rofd] o] bt
Metag Swold agol 1 274 & NOx, SOx ¥4l 5 #7499 99 exte] Azo] shsstel 418
ARo2 Ag & & 9l Aol 9tk o] Mgt 2 AYEe Aoy 5 u8Ae A

U
1o
r
N
i
A
r
N

2} ek olale BAHY EnTE ohte A8
LB

B APoliE /9] RS 452 o]gsto] Ang LustALh WA strsh] FHF SARES 7}
251710 A&sh7] gt A= FEIQl CWM (Coal Water Mixture) A5 &ol Au=2Me 57442 et
stoich. CWME 60~70 wi%o] Aetmt 2 Jeju 4o AWZHAZt E¥Y dejolct. 1ejm
Pressurized Drop Tube ReactorS 0] 835to] AZ 71ASH ZHE LA X7 A AL X851 CH Al
dxrU 1,100 ~ 1,400°Co 2= ¥©9, o4« Sbar o AHZ AAlstY 7 &Fol Og ZAuE vl
st
Fig. 1. Schematic diagram of Pressurized Drop Tube Reactor

AneH

[1]. Harris, D. j., Roberts, D. G., Henderson, D. G., Fuel 85, 134-142(2006).
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Characteristics of 20 ton/day coal gasification operating for IGFC

Byun yong soo, Jung woo hyun, jung seok woo, kim jin ho, Lee seung jong" (sjlee@iae.re.kr)
Plant engineering division, Institute for Advanced engineering

IGFC(Integrated Gasification Fuel Cell Combined Cycle, AEt7}ASH A2 XA B3HdbA) 7|40
A AR ggstd SHEZE glu, Mg 7129 vee AAS8Y 4 59 Aurta A
A J2]1 AR AXES AASH E32A 2 AsH| st 7]&A™o] "WQst AAo|ct O] W QK]
2025 o]% IGFC A% % A& og} 41 Foln, ol2fgh 7|&7igo] &r&r] Al 2030Lq OIW} ]
ZFAQ JleiEE & Jo}ocl IGFCo] a7zl A&t Hd7ta AAl/Adet 2 A=adA] AA 7= &8
2 A AR A a5 AR &80 Zasit

2 AFdoA= IGFC A& gt A 4d7ta Al 2 A 717y oAl e3%0lH, 1A=
otgt=lo] &3 20 B/¥4F AE7IAE] 24 5 ALt g7t disl A/ ASEEE A W+
&oto] 24 54 APE Adstgon, A 300 MWS IGCC AEEHELL AASH Slip-streamg
doto] A F7ta A R A" 588 AW e viEE FA Sl A

Keywords : Ae7tAGH SHATEA | IGFC, Kg/'\ﬂ 2l Xz Test-bed

= A4 A SR R (MOTIE)R t=ol||A]7] =g 7 (KETEP)9] X423 ®fop 4s¥eth 4 wtA|dy
Ct. (No. 20163010050080)
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Development of High Pressure Powder Fuel Feeding System
to Replace Lock-hopper System (IV)

Seok Woo Chung!*, Ki Jin Jeong!, In Goo Kwon', Sung Pill Yoon!, Yong Soo Byun!,
Jong Sun Jung?
Institute for Advanced Engineering, *SEINTEC

AL AlgE 1Ygor AL ¥RgI|o] Fgoh] st AlElRE TtA AR HE 5’4EE1W
(compressor), FAE{(booster) 50| i, WA = S2j2] JEC] Al LS o]&st 1Y Tg
o] 7bsoltt. shA|EE, A Alg9] 7dQo= oA AR o2 AEAQ1 F50] 7}50* AlEol e
gog, ZE FAHAE HiR|A] S5 *liEéI% Agsta s Aoltt HjX|Al S5m AJARIR A
Z2A0M A Al2E wolsQ & vhg7|et U A=A JHYS Aldistil WHE S do] FEof °
A Al2E 3710 3g5H Ho oA S5 ‘?*JE% E5 £7] A 2A0 2 Eolrts AHHO] A]
20 9ol Ahgo] o]FojXict. de2jal o]2fst S5 AJARIY HL A|HEA AojS gt ©WE  AF7],
o 5o AAPE Hesty, AEA0R2 UUVIATE ARED, IJVEA HIE dpgoA A wAUIE &
A AAF ALE Yol o] HARAAAR] HAR|7F BQsiths @S 7HIT Tt 2 AFoMs 71E HHKI
Al Som AARS OAdoRN AdHed 8 I HdAe]/2ge] Ado] s ASAl 1Y 2AA
= $%‘%K] 7S Aledstal Qlct.

é'érﬂ:c’.':’mgo:m

5 ru

B AolAE ojoh 2ol A £ 1Y RANE FYFAC PgAolL YYHY TS HuE 9
stol ALEO] Chet /M 2L CIket SRS AES AYstAETl, 9% BN FII Tl of=iste] AR
WA ATt 2B @Y 7% oo D|RErg HEstol SHU 20 bar RN 1Y FUNA B
3.81 £/, RANE FYY WskE 5.77%, FYSE A A RANR FYY 0ALE 4.80%F Dl
gick. J2n Y 50 0 PAAR FUFAY FAZ eHegy U Ay Hug gstel ojReke
O BAARE ALEStol AT SRAE AAslol], ¥ANE 52U 125 ke/hs DAL AL
£(25-27 H)9f ©HYR 20 bar £AOIN AIRE AWe Zf, v WA U gAuS Ago] 13
WAISE] SI9oU F 106412 FO AAF AL ABT 4 AYch 121 ofalzt A% AF 1
14 19 ZURAE Bl AUHOR AURE D|RE AL J54ES Fal 1Y WSIIE ol
= 33U A SAH gAlste BRNElMY 2x0] JhsE o muEdn

2 ARl 20179 AQEAAIEEO] o FH2oyx| 7| S HA(KETEP)S] A|¥S wol 2833t o
AUt (No.20163010050070)
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oY, ARG, gl ARl 2l 2A1E0, @R, oA, ANE), AeP). F5EY
kA
Det=oix7]ed+d EAsdTA, 2)us7|sddasddiste, 3)5sHstw
(*seojun@Xkier.re.kr)

Study of devolatilization characteristics of coal
using Wire Mesh Reactor

Seok Hyeng Lee™ Jin Young ]angm), Sung Min Yoon?, Myung Won Seo, Tae Yong Mun?, Ji
Hong Moon', Sang Jun Yoon', Jae Goo Lee", Jae Ho Kim", Yong Gu Kim",
Jong Hun Joo?, Ho Won Ra"
1)Clean Fuel Laboratory, Korea Institute of Energy Research (KIER),
2)University of Science and Technology (UST), 3)Chungbuk National University (CBNU)
(*seojun@Xkier.re.kr)

TUOIA AFEE= ARl F AAN l=YAlot B, 2iAlol, 23 5 TRt =UtolA SR QU
olRg 27t] MEFS e A2 TR 542 JAL 9n R 2dsol sRIMAA, IGCC ZAE S
uride=z AREEY ot oUx|des AREEOIX|= AEZ B4 /gl Coal Miling &
Drying(CMD)&7dollA A%, Z41A] A== d= Qs AtAgdsty Zedad/do] LA shA| =|H Agho]
AAE AL Volitile FAYSHA =TH[1]. o] ofHst7] {sto] Al YR A= g AAE FU5HA
2olwolu} Apuet ANE WAL AT ol u]8AQ SulolA Reo] £ ol Aotk 2 4
FoA= AeEro] xpAErsE X|AS o|E517] 5te] Wire Mesh Reactor(WMR), Thermo Gravimetric
Analysis(TGA), AFAYe} 54 FR|E /dsto] 24E AHE K88sty Zuts vlwsklth. Addo]| ALE
st Aet2 WH, Sojitz, Carbo One&tS AFEs5t3 1 AF 7O 2 Ny(1500cc/min) 217191 wire mesh
grS 7104 2= Voltage®| ®oto] wet 'WA5k= Char, Tar, Gas®] Walzfa #AstY 23Y 7HAl
= AAS FFsHAT2]. olzigt Y VA= XS ofEste] CMDEde a&AQl 248 &3 A
sfo} b5 & @atol 7hsE 2oz oy

(1) I 1. Wire Mesh Reactor 7=z

et

Abp 2

1. Ho Won Ra et al. “Devolatilization characteristics of high volatile coal in a wire mesh
reactor”, Korean J. Chem. Eng., 31(9), 1570-1576 (2014).

2. Yanru Zhang et al. “Characteristics of biomass fast pyrolysis in a wire-mesh reactor”, Fuel

200, 225-235, (2017).
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Study on the Characteristics of Hybrid Catalyst for the Production
of Higher Calorific Value Synthetic Natural Gas(SNG)

Jin-ho Kim!, Hyo-sik Kim!, Jae-Hong Ryu', Suk-Hwan Kang's,
Jun-Woo KimZ,Dong—JunKth
Institute for Advanced Engineering (IAE)
2Research Institute of Industrial Science and Technology(RIST)

AR o » fG7IAS o] 8st FATAIAS MEske 30M= CO tEst vhgoly CO, tEst
Ug= ol8ste sk tES Pttt ot 22 ¥goA= Nig 7|¥rez oF Rujg o] &35t Hyp7t
olRgET W2 =AM ¥rES ZIedsty] fiZof] Cpf o]4de] ©etpart AF7]7] o m7oltt. &2
Uelolq 335 n gl AstA HjRee] WY )52 10,400 keal/Nm® 0|22 CHy7t 98% o]4Hel
PR A7EAE 9,300 keal/Nm® ghof] =] 0*0} F7te LPG% Zgsliof oty & AFolM= Tt
£ olgato] F-T ¥rg % CpCio) A% Hlgo] & 570 B4E0IE AEsto] SNG 34 LRo| =g
A7 AE FERA7EAS] EEgo] 10,400 kcal/Nm3 o] HEE st 78S 7iE Solt, o] & CrCy
o] A dleol =2 =9 EEud] tish ALE Aedstict.
Conventional SNG process
Syngas w— (WO,AiONISEIIm’)
: (SNG 92.6% + LPG 7.4%)
STt TTTTTTT T \ gﬁiccgo;y;:carbons
i :
Produces C, to C, hydrocarbons with methane

L Increase the selectivity of the range of C,~C, hydrocarbons

Ao

1. 1. Rostrup-Nielsen, J.R., Pedersen, K. and Sehested, J., (2007), High temperature methanation: Sintering and structure

sensitivity, Appl. Catal. A, 330, 134-138.
2. 2. Udengaard, N.R., Olsen, A. and Wix-Nielsen, A., (2006) High Temperature Methanation Process-Revisited, Pittsburgh Coal

Conf.
3. 3. Kopyscinski, J., Schildhauer, T.J. and Biollaz, SM.A., (2010) Production of synthetic natural gas (sng) from coal and dry
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Low-Temperature Selective Catalytic Reduction of NOx with NH;
over Hierarchical Manganese Oxides via Facile Preparation

Byeonggab Ji', Junhyung Lee!, and Seung-Yeop Kwak'*(sykwak@snu.ac.kr)
Department of Materials Science and Engineering, Seoul National University
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Nitrogen oxides (NOx) are one of the main contributors to serious environmental problems like
acid rain, photochemical smog and ozone depletion. There are some methods to reduce NOx
emission. Among them, Selective catalytic reduction (SCR) of NOx using ammonia as a reducing
agent is the most widely used in stationary sources. Manganese oxide-based catalysts are well
known for the high performance low-temperature SCR catalysts due to good redox capacity and
various valence staes of manganese species.[1] However, the catalytic activity of pure manganese
oxides at low-temperature is insufficient.[1,2] Thus, it is required to develop effective methods to
improve their catalytic performance. Metal-organic frameworks (MOF) appeared as new templates
for synthesizing advanced nanomaterials that are not easily prepared using conventional
methods.[2,3] In this study, we prepared hierarchical manganese oxides via simple thermal
treatment of Mn-MOF and used it as low-temperature SCR catalysts. The crystal structures and
morphologies of the prepared catalysts were anlayzed and the catalysts showed high catalytic
performance in low-temperature. The prepared catalysts in this work could be wused to
low-temperature SCR in stationary sources owing to their facile preparation method and high
catalytic activity in low-temperature.

1K il

Liu et al., “Manganese oxide-based catalysts for low-temperature selective catalytic

reduction of NOx with NHs: A review,”Appl. Catal A., 522, 54-69 (2016).

2. Jiang et al., “Synthesis of highly efficient MnOx catalyst for low-temperature NH3;-SCR
prepared from Mn-MOF-74 template,” Mater. Lett. 168, 17-19 (2016)

3. Lee et al., “Transformation of Metal-Organic Frameworks/Coordination Polymers into
Functional Nanostructured Materials: Experimental Approaches Based on Mechanistic

Insights,” Acc. Chem. Res. 50(11), 2684-2692 (2017)
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Selective HDT/HDC of FCC Light Cycle Oil for Light aromatic
hydrocarbons including BTX

Youngseok Oh!, Chanwoo Kim'!, Jung Kyoo Lee!”, Dong IL Kang? Heung Jung Kang?
and Soon Cheol Chang?
'Department of Chemical Engineering, Dong-A University, 23-0il Corporation
(jklee88@dau.ac.kr)
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zotael, 2A], 48 U 2BA 59 FA3 M 7|2 SHA WAL £ U ALABTXE of
B2 GAF 1A 2 RG] 370lA ABAET R824l FCC (Fluid Catalytic Cracking) 570l o
2Fo 2 Mgl light cycle oil(LCO)= TJA H]A welo]u} vlek= dlefo] oF §0% 2 US> —}-;—" g4
KA 8ol 3tefo] o} TJAR AR 4 glon 22 A Q290 A £AL02 AXIE T O‘EJr
lﬂiur AAARR g ZA= 54 dafo] 2871 44T A= oidElo] LCOSF 22 tehyds &
2o 1uskel Su13 s1a7ite]l aPHT 9t 1 B Gmmelge) ol ke LCORRH
BIXZ Almsts S0l JpLe MR BIX  AMEdel ¥ &tk LCOY
Hydrotreating(HDT)/Hydrocracking(HDC) 2074 ZAXo|A BTXES nghst= 74 = EIgtaAs =2

sg= d7] Yol HDT &FU= =2 HDN &gyt &4 A-st 2435 &/442 714 HDT e 59 1-
2 yso] o} £ HEES Uehfof dck | 9fs) £ A7Fo|ME Ee HDS 2 HDN 24g 7}
Ao 12 wEsel we AEAS U] 93 HDT Soje] SA4S Apelgich Eat cjofdt Y uSA
3 ALYFE JHAIE LCO% A2 U 2P AEE o) LCO S4, HDC Soje 251 Ae
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light alkyl-aromatic hydrocarbons, Applied Catalysis A: General, 492, 140-150, 2015.

2. Lee, J., Choi, Y., Shin, J., and Lee, J. K., “Selective hydrocracking of tetralin for light aromatic
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Inter-particle migration of Cu ion between physically mixed
Cu-SSZ7-13 and H-SSZ-13 by hydrothermal treatment

Hwangho Lee, Inhak Song, Se Won Jeon and Do Heui Kim* (dohkim@snu.ac.kr)
School of Chemical and Biological Engineering, Seoul National University

As NOy emission regulation is getting reinforced, NOy; removal system become more
important in industrial fields. For reducing NOy emission, there have been a lot of catalysis
technology and among them, NH;-SCR(Selective Catalytic Reduction) is regarded as the most
efficient NOy removal technology. Cu ion exchanged zeolite catalysts (Cu-SSZ-13, Cu-ZSM-5
etc..) is one of the most powerful SCR catalysts because of their high NO, conversion and
stability. It is known that isolated Cu ion is active site of NH3-SCR reaction of Cu-zeolite.
There are some researches about characteristic of Cu ion and one of those is that it has
mobility binding with H,O in zeolite structure in th zeolite cage'. For proving Cu ion mobility,
in this research, we compare two catalysts, one is physically mixed Cu-SSZ-13 and H-SSZ-13
with mortar mixing (PM-H-SSZ), the other is physically mixed Cu-SSZ-13 and H-SSZ-13 with
granule mixing (PM-L-SSZ). PM-H-SSZ sample was mixed by mortar grinding so it has high
to particle interaction. On the other hand, PM-L-SS7Z sample was mixed after each particles
was sieved separately, so it has loose interaction between particles. The catalysts were
hydrothermally treated at 550 °C for 4 hours. In the PM-H-SSZ, Cu ion can move from
Cu-SSZ-13 to H-SSZ-13 because each particles contact directly by hydrothermal treatment.
However, in the PM-L-SSZ sample, Cu ion can not move to H-SSZ-13 because particles were
separated. Migrated Cu ions are located at 2Al sites of H-SSZ-13 which are thermodynamically
more stable sites. As Cu ions on 1Al site in the Cu-SSZ-13 move to 2Al sites in the H-SSZ-13,
ratio of Cu ions on 2Al site increases. The PM-L-SSZ has higher NH3-SCR activity than the
PM-H-SSZ because its high density of Cu ion. These differences of Characteristics between
PM-H-SSZ and PM-L-SSZ indicate that inter-particle migration of Cu ions is possible through
the physically mixed particle-particle interface.

PM H

PM L P and

Fig 1. Scheme for the PM-H-SSZ
and PM-L-SSZ

Reference
1. Gao, Feng, et al. "Selective Catalytic Reduction over Cu/SSZ-13: Linking Homo-and Heterogeneous

Catalysis." Journal of the American Chemical Society 139, 13, 2017, pp. 4935-4942
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Investigation of COS Absorption Characteristics on the Crystal
Structure of Cu-Based Sulfur Absorbent

Byung Chan Kwon!, Young Jin Lee!, Misook Kang Tae Jin Lee!, No-Kuk Park'",
Seung Jong Lee? and Jun Hwa Chi®
1Yeungnam University, 2IAE, *KEPRI
(nokukpark@ynu.ac.kr)

2A7IA A 9 R0|AEA] vlE FAS YT giso) tigh o] ARSI o R =ofx|al Qlty. 2AVF
A A2 7|EA0R oA S Wcte 549 A4S &Eol= o] 7Y AZAQ wHolet & 4
oy, o= Y Ao o]&olat & & Q. T2y AfAJoUR]Q] Atgo= ofg] 7HA] Ao
2= Zio] Aot tf&&F oyA] AALS oA ofs] FMArS] AFES A& Zolets Zlo]
Me7t=2] Asfiol7]= sttt Jejog RAVEA TEZ oA e 7|E FAdAR 7|Phe] 2XA|Ee] a&
37t a3k ol7F 2 Aot A A AR =R AR olHA] & 7|E AR FYAEL o] &S
Holl A7t o] o] FojA| 1L 9l 7heU AEIIASH BdEA(GCC)ET YA EE0] HO0HA A7}
A HjEo] Ao Qe AEVIASH ARMA] EUA(IGFC) 7|&o] FPAeo|&7|&=2Mn Zgwty ok
Aetyt 22 staARS RSP A ol &S Holiae Ago 2EE o8 E&F0] AAEoloF st, 53]
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Implement of Eco-Friendly Power Plant with Reducing Fine Dust
Emission by Improvement of Environmental Facility of Power Plant
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Desulfurization Properties of Calcium-based Mix Materials Using
CFBC Fly-ash as Binder

Chul-Seoung Baek!, Jun-Hyung Seo!, Young-Jin Kim', Moon-Kwan Choi’, Jin-Sang Cho',
Ji-Whan Ahn? and Kye-Hong Cho*1(khcho99@kilam.relkr)
1Depar“tment of Research and Development, Korea Institute of Limestone and Advanced Materials
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&3t = =9 4 (Circulating Fluidized Bed Combustion, CFBC) A A0A €A st Q= B]AMK|=
O] ReielA WALoA WAstE BlAKetE ohe stalR pRoR Qs J1E AdARR B8] ofele
@do] k! FZ 2 0|2 FEsty] Y5 CFBC MER|7t 7H8l Ap7]17st 4 o] &sto] ‘A Az
(Controlled Low-Strength Materials, CLMS)'9] ¥a2 &-8st= gioto] A3 g Qrp?d B o1
ez As|d 0)BUu} ARAE CFBC HAAIS AL8ste 247 2Ugde E4d0 Az 2 23

=40l oiall AATeloich. 2URE Kol Eam) g e sl 9ol b winol] sigele ads
§ 732 EUA AT Aot Sen GRYE] 20-3001Y Bkl oun 287ug
& 98718 ol8olol HYSHE WA sk o+ CRBC vlihE A2 ol gst] 0.4~1mm 3]
2 AEE F3A0 S AN Aelsmct ALY SO, SFAE HSHE SYEA ALY Sraa0
CaCOt CaSoe AL HEE 25 A A7jolol CTCS A EAdE S8el 25 are ot
=
24

2 APL 201598 AISARRRO AUoz FRAI7|&BIAKETEPS ARG Wop 1y
LA QUL (NO. 20141010101880)
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Direct Desulfurization of Limestones Under Oxy-fuel Combustion
Conditions
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Current Status of Research and Development of High Active
NH3-SCR catalyst at low temperature

Hong-Dae Kim'*, Bo Ra Jeong!, Bora Ye'? and Duckhyun Lee! (hdkim@kitech.re.kr)
!Green Materials and Processes Group, Korea Institue of Industrial Technology
2School of Mechanical and Advanced Materials Engineering, Ulsan National Institute of Science
and Technology (UNIST)

1Y A o]sdoA A= OUIeEEd F M B [RIghe AA4FSFE(NOx @ NOg,
N,O, NO &£)& I xHZ% QAo S35tz P H X](Particulate
Matter, PM2.5) &xj0] =t oz x| =Z=of iz}, Qlc}t, Esh 20204
olg, ti7|LE =4 HiEAIGFol disgt di7juiEaRatg Alert =sE & Bt Z4EE ti7|edE4 )
= 5|8 7| E AR sl Aastste A Zle/ide] deddo]l FARE Tt dAA 240 wH
Al 7HRF 245 NH;-SCR(Selective Catalytic Reduction) £0] 7]&2 NH; A9
NOxE QIAo] F3ligh NooF H 0= XA 90% ol4e] Aastsls Ad a&
717 Ao EXshs AAMS 24 W dA(E)gSol st msdd ® 1o FARE &2 Qg Fuj
datz Qs Fof o 29 Ast 5o FAIZE A&A o=z WSk otk AV =AY siAE ,
SCR Au|& Axl, g4y $o] vjX|st= Tail-end A|ARS A8t O}, Hi7|7FA & fAIS
st R7tE A|ARIo] 7t whef, $x2] Adu] 7hEo] ol H2 FAH[7F AQFo], AFLoA &
2742 HEU+= Fulo] tigt Zo/do] SHi= 1 Qlt}.

= AFoA= 250°C oJste] A FIoME w2 FHS UEU= AALtelE A|718 SCR Fule] 7
S§stoict. oo, A8 FHulEaw 2wt e 247o] &/dEA(Mn, Ce, Zr 5)9 82 3¢
| 280 ofy2l, A28 Fujo vAX A1 SO, Hp0 of tist A3y 5X1& st 24 E Hs

S S5t gyt or g2kl A& e 45 5412 #dll Mn, Ce 59 0 o]
/TiAl &0 gib] o2 Mg waf, T AF&sto Qlo] @7t A5 59 ofzfZo] WA
Olg=z, BEff AL dFo=zr w2 NOx Ad 545 Bt 50 7igo A+ 382 ¥Foy, &
AA] AL(GO, rGO, Partially reduced GO)& &3t A=A U
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over V,05/TiO,, V505/Ti0,/Si0,, and V,05-WO3/TiO, Catalysts: Effect of Vanadia Content on
the Activation Energy,” Ind. Eng. Chem. Res., 35, 978-981 (1996)

2. Jeong et al. “Characteristics of selective catalytic reduction (SCR) catalyst adding
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Design and Application of De-SOx Scrubber of Ship Exhaust Gas
using Process Simulator

Byung-Don Lee!*, Chi-Kyun Park!, Dong Ha Lim? and Jung Hwan Kim? (bdlee@jet21c.com)
Yeonjin Entech Ltd, *Korean Institute of Industrial Technology

IMO Tier III Al t-g2 g A8f AN & vi7FA At FR|(EGR) De-SOx Al A0 Tffsto] W
& TRHRAP|E olgsto g Adu|e] AA W FAEE &5t0] De-Sox Scrubber?] A|ARLZ AASH
ot #AIHC2 Henry's Lawo] <J$t Constant ]S 350 Gas/Liquid RatioS ZA7Jste Min.
Liquid Ratiog 75kl Packing Typeo]| T8 3745 =°]¢ Column A xAgE 34 2AV]|E &5F
o] Scrubber AAE gttt E3t, Distributore} 22 sty WFE2] JAl BAE Soto 3489 583
FIAIAA E|AQ] Scrubber& Atz AA| Scrubber AAE
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Simultaneous removal of NOy, SOy, and Hg by chlorine-containing species

Youngchul Byun®, Joonwoo Kim and Dong Jun Koh (ycbyun@rist.re.kr)
Research Institute of Industrial Science and Technology, Gwangyang Research group

A 7] W ol Ao gist =R1A WAool Z7HEAA], AAM e 2504 HiEsts TV
AL AdstHe Al=7F olojA] Qlo. Mg de] ARSEE Oleded AY VIeERe NOxt
selective catalytic reduction (SCR) ¥tAlo] 910 SO,+= CaZ £+ NaA 9 seHES 0] &3t HA1, vt
A4l AA /8ol ot 3 Hgol viE AdE oM+ S ol &t S50l e whots
XA T}, NOx SO, Hg 2% Zizte] wigjo g of7] vj&Eo] AA|EA =t sHATE AFGAoA = FAT
Y 2|9 Fo, #el9 ol gor Zt7to] $HE A{sh] Hope RRE FAO AAY 2 Ae F
AlRIAZ1& 7ol thst @ 57F SHE AL Qe "e“*olﬂr

NaClOy (x=1,2, and 3)= A719] 3SH==2 wet scrubberdA NOLF SOE ZA]0 AAY & A=
7HHI2 FEyror gt 2olAlE NaClOx (x=1.2, and 3)9] &8 Wehg oS &Asto] 4] £9], &
719—} A 52 AEsto] AY 1097 NaClOy (x=1,2, and 3)& ©]&3%t NO. SO, Hg &Al A

RS ATt [1-5]. A ¢ ¥ 8 713t FAPH2 7|E OV odWR] Huls 28
HH7}i i | Jresh 2AE /\lAE“—l K*JQ”}OE NOy, SOz, HgE AAY 4 e YHoz oAXICH

2 drpoa= AFA, pilot @ AZ plantoA] o]F0]Xl NaClOy (x=1,2, and 3)& o] &3t NO,, S

Hg &A] Al 7)ol sl A7|staA}; gho

ZFA
o] =i 2018d%: FRP|ad B iy, S48, BASAR)9 Aoz stxAdLAT-0AHA|
7ML 2 A E ARIQ] A|¥-Z whot 88k, (2017M3D8A1092106)
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3. Byun, Y., Cho, M., Namkung, W., Lee, K., Shin, D. N., and Koh, D. J., “Insight into the
unique oxidation chemistry of elemental mercury by chlorine-containing species:
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4. Byun, Y., Kim, J., and Shin, D. N., “Reaction of SO, with sodium chlorate powder triggering
oxidation of NO and Hg”” Chem. Eng. /. 189-190, 5-12 (2012).

5. Byun, Y., Hamilton, 1., Tu, X., Shin, D. N., “Formation of chlorinated species through
reaction of SO, with NaClO; powder and their role in the oxidation of NO and Hg"”
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Development of Commercialization Technology for The Industrial
Ultra Low NOy; Combustion System

Myung Chul Shin, Jin Ki Lee and Dae Won Lim (mcshin@Kkitech.re.kr)
Korea Institute of Industrial Technology
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The Study of Removal and Regeneration of MgO-based sorbent for
Residue Fluid Catalytic Cracking Process

Ho Jin Chae!, Soo Jae Lee?, Soo Chool Lee®, Suk Yong Jung’
and Jae Chang Kim!* (kjchang@knu.ac.kr)
leungpook National University, ?Korean Intellectual Property Office,
SResearch Institute of Advanced Energy Technology (KNU), “Wonik Materials Co. Ltd.

SIMARE AMESHZ] AlAlRE o]2l2 SOxeF NOx9| HijZo tigh A= AI&A & 4450l Sttt o]2igh
SOxet NOxO| 4% Al 5ol ot QAo U]x]= T ¥ otyz} Adu|e] HdRlog X REHA 1
+AZE 8% detEion, I UlAEA] AAEAR AFEHA SOxF NOx 7FAQ] vi&E A et
gk Aol H& S7IEAL Qe Algelth. SOx 4% stuQl S029] 3¢, &= AARE AMEdt+
57304 BiteE TR, JAA AAdFe] A Jert oyx|atdolAe] AAEAS) R ARaEAE
o] AxFFoARH v ZHTGT I/ o},

dutd o 2 e DAL AE shol wA 40 AL vjdesr X (Flue Gas Desulfurizatio; FGD)
= &0t9] SO & AlAsHL oy, AZetstAlE AAAAE 5 54 TR F0126l57d(Residue Fluid
Catalytic Cracking: RFCC)o|A= 3ARC] ol 5ol A FUIE d4vHgS &5t AjAJsto] AR
sh=tl olm SO7t WS =Hlez2 FHujgrze] RAZ oA SO, TS AAsts &58Al8 Bos st
=

55|, 4FE2RH UFE st FCC & RFCC9 SOx A7) tjs AHEH, FCC %
RFCC Fujo] AjAFZFoA stz SOxe= SEeAl ¥ ofyet ojxtAl o=z §H57] Yo B2 Ahg
st du &0 & =5 S7MA ¥ E e & s=7F 2ot Ho FF A= 4 Ast

dQlo]l =Hth. FCC ¥ RFCCEAAN = F=2 SOx 7IAE 540t a&54eaS AREsto] AlAsH=
o8 7P Wol Ap&sh= Wo|tt. maks FCC 3 RFCCEEUIS] g2 SO, 7t fja) atatA &
= Zt= UAPT crackings E9chs S0 =¢H FHIEZ 374 oA Argst= WEls 18 &

P

=7d50] SUAIEoM SOx BiES AAISHAL A4t Far7]7] Y5 AREE O] i, ol A7t
x JE2 BEF & FF B E UE Y a5etE FEE ok ot oA & dFolM=
|29 S&AtetE2 o]8ste] RFCC s7dUloll 2= SOx o AAH S7dof dis] A5ttt
473 A17171 93 MgO A2 Aol trdet A7HAIE ol&std S4A1Y 226
118de ddsten 54419 57442 BET, XRD, FT-IR, TPRGZ o]-&5t A5
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Polyester Dyeing Using Lab Scale Supercritical
CO; Dyeing System.

Taeyoung Kim!*, Shin Park', Dongkyu Lee', Seokwoo Son', Hyunseuk Choi?
(tykim@djairl.co.kr)
'Daejoo Machinery, DYETEC Institute

Ao HMA QA RZA A AH|sI= AR AFRHO] 77%, o|UA] AF83O] 54%S R[R|5h=
AH] F7goltt. ®5F BN = 1kgs AMSH] QoA 100~1502]819] Fo] AR =T

3 d sdote 3Aolth ol2fgt EAIEE siFshy] Yol e AEH FgE o
AR71gol digt ikt Bhyol AFtEl v Qo)

3% sl Eejolag2o] fist £2AA {AIE o8 FMIIE iY A4e 1993@1 £d9]
Schollmeyer W48o] o]a] Aote]gloni[l], 1996 =% Udhe AtoA Ciba At} ZEARLE 3l o
MzO]l 377} 30LO1 E£QA o]AtstErA @A77} s erE]Qich[2] o]T n]=, UE EX|AL 7<O17:ﬂ ol
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Mol chat =t At ook, SRR, AR o 92 7la7fge] Estelglon UEHEo] DyeCoo
AE 20129 4 2 R NS Apdatel Hst A o £S5 Sl

AN ZUA GA BAS et 3F £ AFAL, AR RN AL & Y £UA
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/\t}\t
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A ATFIUCL(TAM Z: 10078329)

2. AH 33

1. Saus, W., Knittel, D., and Schollmeyer, E., “Dyeing of Textiles in Supercritical Carbon
Dioxide,” Tex. Res. J., 63(3), 135-142 (1993).

2. Chang, K. H., Bae, H. K., and Shim, J. J., “Dyeing of PET Textile Fibers and Films in
Supercritical Carbon Dioxide,” Korean J. Chem. Eng., 13(3), 310-316 (1996).
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Supercritical fluid process technology and applications

Wantaek JOx, Marcel Jonathan Hidajat, Jongho Noh, Hyunhyo Kim
[Ishin Autoclave Co. Ltd.

B AT 2AARA B4 714 % @UUETo|uo|4 A BoIE plant scale £UA Fu)
89 a9 n AQARAl BHL o8 AR 23 MY Auel sl Yolugich AUAA

(supercritical fluid)= YAI/E0lde] 2=oF AHo|A 9] %@l%ﬂe ot AFer 7AE AR & ¢
= A gAlole. 2GA FAISl & Broh W2 AP d2jn AAEG F it o fieo] 297
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Preparation of DIY(Do it yourself) Cosmetic Ingredients using
Supercritical Drying Process

Hang-kyu Cho!*, Jong sung Lim? (chohk@fine-apple.kr, #409 Bldg, 35 Baekbeom-ro, Mapo-gu,
Seoul 04107, Korea)

This study investigated the method of manufacturing solid cosmetics that are used by
dissolution in water, have a high rate of dissolution in water, and maintain the performance
of the existing cosmetics.

While the existing cosmetics include the mixture of many additives, this study fabricated
lightweight solid cosmetics through supercritical drying process after fabricating liquid the
cosmetics in liquid form without using any preservative, antioxidant, pH regulator, glycerin, or
surfactant, which are essential ingredients of the existing cosmetics.

The cosmetics of this study in solid form are dehydrated through the supercritical drying
process by allowing extracts and oil to be adsorbed to collagen; suppress the formation of
microorganisms; and can be used easily through dissolution in water. And the morphological
structure of the cosmetics in solid form was identified under scanning electron microscope. In
addition, pH, the content of impurities, and microbial limit were analyzed with the cosmetics
in liquid form dissolved in water.

Further, materials obtained from supercritical drying process by dissolving various extracts
in collagen can be used as ingredients of DIY cosmetics.

FuFd

1. Jung, J., and Perrut, M., "Particle design using supercritical fluids: Literature and patent survey', /.
Supercrit. Fluids, 20(3), 179-219 (2001).

2. Cansell, R,. et al., "Review on materials science and supercritical fluids’, Crit. Rev. Solid State Mat.
Sci, 7(4), 331,340 (2003)
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Pressurized Fluid Extraction of Bioactive Compounds from
Saccharina japonica with Ionic Liquid as Co-solvent

Periaswamy Sivagnanam Saravana', Hee Chul Woo? Byung-Soo CHUN!" (bschun@pknu.ac.kr)

'Department. of Food Science and Technology, Pukyong National University
2Department. of Chemical Engineering, Pukyong National University

Seaweeds have great potential as a supplement in functional food or for the extraction of
compounds. Seaweeds are known for their richness in polysaccharides, minerals and certain
vitamins with bio actives such as antioxidant, anti-cancer and anti-obesity etc. To obtain
these bioactive compounds, green technologies are emerging as the best alternative due to its
reduction of energy consumption, safe and high-quality extracts. In this regard, extraction
with ionic liquids or compressed fluids such as supercritical fluid extraction (SFE)/pressurized
hot water extraction (PHWE) is being successfully used for the extraction of nutraceuticals
from natural resources. In the present study, we propose an integrated sequential extraction
process based on the use of ionic liquids combine with green compressed fluids for obtaining
the bioactive compounds from the brown seaweed (Saccharina japonica). The developed
process comprises a sequential extraction with ionic liquids extraction (ILE), supercritical CO,
(ScCO;y) expanded ethanol, and IL assisted PHWE. Finally, different tools will be employed for
the chemical and functional characterization of the obtained fractions. Extractions were
performed in three sequential steps using (1) ILE, (2) ScCO,-ethanol, and (3) IL assisted PHWE,
respectively. The residue of the extraction step was used as the raw material for the next
extraction. ILE will be used to extract phenolic compounds, amino acids, lipids and
carotenoids. In the 2"process a different percentage of ethanol will be used to extract
remaining lipids and fucoxanthin, which is the main carotenoid in the seaweed. Final step was
to extract polysaccharide (fucoidan) using IL assisted PHWE. The green downstream platform
developed in this study will produce a different extract with potential application in the food,
pharmaceutical and cosmetic industries. Therefore, a good approach for complete
revalorization of the seaweed biomass is proposed, by using processes complying with the
green chemistry principles.

1. Desai, R.K., Streefland, M., Wijffels, R.H., and Eppink, M.H., “Novel astaxanthin extraction
from Haematococcus pluvialis using cell permeabilising ionic liquids,” Green. Chem., 18,
1261-1267 (2016).

2. Han, D., Zhu, T., and Row, K.-H., “Ultrasonic extraction of phenolic compounds from
Laminaria japonica Aresch using ionic liquid as extraction solvent”, B. Korean. Chem. Soc.,
32, 2212-2216 (2011).

3. Hou, Q., Li, W., Ju, M., Liu, L., Chen, Y., Yang, Q., and Wang, J., “Separation of
polysaccharides from rice husk and wheat bran using solvent system consisting of
BMIMOAc and DMI”, Carbohyd. Polym., 133, 517-523 (2015).

4. A. In, Official Methods of Analysis of AOAC International, AOAC: Arlington, VA, 2000.

5. Lee, Y.R., and Row, K.H., “Comparison of ionic liquids and deep eutectic solvents as
additives for the ultrasonic extraction of astaxanthin from marine plants”, J. Ind. Eng.

Chem., 39, 87- 92 (2016).
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Ionic Liquids for Biopolymer Processing

Sang Hyun Lee" (sanghlee@konkuk.ac.kr)
Department of Biological Engineering, Konkuk University

Biopolymer-based materials have recently gained attention in the biomedical fields such as
tissue engineering, drug delivery systems, dialysis membranes, and biosensors, owing to their
inherent biocompatibility and biodegradability. However, the insolubility of unmodified
biopolymers in most organic solvents has limited the applications of biopolymer-based
materials. In recent, ionic liquids (ILs) have been reported to be good solvents to dissolve
biopolymers and develop biopolymer-based materials, because of their synthetic flexibility and
green solvent properties such as non-volatility, non-flammability, and recyclability. In this
presentation, applications of ILs to process biopolymers will be introduced. First, ILs are good
pretreatment  solvents for biomasses. Lignocelluloses are highly recalcitrant to
biotransformation by the existence of lignin. ILs could be used to extract lignin from
lignocellulosic biomass [1]. Extraction of lipid is the first step to produce biodiesel from algal
biomass. ILs could be used to develop a very efficient extraction system to obtain lipids from
algal biomass [2]. Second, biopolymers such as cellulose, chitin/chitosan, silk, heparin, and
collagen can be fabricated from ILs into films, fibers, beads, nanoparticles and molded shapes.
Synthetic wood films containing cellulose, hemicelluloses, and lignin, the three major
components of natural wood, were prepared in ILs. Synthetic wood films showed smoother
surface textures, higher water resistance, and higher tensile strengths than cellulose films
formed by the same methods [3]. Non-derivatized cellulose-based fibers were created by
electrospinning using ILs. Cellulose/chitosan fiber, cellulose/xylan/lignin fiber containing poly
(3-octylthiophene), and lignocellulose-based fibers were prepared [4]. Various cellulose-based
hybrid hydrogel beads containing two biopolymers were prepared and proved to be good
supports for immobilization of enzymes with high activity and stability [5].

Fugd

1. Lee, S. H., Doherty, D. V., Linhardt, R. J., and Dordick, J. S., “lonic liquid-mediated selective
extraction of lignin from wood leading to enhanced enzymatic cellulose hydrolysis,” Biotechnol.
Bioeng. 102(5) 1368-1376 (2009).

2. Kim, Y. H., Chai, Y. K., Park, J. S., Lee, S. M., Yang, Y. H., Kim, H. J., Park, T. J., Kim, Y. H., and
Lee, S. H., “lonic liquid-mediated extraction of lipids from algal biomass,” Bioresour. Technol 109,
312-315 (2012).

3. Simmons, T. J., Lee, S. H., Miao, J. ]J., Miyvauchi, M., Park, T. J., Bale, S. S., Pangule, R., Bult, ].,
Martin, J. G., Dordick, J. S., and Linhardt, R. J., “Preparation of synthetic wood composites using
ionic liquids,” Wood Sci. Technol. 45 (4) 719-733 (2011).

4, Ahn, Y. J., Lee, S. H, Kim, H. J., Yang, Y. H, Hong, J. H., Kim, Y. H, and Kim, H. S.,
“Electrospinning of lignocellulosic biomass using ionic liquid,” Carbohydr. Polym. 88(1) 395-398
(2012).

5. Park, S., Kim, H., Won, K., Choi, J. W., Kim, Y. H., Kim, H. J., Yang, Y. H., and Lee, S. H., “Wood

mimetic hydrogel beads for enzyme immobilization,” Carbohydr. Polym. 115, 223-229 (2015).
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Ionic Liquids as Catalyst and Reagent for Organic Synthesis

Yong Jin Kim' (yjkim@kitech.re.kr)

!Green Chemistry & Material Group, Korea Institute of Industrial Technology, 89
Yangdaegiro-gil, Ipjang myeon, Cheonan-si 31056, Republic of Korea.

Ionic liquids (ILs) have attracted much attention due to their tuneable properties according to
their specific needs. However, the application of ILs just to process solvent should pay much
expense with respect to industrial viewpoint. Various usage of ILs as an active catalyst for the
efficient organic transformation have resulted in opening a new level of application fields
[1-8]. Accordingly, there have been numerous reports on the dramatic enhancement in their
catalytic activities just by incorporating metal salts into ILs [9-11]. Catalytic transformation of
carbon dioxide or biomass into useful platform chemicals has gained much attention during
the last two decades due to economic and environmental benefits arising from the utilization
of renewable source and the possible depletion of CO,; concentration. Generally, CO, is an
abundant, cheap, and safe C1 building block in organic synthesis: however, due to the inert
nature of CO,, efficient catalytic processes for chemical fixation remain a significant
challenge.

Herein, we present a couple of examples for ILs-based catalysts and reagent which provides
enhanced activity towards various organic syntheses which meets the green chemistry goals.

A1 23
1. L. Han, H.-J. Choi, S.-]. Choi, B. Liu, D.-W. Park, Green Chemistry 13 (2011) 1023-1028.
2. E.-H. Lee, J.-Y. Ahn, M.M. Dharman, D.-W. Park, S.-W. Park, [. Kim, Catalysis Today 131

(2008) 130-134.

T. Jiang, X. Ma, Y. Zhou, S. Liang, ]J. Zhang, B. Han, Green Chemistry 10 (2008) 465-469.
P.D. Pham, P. Bertus, S. Legoupy, Chemical Communications (2009) 6207-6209.

R. Abu-Reziq, D. Wang, M. Post, H. Alper, Chemistry of Materials 20 (2008) 2544-2550
R.J.C. Brown, P.J. Dyson, D.J. Ellis, T. Welton, Chemical Communications (2001) 1862-1863.
D. S. Nguyen and Y. ]J. Kim et al., ACS Sustainable Chem. & Eng. 2016, 4, 461-460.

C. C. Truong and Y. J. KIm et al., ChemCatChem 2017, 9, 247-252.

H.S. Kim, Y.J. Kim, H. Lee, K.Y. Park, C. Lee, C.S. Chin, Angewandte Chemie International
Edition 41 (2002) 4300-4303.

10. Y.J. Kim, R.S. Varma, Journal of Organic Chemistry 70 (2005) 7882-7891.

11. H.S. Kim, J.J. Kim, H. Kim, H.G. Jang, Journal of Catalysis 220 (2003) 44-46.
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Ionic liquid/metal nanocomposite membranes
for facilitated gas transport

Sang Wook Kang'* (swkang@smu.ac.kr)
'Department of Chemistry and Energy Engineering, Sangmyung University, Seoul 03016,
Republic of Korea

The composite membranes consisting of ionic liquid 1-butyl-3-methyl imidazolium
tetrafluoroborate(BMIMBF,)/Ag,0/KF were prepared for CO, separation.! When Ag,0 and KF
were incorporated into BMIMBF,, the ideal selectivities of CO,/N; and CO,/CH4; reached 105
and 52, respectively, with a CO; gas permeance of 31 GPU.! These enhanced separation
performance were attributable to both (1) K' cations in KF as CO, carriers for facilitated
transport and (2) the oxide layer of the well-dispersed Ag,O and free ions in ionic liquid for
improvement in CO, solubility. The coordinative interactions in the BMIMBF4/Ag,O/KF
membrane were characterized by TGA, XPS, and FT-Raman spectroscopy.! Furthermore, we
found that when ZnO nanoparticles were generated into BMIMBF,, the selectivity of CO;/N,
and CO; permeance of the composite were significantly enhanced to 42.1 and 101,
respectively, compared to the neat BMIMBFs; membrane that had a CO,/N, selectivity and CO,
permeance of 5.0 and 17.0, respectively.?

1. Y. S. Park, Y. S. Kang, S. W. Kang, "Highly CO, selective membranes by potassium cations as
carriers for facilitated transport with Ag,O particles and free ions in ionic liquid" Chem. Eng. /.
320, 29-33 (2017).

2. K. W. Yoon, H. Kim, Y. S. Kang, S. W. Kang, “1-Butyl-3-methylimidazolium
tetrafluoroborate/zinc oxide composite membrane for high CO, separation performance”

Chem. Eng. ], 320, 50-54 (2017).
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Ionic Liquids as Novel Extractant Systems for PGM Metal Extraction
Processing

Rajesh Kumar Jyothi, Jin-Young Lee*(jinlee@kigam.re.kr)
Korea Institute of Geoscience and Mineral Resources (KIGAM), Daejeon 34132, Korea

The present general article focused on to green chemistry through using green solvents like
ionic liquids instead of regular organic solvents in metal extractions. Few words about ionic
liquids are followed: Research into ionic liquids is booming. The first industrial process
involving ionic liquids was announced in March 2003, and the potential of ionic liquids for
new chemical technologies is beginning to be recognized.

One of the primary driving forces behind research into ionic liquids is the perceived benefit
of substituting traditional industrial solvents, most of which are volatile organic compounds
(VOCs), with nonvolatile ionic liquids. Replacement of conventional solvents by ionic liquids
would prevent the emission of VOCs, a major source of environmental pollution. Ionic liquids
are not intrinsically “green”-some are extremely toxic-but they can be designed to be
environmentally benign, with large potential benefits for sustainable chemistry.

Precious metals (PMs) play key role modern life flairs. Countries like Korea are having very
limited natural resources as well as facing land filling problems after utilization of metal
products becomes a scrap. All over the world research and development activities given prime
prior to “green” in the new millennium; as well as environmental safety and protection is
most important for human lives. The present study proposed two ionic liquids namely [Aliquat
336][HSO4] (prepared and characterized at our laboratory) and Cyphos 101 IL (supplied by
Cytec Company) dissolved in two diluents namely DCM (dichloro-methane) and toluene. And
tested for feasibility of the extraction of PMs such as platinum and rhodium further possible
separation from each other and other precious metal copper also tested with above said two
IL’s as an extractants.
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Development of a High Efficiency Biogas Production Technology
through the Co-digestion of Lipid-waste FOG

Dohyeon Kim, Hoo Kim, Dong-Ho Kang, Hyun-Jo Ahn, Byong-Hun Jeon'*
(bhjeon@hanyang.ac.kr)
1Hanyang University
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1. Shouvik Saha et al., “Optimization of dilute acetic acid pretreatment of mixed fruit waste for
increased methane production®, /. Clean. Prod., 190, 411-421 (2018).

2. El-Sayed Salama et al., “Recent trends in anaerobic co-digestion: Fat, oil, and grease (FOG) for
enhanced biomethanation®, Bioresour. Technol., 258, 365-375 (2018).

3. Marwa M. El-Dalatony et al., “Utilization of Microalgal Biofractions for Bioethanol, Higher Alcohols,
and Biodiesel Production: A Review”, Energies, 10, 2110 (2017).

4. Energy Charts — Energy Production in Germany, https://www.energy-charts.de/power.htm
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Facile microwave hydrothermal synthesis of sulfur and TiO, coated

graphite carbon nitride composite for the enhanced removal of
BPA under 400 nm LED

Kien Tiek Wongl, Seog beom Jangl, Baekha Ryu!, So yeon Yoon' and Min ]angl*
(minjang@kw.ac.kr, heejaejang@gmail.com)
1Depar‘[ment of Environmental Engineering, Kwangwoon University, 20 Kwangwoon-ro,
Nowon-gu, Seoul 01897, Republic of Korea

A novel visible-light-driven photocatalysts, TiO, and sulfur coated graphite carbon nitride
(g-C3Ny4) composites, was successfully synthesized by a facile microwave hydrothermal process.
Comprehensive characterization was conducted not only to study the chemical states,
photo-optical properties, particle sizes, and crystal structures, but also the effect on the
degradation of Bisphenol A (BPA). The photocatalytic activity of GCN/TiO0.14 as shown on
Figure 1, indicating the significantly enhancement of BPA degradation as compared to the
individual photocatalyst (TiO; and GCN) under 400nm LED irradiation. With the addition of
sulfur onto the GCN/TiOg0.1¢), the photocatalytic activity was further enhanced where BPA was
totally removed after 2h. The k; value for S-CNQD%)/GCN/TiOg01 was found to be 4.2x107?
min' which was 8.4 and 5 times faster than TiO, and GCN,respectively. In Figure 2,

S-CNQD1%)/GCN/TiO40.15y shows the highest light absorbance at 400 nm compared to other
photocatalysts.
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Figure 1: Kinetic plot for BPA removal by 400nm LED Figure 2: UV-Vis absorbance for
various photocatalyst
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Bio-alcohols generation enhancement with controlled methane
production through Volatile Fatty Acids (VFAs) reduction by
Microbial Electrosynthesis (MES)

osé Gavilanes, C. Nagendranatha Reddy, Booki Min*(bkmin@khu.ac.kr)
Department of Environmental Science and Engineering, Kyung Hee University,
1732 Deogyeong-daero, Giheung-gu, Yongin-si, Gyeonggi-do 17104, Republic of Korea

Abstract

Methane production during reductive processes in MES is a critical parameter, which affects

value-added products recovery performance. This study explored the effects of inhibition of
methane formation during bio-alcohols production through reduction of VFAs in a
single-chambered reactor. Three different mechanisms to control methanogenesis were used:
buffered medium, inoculum heat pretreatment and direct pH variation control. Bio-alcohols
were evaluated until ten days operation when a decrease of production was noticed, especially
under buffered condition where methane generation has already started. By the end of the
operation, pH control condition achieved higher alcohol production of 0.363 + 0.02 g-COD/I
followed by heat pretreatment condition with 0.33 + 0.01 g-COD/I, and buffered medium with
0.25 + 0.07 g-COD/]. Control reactor operation revealed fast methane production from the
first day of operation and no alcohol production. Alcohol production yield was increased
compared to the control by 41.3% for pH control condition, 32.2% with heat pretreatment and
19.05% under buffered medium. Product specificity was also achieved as ethanol was the main
converted alcohol probably due to the absence of ethanol-degrading microorganisms such as
methanogens and higher cathode potentials. Present study suggests that bio electrochemical
alcohols generation can be improved with the inhibition of methanogenesis.

Key Words: Bio-alcohols production, Methane Inhibition, Microbial Electrosynthesis (MES)
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Optimization of La;0O3; loading on Ni-La;03-CeggZry20, Catalysts for
Steam Reforming of Methane Reaction

Beom-Jun Kim, Hak-Min Kim, Seong-Yeun Yoo, Hyun-Seog Roh" (hsroh@yonsei.ac.kr,
Department of Environmental Engineering, Yonsei University, 1 Yonsei-dae-gil, Wonju,
Gangwon-do)

Yonsei University
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1. Dan, M., Mihet, M., Biris, A.R., Marginean, P., Almasan, V., Borodi, G., “Supported nickel
catalysts for low temperature methane steam reforming: comparison between metal
additives and support modification”, React. Kinet. Mech. Catal., 105, 173-193 (2012).

2. Wang, K., Li, X., Ji, S., Shi, X., Tang, J.J., “Effect of Ce,Zri; O, Promoter on Ni-Based
SBA-15 Catalyst for Steam Reforming of Methane”, Energy and Fuels, 23(1), 25-31 (2009).

3. Kim, H.-M., Jang, W.-]J., Yoo, S.-Y., Shim, ].-O., Jeon, K.-W., Na, H.-S., Lee, Y.-L., Jeon,
B.-H., Bae, ]J.W., Roh, H.-S., “Low temperature steam reforming of methane using metal

oxide promoted Ni-CeggZrg20, catalysts in a compact reformer', nt. /. Hydrogen Energy,
43, 262-270 (2018).
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Integration of submersible microbial fuel cell in anaerobic digestion
for enhanced production of methane and current at varying
glucose levels

Hoai Thi Vu and Booki Min"(bkmin@khu.ac.Kkr)
Department of Environmental Science and Engineering, Kyung Hee University,
1 Seocheon-dong, Yongin-si, Gyeonggi-do 446-701, Republic of Korea

Abstract

A submersible microbial fuel cell (SMFC) was coupled to anaerobic digestion (AD) system to
enhance electricity generation and methane production. Glucose was added to the SMFC-AD
system as substrate in three different concentrations of 2 gL-1, 4 glL-1, and 10 glL-1 to
evaluate the effect of substrate concentrations on the system performance. High and more
stable current generations were obtained at 4 g L-1 glucose with 0.35 + 0.004 mA, which was
about 1.5 times higher than at 10 gl.-1. Methane production rate and yield were enhanced by
SMFC-AD system in comparison with AD operation. Maximum methane yield of 0.32 + 0.01
L/gCOD was observed at 2 gl-1, followed by 4 gl.-1 and 10 glL-1. In addition the SMFC in the
AD process increased COD removal and maintained proper pH levels for efficient methane
production (6.8-7.3). This study suggests that SMFC-AD system can achieve enhanced
methane production compared to stand-alone AD with additional electricity generation.

Key words: Submersible microbial fuel cell (SMFC), Anaerobic Digestion (AD), Methane
production, Electricity generation.
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Artificial Photosynthesis: Assembly of Nanoparticle/Cytochrome
Biohybrid Photoanodes

Ee Taek Hwang'®
!Center for Convergence Bioceramic Materials, Korea Institute of Ceramic Engineering &
Technology, Cheongju-Si, Chungcheongbuk-do, 28160, Republic of Korea

Coupling light-harvesting semiconducting nanoparticles (NPs) with redox enzymes has been shown to
create artificial photosynthetic systems that hold promise for the synthesis of solar fuels. High
quantum vields require efficient electron transfer from the nanoparticle to the redox protein, a
property that can be difficult to control. Here, we have compared binding and electron transfer
between dye-sensitized TiO, nanocrystals or CdS quantum dots and two decaheme cytochromes on
photoanodes. The effect of NP surface chemistry was assessed by preparing NPs capped with amine or
carboxylic acid functionalities. For the TiO, nanocrystals, binding to the cytochromes was optimal when
capped with a carboxylic acid ligand, whereas for the CdS QDs, better adhesion was observed for
amine capped ligand shells. When using TiO, nanocrystals, dyesensitized with a phosphonated
bipyridine Ru(ll) dye, photocurrents are observed that are dependent on the redox state of the
decaheme, confirming that electrons are transferred from the TiO, nanocrystals to the surface via the
decaheme conduit. In contrast, when CdS NPs are used, photocurrents are not dependent on the redox
state of the decaheme, consistent with a model in which electron transfer from CdS to the photoanode
bypasses the decaheme protein. These results illustrate that although the organic shell of NPs
nanoparticles crucially affects coupling with proteinaceous material, the coupling can be difficult to
predict or engineer photosystems.

A3
1. Hwang et al. “A Decaheme Cytochrome as a Molecular Electron Conduit in Dye-Sensitized
Photoanodes,” Adv. Funct Mater., 2015, 25, 2308-2315

2. Hwang et al. “Exploring Step-by-Step Assembly of Nanoparticle:Cytochrome Biohybrid Photoanodes,”
ChemkFElectroChem, 2017, 4, 1-11




ron
i
02t
oA
N
>
Jon
1o
P
=
Lo
>
e
fon
P
J

i1}

20184

CT-54

Electro-fermentation of platform chemicals from glycerol by
metabolically engineered Klebsiella pneumoniae L17

Changman Kim', Byong-Hun Jeon?, Jung Rae Kim'* (j.kim@pusan.ac.kr)
'School of Chemical and Biomolecular Engineering, Pusan National University, Busan, Korea,
609-735
’Department of Natural Resources and Environmental Engineering, Hanyang University, Seoul,
133- 791, Republic of Korea

To date, microbial production of value-added chemicals from glycerol have been extensively
studied. Among the glycerol conversion microorganisms, Klebsiella pneumoniae is widely
reported having highly developed glycerol metabolism with industrially applicable metabolites
production pathways, such as 1,3-propanediol (1,3-PDO), 3-hydroxypropionic acid (3-HP) and
2,3-butanediol (2,3-BDO) in anoxic condition. However 3-HP and 2,3-BDO are more oxidized
form: 1,3-PDO is more reduced chemicals compared to glycerol. Thus, it is strongly required
to develop new control strategy of bacterial redox state for targeting metabolites in anoxic
condition. Electro-fermentation is the promising technology for dynamic regulation of
intracellular redox state by accepting/providing electron from/to bacteria. K. pneumoniae 1.17
is a good candidate to apply in electro-fermentation, having a sufficient electro-chemical
activity. In this presentation, we would propose the novel electro-fermentation strategy using
K. pneumoniae L17 for 1,3-PDO, 3-HP and 2,3-BDO production, especially focused on
metabolic engineering optimized for bioelectrochemical system. Electrochemical interaction
between bacteria and electrode effected on not only intracellular redox balance but also
metabolic fluxes to enhance the productivity of target metabolites. The improvements of
production yield and titer also identified in BES compared to that in non-BES. The results
would present the possibility of the electro-fermentation of glycerol to value-added chemicals,
although still further development needs to achieve the industrial applications,

References

1. Kim, C., M. Y. Kim, [. Michie, B. Jeon, G. C. Premier, S. Park, and J. R. Kim, “Anodic
electro-fermentation of 3-hydroxypropionic acid from glycerol by recombinant Alebsiella
pneumoniae L17 in a bioelectrochemical system”, Biotech. Biofuels, 10:199 (2017)

2. Schievano, A., T. P. Sciarria, K. Vanbroekhoven, H. D. Wever, S. Puig, S. J. Anderson, K.
Rabaey, and D. Pant, “Electro-Fermentation - Merging electrochemistry with Fermentation
in Industrial Applications”, 7rends in Biotech., 34(11), 866-878 (2016)
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Biological Nitrification in Microbial Electrolysis Cells at different
Applied Voltages and Ammonia Concentrations

Daehyeon Choi, Booki Min® (bkmin@khu.ac.kr)
Department of Environmental Science and Engineering, Kyung Hee University, Seocheon-dong,
Yongin-si, Gyeonggi-do 446-701, Republic of Korea

Nitrogen pollution is one of the major environmental problems. Several physiochemical and
chemical treatment technologies such as electrochemical treatment, ion exchange, reverse
osmosis and electro-analysis have been suggested to treat nitrate contaminated water. In this
study, the biological conversion of ammonium (NH4-N) in synthetic wastewater to nitrate
(NO3-N) was investigated with the help of microbial electrolysis cell (MEC) for oxygen supply.
The oxygen required for the nitrification reaction was obtained via electrolysis of water by
supplying external voltage. In the preliminary experiment, about 4.5 mg/L of dissolved oxygen
was observed within 5 days at an external voltage of 1.5 V. Microbial electrolysis nitrification
experiments were conducted in batch mode at different external voltages (0.7, 1, and 1.5 V)
for each NH4 concentration (30, 50, and 150 NH4-N mg/L). The nitrification efficiency in MEC
system was improved as the ammonium concentration was lowered and the external applied
voltage was increased. The highest nitrification rate of lmg/L-hr was obtained under 1.5V
and 30 NH4-N mg/L. In the cathode chamber, ammonia and nitrate ions were measured due
to the influx of nitrogen ions from the oxidation chamber and the total nitrogen concentration
was less than 7 mg/L. The rate of DO increase was dependent on the applied voltages
ranging from 0.028mg/L/h (0.7V) to 0.049 mg/L/h (1.5V). In recent researches, biological
electrochemical systems show that nitrate can be removed through the microorganisms on the
reducing electrode without the addition of external organic carbon. Therefore, the present
study suggests that continuous removal of ammonia nitrogen pollutants in wastewater can be
achieved without external aeration through the combination of an oxidation reaction chamber
and a reduction reaction chamber.
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Optimization of Ba loading on BaCo/CeQ, catalyst for high
temperature water-gas shift reaction using waste derived synthesis
gas

Kyoung-Jin Kim, Yeol-Lim Lee, Hyun-Seog Roh" (hsroh@yonsei.ac.kr, Department of
Environmental Engineering, Yonsei University, 1 Yonseidae-gil, Wonju, Gangwon 26493, South
Korea)

Yonsei University

In our previous research, we compared the performance of alkali (Na, K) and alkaline earth
metal (Ba, Ca) promoted Co/CeO; catalysts in high temperature water-gas shift ( HTS)
reaction. Among the prepared catalysts, BaCo/CeO, catalyst showed the best performance. To
enhance the performance of BaCo/Ce0O, catalyst, we varied the loading of Ba (1 to 3 wt.%). In
conclusion, 1% BaCo/Ce0O, showed relatively high and stable activity (Co conversion=86%, CO,
selectivity=100%) for 50 h without any side reaction even at extremely severe reaction
conditions (GHSV=142,663 h™!, CO conc.=38% in the feed gas). However, 3% BaCo/CeQ, catalyst
were rapidly deactivated within the first 20 h during the stability test. The higher stability of
1% BaCo/Ce0Q, catalysts was due to the strong resistance to sintering of metallic cobalt (active
species), and high dispersion of metallic cobalt.
33
1. Lee, Y.-L. et al., “Effect of alkali and alkaline earth metal on Co/CeQ, catalyst for the water
gas shift reaction of waste derived synthesis gas,” Appl Catal, A, 551, 63-70 (2018).
2. Calles, J.A. et al., “Hydrogen production by glycerol steam reforming over SBA-15-supporte
d nickel catalysts: Effect of alkaline earth promoters on activity and stability,” Catal Toda
v, 227(15), 198-206 (2014).
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Electrochemical treatment of leachate containing phenols using a
Pt/Ti anode

Johanna Zambrano, Booki Min"(bkmin@khu.ac.kr)
Department of Environmental Science and Engineering, Kyung Hee University,
1 Seocheon-dong, Yongin-si, Gyeonggi-do 446-701, Republic of Korea

Abstract

The electrochemical oxidation of phenol present in leachate was evaluated with three
different current densities (50, 100 and 150 mA/cm?2) using a Pt/Ti anode electrode in an
undivided reactor. The feasibility of electrochemical treatment for leachate containing phenol
was determined in terms of phenol, COD and ammonia degradation rate: as well as gas
generation, energy consumption, and current efficiency. Phenol was completely removed
within first hour treatment in all the conditions studied. Galvanostatic electrolysis with a
current density of 150 mA/cm2 removed COD and ammonia faster than the other conditions,
possibly due to the formation of chloride-oxychloride radicals, which are strong oxidation
agents. The COD removal rate at 150 mA/cm?2 was 1.73 h-1, which was 5 times higher than
the values (0.35 h-1) with 50 and 100 mA/cm?2. For ammonia removal, electrochemical
process with 150 mA/cm?2 achieved maximum removal rete of 438.6 Mh-1, which was 2 and 3
times higher than the other current densities. This study suggests that electrochemical
oxidation with Pt/Ti electrode is a promising process for the treatment of landfill effluents
containing toxic and low biodegradable contaminants along with efficient nutrient removal.

Key words: Electrochemical oxidation, Phenol, Leachate, H2, Pt/Ti.
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Methanation system Development for CO, utilization and Energy Storage

Jisun Ju, Younggook Kim, Myounghoon Choun, Taekyun Kim
KEPCO Research Institute
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Technical issues on Alkalined water electrolysis coupled with
renewable energy

onchu 0" (mizkee@kier.re.kr), Hyun-Seo o', Sang Kyung Kim", ang-Hee Kim",
Wonchul Cho'*(mizkee@ki kr), H Seok Cho', S K Kim', Ch Hee Kim!
Myung Won Seo!
'Korea Institute of Energy Research

Water electrolysis is a promising technology that enables to convert the intermittent energy
source from the renewable energy into hydrogen in TWh scale. Alkaline water electrolyzer is
a mature technology that uses a porous separator allowing to permeate an alkalic electrolyte
(30wt% KOH solution). A commercial porous separator, Zirfon® (Agfa), has shown a
satisfactory performance and stability in an alkaline water electrolyzer, mainly composed of
hydrophilic zirconia nano-particle and higly stable polysulfone polymer [1]. However, there are
technical issues to be solved when it is be coupled with a renewable energy. Especially,
dissolved H2 gas in the electrolyte from the cathodic side (H2 evolution) permeates through
the porous separator into the anodic side (02 evolution). The gas crossover across the porous
separator occurs the safety issues, thereby resulting in a limitation of a partial load range [2].
Therefore, it is highly desirable to investigate the key factors affecting the permeability of the
electrolyte and to develop a more advanced porous separator than Zirfon® (Agfa). In this
study, we synthesize various kinds of Zirfon type porous separators to find the key factors
affecting the permeability and resistance. The separator with high porosity and low pore size
decrease the permeability and resistance. The higher wettability contributes to reduced
resistance.
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Biomethanation with thermophilic methanogen for power to gas

Byoung-In Sang®, Byoung Seung Jeon, Okkyung Choi, Hyo-Jeong Song, Mungi Hong, Min-Jeong
Kim, Kowoon Ju (biosang@hanyang.ac.kr)
Department of Chemical Engineering, Hanyang University

Hydrogenotrophic methanogenesis (HM) has recently gained significant attention due to
itspotential as a CO, utilization process. The low temperature and pressure operating
conditions required as well as the inexpensiveness of themicrobial catalyst make the biological
synthesis of CH; from CO, an attractive alternative to conventional biogas upgrading methods.
Furthermore, the conversion of excess renewable electricity to methane (Power to Gas) has
the potential to resolve many of the current inadequacies of existing power back up
technologies, such as storage capacity, cost and geographical limitations and support
renewable energy developments in terms of minimizing power curtailment and facilitating
wider deployment of renewable energy generation in regions with limited electricity grid
availability. To investigate the biomethanation of CO, sludge from wastewater treatment plant
in Seoul, Korea was inoculated into the HM bioreactor and the reactor was operated at 60 °C
with supply of CO, and H; (1:4) for 7 months. Conversion efficiency for CO, into CH; has
increased to 60% and CH,; production rate increased to 2.5 VVD. From the reactor two
Methanothermobater species were isolated and evaluated for methane production performance.
Both strains were cultivated well into basic anaerobic medium containing CO,/H, and
produced methane gas using CO, as a sole carbon. Whole genomes of two strains analyzed by
pyrosequencing method showed the obvious difference on genetic levels.
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Development of convergence technology for green methane using
renewable energy

Myung Won Seo!(mwseo82@kier.re.kr), Won Chul Cho!, Kang Seok Go!, Do Yeon Lee!, Sung
Min Yoon!, Jae Ho Kim!, Yong Ku Kim!, Sung Jin Park!, Seong Hye Son'!, Ho Jung Ryu'
Korea Institute of Energy Research
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1. Seo, MW, et al., "The Selection of Fluidized Bed for CO2 Methanation System in Power-to-Gas
technology”, 23rd International Conference on Fluidized Bed ConversionAIChE National Meeting,
May 15, Seoul, KOREA, (2018).
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Recent Technologies of Anaerobic Bioconversion
Process for Enhancing Methanation from
Organic Waste and Waste Biomass
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Process Design for CO, BEM (Biological Electrochemical
Methanation) Technology

Young Don Yoo (ydnyoo@iae.re.kr), Su Hyun Kim, Kwang Soon Choi
Institute for Advanced Engineering

CO, BEM (Biological Electrochemical Methanation) 7]&< U323 A7|ststA #tH-S o] 8519
CO& CHs= Aot 7]%3 3“4—3 AR 2 28 i R7]E ol&st H, £+ CHy 7tAS
MATSH= Power to Gas 7|= shtolct.

2 AoAe CO, 2Nm3/h Fo=z, 0TS o]&st CO.0t Hpo AE3HA whgS ol CHiE
Agatehes 71t o]A =t 7<171E 5*101] Saote UAZ-A7|318HA o] 9ol CHsE A4t 71eof o
gt Jrts Hsto, DBE £ U2+ E 53T & e 38 vgUIE A4 JiHskith s
5730 tigt 37458 %(Process Flow Diagram)s 7[¥to= gt & U FALA] 2AE Fo 22 55
o oUfA] SEEE Adste] 2zt o] tigh 88 A4S AAstA. n]EE o]gsto] COet Hy
o] AZ&A ¥gS Foll CHE *é***o}t %7801]*14 Nur|a&S 78% W= A= Tt E=3t 0]¥E
o] m3rel oA} CO, Hy 7hACtS] EAMG0] 48t §H87] 44& ZAAsH7] #4sto] CFD siAdg 3%
S A2, 45 7129 4R 558 7= w87 A4S =&

oletgol =3® CO, BEM 3HS Wiyl glefel J1E sistRole Apgeh: dstety O,
methanation 57d79] v 43 Fol] CO, BEM 374 S0l tis =2]stiA} st




o00
eoe 20184

9¢ 13¢(&) 13:30 ~ 15:00







10
>
e}
Ton
P
]
2]

20184 =7 I=etE

Evaluation of Sensor Usability for Real-time Monitoring
of Odor in Meat-Grilled Restaurant

Eui-Suk ]ungli Jin-Wan Kim!, Moon-Hyuck Im!, Hwan-Yong ]eongl,
Hee-Wook Ryu?, Tae-Ho Lee?
'R&D Center, Envors Co., Ltd, “Department of Chemical Engineering, Soongsil University
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Removal Efficiency of lead(Il) by polyphenolic derivatives

Dongfang Wang'?, Chul-Ho Shin? YufengZhao®, Joon-SeokPark*,
Moonhee Ryu!” (ryumh@jbnu.ac.kr)
L*Division of Biotechnology, College of Environmental and Bioresource Sciences,
Chonbuk National University, Korea
’Seohae Environment Science Institute, Jeonju, Korea
Division of Semiconductor and Chemical Engineering,
Chonbuk National University, Korea
‘Department of Earth & Environmental Engineering, Kangwon National University,
Gangwon-do, Samcheok, Korea

Abstract

As is well known, green tea is quite popular, and tea materials have been wildly studied and
used in many fields. However, the benefits of green tea are mainly attributed to the
polyphenolic compounds contained in the leaves, such as catechin, (-)-epigallocatechin gallate
(EGCG) and gallicacid(GA). EGCG, which has the most effective bioactivities, is the main
component of catechins in teas. With abundant hydroxyl groups, EGCG shows extra high
affinity to chelate with metal ions. Gallic acid, as a nontoxic organic acid with the pyrogallol
structure, also has been employed in many applications. Besides, it can be used to synthesize
the gallic acid - formaldehyde resin, which can adsorb considerable metal ions by
chelation. In present work, the adsorption mechanism of Pb(ll) by EGCG and gallic acid -
formaldehyde resin were studied by scanning electron microscope (SEM), UV-Vis absorption
spectrometry, FTIR spectrometry, and X-ray photoelectron spectroscopy (XPS). And the
influences of pH, contact time, initial concentration, temperature, and ionic strength
on PDb(II) adsorption were also explored. The results indicated that EGCG and gallic acid -
formaldehyde resin were potential materials to be utilized in wastewater treatment.
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Evaluation of Removal of Dust and odor from Textile Industry.
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A Study on the odor removal effect of Electorlytic Oxidation System
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Photosynthetic Conversion of CO; to bioenergy and biochemical

Mikyoung Jung, Young-Eun Kim, Sungjun An, Jaehyeon Lee, You-Kwan Oh"
(youkwan@pusan.ac.kr)
School of Chemical & Biomolecular Engineering, Pusan National University, Busan 46241,
Republic of Korea

A CO; biorefinery is a relatively new term referring to the conversion of carbon dioxide (via
biomass synthesis) into a host of valuable biochemical and bioenergy with minimal waste and
emissions. Microalgae are photosynthetic microorganisms, which can grow using CO; and
solar light using carbon and energy sources, respectively. Microalgal biomass is considered to
be one of leading feedstock candidates for application to large-scale production of sustainable
bioenergy and biochemical. Microalgal biorefinery is a sequential process that consists of
strain selection, cultivation, harvesting, products extraction, and conversion/purification.
Notwithstanding the extensive research of the last few decades, bioenergy and biochemical
productions from microalgae are not yet economically viable. In this talk, several challenging
issues for practical applications and recent achievements especially in our research group
would be presented and discussed. Various algal products and technologies would be detailed
regarding bio-o0il, bio-crude, bio-diesel, bio-hydrogen, bio-methane, bio-ethanol, levulinate,
Sn/C composite for battery anode, heat, power, and hydrogen.
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Preparation and characteristics of Bamboo activated carbon
through H3;PO, pretreatment and steam activation

Jeong Woo Park!, Hoang Vu Ly', Eun Ki Kim', Jinsoo Kim? Seung-Soo Kim!*

(sskim2008@kangwon.ac.kr)
'Department of Chemical Engineering, Kangwon National University, 346 Joongang-ro,
Samcheok, Kangwon-do, 25913, Korea
’Department of Chemical Engineering, Kyung Hee University, 1732 Deokyeong-daero, Yongin,
Kyeonggi-do, 17104, Korea

The bamboos are evergreen perennial plant, and known as one of the most productive and
the fastest-growing plants in the world, which grows quickly in a moderate climates with only
moderate water and fertilizer. Traditionally in Asia, bamboo is used for building materials, as
a food source, and as versatile raw materials. The bamboos can be transformed to prepare
activated carbon using a thermal treatment of pyrolysis. The effect of process variables such
as the mixing ratio of phosphoric acid and bamboo, carbonization temperature, activation
temperature and time, and the amount of steam were systematically investigated to optimize
the preparation conditions. After steam activation, the BET surface area of the solid products
was in the range 521.69-1385.55 m?/g. The adsorption capacity of iodine reached to highest
value of 1284.93 mg/g with the mixing ratio of bamboo and phosphoric acid at 1:1 (1.4
ml-H,O/g-char-hr, 750 °C, 2 h). Also, SEM, EDS, and FT-IR analysis were performed to
determine the characteristics of activated carbon.

Keyword: Bamboo, Active carbon, Steam activation, Phosphoric acid
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Potential of large-scale implementation of macroalgae-based
biorefineries in Korea

Mohammadamin Zarei, Jay Liu (jayliu@pknu.ac.kr)
Department of Chemical Engineering
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Increasing fuel usage and scarcity of fossil energy resources (oil, gas etc.) lead to the
increasing use of biomass based fuels and energy. Therefore, availability of abundant
resource for biomass feedstock is a key for reducing dependence of fossil based fuels and
energy. On the other hand, Korea has advanced technology on macroalgae cultivation and
considerable amount of annual production which can be converted to bioethanol. Therefore,
macroalgae as biomass feedstock is one of the best choices to meet national biofuel demand.
For the reasons mentioned above we propose a supply chain model to determine strategic
level (long term period) of bioethanol production in term of economic aspect. We developed
mixed integer linear programming for this model using macroalgae as our feedstock. In this
model we deal with all aspects of supply chain, which are upstream (production, harvest,
pre-processing and storage), midstream (biorefinery) and downstream (distribution to
consumer) including transportation. The goal of the study is minimizing total cost by means
of taking into account the fixed and operatiing costs of technologies used in the model and
optimising it to reach the demand. To investigate the proposed model a case study is
presented that considers potential ability of macroalgae production for every region in Korea.
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Fractional catalytic fast pyrolysis of bamboo with HZSM-5 and red
mud for upgrading bio-oil

Hoang Vu Ly!, Jeong Woo Park!, Jinsoo Kim? Seung-Soo Kim!*
(sskim2008@kangwon.ac.kr)
'Department of Chemical Engineering, Kangwon National University, 346 Joongang-ro,

Samcheok, Kangwon-do, 25913, Korea
’Department of Chemical Engineering, Kyung Hee University, 1732 Deokyeong-daero, Yongin,
Kyeonggi-do, 17104, Korea

Abstract

As lignocellulose biomass, bamboo consisted of cellulose, hemicellulose and lignin, which can
be converted into fuels by pyrolysis. The produced bio-o0ils contain high amount of
oxygenates, therefore, these bio-oils should be upgraded to allow them to be used as a fuel
source. Catalytic fast pyrolysis is an improved method of pyrolysis in which the biomass can
be converted into higher quality bio-oil by upgrading the pyrolysis vapor under influence of
catalyst [1, 2].

In this study, the thermal conversion characteristics of bamboo was analyzed from 25 to 700
°C in nitrogen using thermogravimetric analysis, and it was mainly decomposed between 230
‘C and 400 °C. The fast pyrolysis of bamboo was performed in a bubbling fluidized-bed
reactor under various reaction conditions to investigate the effects of these parameters on
product yield and bio-oil quality. The system used silica sand, HZSM-5 and red mud catalysts
as the fluidizing bed materials and nitrogen as carrier gas. The bio-oil yield was between
45.77 and 54.03 wt.% compare to those of 52.02 wt% (HZSM-5) and 50.38 wt% (red mud) using
catalysts. The catalysts rejected oxygen mostly as water, and produced lower amounts of CO
and CO, but higher amounts of H; and hydrocarbons gas. The C=0 groups such as carboxylic
acids and derivatives were decreased on the analysis of *C NMR spectra of bio-oil with using
catalysts.

Keyword: Catalytic fast pyrolysis, Fluidized-bed reactor, Bamboo.
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Convergence study of electrochemical systems and biocatalysts for
CO, conversion

Soo Youn Lee!, Sang Min Lee!, Min-Sik Kim!, Taek Dong Chung?, You-Kwan Oh?®, Jin-Suk Lee'
(syl@kier.re.kr; bmjslee@kier.re kr)

!Gwangju Bio/Energy R&D Center, Korea Institute of Energy Research, Gwangju 61003, Korea,
’Department of Chemistry, College of Natural Science, Seoul National University, Seoul 08826,
Korea, *Chemical & Biomolecular Engineering, Pusan National University, Busan 46241, Korea

Electrochemical conversion of CO; to fuels using a renewable energy sources is an
increasingly important area that addresses global warming and fossil fuel shortages. To apply
the concepts in practically, the electrochemical reactions should be proceeded under mild
conditions of a moderate temperature and atmospheric pressure. In general, however, a high
overpotential exists in the electrochemical reduction of CO,. For instance, the theoretical
potential for reduction CO, electrochemically to formic acid under standard conditions is
-0.199 V (vs. NHE). To date, extensive efforts to develop electrode materials for the direct and
electrochemical reduction of CO,; have been made also, but so far, they require the
application of energetically inefficient potentials or they are nonspecific and produce mixtures
of products. In this context, electrochemical reduction of CO, has yet to be achieved on
appropriately large scale due to the lack of efficient, robust catalysts operating at low
operation potential with high selectivity. The biocatalytic reactions involving energy
applications are gaining in prominence, especially in the direction of enzymatic and bacterial
electrosynthesis of desired fuels under excess electrical energy. In this work, we focus on the
electrochemical CO; reduction with high selectivity at low bias potential by employing

electrochemical system and biocatalysts such as enzymes, bacteria and microalgae.
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Economic feasibility of combined heat, power and hydrogen
production via hydrothermal liquefaction followed by hydrothermal
gasification of Saccharina japonica

Haider Niaz, Boris Brigljevic, Jay Liu (jayliu@pknu.ac.kr)
Department of Chemical Engineering

29

Hydrothermal liquefaction (HTL) of Saccharina japonica in 1:7 ratio with water at a
temperature of 300°C and at an autogenous pressure of 86 bars yields a liquid conversion of
91.0 % with a phase distribution of 88.4 wt.% liquid, 8.8 wt.% solids and 2.8wt.% of gas. The
gaseous product from hydrothermal gasification of the HTL liquid product at a temperature of
350 °C is fed to steam reforming at a reforming temperature of 1,000 °C. The reforming
product passed through a two-stage water gas shift conversion at varying temperatures of
350 °C and 230 °C for maximum conversion of CO into CO2 and H2. Pressure swing
adsorption lead to a total hydrogen production of 2,600 kg/hr with a feed of 80,000 kg/hr. In
house steam generation with help of total heat integration not only reduced the dependence
on the external utilities but also produced 24MW of surplus power. The total capital
investment for the plant was estimated to be $84.0MM with an operating cost of $80MM/year.
The annual net present value was calculated to be $340MM with a minimum hydrogen selling
price to be $1.855/kg. Technoeconomic analysis shows, hydrogen production via this
thermochemical route can add fruits to the energy sector.
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Process design of macroalgae based biorefinery producing fuel and
chemicals: A superstructure based approach

Rofice Dickson, Jay Liu (jayliu@pknu.ac.kr)
Department of Chemical Engineering
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Process flowsheet optimization of seaweed-based biorefinery coproducing bioethanol, protein
rich solids, succinic acid, and microalgae production was performed. The major goal was to
find the optimal processing route which produces minimum carbon emissions and poses high
economic potential. The proposed superstructure contains thirty design alternatives (including
different pretreatment steps, fermentation, carbon dioxide mitigation alternatives, and different
separation technologies). For ethanol purification, interesting design alternatives such as
hybrid distillation, multi-effect distillation was also presented and compared with classical
ethanol purification route. A techno-economic model was formulated by taking into account
mass and energy balance and capital and manufacturing constraints. The resulting model was
MINLP and solved in GAMS software. Global optimization was performed by using BARON
solver. Numerical results are computed for two optimization scenarios such as; maximize net
present value (NPV), and minimize carbon emissions. Sensitivity analysis was performed to
identify the major cost drivers to process. Results indicated that optimal design achieved
more than 90% reduction in carbon dioxide. The minimum ethanol selling price (MESP) of
$1.2/gal, and NPV of 204 MM$ was obtained.
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Sulfonic Acid-Functionalized Graphene oxide catalyst for Direct
Chemical Conversion of Xylan into Furfural

Pravin Upare!, Maeum Lee!, Dong-Won Hwang!, Jong-San Chang? Young Kyu Hwang!®
(yvkhwang@krict.re.kr)
!Green Carbon Research Group, Korea Research Institute of Chemical Technology (KRICT), 141
Gajeong-Ro, Yuesong, Daejeon 305-600, Korea
2Conversion Chemical Processes division, Korea Research Institute of Chemical Technology
(KRICT), Daejeon, 305-600, Korea, Fax: (+) 82-42-860-7676

Abstract

Utilization of renewable biomass for the chemical production has been a growing interest in
the current bio-based industries [1-3]. Furfural has been identified as one of the most
promising platform chemical directly derived from biomass by DOE [1]. One step chemical
conversation of hemicellulose (xylan) to furfural in presence of acid functionalized catalysts is
one of the great importance in the bio-refinery [2].

Catalytic process for the direct production of furfural from biobased Xylan was developed
using Graphene oxide (GO) grafted with -SOsH group (GO-SO3H). GO-SO3H has shown its
superior catalytic activity in the production furfural from xylan, and it produced maximum
86% of furfural yield within 90 min of reaction time without any char formation. The present
catalytic results encourage the utilization of GO-SOsH in the production of value added
chemicals from biomass. Furthermore, reusability of GO-SO3H was successfully investigated.
Interestingly, it had retained its catalytic activity without significant loss in catalytic activity
up to fifth recycle. More importantly, we did not observed any char formation and leaching of
sulfur in the reaction medium. Nevertheless, the presence of Brgnsted acid (SO3H sites)
together with other oxy functional groups are very important in such types of biomass
conversions processes. The presence of oxy-functional groups not only strengthen grafting of
-SO3H with GO which probably prevented leaching into the reaction medium, but also helps to
enhance the sorption capacity of substrate on GO-SOsH. Additionally, structural
characteristics and morphology of the catalysts were determined wusing different
characterization techniques such as, XRD, XPS, FTIR, Pyridine-FTIR, CHNS elemental analysis,
SEM, TEM etc.

(o]
o] s .
HSM/OHM/OH Hydrolysis HOHng/OH Dehydration \o/ '
OH oH GO-SO:H . bH GO-SO:H .
Xylan Xylose Furfural

Scheme 1. Chemical conversion of Xylan to furfural over GO-SO3H.
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Development of Bio-fuel for Power Generation

Jae-Kon Kim*, Inha Hwang(jkkim@kpetro.or.kr)
Research Institute of Petroleum Technology, Korea Petroleum Quality & Distribution
Authority(K-Petro)

Recently, many countries carry out many renewable energy policies to accelerate the renewable
energy consumption and to reduce the Greenhouse gas emissions. As Korean government has
activated the RPS(Renewable Portfolio Standards, national renewable energy obligation policy in power
generation field) since 2012, producers have been seeking and using the various renewable resources
to meet the RPS quota. One of these efforts, demonstration project of bio-fuel for power generation
is being conducted to check the operability and compatibility with fossil fuel, bunker-C from 2014. In
general, bio-fuel for power generation is composed of the mixtures of vegetable oils, animal fats and
fatty acid methyl (ethyl) esters. Main compositions of these crude oils are triglycerides (TAG), free
fatty acids (FFA) and fatty acid methyl esters (FAME). The oil’'s quality and combustion
characteristics are different from conventional oil, bunker-C in current power plant facility. In this
study, recent progresses on demonstration project of bio-fuel for power generation and its fuel
characteristics of fuel quality, emission performances in industrial boilers.
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Extraction, Separation and Purification of Protein hydrate from
Leather Waste
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Simultaneous in situ detection of Pb* and Hg?" using
nuclease-resistant DNA aptamer on gold nanoparticles

Joong Hyun Kim*, Chan Ho Chung, Hyunjin Kim (jhkim@dgmif.re.kr)
Medical Device Development Center, Daegu-Gyeongbuk Medical Innovation Foundation, Daegu,
South Korea

Herein a method for a simultaneous in situ detection of Pb and Hg using nuclease-resistant
DNA aptamer on gold nanoparticles was developed. Inductively coupled plasma mass
spectrometry (ICP/MS) has been traditionally used for the detection of heavy metals. However,
ICP/MS and other conventional methods, such as atomic absorption spectrometry, anodic
stripping voltammetry, capillary electrophoresis, and X-ray fluorescence spectrometry, are not
suitable for the fast detection and effective treatment of heavy metals because of the
sophisticated equipment that is required or the necessity of the harmful retreatment of
samples.

There has been great progress in the development of functional DNA-based sensors for the
In situ detection of metal ions. However, many functional DNAs such as aptamers and
DNAzymes are vulnerable to hydrolysis by nucleases . In addition, the detection methods that
are based on DNA often exhibit interference due to the concentrations of other ions, such as
K* and Na'. Therefore, we selected highly Pb*-specific DNA-aptamer sequences based on CD
spectroscopy of 4 G-rich DNA sequences and Hg?'-specific T-rich DNA sequences and
immobilized them on gold nanoparticles for the simultaneous detection of Pb* and Hg?. We
used gold nanoparticles because these have a superior fluorescence-quenching efficiency over
a broad range of wavelengths compared with other organic quenchers. In addition, gold
nanoparticles have a stabilizing effect on the immobilized DNA, which makes it more resistant
to degradation by nucleases than free DNA. As a result, even in the presence of DNase, we
were able to simultaneously detect Pb?* and Hg?" in a real sample at concentrations as low as
128 pM and 121 pM, respectively, within 10 min. These detection limits for Pb?" and Hg? were
39-fold and 26.4-fold lower, respectively, than the detection limits that were obtained using
free DNAs. Given the multi-color-fluorescence quenching capability of the gold nanoparticles
and the possibility of developing functional nucleic acids for the detection of other metal ions,
this study extends the application of oligonucleotides to a in situ detection system for the
detection of multiple harmful metal ions in real samples
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Preparation and Characterization of UV Cure Adhesive Resin with
Flame Retardancy
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Acid Contaminants and Reaction Characteristics of the Stone
Cultural Properties in Gyeongju
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Faculty of Health, Daegu Haany University, 'Gyeongju National Research Institute of Cultural
Heritage, ?H.S.E. Tech., °Dept. of Environmental Engineering, Hanseo University
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Deterioration and Weathering Grade of the Stone Cultural
Properties in the Southeastern Region of Korea
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Weathering and Monitoring of the Stone Cultural Properties in
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The effect of the titration rate on the catalytic performance over
Ni-MgO, Ni-MgO-CeO, catalysts for the carbon dioxide reforming of
methane

Hak-Min Kim, Beom-Jun Kim, Hyun-Seog Roh" (hsroh@yonsei.ac.kr, Department of
Environmental Engineering, 1 Yonsei-dae-gil, Wonju, Gangwon-do)
Yonsei University

In this study, Ni-MgO and Ni-MgO-CeO, catalysts prepared by co-precipitation method with
different titration rate. The titration rate has been controlled by changing the addition rate of
KOH which is a precipitant (Fast titration rate: 8.0 mL/min, Slow titration rate: 0.8 mL/min).
To compare the catalytic performance, the carbon dioxide reforming reaction has been
performed at a very high GHSV of 1,000,000 h™!. Among the prepared catalysts, Ni-MgO-CeO;
prepared by fast titration rate exhibits the highest catalytic performance. To understand the
relationship between catalytic performance and physicochemical properties, various techniques
have been carried out such as X-ray diffraction (XRD), Brunauer-Emmet-Teller measurements
(BET), Temperature programmed reduction (TPR), COj;-temperature programmed desorption
(CO,-TPD), Hy-chemisorption, Raman spectroscopy, XPS spectroscopy.
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Hydrotreatment of Vegetable Oil for Biofuel production on Alumina
Supported Molybdenum Carbide Catalysts

Seong Chan Lee!, In Bae Yoon!? Hee Chul Woo's (woohc@pknu.ac.kr, 365, Sinseon-ro,
Nam-gu, Busan)
'Department of Chemical Engineering, Pukyong National University
’Samsung Electro - Mechanics

O (palm oil)e}t 7i5SAZA A M(cashew nut shell liquid, CNSL)2 x| =24 Hlo]|2 £ 80] dxg2 AL
=y 28y "HRole 7t25A7|(carboxyl group, -COOH)E & &#stil Qo] =2 Ab7KHacid
value, A.V., ¢F 80 mg KOH/g)2 XY c}t. ¥fH CNSLL H=7]E AlUY EHAMSZ ©4A 15715
72t xR A 0o]5A43He JJEH 37N MR A d =23 ERe =2 ££E7}(1od1ne value, 1.V., 9F 280
5/100 9% AILu SIck & @FoNL olele S A Sist RS CNSLedg 11wy
Y eud Mn Aol ~adl RS B ALY 909 A48 RorolE BA NI 4 At
A3 S04 st s,

2 oAgoE 448t Weo] =Ys &us Holk AZ&W gAs HANL madn A
MoC/Al,O3 FU|E &85t Mo GA[Z(15~30 wt.%)ol T 4%t E4Z2

oo} AAAQ MoOyx/AlOs2F % d-& Ha4 FOiQl Pd/AlL,Os X Pd/C 9] £48F &/t v wshdtt. £
Ae D3 WEI0N AW, WMSENS 24U 30 bar, BAEE 1 h! 12in WELEL
250~400 “Cof|A Aledstict. 1 At Mo Al&o] 30% o I 2t Al &&°] oF 42.2%= UERS
o, AP AARES oF 100% 1 A I 12y J8%57} 71 wef a7t 9 4H7te]
AARES 571t FAIE EJT. MoC/ALOs Fuje] 4A7F A @ trl AAsES Had FUQ
Pd/Ce} ¥hg g2 79l vlRst Yetydth. T2l MoOy/Al,O; BTh MoC/ALOs2 T 7 Ol 29
1:7]. al A}j]— f\ﬂﬂ g3 o] 7]»7}- 12% 16% 757]- o]-oﬂq 7:1;7:4 o=, }\]U 0_4 }\]—7]-9]- _9__9_:7].‘?- 7]
of 248k W3S £Qst Ak MoC/ALO; Suj 1zl 24 FUj9 PA/ALO; U Pd/C Eujet

0“1

o\o _|>

»

OI:I

A oot F4dS BYoH, ol &9 gy A4 &4st FSulE gAY 4+ e f9Us Suie A
Zhgic}

%}-1\ o] =

2 A7 201798 ARAYSYALRMOTIE)S} §Ho]dx]7|4H /M (KETEP)Y] A|9g ol 433
St ALabA| QY tH20174010201460).
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1. Ikeda, R., Tanaka, H., Uyama, H., and Kobayashi, S., “Synthesis and curing behaviors of a
crosslinkable polymer from cashew nut shell liquid,” Polymer, 43(12), 3475-3481 (2002)
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A study on optimum conditions of Crushing Process Operating
Conditions Using Response Surface Methodology for molding Solid
Fuelization of Coastal Waste

SeokHwan Park!, SungHoon Jung!, HeungGu Kang', SeungHwan ]eongl, SangYup Lee?, JuYoung
Park'* (juyoungpark@gei.re kr)
'New Engrgy Industry Intergrated Research Center, Green Energy Institute, Jeollanam-do, Korea,
’Machine & Technology, Uiwang-si, Gyeonggi-do, Korea

Abstract

In this study, the optimal operating condition of the crusher in the mobile solid fuel
production system for the solid fuel production from the collected shore waste was analyzed
by using the response surface analysis method. Most of the coastal wastes are combustible,
mainly composed of net, rope, buoy, styrofoam and wood. However, it is currently being
treated as landfill, consignment treatment, or illegal incineration at the site after collection,
resulting in serious secondary damage. Therefore, this research team is developing a mobile
solid fuel production system to produce solid fuel from coastal wastes and raw materials as
raw materials. In this study, the optimal operation condition of shore waste shredder was
analyzed. The crusher operating conditions were set as independent variables and the fracture
yield (kg/kg) was set as the dependent variable. The rpm, crushing time, and PE waste water
content (wt,%) The results of the analysis show that the higher the number of revolutions per
minute of the crusher and the longer the crushing time, the higher the crushing efficiency,
but the PE-based coastal waste content does not affect crushing efficiency.

Keyword : Coast waste, Solid Refuse Fuel(SRF), Crusher, Response Surface method
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Estimation of potential generation of PV module Waste by
increasing solar power generation

SungHoon Jung!, SeokHwan Park!, HeungGu Kang!, SeungHwan Jeong', JuYoung Park'*
(juyoungpark@gei.re.kr)
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S FHoR HYFYe] TwH Lo wet AFo] ofd JsEaRoR
0] g Zystin agol 325 Aokt EJYY HREY
StAlEh AR U MRS At oyl oY T WAl wA
2718 I 2 Al Rulse] Mg @77k 928 Z7etn ook ol B Ay Ao
PR ZAT YUY W s WY oS0 gigt Aol AeE Uy HuEe] AR Wy
s |2 242 ol gatHrt slEHe] FEeIrtzE 2007-20161
5% 5 CYF WASY A9E HuE TYFS o5l ¥
AU A Clolele] Aoy WA du] U WA g
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Oxidative Desulfurization of Marine Diesel Using Metal Oxide
Catalysts and Hydrogen Peroxide
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FABH2(S0,)e TfEAQl T

Solra ARARAN 24 AT A4S 53 MEEE BUS 3, ¥
N A Wets 1wl FArelRe] ujEe

2 Abgulel 7] Aoyl 2ol Mt 2oy
olgh 2t 7] sl &l FASHAPZ o= A Agof 3 SR dist #Al2 AddeiErt
2 A s Hastid. OefA A9E S5 R ARl 2 o3 FagteEs AAsH] At Ve

A A

R =
2 34 o] "HQsith &, 7]£9 sk gFo] ARE = 2FE(HDS, hydro-desulfurization)s
S|

Joz2t 1k9 A/ ARAESES AAsted SHAVE Qlenm=z o]lg HESHuUAL ARSHEEHODS,
oxidative desulfurization)&7gdo] sh4e] Aoz AA|E L ot AstEelgde W2 2=t 4= shoj

A 58 7tssite Aol Y. ASHAlZ = 2ol Biteh44(H,0,, hydrogen peroxide)= BHE £
PAbE R S0 AGET] diwol ARl AStRE o ARITH 1.

AN s ZR2ReA A9 R 5= oF 180 ppmw-S 23S AEst AetEd theS
Bstgth. v FUlE FHAEES AIHSIO)ol EA] g Ful(20 MO,/SiO2, M = W, Mo, V, Nb,
Mn, Fe)S AZ=stAth a44ets £Uft 2H4teh44(30%, Junsel)oto] 4teiutg2 Sl Fetg=S 4tet
stRo, stebd &shetE2 ofMEUEZL(CHCN, acetonitrile, Junsei)g Uiz ARESH £&¥H3S &
ol d=5H AAstit. a&4tetE F019 Je2 2942 € 98 489 ¥ dags VIEeR

B7}stect.

O] =w2 AUSIAERY Aoz ALY LATLAIE Q] AJdS ot 238d A3y, (WA=

1. Kim, H.J., Jeon, Y., Park, J.-I. and Shul, Y.-G., “Heterocycle-modified 12-tungstophosphoric
acid as heterogeneous catalyst for epoxidation of propylene with hydrogen peroxide”, /. Mol
Catal. A Chem., 378, 232-237 (2013).
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Steam reforming of liquefied oil derived from macro algae over
Ni-based bi-metallic catalysts

Yong Beom Park, Hee Ju Ahn!, Hankwon Lim?**, Hee Chul Woo®
Department of Chemical Engineering, Pukyong National University,
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siaf utoleujAl T2/ 9 27 utolQujacks De] SAbo] AAA|7E Wastx] eron] olitstel
A A7 &I} 9asithe S uigoR ) *17<H*“01]L1K191 gt Robg PRt 9t who] QoA
of e Bztg 4 1] SIAE ulolQUIAS HBslol AT wu Asjebs W Ed) cheb

st oyx] & A=s AL 2 Qon & Ao sIE2F fl 2BAFUS Fot 57 7NA
ghs OEHH 7FA(H,, CO, CH49} COx)E AY/dstalx} stot.

23571 7NARESo AH8H Y SIAF fel 2BASHE7Y(503 K, 32 bar, 4 h £31)3 &35t
2B A3} A (Coz9Hi18300.25 + 4.54H;0, S/C ratio: 15.67)& EEsIH0[2] £57] 7N ¥H&
Y}2 7] (Fixed-bed reactor)ofA] 8F2ew 873-1173 K, WA Z7FEE(LHSV) 0.5-4 h'! @ 2Z=7]/EtA
= H|(S/C ratio) 5-309] =0 T2t ¥Hg/dS vHluwsgoh ¥HSEI== Nig 7|fte= Fo]g4(Fe,
Co, Cu®t Zn)i} HF4(Pde} Pt)S FAAIZE &85t AlOs A|X|Ao] EX]AZ] o] d&A FUjE A &xsh
don o EJEAHOog XRD, XPS, BETQ TPRE 43888t3ict. 244 Ni-Co/Al;O3, Ni-Cu/AlO3,
Ni-Pd/Al;032} Ni-Pt/AlO3 FU[ofA Ni/Al,O3 FU§e} v]usto] HpF CO.9] A=wrF =7 YEREOH
CO9 MLl TAare dTS BT ol Co, Cu, Pde} Pt/d&0] 4471A At ¥H3E &2 dojy
+ Zojg} o A%

rlo &

Kl oX
ol oX
oy it

|

r
P

ZALo)2
Bl 201798 AR RENR)] fUoR HFATATY AU Wob 2 J|2APA
JIA LY HNo. 2017R1IE1A1A01074445).
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1. Song, M. K., Pham, H. D., Seon, J., and Woo, H. C., "Marine Brown Algae: A Conundrum
Answer for Sustainable Biofuels Production," Renew. Sust. Energ. Rev., 50, 782-792 (2015).

2. Park, Y. B., Lim, H., Woo, H. C., "Steam Reforming of Hydrothermal Liquefaction Liquid
Macro Algae over Ni-K,Ti,O, Catalysts," Clean. Technol., 23(1), 104-112 (2017).




o< 20184

ox
0x
N
7S
Jo
o
i
X
Jou
>
i
Tou
P
J

oA

PA-14

4 »8A Olo]azdold JIE Er2 Fsi-7id A

710 3]
o A I

, MY (ynchun@chosun.ac.kr)
Mjstn &7 2st}

1 Y

op-
o
N
)(

Tar Decomposition-Reforming Conversion using Microwave-Heating
with a Carbon Receptor

Eun Hyuk Kim, Hee Gaen Song,Young Nam Chun® (ynchun@chosun.ac.kr)
Department of Environmental Engineering, Chosun University

stAzo] FAo st sfZAx oz Ao 7tA% 7|e2 7149 m7lE 2 vlo]leujaz HEO| of
UAS A 4 e 83t 7= 42X Qo datelA oyr] dgtr|eE &6l dofxl %”éﬂi
(produced gas)= 7FAER], A%, A5RX] o A5z AREEo] A # Qo ABgd TtA EJrEH
2 BAF7IAE o] &=
AHEoE7] KMo BQst AdFIFoA EEGES S 01 LE—J ”*01014 Ax 2 Ei‘ﬂ LHEO t*o*é
TR A 5“:} Fot 48 FAE=EE= TtA x17§li(gas collector)2 FUEo] A g7tA0] AZ W
Ag 7HAAL et 2ejnR ARs] 7hast Zlgols BE2E Afste Zle ®et Bach dAolH.

olgst EAIE sfiZstr] Yol & der, Mgt &, vio]oujA i 5 5*9}58 01%6}04 Ef2 3 7)ol 7j
A F0f B= O AAA HLo] ot A5 8 ok 2 “04011*1L 3%
= SAfsHo U}Oliiﬂlolﬁ +8A A8S o g2 e RN E S KJ%* St o, WAEIE = TR
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Microwave CO, gasification and Oxyfuel-Steam Combustion
for Sludge Char
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o] AR AFES AT 2A7EA0] WA 5 ofg] A2 QIsH vio] QoA (biomass)et E-2
EtA S o] 7Hsst Af=-2 oA olyx]Q] JHof Alo] AX|LL Qlch 53] st A2 Al WAL=

S A= SHYmfEY AW ZA|2 Qs 7|29 FPAYA] M2 AR AR A siAw
H7]29] FPHg2o] Aol FoA £ ok 97174 ot 221X dedhes o8 ¥Y 5
dH A2 UHS Folf EEol/7tAst o] ZoX| 1 WS = A7t A(product gas) & EEFEQ S A
%H(sludge char) 52 &off AR Az=2 AFEHAY S25A|, ©etE50] Ag 502 TpgstA ALl
7Hs5HeH1,2].

SRS AYR|/AHESt 7]& 5 S2lA] ©etE2 nfoj32go|uo] 7iA JiA 1 F fEF| 29
dS T 4 ot o]F Boff 2AVFAS] 29 FAIQI oAstErA S A5 Yt Va2

ofo] 22 olY st &2]A] JHA AFES 43Y oFgict ofo]Z2go]E 7tA JRAS 9fsf olo|ZZ2utE
dhop 2o = A5 Al A A28A7F ML, o] 4 oAt ATE AL EA F
DAJEFAQF TEASE Sho] AStERA Az 2 Me JHsEs AES Sof ¥gton, o o]AtstEra
Rt 74%=2 57 Sl

E3St A5 Arstelr] YshA Al
Aarsagt A”TGH #sto] fisto] &

et daes 27|19 G457 dwd =g S
Aoz HAAMdo]l Frtsto] £7] AdH
257t gt JoRoz gty 1hs &
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Diethylenetriamine Absorbents Mixed with Alcohols
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deel S dugos Erel SRV oEiNAR gagol He olbishdorichiar oltia)
Sra-leaniy 02 BelEich. o|uf o Atsteki-richyute AARtol ol&stol APYFOZH FAA| Aol

2 ol ANE B9 % Tk B o poliE E4AG olMBtEr: 293 o]7] 95 Sejojuiel o
AREelolag FEA2 olu of Yuel BE A SHEE FYE Al LTA oo} £UT 7
27 §4AE A8 SaA0 A5 UG T4 £YS 8] WAL olusEs 2

goRo] eSS M7ISH AS 158 gCO,/L, o|4L2TES M7 AOL 170 gCO/LE LiERFon
o BUTTINS] 30 wik LT §o191e] cyclic 2 55 gCOyLUE 3] o1l e Yol

dold 8T cojAEalolela R A FAAE §2A gEelol Tk A 180z 9ol
% olakelet 4 rich &4A10] 92714 % ofja} =o cyclic 26 4 UEHjDZ o AAdYA

Ze 71E olMetEs g4dle] BHE 38T 4 U2 Aol

o EUrE to &L or=o] x}&7lo]7} ggg#% S7rtRet. &A1 cyclic 292 HogdlEe]ornl
s o
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2 e 83 2 29S FRE olAMEA0] e APt olRojR| L Girk. ¥ AoiE P AR
ol 874 o @Ael 842 5ol 40 nm F FUe J1go] ¥E AR Uk oA oot/
2 2% 79 dxte st &3 B Aestdtt ¥8 dus) 24 5. A8 Sojgls 100
m 351 79 Poly styrene® Bt 40 nm S Zolg WA o, Poly(viny! pyrrolidone)
J| =

i, oldEA S&54tetEY
© oA S5AtetE/EAa

. Park, J. S., Cho, J. S., Kang, Y. C., "Scalable synthesis of NiMoO4 microspheres with numerous
empty nanovoids as a advanced anode material for Li-ion batteries. Jornal of Power Sources, 379,
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SAh2 gE&ol29 Add ¥ EW Yst= 2 AN HEkE 8 4 o, HAsiA AF7F &olsho
e R7IstEA 45S e £ doN: Redrs) 34 & Axelg Fol ey =2
0 x0] IEAEE/Se BUAS AU EEARN BRAANN A2 HE UG NIk B4
Aut NEAES wEALZA 1EES FASIP, Fojol 712 WAL o] B ojr] FolA Atstati
= &0l %éﬁi}%ﬂ} Ao vlg2 2SI, O5d =E8A-EA AR & E/HA A=
58 m’ g'o] ®& BETZLS UFERJQICE T3t 2| Bolaldlo] S34r2 H8Al 2 A glo] %2 HE
oA} 10004012 % 635 mAh g'e] S 71 88 Uelhaich
FuFd
1. Cho et al., "Synthesis and electrochemical properties of spherical and hollow-structured NiO

aggregates created by combining the Kirkendall effect and Ostwald ripening," Nanoscale, 7(46),
19620-19626 (2015).

2. Oh et al., "Design and synthesis of tube-in-tube structured NiO nanobelts with superior
electrochemical properties for lithium-ion storage," Chemical Engineering Journal 347, 889-899
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Multi-channel 132 & Zt= MoSey;/N-doped carbon nanofiber?] $H/d i}
AFOIAIFA 2524 A&

A& R2&EAM(jscho@cbnu.ac.kr)
sarjsta ZYststa

25O|AMIA = A2 2 EAMEY] 7Ha40Sol Aol g EolAMAY QAR BHe £52 @ Q. 1
AU AFOIAMAA = AFolRe & o|R¥tFoA fdiE B2 2B/EHEGCR sl At oy &
S A3 o}t Tt B HARLoAE multi-channel &9 MoSe;/N-doped carbon nanofiber
(M-MoSe;/NCNF) & /st AgolAHAR|e] S22 A&sto] U Al RojHsts 851
Mol|d AEE &olst/ sto] o]eitAe]E aifAog ZFo|iA} siith & Ate A7[UARSAEY &
dX2] TAZ S0l M-MoSe;/NCNFE &/dsto] AgOIAIAY S84z A&siitt. WA A7|%
AlEA2 st 89S gmmonium molybdate?t diethylenetriamine, polyvinylpyrrolidoneE Z&420
o] ZFu|gc}t. A7|9AMEA F ammonium molybdate®@} diethylenetriamine 7t Ar&2]7}F Lojit
multi-channelo]  @AdE|Qlon, Adlst g3 &l M-MoSe)/NCNFE  &/dstdict. /44
M-MoSe,/NCNF U ©¢F 20 nm A1739] multi-channelg 201513 00 few-layerZ XSt MoSe, 3
o] WALt} Elemental analysisS £ ¥ojx M-MoSe,/NCNF U AA o BHAghesro 7h7F 3,
16 wt%o] it

M-MoSe;/NCNF= AFO|AMHAI] 22852 HEEo] 0.5 A g'o] AFUEA 300 Ato]Z &
386 mA h g'o] 7t 23FS UERlCE E£3F 10.0 A g9 &2 MFUEOJA 285 mA h g9 &2 7}
dE&FS UEHT. ot #H2 ARVl »28/1EE 5442 M-MoSey/NCNF Y multi-channel©]
sodiation 7oAl ofrEl Bm=FE 85k, multi-channel W HsiA AF=2 Qs AFo]29
shitAels gutslos WAAZ o0, N-doped carbon®] £2 7] =/Jit few-layered MoSez°] £
o m7lsters] wrg ol s19lst Autolct,

2 AFolA A S YA FoRHRTE ofYet Fuf, Al 5 gt Fofo] A& Jhed
7o g 7ggttt.

19
ol
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Effect of pulse hydrocarbon agent on NO, Removal in an
Atmospheric Pressure Plasma with a Selective Catalyst Reduction

Duc Ba Nguyen, Van Toan Nguyen, Young Sun Mok*
Department of Chemical and Biological Engineering, Jeju National University

Abstract

NOy reduction at low-operation temperature is gaining interest since the exhaust gases in the
diesel energies consist of NOy and hydrocarbons. A combination of the selective catalyst
reduction with an atmospheric pressure plasma has been archived high efficiency of NOy
removal under hydrocarbon agent at the range of 200-300 °C operating temperature. Several
reports indicated that the pulse hydrocarbon agent is not enhanced of the NOy removal but
also reduce of the hydrocarbon consumption over selective catalyst reduction at
high-operation temperature. In this study, the NO, removal will investigate in a fixed-bed
dielectric barrier discharge reactor with a pulse hydrocarbon agent, n-C;sH;s. Effects of the
pulse hydrocarbon agent will be considered regarding NOy efficiency removal and hydrocarbon
consumption under the variation of time pulse of hydrocarbon, discharge power, and
operating temperature. As a result, the effect of the pulse hydrocarbon conjugated with the
plasma for the NOy will be presented.

Keywords: atmospheric pressure plasma; NOx reduction; selective catalyst reduction of NOx;
dielectric barrier discharge

* Correspondence author at Department of Chemical and Biological Engineering, Jeju National
University, Jeju 63243, Korea
E-mail address: smokie@jejunu.ac.kr (Y.S. Mok)
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A study on the reaction enhancement of catalytic CF, hydrolysis
using a multi-stage catalyst-adsorbent reactor

Jae-Yun Han'?®, Chang-Hyun Kim'?, Boreum Lee?, Seonju Jeong? Hankwon Lim? Kwan-Young
Lee®, Shin-Kun Ryi!* (h2membrane@kier.re.kr)
Korea Institute of Energy Research,
2Ulsan National Institute of Science and Technology,
SKorea University

CF, (tetrafluoromethane) is emitted in aluminum production, semiconductor manufacturing and
flat panel display manufacturing. However, CF, is one of the GHGs (greenhouse gas) that has
higher GWP (global warming potential) value than other gases (CO, CHi, and N,0)!. Recently,
the decomposition or collection of these GHGs is a major issue in the present climate change
research works. Therefore, practical applications require efficiently and economically viable
abatement technologies such as thermal or catalytic decomposition. In our previous paper, a
sorption enhanced catalytic decomposition method was proposed to enhance CF,; hydrolysis
conversion by three-stages catalyst-adsorbent reactor?. In this study, we try to process
optimization by experimental and theoretical simulation studies with an aspen HYSYS®. It was
performed here by the effect of the number of stages (from 2 to 8 stages) on sorption
enhanced CF, hydrolysis conversion. A P/y-Al,O3; catalyst was prepared by an impregnation to
incipient wetness with diluted phosphoric acid (H3PO,), followed by drying at 393 K for 2 h
and calcining at 973 K for 5 h. Calcium hydroxide (Ca(OH);) was a commercial product used
as adsorbent. In an Inconel tube with 1 inch in diameter, catalyst (P/y -Al,O3) and adsorbent
(Ca(OH);) were stacked leading to multi-stage catalyst-adsorbent reactors (2, 4, 6, and 8). A
gas flow leading was composed of 5000 ppm CF4, 8% H,O, and a balanced air with a gas
hourly space velocity (GHSV) of 2000 h™!. As a result, enhanced CF, conversions were
observed for all multi-stage catalyst-adsorbent reactors that confirming sorption enhanced
CF, hydrolysis by selective removal of HF during reaction. The increments of CF, conversion
in an eight-stage catalyst-adsorbent reactor compared to a single-stage reactor (catalyst bed
only) were 26.1% at 923 K, 13.0% at 973 K, and 3.0% at 1023 K showing the effect of stage
number at lower temperatures. A process simulation model using Aspen HYSYS® to
reasonably represent experimental data was obtained and can be used as a critical design
guideline for multi-stage catalyst-adsorbent reactors.
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Conversion of Xylose to Furfural using combination Lewis acid and
Bronsted acid or Salt in Biphasic systems.

Dasom Mun!, Nhan T.T Huynh!? , Seok-Kyu Park!, Kyoung Won Lee!, Jin Ku Cho'?"
Korea Institute of Industrial Technology (KITECH),
?University of Science and Technology (UST)

Recently, there has been conducted to converting biomass into biofuel and biochemical as a
result of concerning fossil exhaustion and global environmental pollution. Among of various
biomass, lignocellulosic biomass which has composed cellulose, hemicellulose and lignin is an
abundant and renewable resource. Especially, Hemicellulose has a plentiful pentose and Xylose
is a common pentose product. For this reason, many research has performed to convert
xylose into furfural that is predicted to be a potential platform chemical for bio-fuel,
biochemical and biopolymer industries.

Formerly, our group carried out furfural synthesis from dehydration of xylose non-catalysts
under a biphasic system which can be effectively extracting furfural from the organic phasic.
When we choose chloroform as the organic solvent, found out that including ClI° in
chloroform activates reaction even non-catalyst. According to this results, we assessed the
furfural synthesis from xylose dehydration with metal-Cl™ (e.g., CrCl;, FeCls, and MnCls) as the
catalyst on a biphasic system. Furthermore, we examined combining metal-Cl” as Lewis acid
with HCl as brensted acid or salt under our system to improving the furfural-yield and
xylose-conversion.
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Synthesis of 5-Acetoxymethyl-2-furaldehyde (AMF) from sugars

Nhan T.T. Huynh!?, Kyungwon Lee!, Seok-kyu Park!, Jin ku Cho!?
Korea Institute of Industrial Technology (KITECH),
’Korea University of Science and Technology (UST)

5-Hydroxymethyl-2-furfural (HMF) and its derivatives are among the promising
biomass-derived platform chemicals, which have the potential to become “carbon-neutral”
feedstock or building blocks in a green, renewable and sustainable industry. Various methods
for HMF production from carbohydrates have been widely studied; most of those included the
use of acidic catalysts at extreme reaction temperature.

In this research, we are interested in synthesizing 5-acetoxymethyl-2-furfural (AMF) - an
ester derivative of HMF - which is considered to have better physical and chemical properties
compared to HMF. Through enzymatic procedures, D-Glucose and D-Fructose are converted
to 1,6-Diacetyl-fructofuranose (DAF), which is used as a precursor for a direct dehydration of
into AMF. This approach has several advantages such as high yield and selectivity of the DAF
intermediate; simple separation of interested product from catalysts and solvents; etc.

Keywords: HMF, 5-acetoxymethyl-2-furfural, dehydration, D-Fructose
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Hydrogen Production With Low Carbon Monoxide by Steam
Methane Reforming Using Palladium Membrane Reactor

Chang-Hyun Kim!?®, Jae-Yun Han!®, Hankwon Lim? Kwan-Young Lee®, Shin-Kun Ryi“
(h2membrane@Kkier.re.kr)
'Korea Institute of Energy Research, “Ulsan National Institute of Science and Technology,
%Korea University

Hydrogen has received much attention as an alternative energy sources. Polymer electrolyte
membrane fuel cells (PEMFCs) are one of the most attractive power generation technologies
owing to the use of the hydrogen as a fuel. However, there is no direct hydrogen resource
on Earth; then it is necessary to produce the hydrogen from other resource and to efficiently
provide commercial useful hydrogen as a fuel. Currently, natural gas steam reforming is the
most common process for the hydrogen production because of its cost effectiveness for
industrial hydrogen. As natural gas primarily consists of methane, steam methane reforming
(SMR) has been commercially developed to supply the syngas with the high hydrogen content.
However, the fuel in PEMFCs is strictly required of the CO concentration owing the CO
poisoning problem in anode side. Recently, a high-temperature PEMFC has been developed
and has a good CO tolerance up to 1%. In this study, to meet the fuel quantity for a
high-temperature PEMFC, the Pd composite membrane reactor was introduced for producing
the hydrogen with a low CO content under 1%, providing the compact process without the CO
purification process such as series of water gas shift reactor. The SMR reaction was
conducted in the membrane reactor packed with the Pd composite membrane and commercial
Ru/Al,0O3 catalyst. The Pd composite membrane was prepared on a tubular Inconel 600
support using electroless plating. The SMR reaction was carried out as a function of a
transmembrane pressure difference of 2938 kPa at 823 K under S/C=3, and GHSV= 13200 h.
In the permeate stream of reformed gas, the concentration of H; and CO was 96.786% and
0.065%, respectively. The hydrogen production rate was 1 Nm°h™!. This means that the
proposed membrane reactor can be used for the fuel processor in a high-temperature
PEMFC.
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Optimized encapsulation of cesin oil eugenol with polycaprolactone
using particle from gas saturated solutions (PGSS)
David Nkurunziza'!, Jin-Num Moon!, Jin-Seok Park!, Byung Soo Chun'*

(bschun@pknu.ac.kr)
'Department. of Food Science and Technology, Pukyong National University

Methyleuginol has a wide range of applications in pharmaceutical, cosmetic, flavor,
agricultural and various other industries because of its antimicrobial, anti-inflammatory,
antioxidants, analgesic, anti-cancer activities amongst others. In this study cesin oil was
extracted from the cesin roots and leaves using supercritical carbon dioxide (SC-CO2). The
extraction conditions were fixed at Pressure = 25MPa, Temperature = 50°C and the co-solvent
flow rate of 1mL/min. The resulting oil was encapsulated in polycaprolactone using PGSS. The
encapsulation conditions were optimized based on the content of methyleugenol and safrole
content as responses with the highest methlyeugenol lowest safrole content as the optimum
conditions using response surface methodology (RSM), box - behnken experimental design
(BBD) for variable ranges of temperature (45 - 65°C), pressures (20 to 30 MPa) and mixing
ratio (1/5 to 1/10 g/g). The resulting micro particles will be evaluated for their biological
activities such as antimicrobial activities and antioxidants and they can be used in cosmetics
to prevent bad odor causing bacteria.
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Ni-NiO Supported on Nitrogen-Doped Carbon Nanowebs as a
Highly Efficient Electrocatalysts for CO,; Reduction to CO

Hyunsu Han!, Yuseong Noh!, Seongmin Park!, Won Suk Jung!, Jungeun Cha!
and Won Bae Kim!* (kimwb@postech.ac.kr)

"Department of Chemical Engineering, Pohang University of Science and Technology (POSTECH), 77

Cheongam-ro, Nam-gu, Pohang, Gyeongbuk, 37673, Republic of Korea

Nickel and nickel oxide nanoparticles supported N-doped carbon nanowebs (Ni-NiO/ NCNWs)
hybrid materials are reported as highly efficient catalyst for electrochemical CO2 reduction to
CO. The Ni-NiO/NCNWs are simply synthesized by pyrolysis of mixture of polypyrrole
nanowebs (PNWs) and Ni metal precursor. The resulting Ni-NiO/NCNWs exhibited a maximum
CO Faradaic efficiency of ~89% at —-0.9 V (vs RHE). This study highlights the importance of
synergistic effect of Ni-NiO nanoparticles and N doping on their catalytic performance toward
CO generation.
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Kinetic study of catalytic CO: gasification of biomass char

Wongeun Yoon'!, Yoongon Kim? Seungjun Lee!, Jaejin Bae', Yekyu Kim!, Hyunwoo Ahn' and
Won Bae Kim!* (kimwb@postech.ac.kr, 77 Cheongam-ro, Nam-gu, Pohang, Gyeongbuk, 37673,
Republic of Korea)

'Department of Chemical Engineering, Pohang University of Science and Technology (POSTECH), ?School
of Materials Science and Engineering, Gwangju Institute of Science and Technology (GIST)

The objective of this study was to study kinetics of catalytic CO; gasification of biomass char.
Hallabong peel char was prepared for use in CO, gasification, the physicochemical properties
of HP char were characterized by using scanning electron microscopy, X-ray diffraction and
Fourier transform infrared spectroscopy. The effects of addition of calcium catalysts on CO,
gasification reactivity were investigated. Kinetic parameters were determined from the Modified
Volume Reaction Model(MVRM). Based on obtained gasification rate constant, activation energy
of 7wt% Ca loaded Ca(NOs), catalyst char was calculated as 102.9 kJ/mol which was 18.2
kJ/mol lower than of un-catalyzed char.
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Highly stable robust superhydrophobic coating deposited
on glass substrate using atmospheric pressure plasma jet

Md. Mokter Hossain®, Quang Hung Trinh®¢, Duc Ba Nguyen?, Van Toan Nguyen?, M.S.P.
Sudhakaran® Young Sun Mok®x
Department of Chemical and Biological Engineering, Jeju National University
PCenter for Advanced Chemistry, Institute of Research and Development, Duy Tan University
(Vietnam)

‘Faculty of Mechanical Engineering, Le Quy Don Technical University (Vietnam)

+xCorresponding author, Tel: (+82)64-754-3680, Fax: (+82)64-755-3670, E-mail:
smokie@jejunu.ac.kr

Abstract: Plasma polymerization by atmospheric-pressure plasma was successfully used to
obtain highly stable robust superhydrophobic coating onto soda-lime glass substrates. Noble
gas argon was used to generate plasma by dielectric barrier discharge (DBD).
Hexamethyldisiloxane (HMDSO) and 3-aminopropyl(diethoxy)methylsilane (APDMES) were used
as precursors in which HMDSO was for promoting hydrophobicity and APDMES for enhancing
robustness of the thin film. The main objective of this work is to find an optimum mixture of
these two precursors that can make highly stable robust superhydrophobic thin film on the
glass surface. An alternating current (AC) high voltage (operating frequency: 11.5 kHz) was
used to generate argon plasma. Water contact angle (WCA) of 164° and stable mechanical
strength could be achieved with an optimal APDMES/HMDSO ratio of 1.4. Atomic force
microscopy (AFM), scanning electron microscopy (SEM), X-ray photoelectron spectroscopy
(XPS), Fourier transform infrared spectroscopy (FTIR), static water contact angle (WCA), and
scratch test were carried out to characterize the coating layer.

Keywords: HMDSO, APDMES, Plasma jet, Thin film
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Development of technology of nickel carbonate from waste
Iron-nickel alloy etchant by Solvent extraction

Seokhwan Lee, Byung-man Chae, DeukHyeon Kim, SangWoo Lee® (kmc0051@hanmail.net)

o=z FZQst B9 F& WZ BA AA st oA SAoA F& Higt

| % £ Y(FeCly) 8012 AFgal7] Bt ALSE ol g7o] g0t 3,

2], g0l YR 5 T U 34 A7 § Fed+o] Fezrz Ut ohg Al (1)at 2ol
o]

(1) nFeCly+ MenFeCly,+ MO,

g71et 2ol oF & wAishe o gl ety gl U BujxEEAYS Eoto] AEE T 4 Qlrk A
g8 34 & o] TAsks T 882 frteAd YRS dRskl doen, o] £ BuiFE5ES F
s 2SS AEEE 4 ok TepA 2 dFollM e debE IFFHoREEH w2 282 YRS 955t
1 9ad YAY Axjet st WY JiEst ] Yste] A4S st HAd

B Ao 7]&E ofkst ALE =5 A 43Al 9780 TBP 2 Alamine 33617 A28 S7]80]
A P-350& Lab-tests &dll vl EAstAon, GAld U2 && &As GAlste Lok SAYA=R
A5t EOF Aetd A 24 dlol"HE F-sh] Yt A4 74 Pilot testg &5 U2 oY
= 925 T & Qe 2 TlerEE =& sl

— n_)1'_:
Rl
r-[n
ret

D . Kim, L. J. Park, G. H. Kim, S. W. Lee, H. L. Choi, and H. C. Jung, “A study onf the oxidation
for regeneration of ferric chloride etching solution”, J. of Korean Inst. of Resources Recycling, 26
(2), 2017, 18-24.

2. K. Mubeena and G. Muthuraman, “Slovent extraction technique for removal and recovery of nickel
from effluent by Trimethyl amine as a carrier’, International Jouneal of Science, Vol. 4, Issuel, pp.
128-137 (2015).
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Competitive Adsorption of Water-Soluble Volatile Organic
Compounds on Several Adsorbents

Dong Hyuk Chun, Hokyung Choi, Jiho Yoo, Sang Do Kim, Jeong Hwan Lim, Young Joon Rhim,
and Sihyun Lee” (Ish3452@kier.re.kr)
Clean Fuel Laboratory, Korea Institute of Energy Research
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Compounds (VOCs) in Ambient Air: A Focus on the Effect of Meteorology,” Environ. Monit. Assess.,
152, 83-95 (2009).
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Atmospheric-Pressure-Plasma Assisted Selective Catalyst Reduction
of NOy and Soot

Van Toan Nguyen, Duc Ba Nguyen, Md.Mokter Hosian, Young Sun Mok=*
Department of Chemical and Biological Engineering, Jeju National University

Abstract

Selective catalyst reduction of NOx has been successful with Ag/y-Al,O3 catalyst with
hydrocarbon as a reduction agent at the range of 300-450c C operating temperatures. Since
the exhaust gases in the diesel energies consist of NOy and soot (unburned hydrocarbons),
there is an interest in the NO, and soot removal. However, the conversion of the
hydrocarbons in the conventional catalyst is low at low-operation temperature (< 300 o C).
Plasma technology provides a highly reactive chemical cocktail at low-operation temperature,
including electrons, ions, radical and excited species. Indeed, a dielectric barrier discharge
can generate electrons in the range of 1-10 eV, radicals, ions, and the excited state nearly
room-temperature. Since these advantages of plasma technology, we proposed that a
combination of plasma with a catalyst is potential for NOy and soot at a low-operation
temperature (< 300 o C). In this study, removal of NO, and Naphthalene in a fixed-bed
dielectric barrier discharge reactor will be examined under the variations of temperature and
input power. As a result, an evaluation of the plasma-catalyst for the NOy and Naphthalene
removal will be presented.

Keywords: atmospheric pressure plasma; NOx and soot reduction: selective catalyst reduction
of NOx; dielectric barrier discharge

* Correspondence author at Department of Chemical and Biological Engineering, Jeju National
University, Jeju 63243, Korea
E-mail address: smokie@jejunu.ac.kr (Y.S. Mok)
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Fabrication of clean TiAl alloy from Ti-Al mixture scraps
by hydrogen plasma arc melting

Dosung Lee, Jung-Min Oh, Jae-Won Lim (jwlim@jbnu,ac.kr)
Chonbuk National University

HPAM(Hydrogen Plasma Arc Melting)2 ot2 X Zz2t=0f 2 71A0] 245 A7foh= vHA
OletEi} EfolEtg 7|8 &5 ®v URIPIAE 7Hl «a4559 Ao o A&Ao|

Ti-40at. %Al SgA 23RS AMEFEsH7] Yol HPAMZ o]&sto| B TiAl =2 Ax L &
HE Y BAE Al HY HUAE B2 9 220l eAmed AgEdd. o
oAl Ar+20Vol.%H, E7IAS ZA5t0] A 2711 &

I‘HE
_&grﬁlo
- fu

> 2

N
U2 m

anp " &= oJio] AMHslE slolsty] 98] EDSQF X-A 752_\:1"__&1 o ,\1}\]qu }\]_ / . 2]
GDMS(Glow Discharge Mass Spectrometry)& o §3to] EA| 233a} g3 o] a4 s we
§ 5 wAsan 9 2ol Faspl welslo] 98 Ti 43l Al S0l Salslol v-TAl 49 B
. 83 AZ10] 2ol S TAl wa W A BEs z;iam . 308 =oF A oJ3o] A st
T2 490 ppm, A 233 iy Ki@%& 62.50%0]91C}. 302 =0t R2igl o TLo|A] BAzo %}%%
49.35 ppmO. g B3| AT Oju] 65.52%°] A7HES Wk 302 =0t HPAMO| 93t A3 S AL

TIAl g3 7120 Fote ARE AAF 4 A

Ti-Al mixture Scraps : Al = 60 : 40 (at%)

Prellmlnary processing | Alcoholrinsing, Ultrasoniccleaning

C Jr
[ ]
([ wesios vz
[ )

Vacuum

5.5x10*torr

[ High purity gas introducing ] Ar + 20%H;

HPAM
(Hydrogen Plasma Arc Melting)

] Time: 10, 20, 30min

10mm 10mm
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Fig. 1 Flow diagrams of the experimental procedure. (b) 10min, (¢) 20min, (d) 30min
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Oxygen reduction of bulk Ti-6Al-4V alloy
using eco-friendly calcium reductant

Taeheon Kim, Jung-Min Oh, Jae-Won Lim (jwlim@jbnu.ac.kr)
Chonbuk National University
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Fig. 1. Schematic diagram of deoxidation process using Ca.
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Effects of BaMnAl;;0:9-5 on the Precipitation Time
Using a Homogeneous Precipitation

Ji Yun Park, You Shick Jung', Young Woo Rhee”
Graduate School of Energy Science and Technology, Chungnam National University,
IGN Technology & Solution
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McCarty and H. Wise, "Perovskites catalyst for methane combustion" Catalysis Today,
, 231-248 (1990).

2. M. Machida, K. Eughi, and H. Arai, "Effect of Additives on the surface area of oxide
supports for catalytic combustion" Journal of Catalysis, 103, 385-393 (1987).
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Bioelectrochemical control of 3-hydroxypropionic
acid/1,3-propanediol production rate

Jiyun Baek!, Changman Kim', Young Eun Song', Jung Rae Kim!*(j. kim@pusan.ac,kr)
'School of Chemical and Biomolecular Engineering, Pusan National University

3-hydroxypropionic acid (3-HP) and 1,3-propanediol (1,3-PDO) are industrially available
platform chemicals which can produce from glycerol by microorganisms in various
applications such as polymer synthesis. The production pathways of 3-HP and 1,3-PDO are
consisted of two step reactions: glycerol to 3-hydroxypropionaldehyde and
3-hydroxypropionaldehyde to 3-HP/1,3-PDO. In second reactions of 3-HP/1,3-PDO production,
NAD*/NADH are used as a cofactor, respectively. In other words, it is possible to selectively
increase the each metabolites, 3-HP or 1,3-PDO by regulation of intracellular NADH/NAD+
ratio. Bioelectrochemical system enables to regulate intracellular redox state (NADH/NAD+)
using electron trasnfer between microbe and electrode. In this study, we attempted to actively
control the production of 3-HP and 1,3-PDO via bioelectrochemical control using FEscherichia
coli. For this active control, heterologous gene expression was designed which are regulated
by NADH / NAD+ -bind regulator, Sox R, Rex. Also applied potential drived redox balance
change via electron transfer. As a regult, the synthesis of 3-HP was enhanced by lowering
the intracellular NADH / NAD+ ratio when the oxidation potential was given. When the
reduction potential was given, the ratio of NADH / NAD+ was increased to induce the
synthesis of 1,3-PDO whereas 3-HP synthesis can be suppressed. This active production
control strategy has shown that it is possible to selectively produce useful materials as well
as to observe the redox changes in the cells.

Reference

1. Tschirhart, T. et al. Electronic control of gene expression and cell behaviour in Escherichia
coli through redox signalling. Nature communications 8, 14030 (2017).

2 Green, J. & Paget, M. S. Bacterial redox sensors. Nature Reviews Microbiology 2, 954 (2004).
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A Study on the Adsorption Behaviors of Siloxanes in Biogas using
Adsorbent based Ferric Hydroxides(Fe(OHs))

Shin Dong Kim!*, Young Noh Kim, Soo Ah Kim!, Da Young Lee!, Seong Soon Park?
(catalite@hanmail.net)
E & Chem Solution Corp. Energy & Environment Research Center!
Dongkang College, Field of Health administration Environmental Science?
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Study on the continuous operation of supercritical CO,-assisted
enzymatic process for biodiesel production using a packed-bed
reactor

Hong-shik Lee!, Dohoon Lee!, Jachoon Kim? Sangyong Kim!* (sykim@kitech.re.kr)
'Korea Institute of Industrial Technology, *Sungkyunkwan University
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Biodiesel Synthesis using Solid Acid Catalyst
Under Microwave Irradiation

Yong-gyu Na, Inha Hwang, Jae-Kon Kim"(jkkim@Kkpetro.or.kr)
Research Institute of Petroleum Technology, Korea Petroleum Quality & Distribution
Authority(K-Petro)

Recently, many countries carry out many renewable energy policies to accelerate the renewable
energy consumption and to reduce the Greenhouse gas emissions. As Korean government has
activated the RFS(Renewable Fuel Standards, national biodiesel obligation policy in transportation
field) since 2015. Biodiesel is renewable, eco-friendly, clean burning diesel replacement that is
consisted of short chain alkyl ester. Biodiesel is derived from the transesterification of vegetables oils
or animal fats with alcohol. The process has some technical problems that must be resolved to
reduce the high operation cost. Eco-friendly physical technologies by using microwave have
successfully improved the trans-esterification or esterification for biodiesel production. This study
examined the effect of a solid acid catalyst on the esterification of fatty acid oil assisted by
microwave irradiation. A solid acid catalyst was prepared by sulfonating pyrolyzed sawdust, empty
fruit bunch (EFB) with concentrated sulfuric acid. The fatty acid methyl ester (FAME) of the biodiesel
obtained has been confirmed by GC analysis of the isolated product.

A3

1. Hernando, J., Leton, P., Matia, M. P., Novella, J. L., and Builla, J. A. “Biodiesel and FAME
Synthesis Assisted by Microwaves: Homogeneous Batch and Flow Processes”, Fuel, 86,
1641-1644 (2007).
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“Continuous-flow Preparation of Biodiesel Using Microwave Heating”, Energy & Fuels, 21,
1777-1781 (2007).

it
% e



oL 2018 BRERI S 2 Sars 227
PA-44

Alkaline Zn-Ni £20]4 &= Ni-CN &fote Meix 2a] 7|2

[e] o 1
2 = =
157187, YIF4(F), egHEtn

Selective Separation of Tetracyano-nickel Complex
from Alkaline Zn-Ni alloy electroplating

Minhye Seo!, Sooyoung Lee!, Sungsu Cho!, Jihoon Woo?, Hongbaek Cho® (minhye_s@iae.re.kr)
Institute for Advanced Engineering, “Samil Metal co., 1td., *Hanyang University
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Synthesis of Colloid Spherical TiO:Particles with Tunable Band-gap Energy and Application to
Photo-catalytic Hydrogen Evolution Reaction

Na Yeon Kim', Hyeon Kyeong Lee!, Jong Tae Moon!, Ji Bong Joo'x
! Department of Chemical Engineering, Konkuk University

NUux] Al el o] AFAQ J&S VXl & A2 dFEL . AP Ao|HM T X475
e AAHAE oAx|e] Zo]l FEls Tk dl, AUAIZE aaAQl AR ouA RN FEWa 9l
2 AFox = GetErA *i% atste &0 AAlE2 B2 A-AE 7HR Qe TiOAXE A=HsT
da] d2A Q%o] TiO, = Hold g EujA 2“*, 32 =4, =2 FAd 5 gt AEES
Ale di&3AQl FgFufo|ct [1]. 2 AFE2 AidAolA ed8o) FHE o] &oto] #Ldst AT Tt
Ale #+g9 Z=2olt TiO& AMAEstATh. [2]. 28y TiO= vH|wA {2 WHETY ofiX](3.0~3.2eV)2
Asf Apeld FAofMTt &/dS Wastl, W2 YA &&(quantum efflClency% Hols ©EES 7L

Atk [1,3]. B olvx|o ©2 B2 KWO}L 7RI QAo e 2ot # HolE TiO4AY

n:?,ﬂ oZ:
ox, HJIO e

= 7idshr] Yol & dFollA = Lis ethylene diamineo] 85fgh &3 OI%OL HE Soll TiO-HH
EZRS x7A™stE T SEM(scanning electron microscope)¥t TEM(transmission electron microscope)
B4 A 243 22olS Tovt #UT 719 2P YAt A AS HA T 2 UYn, Feo
StetAl Ao AE I eI A OK]%JQ 4 o 9lolct. XRD(x-ray diffraction)?t UV-DRS spectra
$4g 55 2 4ol vgo| £71 wWete alstoich. UV-visible Jold 2aUgUES
o A ABos SAvl AAGE HOEL 4 H90

A R dps 2017dE  mgio KH%QE graoluxige] ol ZHof 7|EATAIY  (NRF
-2017R1D1A1B03031041) A|¥S dlo} Ldi= Hprdych = —_rL‘— 20179 = o)A R utstE o] Kb o
2 stEqsite] 7| EATARAAIY (NRF-2017R1A4A1014806) K- wro} 231l ol peiLic}.
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1. Joo J. B., Zhang Q., Lee 1., Dahl M., Zaera F. and Yin Y., “Mesoporous Anatase Titania

Hollow Nanostructures through Silica-Protected Calcination,” Adv. Funct. Mater., 22,
166-174 (2012).

2. Moon J. T., Lee S. K. and Joo J. B., "Controllable one-pot synthesis of uniform colloidal
TiOzparticle in a mixed solvent solution for photocatalysis," Beilstein ]J. Nanotechnol., 9,
1715-1727 (2018).

3. Joo ]. B., Liu H., Y. J., Dahl M., Yu H., Zaera F. and Yin Y., “Tailored Synthesis of C@TiO.
Yolk-Shell Nanostructures for Higly Efficient Photocatalysis,” Catal. Today, 264, 261-269
(2016).

4. Zhang K., Wang L., Kim J. K., Ma M., Veerappan G., Lee C. L., Kong K. J., Lee H. Y.
and Park J. H., "An Order/Disorder/Water Junction System for Highly Efficient
Co-Catalyst-Free Photocatalytic Hydrogen Generation," Energy Environ. Sci., 00, 1-3
(2015).
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Isolation of electroactive CO converting microorganism
using zero valent iron for bioelectrochemical system (BES)

Hyun Seong Im', Changman Kim', Yeong Eun Song', Chae Ho Im? Jung Rae Kim'"
(j.kim@pusan.ac.kr)

' School of chemical and biomolecular engineering, Pusan National University, Busan, 46241,
Republic of Korea
z School of energy and chemical engineering, UNIST, Ulsan, 44919, Republic of Korea

Carbon monoxide (CO) is one of the main gas component of steel industry and biomass
gasification process. CO has also been highlighted as a feedstock for biological conversion to
platform and value-added chemicals. The conventional CO converting strains have drawbacks
of slow growth rate and high sensitivity to oxygen as well as low conversion yield. Most CO
conversion microbe harbor wood-ljungdahl pathway (WL pathway) and CO-dehydrogenase, and
the reducing equivalent is significantly limited for acetyl-CoA synthesis. In this study, we
attempted to isolate and characterize an electrochemically active CO converting strains using
the iron granules (Fe’) as external electron donor. We hypothesize that the CO uptake with
iron oxidizing is be able to enhance biolectrochemical activity in electrosynthesis of CO.
Asaresult, 9 strains were isolated and most of the strains were characterized as Clostridium
species. CO conversion rates and efficiencies of all 9 strains were compared, and both
Clostridium botulinum HNO0O2 and Fonticella tunisiensis HN43 showed better performance of
acetate production from CO in a batch cultivation. We also examined the VFA production in a
bioelectrochemical system (BES) using CO as substrate and identified their electrochemical
performance.

i

123

3. Minkyu Choi, Hyung Chul Kim, Dong-Woon Hwang, In-Seok Lee, Young-Sook Kim, Ye-Jung
Kim, and Hee-Gu Choi (2013) Organic Enrichment and Pollution in Surface Sediments from
Shellfish Farming in Yeoja Bay and Gangjin Bay, Korea. Marine Environment Research
Division, National Fisheries Research and Development Institute, Busan 619-705, Korea

4. Jamal Abrini, Henry Naveau, Edmond-Jacques Nyns (1994) Clostridium autoethanogenum,
Sp. nov., an anaerobic bacterium that produces ethanol from carbon monoxide. Unit of
Bioengineering, Catholic University of Louvain, 2/19, Croix du Sud, B-1348 Louvain-la
Neuve, Belgium
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Preparation of Mn-doped Maghemite Nanoparticles
for Selective Catalytic Reduction of NOx with NH;

Junhyung Lee!? Byeonggab Ji!, and Seung-Yeop Kwak!*(sykwak@snu.ac.kr)
'Department of Materials Science and Engineering, Seoul National University,
2Korea Transformer Co., Ltd.,

U £019F drUols A2 AMRSH= MEiA =0 Y (Selective Catalytic Reduction, SCR)
o ArATRS AASE MY 2] ASEIL $UF shfolct uhts Boje] Fd. 54 en e
o
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Selective catalytic reduction (SCR) of nitrogen oxides (NOx) based on vanadium catalyst with
NHj3 reducing agent is most widely used to remove NOx that are generated from stationary
sources. Since the limitation of V,05 catalysts such as volatility, toxicity and easy deactivation,
iron oxide have been explored as an alternative catalyst due to their environmentally benigh
character, thermal stability and natural abundance.[1,2] To enhance catalytic activity of iron
oxide as an efficient SCR catalsyt, manganese ions were doped into iron oxide maghemite
nanocrystals via thermal decomposition process from bimetallic MOF particles. In this
research, it is analyzed that the doping of manganese ions not only enhance stability of
maghemite crystal structures at high temperature but also show efficient SCR catalytic activity
at low temperature under 300 °C.

Fugd

1. X. Mou et al., “Rod-shaped Fe;Os; as an efficient catalyst for the selective reduction of
nitrogen oxide by ammonia, ”Angew. Chem. Int. Ed., 51, 2989-2993 (2012).

2. S. Cai et al., “Design of multi-shell Fe;0:@mNOx@CNTs for the selective catalytic reduction
of NO with NHsimprovement of catalytic activity and SO; tolerance,” Nanoscale 8, 17-19
(2016)
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Cellulose Nanofiber and Au,Ag Nanoparticle Composite Film
for Highly Efficient Solar-to-Steam Generation

Bon Jun Ku!, Anush Mnoyan!, Kyubock Lee!* (kyubock.lee@cnu.ac.kr)

Graduate School of Energy Science & Technology, Chungnam National University

A steam generation technology using solar energy has been widely used in applications such
as desalination, water purification and sterilization[1]. A conventional photothermal converting
systems with light concentrators has limitations due to low solar-to-steam efficiency defined
by high heat losses and high construction cost.[2] Recently, efficient solar-to-steam
generation techniques which utilize light-to-thermal energy conversion by the surface plasmon
effect with metal nanoparticles (Cu, Ag, Au, etc.) have been reported[3]. In this study, Au and
Ag nanoparticles showing optical activity in the wide range of solar spectra have been
presented in composite structure with cellulose nanofiber. The size and morphology of the
nanoparticles were controlled by the concentration of polyethyleneimine (PEI) during synthesis.
In addition, we have focused on the production of highly efficient solar driven steam
generation device. For that the composite film of the nanoparticles with cellulose nanofiber
was prepared and tested in steam generation setup.

s
] Tiwari, G. N. Singh, H. N. and Tripathi, R., “Present status of solar distillation,” Sol.
Energy, vol. 75, no. 5, pp. 367-373, 2003.

[2] Higgins, M. W., Shakeel Rahmaan, A. R., Devarapalli, R. R., Shelke, M. V., and Jha,
N., “Carbon fabric based solar steam generation for waste water treatment,” Sol.
Energy, vol. 159, no. December 2017, pp. 800-810, 2018.

[3] Amendola, V., Pilot, R., Frasconi, M., Maragd, O. M., and lati, M. A., “Surface plasmon

resonance in gold nanoparticles: A review,” J. Phys. Condens. Matter, vol. 29, no. 20,

2017.
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Toxic Gas Adsorption using Bead-shaped porous adsorbent.

Min Ki Kim' , Vo Thanh Huyen'! , Gyoung woo Lee! , sang woo byun' , Il Gun Park’ ,
Ji Bong Joo's

'Department of Chemical Engineering, Konkuk University, “Pyunghwa Engineering Consultants
R&D Institute
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1.Sneha Jagtap, M.K.N. Yenkie, Nitin Labhsetwar, Sadhana Rayalu “Defluoridation of drinking
water using chitosan based mesoporous alumina” Microporous and Mesoporous Materials 142
(2011) 454-463

2.Natrayasamy Viswanathan, S. Meenakshi “Enriched fluoride sorption using alumina/chitosan
composite” Journal of Hazardous Materials 178 (2010) 226-232
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prepared by a templating method” Environ. Eng. Res, 22 (4): 401-406 (2017)
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Study on TGA Reaction Characteristics and Kinetics of Ni-based Oxygen Carrier for Chemical
Looping Combustion

Ji Hye Park!, Haroon ur Rashid', Jeom-In Baek?, Ho-Jung Ryu3, Kwang Bok Yi*
(cosy32@cnu.ac.kr)
!Graduate School of Energy Science and Technology, Chungnam National University,
’Korea Electric Power Corporation Research Institute (KEPCO RI),
SKorea Institute of Energy Research (KIER),
‘Department of Chemical Engineering Education, Chungnam National University
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Tetralin hydrocracking study for BTX production
from diesel boiling-range polycyclic aromatic hydrocarbons

Jaeuk Shin, Youngseok Oh, Yeseul Choi, Jihye Lee, Chanwoo Kim
and Jung Kyoo Lee’(jklee88@dau.ac.kr)
Department of Chemical Engineering, Dong-A University

It has been required to upgrade surplus polyaromatic hydrocarbons (PAHs) of diesel boiling
range such as light cycle oil (LCO) from fluidized catalytic cracker due to emission control
worldwide raised by environmental concerns. One feasible option for upgrading LCO is to
produce high value chemicals such as benzene, toluene and xylenes (BTX). For this purpose,
LCO comprised mainly of 2- and 3-ring aromatics was first hydrotreated into products rich in
1-ring aromatics followed by selective hydrocracking of 1-ring aromatics into BTX. Herein, we
report rational design approaches of hydrocracking catalyst for the hydroconversion of PAHs
into BTX in high selectivity and vyield. For this purpose, various metals with different
hydrogenation (HYD) activity were supported on zeolites. The hydrocracking (HYC) of tetralin
was studied in a fixed-bed down-flow reactor under 4 MPa as a model reaction for PAHs
conversion to BTX. In order to test the HYD activities of various metals and their effects on
the HYC of tetralin, the metals were also supported on the low acidity y-Al203, and were
tested in the HYD of tetralin. Figure 1 shows BTX yields obtained over various HYC catalysts
as a function of HYD activity of metal in the HYC catalysts. For all the reaction temperatures,
HYC catalysts containing metal with a moderate HYD activity showed the highest BTX yield.
However, the BTX yield was much lower than the theoretical yield expected from the HYC of
tetralin. To further increase the per-pass yield of BTX from tetralin HYC, zeolites with
different dealkylation activity was employed in the design of HYC catalysts. In Figure 2, the
yields of alkylbenzenes (Abs.) other than BTX and BTX obtained at different reaction
temperature are compared as a function of dealkylation activity of zeolite. When the metallic
function is fixed, HYC catalyst containing zeolite with a moderate dealkylation activity showed
much enhanced per-pass yield of BTX.
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Figure 1. Effect of HYD activity of metallic zeolite on the yields of (a) alkylbenzenes (Abs.)
function on the BTX yield fin the tetralin HYC. other than BTX and (b) BTX in the tetralin
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Immobilization of marine macro-algae powdered biochar
in alginate hydrogel bead for dye removal

Ohemeng-B. Godfred, Joo Hee Yang, Chul Woo Lee, Seung Han Woo"
(shwoo@hanbat.ac.kr)
Department of Chemical and Biological Engineering, Hanbat National University

Alginate-kelp biochar composite hydrogel bead (Alg-KBC) was successfully developed via
physical crosslinking with Ca2+. The structure, morphology and composition of this composite
material were investigated by SEM, EDS, FTIR, ICP-OE S and elemental analyses. The Alg-KBC
showed high removal capacity for crystal violet from aqueous solution (35.05% more than that
of the conventional calcium alginate bead). The adsorption isotherm data fitted to the
non-linear form of the Langmuir and Freundlich isotherm models indicated that both
chemisorption and physisorption were essential in the overall adsorption process. The
adsorption kinetic data analyzed with the non-linear forms of the pseudo first-order, pseudo
second-order and intra-particle diffusion models further buttressed the earlier assertion of
the influence of both chemisorption and physisorption with an indispensable role of external
mass transfer and stage-wise pore diffusion in the adsorption process. Thus, the impregnation
of biochar powder in alginate, a bio-platform, begets a composite hydrogel bead with higher
affinity for cationic dye molecules in aqueous medium and also eliminates the onerous task of
separating biochar powder from the adsorbate solution. As such, our Alg-KBC can well and
truly be considered for efficient dye removal in the wastewater treatment process.

Key words: alginate, kelp seaweed, biochar, adsorption, crystal violet.
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Preparation and Characterization of Spherical Micro
Silicone Resin Powders

Joo Hee Yang, Seok Woo Hong, Chul Woo Lee”
(cwlee@hanbat.ac.kr)
Dept. of Chemical and Biological Eng./RIC, Hanbat National Univ.

Yelgo] U=t Age AWAQ §7] nEte] C-C Agnc shboz ol Jd¥H PAE T
Aol HEE, A71EAE 5ol &4t E 77 gt AL 02 7Rl Qo] 578 ®shyt &olst
o, 4ol Folu =g gao] AE A4l Jissbl dok ojeigt S4oz 8] Al 49 1
BXHSilicone oil), WAFLR Al2]Z(Silicone resin) = Alg]& 172 (Silicone rubber)s 7]& JE=
Shal OFE Alag SUsto] oA, &2A, 22)A, HRIE, AAPAA, & A7 & & AFd-Zok
A FEE D QI AR X A9 dAREZI et 75k 5449 Apolrt Qle DE w+dsk A
£ 2Rt b2 EY e 54 SAl i Fasi,

2 d20]ME Sol-Gel Yoz palel njojaz Aalg 47 YRS MEstn UAte] 27jo] mE EA4
2 2tk 78 AR 2x19 Urt 27lo] G FE Axtes 2ol pH, ATA SE. WS

%E, wih &= 52 uqsHich

=9 pHE WAooz ddel JEF2E M= 199 A A A2t 7heshid. £
/‘J?LHH =7} 15 wt% o|AY mi JpABEst & X 9 AstE|o] Zojx|= dAto] WAISt] 1um
o5t} 3um o]de} YA FHHA 42 v d%ﬁﬂ«l =7 5wt Fe2 W2 s Lm o[t
APE F8E A

II

Keywords: Silicone resin, Sol-gel process, Micro particles, Methyltrimethoxysilane
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Manufacture of TiO, coated hollow fiber type photocatalyst
and improvement of performance

Minkwang Kim, Hongjoo Lee, Magnone edoardo, SeungHwan Lee, Junghoon Park®
(pjhoon@dongguk.edu)
Dongguk University
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e FENE A0 AE&FozA Ao AHaw] 5o ofuxan] AHS 7IHig & At st
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A Study of Endothermic Reaction Using ZSM-5 Catalyst
in Fixed Bed Flow Reactor

Min Chang Shin, Jang Hoon Park, Jung Hoon Park™ (pjhoon@dongguk.edu)
Dongguk University
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Fabrication and characterization of perovskite catalyst
for oxygen removal in landfill gas(LFG)

Yugang Park, Jinwoong Chae, Junghoon Park® (pjhoon@dongguk.edu)
Dongguk University, Department of Chemical and Biochemical engineering

BAI7EAE M2E duAlder Fast A3 oot tiZA7EAY] HES v 5w 73t 24 =
swaot7] HeliA 4ta, 27 R FoE 22 Exes Al7sHor O}q- £3] vj#e] fAloju HdS
Alstz] {18t o= 7}’\01] —‘—KHOP‘ 1~2%9] AtaE AAslof stot. & AolM = HA7EA9] ’\} = Al
75t7] 93t gt 4tst ZOl2 Laj-xSrxCog2Feps03-4(x=0.1~0.9) llﬂi/\ﬂole"i Atet22 ARSI Jlﬂi
A7I0|E FE2 Aoz ARSHAY A& 225 FUlist Argstlen Ailo] I AHE &5t
oA s dIdde 24 Ldmm, W 0.7mm F3AE OIS AEsien ogfst 2= o+
At AAA 29 T 4tel FAl2 S o83 475°ColA 100% &Rl 4tstr &l QCHO
™ 100A1ZF ol RAIEAH. FOi9] dess TEA717] Yol R4S =avez S5ArY Bl PdE
AT 39" Fuls AFoA 425°Co|A 100% 7 Atets EQith. Fuj= XRD, SEM, CFP %
TPR(Hz)2 A3t
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Investigation of COS Absorption Characteristics
on the Crystal Structure of Cu-Based Sulfur Absorbent

Byung Chan Kwon!, Young Jin Lee!, No-Kuk Park!, Misook Kang!, Tae Jin Lee!’,
Seung Jong Lee?, Jun Hwa Chi’, Jin Pyo Hong®
'Yeungnam University, “IAE, *KEPRI
(tjlee@ynu.ac.kr)

A Z1SAR wazt ARl met olo] thgaly] 9lg wHoR 2AIA AET|E Lol ofgt B
Aol olAlm glck. x| A AR o2 MR ouix] L J1E SRS FYMA 082 As] AR
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Meptast dRAAl SEURIGRC) 7|40l AR Aol 8722 2 olck. At xate
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Carbon Deposition and Reaction Behavior over Ni-Based Catalysts
for Production of Synthetic Gas by VOC Reforming

Young Jin Lee!, Byung Chan Kwon!, No-Kuk Park!, Seung Woo Lee!, Tae Jin Lee!",
Suk Hwan Kang?, Bumui Hong? (tjlee@ynu.ac.kr)
Yeungnam University, “Institute for Advanced Engineering
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SanaEese Sold Mo w0l S Belos deiA olo] thigt lavhuo) apsEln gick 2
Aol £ U 4] B ASHE Al 2o LY 9/15kR2 hEA ArAe2RE W
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1. Lee, Y], Jeong, Y.H,, Kwon, B.C., Park, N.-K., Lee, K.Y., Lee, T.]J., Kang, S.H., Hong, B. and Kim, H.,
“Investigation of Peocess Behavior by Carbon Formation in Steam Reforming of Toluene,” ]. Energy
& Climate Change, 12(2), 136-143 (2017).
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Adsorption Performance of MIL-101 (Cr)
for Ammonia under Ambient Conditions

Haroon Ur Rasheed!, Ji Hye Park!, Hyung Chul Yoon? Kwang Bok Yi** (cosy32@cnu.ac.kr)
!Graduate School of Energy Science and Technology, Chungnam National University,
’Korea Institute of Energy Research (KIER),

*Department of Chemical Engineering Education, Chungnam National University

The Haber-Bosch process is the major process for ammonia production. However, it is an
astronomical operation because of elevated operating conditions. The electrochemical
ammonia synthesis, that can be conducted under ambient conditions, can alternate the
Haber-Bosch process. The electrochemical synthesis can produce up to 1% of ammonia.
However, further purification seems to be inescapable for commercialization of this process,
and development of an adsorbent for ammonia enrichment could be a feasible option. Among
various microporous adsorbents including carbons, zeolites and MOFs, MIL-101 (Cr) exhibits
great prospects for the adsorption of ammonia due to their advantages of structural diversity,
modifiable structures and high surface area. In this work, ammonia adsorption under ambient
conditions was investigated under dry and humid conditions. MIL-101 (Cr) was synthesized by
hydrothermal process and characterized using TGA, BET, XRD and NH3;-TPD. The ammonia
capacity through the breakthrough test for MIL-101 (Cr) ratify it as a promising material for
ammonia adsorption.
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Optimization of the metal content of NH3-SCR catalysts with
enhanced NOx adsorption performance by loading metal oxides

Soon Hee Park!, Ha Na Jeong? Sung June Cho?* (sjcho@chonnam.ac.kr)
'Korea university, 2Chonnam national university

2 UE AFEAF HiE7EA e lE
5ha} - 53] 1 A F710IM AEste g AbsAbE Hi717F
A Fo m3dd AaMetEs A7 sl dRYors o]&st AEA Ko ghd(Selective Catalytic
Reduction, SCR) A5 Wol AMEStAL Qlt}. o] o NH3-SCRY Fujl2+ Aolg40] o] ugtd Al
2fOlEZF 2 ARREAL floy, ol AlZEtolE FRufje an2it ARoA FHo] dthe wAge] Ut
[1]. 20| At=X} AH] SFAS Q8] =USE 87|17t~ A& X|(Exhaust Gas Recirculation, EGR)Z
Al w717t &7t o Woplol mef A2olA NOxE aatslez AL 4 e & 7= 7H‘ﬂ£0]
Q=R QUTH2] EFH, AN @4pE FAAZ AMESHE 49 180 °C o]z JtFEofofgt @ ATt
NHz2 #3[j=]o] SCR A|AEI0] AFE]lD g, A 2oA v]&E= NOxo| tis uff #oFstrt= ©Alo] O‘E}
3].

o AqoflM= YAE(Cold Start) Al HiEE+= NOxE autdoz A|Ast7] {dsto A2oM+= NOx=
SAYstAL, SCRO| &/do] =2 300 C ol%g9 iﬂlﬂh SAd NOxs ZAIAA & A7 5= &9
off d-tstitt. Mg, Ca, Sr, Ba, La, Mn, Ce 5 t&et 379 o455 A & 4244510 F440et
=0] A" CHA A|Z2olEE AX ‘}OE‘O‘H NOx®} NHs; &4} é%% Z¥7F NO2t NH; 52 245
TPD)o= ZFARSIUCE E3F 750 C £F A2] it $9] NH;-SCR §H39] 274 vlusto] Alxd Zuj

+F FEE ZASERAG J*”R}gOl A" CHA EUHL A" 549 R0l d2t NOx &4
g5 NH3-SCROJ ¥hg &/of] 2 Apo]E Bt ol & Ba, La, CeZ FAIst A= = A&
2tolEo] UMl AR E 9d= UIAIA] ‘EJQ'EW NOx9| &4 452 Wﬂ FEAE & AU
3t 34 4tetE 9A]= Qs NHs- SCRJ 274 Aste IA] A%tow, 750 C 22 A2 2o= A
°2 g ARt 53] Lag @A FUi7F NOx9] S4F 45 % NH3—SCR 3o &4 5ol &
¥ow, La gl T2t 1 E“Ol 0 Ot La 2 0 ~ 30 wi%= Z74sto] Alzgt Zufo]
= IR RARSHY VP 4t deS Bole FA9 La e A7si
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1. Fickel, D. F., Addio, E. D., Lauterbach, J. A., and Lobo, R. F., “The Ammonia Selective
Catalytic Reduction Activity of Copper-Exchanged Small-Pore Zeolites,” Appl. Catal. B:
Environ., 102, 441-448 (2011).

2. Storey, J. M. E., Sluder, C. S., Lance, M. J., Styles, D., and Simko, S.,“Exhaust Gas
Recirculation Cooler Fouling in Diesel Applications: Fundamental Studies, Deposit Properties
and Microstructure,” Proceedings of International Conference on Heat Exchanger Fouling
and Cleaning, Crete Island, Greece (June 2011).

3. Park, S. M., “Selective Catalytic Reduction of Nitrogen Oxides Promoted by Storage
Function,” Ph.D. Dissertation, Chonnam National University, Gwangju (2010).
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xIgt737) %0l A 2ol W7 4asto] A2AIIEE 714S A2ated 9714 W2 Aleje Wt
R 58S FHATI A st B Aso] AN R gt A2 A s|sel Ao ASAIINE 2 ®
F71=0] 2oliE+= Atehghgo] dojuyal, A=A = A7/ nAd2s0 2t edvhso] dojdt
AtePd ol Zo] 2olld BF. A0l 2at AT SAlo] HAE =, Atae 2 @714 njAd=9
AL ARgol AlZtst Ao REste] ¥hgRe S, RV A, 2|1 32 uEaE 9
= U & & ot BE JdAY YreR U ARtRSoA $A8E Atas gl o= ojmst AFoj
ol FUHL, A7 violo|A] ABAE S0 2R FFE & 4 Ao 2 AFolA= A7
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gt A= HEO0] @& A =T 524 mg/LE =olRon, ZUt&EE 0.088 mg/min-L2 &

. 1 O
Z1stgich. AFREI Qb YRS Ao 49 §FEAA BLEL 7.47 mg/L 7] Z/1100 FAEE
TR} Qb v e} uwstel o 1.4d) kobsct (0.12 me/min-L). ¥ ATANE S5, @7Ast
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1. Deshai Botheju., Rune Bakke., "The Open Waste Management Journal", 4, 1-19 (2011)
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Simaltaneous electricity generation and nutrient removal
from waste water by photosynthetic microbial fuel cell
in continuous mode

Hai T.H. Nguyen, Booki Min"(bkmin@khu.ac.kr)
Department of Environmental Science and Engineering, Kyung Hee University,
1 Seocheon-dong, Yongin-si, Gyeonggi-do 446-701, Republic of Korea

Abstract

Photosynthetic microbial fuel cell (PMFC) with algae assisted in the cathode chamber could
produce high concentration of oxygen and increase the cell voltage in the MFC system.
Moreover, algae with the ability to uptaking the carbon source and nutrients could contribute
significantly to wastewater treatment process. In this study, we tested some hydraulic
retention times (HRTs: 2 h, 6 h, 12 h, and 24 h) for feeding to anode chamber and cathode
chamber of PMFC to investigate the optimum HRTs for electricity generation and nutrient
removal. The optimum initial COD concentration from the wastewater was also determined for
electricity generation without supplying CO2 to cathode chamber as a carbon source for algae
growth. The cylinder PMFC containing inner anode chamber and outer cathode chamber was
made of plaxiglass. The working volume of anode chamber and cathode chamber were 280mL
and 620mL ,respectively. The MFC reactor was operated under room temperature(25+1°C) and
an illumination of 7,000 lux. A DO probe (Orion STAR A323 RDO meter, Thermo scientific,
USA) was inserted through the top of the cathode chamber for measuring DO concentration.
Cell voltage and anode potential were measured at the time interval of 5 minutes across a
fixed resistor of 100 @Q with a data acquisition system (Keithley 2700, Keithley Instruments,
US). In the test using wastewater in the anode chamber and Bold Basal Medium (BBM) in the
cathode chamber, the cell voltage and DO concentration were obtained approximately 300 mV
and 12 mg/L, respectively with HRTs longer than 2h in anode chamber or cathode chamber.
By feeding wastewater to both chambers at 18 h HRT (6 h at anode chamber and 12 h at
cathode chamber), the highest cell voltage was 161 mV at 300 mg/L initial COD concentration.
The COD, TN and TP removal efficiency at this condition were 96.5%, 65.5% and 49%,
respectively. This study suggests that PMFC in continuous mode can treat wastewater with
nutrient removal and simultaneously produce electricity in field-scale application.

Key words: Photosynthetic microbial fuel cell, Continuous mode, Wastewater treatment, Algae,
Nutrient removal.
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A Study on the Characteristics according to the Filler Orientation
of Composite Materials for Heat Dissipate Parts.

Eunjin Jang, Dongjoon Moon, Yeoseong Yoon, Meehye OH" (mhoh@katech.re kr)
Korea Automotive Technology Institute
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A7IAEAt] Bgo] BANOR MPHAA Y sS4 2Ao] IRt WA EF Eopxn ek nHY
o] RPEE A/IAFEALY APAAMOA L WAL B2 Bests Zo] g 2 £Ao|ct o]
g gue QU Uy uc) o ge BEol masty, A8 axjo] tiet BAo] AL Yt A%
ofth. ol2lgt FWAN DA BaMEe FHEEIt 27T ok A V1SN A oER 2
52 RSt B4 YASUAE Y. AN 54 L BAESY S 340 542 UY 2FOY 2
TRk ol2lgt KPS Aol Jlsd AY SRS AAsHed] olAe] o goltt v BEAME
"ol £5, 2Y 12 OEYA UofAe] vlFo] U FAF WA AFH AWKl DA U]
YAty 02-0.27W/mKe] BHE e UERyo), Satshe Walt 20~200W/mKe] o GHEES 2
1 glck. Wele} tfEYA0] st A&l Kol ol RojAIA] ¥, Wale] wjEky Ao wet B

AR Z/dol 2 Atol& UERdT.

H Ao = PBT(Polybutylene Terephthalate)S UjE= A2 Alumina, Boron Nitride =2{9] & Atat
Hjgo] oot Hete= A E5/ES A2 ASEIT. 3 AA| twin extruderE ofgsto] AlRE H5T4
Ao] ARE S4g ZHstYon], o2 AARAF HlolEe} vl w iAol

AEsE B3aAS olgstel 154 APHS AAsts apgolA wejo ujre SEM 2Asto] 94 A
et wee dgstot,

ANZ=60min ER: B5 (degC)
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Siping Zhai, and Ping Zhang, “Effective thermal conductivity of polymer composites:
Theoretical models and simulation models,“ International Journal of Heat and Mass
Transfer, 117, 358-374 (2018)
2. Alain Degiovanni, and Christophe Pradere, “Advanced thermal impedance network for the heat
diffusion with sources”, International Journal of Thermal Sciences, 130, 518-524 (2018)
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4 =g 79 dAs eAetel 83 weA= Agslc. 29 Arsl 34 5 A78%% Sofgl: 100
nm 29 13 Poly styrenel E3j 0 nm g9 ZojE A 5} 1, Poly(vinyl pyrrolidone)= &

Erah Abel B2, oA F4Arer2o)
NBE IAE ORI B44EE/Ea
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1. Park, J. S., Cho, J. S., Kang, Y. C., "Scalable synthesis of NiMoO; microspheres with numerous
empty nanovoids as a advanced anode material for Li-ion batteries. Jornal of Power Sources, 379,
278-287 (2018).

2. Choi, S. H., Ko, Y. N, Lee, J. K., Kang, Y. C., "3D MoS,-graphene microspheres consisting of
multiple nanospheres with superior sodium ion storage properties. Small, 25, 1780-1788 (2015).
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Ruthenium Z7}o] 2]3F Ni/Mg/y-Al,O; Z10[9] % | W& 7§A (Steam
Methane Reforming, SMR) 8F2-0o]A9Q] &tARA YA T4}

zo7A! A3 (chko@chonnam.ac.kr)
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Coke-Resistance Enhancement of Ni/Mg/y-Al,03; Catalyst
for Steam Methane Reforming(SMR)
by Addition of Proper Amount of Ruthenium

EUNKYUNG CHO!, CHANG HYUN KO (chko@chonnam.ac.kr)
1School of Chemical Egineering, Chonnam National University

Fay A4 Foe o7t ole AR RA AR diFloUAd s B2 A7 o] Roix]al Qlot.
227] gt 7|A 9FS(Steam Methane Reforming)e 44 A4 S = 7pa de] 8 3= 81S
o, eyt ARdolA Y] 4 AAkS s 57 T JHAYRSol ’\}%QE Eil= B& 29 ol%

A

5730l

A St ol Suje] EHo] SHaRoz g Fuje] AL ol oF xgoletE o
dol7] ol £37]-Ehao B 300 w2 vIge VL AP0 Foo) RS kol 9lol ©
A ARZ B2 £ e oge Fui Jio] A¥EH ot 2 Oq%Loﬂ*it G204 R|XA] Y7A L
U 2da2 Aoz ilst & odket 5%9 (0.1~0.5 w -%) FHEZ SRt ©®AFA Yido] &
451 A0S AYSIAT. RS AAolnz AN ba ARalof SlE2 SaAs mae A 2t
gare s Ao AR dAsES AT HULHS e SMR ¥hSol AL 237]-940] u]g
3002 gAstoz HaRAol U S Qojine HAZ] Foifl A0S HANA AL oD
2 ooz EtaxlAo] &ulstA dojus JtER A (£Z57]-8HA0] H]E 0.5)0|A] EFARIA A r 2 oot
3ttt &0¥r2-2 Fix-bed 1/4 in quartz tube reactorg A5t 1l Micro-GC(Inficon3000)C. 2 g
25 JtAE BAMEHITH EsE vk2o] B E0E Thermal Gravimetric Analysis(TGA)EA2 E3l =
ool g4 AHES BASHY
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Red mudS A}23SH ulo]QujA =u] HE35]
o0l RS, JYU? et
(catalica@uos.ac.kr, University of Seoul, Seoul 130-743, Korea)
NgAgTste, fEgoista

dofetA Hgh 279 FRdl 5782 oA TRt 372 Hlo|RuAREE dHio]e eUg AAEHE 4 Qloh ¥
A volujA HEsh 3oz A/dE Ho]Q Qo] BUPR] E gt At st WRies Rl19d :
7 3 ohe) WoR FANSE Sule ol8stel DRI AR WHE 285 FHNL 4 ok 2RO
Kﬂ_%(_ —'(_)Lxé —]f]—}‘\_}%i ‘?:_”@6}% Red mud% Fezogv Ale3, TiOZ, CaO, SiOz, NaZO%QE —_r’-}g]ﬂ(ﬂ 9\,125:], O]
of suj2H E/PSHS BAHeIUT. E3t B Zujolo] @S F3) Red mudd 944 =9

of HCl MA2E olgslo ARsl MS5PYS =AUsich @7] ZujeMe] =4S M= Red muds
dehydroxylation, decarbonylation @ decarboxylationy} Z-2 35t 888 E5| vlo|QUjA9] HEs|IHY 2
1} 8ok WIS alRte] selectivity ¥ H=79] cracking £&°] 376HICt.
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Application of Nickel-supported on Alumina Pellet as Catalysts for
Steam Methane Reforming: Catalytic Activity Depending
on Catalysts Types

YOUNG]I KIM!, EUNKYUNG CHO!, CHANG HYUN KO (chko@jnu.ac.kr)
'School of Chemical Engineering, Chonnam National University

77 Yongbong-ro, Buk-gu, Gwangju, 61186, Korea,

HRPIA] Q72 £Q35t oAl oz ARRE|L Q)= S AR TdRo] ePdE 0] e e Huf A dsts do
7122 giAel|Xe]l thigh A7 s o] FoIR|aL Qit. e R0l 88401 o]8olef= SHoAN HAIAE ol&
gF 58801 AR w2 WS B0 Qlth A4S A0 OiRAANE 4 Qs Yt e 57 i 7
gk-3(Steam Methane Reforming, SMR)0|t}. SMR 57d0] ZJ-8e}=ofQlth= 712 o|u] T2} 1859 2ud HE
2571 7 ¥Es S0t 7=t U Sille JuPiY 2710 ARt 243 A=t R-835IRIe A-82kE siiA
+ 43 =g F09] 2Ag; At Basith 2 Aqoale AR 50 AE kst 571 71 vhE-E Sl
FH F0iE AEsiITh A 57d9] whe Rgollils delY Jul] AP ARSEA] o I EHTE ARRE]Y] TjZo]]
welo] Zelolot SRl F4AeEe] LA DAIAIZ] efel Bee-Shelldefe] Wt Suhe Alssigick, 7| Eso)2s
Q20)up BRo] Ulo] FlshA| 228l S0] (Homo-S0l)Z AIZsHA Ege-ShellBelo] =2t Safet ulwsigic,
Aza= &0 ICP-AES(Inductively Coupled Plasme Atomic Emission Spectrometer)24-8 £5l BX|9 2%
o] 245 ERIsIPon] AYLEr XS 9J5f XRD(X-Ray Diffractometer, X Pert Pro, PANalytical, 40 kV, 30
mA)S AHg31gitt. Egg-Shell FERQIA] Homo-S0IA|S 2191517] $Ish4 =2 Sufle] T o]u]x| Dino-Lite
premier Digital Micro Scope, AM3113T(AnMo electronisAh)S AFEsto] ATt 7zt H0fe] SMR ¥R tfst &4
S GC(Agilent 6890N)C 2 BA51ICE
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1. Cho E.H, Koo K.Y, Lee HW, Park Y.K, Yoon W.L, Ko C.H. Preparation of egg-shell-tyoe
Ni.Ru bimetal alumina pellet catalysts: Steam methane reforming for hydrogen production.

Int ] Hydrogen Energy 42, 18350-7 (2017).
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A Study on the Separation and Recovery of Cadmium
by Metathetic Reaction from waste Nickel-Cadmium batteries.

ae-weon Kim "(mdsimul@naver.com), Il-jeong Park’, Hang-Chul Jeong', Dae-hoon Yang’,
D Kim'*(mdsimul@ ), 11-j Park', H Chul ] ! Dae-h Yang?
Joong-Yup Choi?, Soo-Hoon Jung? Sung-Ok Hwang?
Institute for Advanced Engineering, “GM-Tech

7189 YA-7tEg HAXZEE {7400 YAw 7teEg9] 25 AT dFoM= F2 BUEE
He o]&sto] YA 7tegg w2lshs UHE AXSH oY, #2]stAt sh= 7tEgo] ez S9f
Fe dRolle FdRE de 7tese] dFNE ey BUREAE AEstoiof sty AtgAlc =z &of
F53578 A= E.—’SO}‘:}" HdE Wazst .

2 dFoM = A g YA -7tes HARY SUoAe] AR i8S fste] & ¢ agAos 7t
c82y yAL Baldh 4 9Jx 2 metathetic §12S 0] 8519 ’;jEl.”ﬁ.QE ItIEES —E—Eﬁ}% ez
Auto] sty wASHLA shlct. YA-FtEg _]7517\] ol Aag wallste 42 A= 282 Z4b
AEA2 YA-7teg §Ho FRHEFS A7Iste] CdSE AMAIZH. et 04 o] 2R TS
AAlsHloH, 44_,_7S_7JQEL F2o|A &oo] pH = -0.1, Na,S/Cd = 2.3¢ o &4 Y 7t&ESH Cd2
°F 100ppmo 2 tjiF CdS= AMH Zitg 42 4 AJT. Cdat Na9] x|gh3 F3dll Ni/Cd gikgH
oAl CdS& 34stlen, ol &dll Nidf Cd2 sttt 71&9 YAy 7tEg9 345 9 A+
NN 2 AHEH BuiEEo vlsl ¢ 58802 CdZ AAY 4 e AS st

7]-1*0] s
& A 20169 AMGSGATE RO AEez oy A]7| &g 7HA(KETEP)Y] A|¥3 op 438%h A
2 BAJYctH (No. 2016502101280).
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5. Soya, K. et al, “Selective sulfidation of copper, zinc and nickel in plating wastewater using
calcium sulfide,” International Scholarly and Scientific Research & Innovation, 2(8), 170-174
(2008).




2018 et=yd

N
>
Jo
_||
i
X
10
>
=}
Ton
P
]

it

PB-29
HUA-7lE g MA2EE ol RS o] g3t
JtEgo] X3 whgd o A

gralxy 21" (mdsimul@naver.com), 2712, &
1s7]=d+d

rok I"-III

710]
i Y

=

oo

Al
2

A Study on the Cementation Reaction of Cadmium
by Zinc Powders from Waste Nickel-Cadmium Batteries

Min-Jun Kim, II-Jeong Park, Dae-Weon Kim*(mdsimul@naver.com), Geon-Hong Kim, Hang-Chul
Jeong
Institute for Advanced Engineering,

2 ARAIE AHEFY F43% B71e @ AR we a1 A}Olii Qlsto] mHA]719] 2
A ESH Z716k Qe FAolY, o]lg Qs HAAAE Ulol 2 §7ta4 Ev follaSArdY A
&8 7l=o gk #aol FAF S7kstal Qltt. 53] A2 (Cementation)2 OEHK*QE =2 7IAE e
Bue 242 AVdezm &4 Yo g&0l2e A7 AVIeEA M& gyor 40|29
*71* 5 AR eI E%ﬁ"d Mg 71e & stz 224w Qo).

AoM = mHyA-7tEE AA Yol =etd 7tEg 2159 A& 2UE AASH] 93t 712 AY
oz CdSO4 g ol A O}LE ol &3t FIEFO] R|gg SAstACH, Y2 &, YRSARE, pH & o}

9] A (granular type (~20 mesh)¥t powder type(~100 mesh))of] T2 }‘: 3|82 ICP
(Inductively Coupled Plasma) 84L& 0]835t0o] H| w359t Granular type® ot Ba A7} A] 60&

JO_"L

olFo] 90% ol¥o] JLER B2 UERYSlon, ol 8MEE Z7b N pH 4-59 A ke 3
482 UEPQIth Powder typeo] ot =91 Al, pH 3-59] 7oA of 5% o] o] 90% olge] ke
HEE 8582 Uehlo] BT Fejo) otde x|3H B3 AT TE0] 2 G ulxl: AuE s

BTt 20169% ARISAAIUNY] MU0 FRo|uiA7| 2B FAKETEP)O] A|UE Wop 2313t ¢
T+ ALY (No. 2016502101280).
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1. Palencar, M., Kukurugya, F., Miskufova, A., “Processing of Solution after Leaching of Steelmaking
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2. Safarzadeh, M. S., Moradkhani, D., Ashtari, P., “Recovery of Zinc from Cd-Ni Zinc Plant
Residues,” Hydrometallurgy, 97, 67-72 (2009).

3. Safarzadeh, M. S., Moradkhani, D., Ilkhchi, M. O., “Determination of the Optimum Conditions for
the Cementation of Cadmium with Zinc powder in Sulfate Medium”, Chemical Engineering and
Processing, 46, 1332-1340 (2007).
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111-117 (2012).
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Preparation and characterization of Fe?-TiO;, and FeO,/TiO; as a
support of V,0s-WQO; catalysts for selective reduction of NO by NH;

Ki Hyuck Yang, Thi Phung Thao Nguyen, Moon Hyeon Kim*
201 Deagudae-ro, Jillyang, Gyeongsan 38453, Korea

This work has been focused on preparation and characterization of Fe?-TiO; and FeO,/TiO,
as a support of V,05-WO3 catalysts for selective reduction of NO by NH; (NH3-SCR) since such
iron species were known not only to play a role of significantly depressing the emission of
N,O from the NH3-SCR reaction but also to have a good deNO,ing activity. Therefore, it is
anticipated that Fe?(0,)-modified TiOs-supported V;0s-WOs3; catalysts may suppress the
generation of N;,O and directly decompose it to Ns.

In order to prepare a Fe?-TiO, support, approximately 20 g of a parent TiO; (DT5I,
Millennium Inorganic Chemicals) after drying at 110°C was hydroxylated in an aqueous
solution of NH4OH (Aldrich, 28 - 32%) with a pH value of 11. To maintain the pH, a small
amount of the NH,OH was added after some hours. After 12 hours of such a mixing, the
solid-solution mixture was filtrated, washed repeatedly and finally dried at 110°C. Introduction
of Fe? ions was conducted by a well mixing of the hydroxylated TiO, and FeCly-4H,0 followed
by subliming this mixture in a quartz reactor under various conditions (solid state ion
exchange temperature, calcination and washing, removal of air and H,O at room temperature
and 100°C before) to prepare Fe?-TiO, samples with different iron amounts. As reference
materials, Fe-ZSM-5 and 1-3% Fe;03/TiO, were prepared by using the respective solid state
ion exchange and wet impregnation techniques described in the literature. The TiO, was the
parent one dried fully.

The samples prepared here were extensively charaterized by using X-ray diffraction (XRD),
temperature-programmed desorption (TPD), Raman spectroscopy, in situ diffuse reflectance
infrared Fourier-transformed spectroscopy (DRIFTS) measurements. Representatively, Raman
spectra for 1.36% Fe-TiO, and 2.73% Fe-TiO, that had undergone different conditions upon
preparation are shown in Fig. 1.

(b) |so00 " () 1000

$4 T NANAN SIS . R N -
ss .. % %

1800 1500 1200 900 600 300 3300 2700 2100 1500 900 300 3300 2700 2100 1500 900 300

Intensity (a.u)
Intensity (a.u)
18
Intensity (a.u.)

Raman shift (cm-') Raman shift (cm-) Raman shift (cm™')
Fig. 1. Raman spectra for (a, b) Fe;O3 and 1.36% Fe-TiO,;, and (c¢) 2.73% Fe-TiO,. In (a), S1: Fe,0s; S2,
S3, S4 and S5: 1.36% Fe-TiO; sublimed at 200, 300, 400 and 550°C, respectively. In (b), S1, S2 and S3: 1.36%
Fe-TiO, calcined at 500°C for 1 h in flowing 5% 0,/95% N, after the respective sublimations at 200, 300 and 400°C.
In (c), S1: sublimed at 200°C: S2: substantially calcined at 500°C for 1 h in flowing 5% 03/95% N, S3:
sublimed at 550°C. All the samples were in situ dried at 110°C overnight before the solid-state reaction at
each indicated temperature for 5 h.

Fe? ions are coordinated with oxygen atoms existing in the surface of the hydroxylated
titania to form Fe?(Oy), and FeOOH, depending strongly on the preparation condition. Based
on earlier reports, and a well-known chemistry of N,O decomposition and reduction, such
Fe?*(04) species in Fe-TiO, may offer us a promotional role for reduction in N,O emissions
from NH3-SCR reaction with supported V,05-WO3; systems.
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Enhanced As(III) and As(V) removal via polyacrylamide composition
with Mg-Fe LDH

Kien Tiek Wong!, Seog beom Jang', Baekha Ryu!, So yeon Yoon! and Min Jang!®
(minjang@kw.ac.kr, heejaejang@gmail.com)
'Department of Environmental Engineering, Kwangwoon University, 20 Kwangwoon-ro,
Nowon-gu, Seoul 01897, Republic of Korea

Arsenic pollution has become a worldwide environmental concern. In recent years, layered
double hydroxides (LDHs) have become prime candidates for arsenic removal, due to their
hydrophilic nature and cationic layered structures. Research on arsenic removal using LDHs
is mainly focused on the influence of the synthesis method and composition of the LDH and
the influence of the particle size of the LDH. However, the fine sized LDH particles were not
suitable for the column operation. Therefore, in this research, we focused on the granulation
of LDH via polyacrylamide (PAM) and polyvinyl alcohol (PVA) at different ratio. The stability
as well as the arsenic adsorption capacity of the granulated LDH were examined. As shown
on Figure 1, the adsorption of As(lll) and As(V) by various adsorbents were fitted according to
Freundlich modelling with r? value >0.98. The optimized PAM modification was found to be
40% v/w. The increased adsorption capacities of As via PAM modification were due to
electrostatic interaction between positively charged center (nitrogen) and negatively charged
As molecule in solution. Moreover, As adsorption mechanisms could be defined as ligand
complexation between hydroxyl group and As and anionic exchange between counter ions on
M*" with the As. The correlation between PAM and PVA ratio will be conducted in the near
future.

As () As (IV)
w 25
------- Frewndlich
(A) -eeeo- Freundlich ® LDH (B)
® LOH @ LDH (10% FaM)
@ LDH (10% PAM) 20} €@ LDH(20% PAM ..
@ LDH (20% PaM) @ o
® LDH (30% PAM) & D
— @ LDH 40% PAM) ~ & o
o @ LDH (50% FaM) =
) i}
= £
§ . 5
. O
= .. .

Figure 1: Freundlich adsorption isotherm by LDH and PAM modified LDH
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Sonophotocatalytic degradation of micropollutants:
implication of synergistic effects

Baekha Ryu!, Kien Tiek Wong!, Seog beom Jang', So yeon Yoon! and Min Jang!®
(minjang@kw.ac.kr, heejaejang@gmail.com)
'Department of Environmental Engineering, Kwangwoon University, 20 Kwangwoon-ro,
Nowon-gu, Seoul 01897, Republic of Korea

Micropollutants are resistant to biological degradation in environment and are known to be
endocrine disruptors. Among them, we focused on three pollutants. Atrazine (ATZ) has been
widely applied as a herbicide while bisphenol A (BPA) is an estrogen-like substance and
sulfamethoxazole (SMX) is a typical antibiotic, respectively. This work investigated the
degradation of the pollutants through energy-based advanced oxidation process (AOP)
technologies, which do not require consumable chemicals. Rate constants for individual and
combined AOP were obtained through the degradation kinetics. Based on the values, the
synergistic effect of each pollutant was obtained. Through this, we studied how the intrinsic
property of pollutant affects the synergistic effect.

Fig. 1 is the result of ATZ degradation through each AOP. The combination of ultrasound,
UV-A, and TiO2 showed the best removal of ATZ.

T
5 109, ] = m . B
E=) o =)
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[Fig. 1] Degradation of atrazine (ATZ) by (A) various frequency and (B) application of
photocatalytic, sonocatalytic and sonophotocatalytic by TiO,

(Initial concentration of atrazine = 1.0 mg/L, Solution volume = 1 L, US frequency = 35 kHz,
50% Power, UV-A 320~400 nm, TiO2 concentration = 0.05 g/L, Stirring speed = 4000 rpm)
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Application of Pilot-Scale Continuous Pyrolysis System
for Production of Degradation Oil Using Various Resources

Jung Hee Jang!, Yeon Su Kwak!, Gi Bo Han'*(gbhan@iae.re.kr)
Institute for Advanced Engineering
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Study on Catalytic Process/System Scale-Up
for Deoxygenation of Vegetable Oil

Gi Bo Han'*, Jung Hee Jang!, Seong Tak Kim!, Yeon Su Kwak!, Min Hwae Ahn'!, Byung Hun
Jeong?, Jeong Sik Han’(gbhan@iae.re.kr)
Institute for Advanced Engineering, ?Agency for Defense Development
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Study on Catalytic Process/System Scale-Up for Upgrading of
Hydrocarbon Compounds Based on Vegetable Oil

Gi Bo Han'*, Jung Hee Jang!, Seong Tak Kim!, Yeon Su Kwak!, Min Hwae Ahn'!, Byung Hun
Jeong?, Jeong Sik Han’(gbhan@iae.re.kr)
Institute for Advanced Engineering, ?Agency for Defense Development
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Simple and Eco-fiendly method for change of Teflon wettability

Hun Soo Byun' and Heon-Ho Jeong!* (jeonghh29@jnu.ac.kr, Yeosu, Jeonnam 59626)
'Department of Chemical and Biomolecular Engineering, Chonnam National University

Abstract

Amphiphilic network have gained much attention and have been developed for novel
applications such as contact lenses, membranes, enzyme catalysts, medical devices, and drug
delivery. In these systems, hydrophilic and hydrophobic polymer chains are combined and
then chemically cross-linked, thus forming an amphiphilic network. As a unique class of
materials, fluoropolymers have a combination of properties, including high thermal and
chemical resistance, low surface energy, and low flammability. However, because of the
immiscibility between fluorophilic and hydrophilic or hydrophobic materials, limited
amphiphilic networks composed of fluorophilic chain have been reported. In here,
ammphiphilic networks of perfluoropolyehters (PFPE) and poly(ethylene glycol) (PEG) have
achieved to yield optically transparent and solvent resistance over a wide range of
compositions. Transparent amphiphilic networks can be achieved when low molar mass of
both the PFPE-DMA and the PEG-DMA were used. By incorporating a thereshold amount of
PFPEs into PEG-based hydrogel networks, water swelling could be significantly reduced, which
can offer a new and simple method for various applications. Also, based on advantage of
solvent resistance, we show that solid microparticles with high uniformity can be produced by
using an organic solvent in microfluidic device. We believe the PFPE-PEG network will have
broad impacts to a wide range of applications, including solvent-based microparticle
fabrication and extraction processes.

33

1. Hu et al., “Optically Transparent, Amphiphilic Network Based on Blends of Perfluoropolyethers and
Poly(ethylene glycol),” J. Am. Chem. Soc., 130(43), 14244-14252 (2008).

2. Wang et al., “Photocurable Amphiphilic Perfluoropolyether/Poly(ethylene glycol) Networks
for Fouling-Release Coatings,” Macromolecules, 44(4), 878-885 (2011).

3. Jeong et al., “Moldable Perfluoropolyether-Polyethylene Glycol Networks with Tunable
Wettability and Solvent Resistance for Rapid Prototyping of Droplet Microfluidics,” Chem.

Mater., 30(8), 2583-2588 (2018).
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Hydrogen production via methane dry reforming in a Pd-based
membrane reactor: Process simulation and economic analysis

Sehwa Kim!, Wonmo Yeon!, Shin-Kun Ryi?, Hankwon Lim*" (hklim@unist.ac.kr)
'Department of Advanced Materials and Chemical Engineering, Catholic University of Daegu
’Energy Material Laboratory, Korea Institute of Energy Research (KIER)

%School of Energy and Chemical Engineering, Ulsan National Institute of Science and
Technology (UNIST)

The Korean government had set a CO; emission reduction target meaning the goal of
reducing its greenhouse gases emissions by 37% compared to business as usual (BAU) in
2030. We propose methane dry reforming, which converts two greenhouse gases (CH; and
CO,) into syngas (CO and H;), as one of methods for reduction of greenhouse gases in the
atmosphere. Using a commercial process simulator, Aspen HYSYS®, parametric studies have
been performed focusing on the effects of H; permeance as well as H; selectivity. Economic
analysis has been carried out in terms of itemized cost estimation and sensitivity analysis for
a small-scaled H; refueling station reflecting current status of Korea. To consider
unpredictable fluctuations related to premature technology, probability analysis using a
Monte-Carlo simulation method has been also performed.

it
% e



o 2018 H2HEyIRstE| £7 starhs| X237

PB-38

Power to gas 7|= o3 A1 F7}

ojHE o]3&, 2AsHH” (hklim@unist.ac.kr)
S| 49 ouA] U stebpety

Economic analysis for power to gas technology

Boreum Lee, Hyunjun Lee, Hankwon Lim" (hklim@unist.ac.kr)
School of Energy and Chemical Engineering, Ulsan National Institute of Science and
Technology (UNIST)

With significant interest in renewable energy globally, energy storage technology has widely
been developed due to the surplus electricity produced from renewable sources such as wind
turbines and solar photovoltaic cells. Among various energy storage technologies, power to
gas is considered as a promising candidate to produce hydrogen and methane via water
electrolysis using surplus electricity. Also, it has longer discharge time on high storage
capacity [1]. Therefore, economic analysis for power to gas technology employing itemized
cost estimation, sensitivity analysis, and profitability analysis is performed to assess the
economic feasibility of it, which is meaningful for the immature technology.

A2

1. Moore, J., and Shabani, B., "A Critical Study of Stationary Energy Storage Policies in Australia in an
International Context: The Role of Hydrogen and Battery Technologies," Energies, 9(9), 674-702
(2016).
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Techno-economic analysis for glycerol steam reforming at
distributed H2 refueling stations for H, production
capacity of 700 m® h'!

Juheon Heo!, Boreum Lee?, Shin-Kun Ryi®, Hankwon Lim?* (hklim@unist.ac.kr)
'Department of Advanced Materials and Chemical Engineering, Catholic University of Daegu
’School of Energy and Chemical Engineering, Ulsan National Institute of Science and
Technology (UNIST)

SEnergy Material Laboratory, Korea Institute of Energy Research (KIER)

Various H; production methods such as methane steam reforming (MSR), oil/naphtha
reforming, coal gasification, water electrolysis, etc. are used and MSR accounts for about 48%
of worldwide H; production [1]. However, MSR produces a significant amount of CO,, a
greenhouse gas, due to use of fossil fuel. In contrast, glycerol steam reforming (GSR) has
received worldwide attention recently as one of H; production methods from byproduct of
biomass, a clean energy source [2]. In addition, possible cost savings can be expected in GSR
due to mild operating conditions of pressure and temperature compared to conventional
reforming reactions [3]. Therefore, we report techno-economic analysis using process
simulation, Aspen HYSYS®, a commercial process simulator and economic analysis for GSR
targeted for distributed H, refueling stations with a H, production capacity of 700 m® h' [4].
From techno-economic analysis, it was well demonstrated that GSR is a viable option in Korea
for distributed H; refueling stations.

PR R=R

1. Voldsund M., Jordal K., and Anantharaman R., "Hydrogen production with CO; capture," Int. J.
Hydrog. Energy, 41(9), 4969-4992 (2016).

2. Pastor-Pérez L., and Sepulveda-Escribano A., "Low temperature glycerol steam reforming on
bimetallic PtSn/C catalysts: On the effect of the Sn content," Fuel, 194, 222-228 (2017).

3. Hajjaji N., Chahbani A., Khila Z., and Pons M.-N., "A comprehensive energy—exergy-based
assessment and parametric study of a hydrogen production process using steam glycerol reforming,”
Energy, 64, 473-483 (2014).

4. Lee B., Heo J., Kim S., Sung C., Moon C., Moon S, and Lim H., "Economic feasibility studies of high

pressure PEM water electrolysis for distributed H; refueling stations,” Energy Conv. Manag., 162,

139-144 (2018).
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Development of Coating Ball Valve for High Pressure Powder
Transport Line in Coal Gasification Process

Jung Woohyun'*(castor08@iae.re.kr), Jee gyuchul', Yoon Sungpill', Lee Jongkyung?
Institute for Advance Engineering, 2KPL Valve Industry Co. LTD
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A Study on Solid-Liquid Separation Technology for Byproducts
Resources in Cement Manufacturing Process

Byung Hyun Park*!(grapeman77@hanmail.net), Jae Gang Kim!, Hae Gi Kim', Ju Yeol Lee!?, Jin
Sic Choi'?
'Technology Insitute, ANYTECH Co., Ltd.
’Dept. of Applied Environmental Science, Kyung Hee University

HAoll= AIMIE 5745 TAshs ZEHAEY O] §o= UEtHe &g FHoloy, dxfis
ARPE AIEo] oER TR D Do) AEstel Agatn Ak T2 AEUEL AME Aed
LB UAYALRA dE7] & AIRIES] A 3FS WhE sdgosn ARIES M a8 HaAA
Vb oty AE H o E7] R ZEHS 8&"33}@1 Az 284S ATl Aoz ArEst
7] Wizofl AJiretlof Al BiEste a8 o= AHEste {Yetol Tastt 01310} ARIE A2 & 2
Jste ZEHAEQ Aol &2 HsiM= %%H*E T ZAEO e FE&AEE a5t sl 8

FJHi= HEer & nHF 2o FJo] WS, o] aPoA Oﬂxﬂ"u = 4+ﬂ0}1 SAlo ALA 7S]
vags —;—%‘ > e 79 ‘”10] Aol oS YoM LR oz AoyAlz 1A} T
sto|EzAfol 223 Altste] F2 Atdets ft A ® 2las o det o

2 2

2 e ALSTALE R oHRZ|e7iEANGe] A K[Pdo g o|fojF o, o] ZALEHUT
(T ¥ 5 20182 010202100)
2183

. M. M. Abrams, W. M. Jarrell, Soil phosphorus as a potential nonpoint source for elevated stream
phosphorus levels. J. Environ. Qual. 24, 132-138 (1995).

2. J. H. Al-Rifai, H. Khabbaz, A. I. Sch€afer, Removal of pharmaceuticals and endocrine disrupting
compounds in a water recycling process using reverse osmosis systems. Sep. Purif. Technol. 77,
60-67 (2011).

3. APHA (American Public Health Association), AWWA (American Water Works Association), WEF (Water
Environment Federation), Standard Methods for Examination of Water and Wastewater, 20th ed.
American Water Works Association, Washington, DC. (1998).
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Modelling of Adsorption Isotherms of Ammonia gas
on Mesoporous Alumina Materials

Huyen Thanh Vo! , Min Ki Kim' , Gyoung Woo Lee! , Il Gun Park? , Ji Bong Joo!* (jbjoo
@konkuk.ac.kr)

'Department of Chemical Engineering, Konkuk University, “Pyunghwa Engineering Consultants
R&D Institute

The adsorption equilibrium of ammonia gas on various pore-structured Mesoporous Alumina
materials (MAs) were studied in a pressure range of 1-5 bar at 25 oC at the ammonia
concentration of 5000 ppm through a fixed bed reactor. The Mesoporous Alumina adsorbents
were synthesized by Evaporation Induced Self Assembly (EISA) method and controlled the
pore properties by adjusting acid concentrations and calcination conditions, and were
characterized by BET, TGA, FT-IR, XRD, and TEM analyses. In the adsorption isotherm
studies, the non-linear experimental equilibrium data of the synthesized Mesoporous Alumina
and other commercial alumina oxide materials were fitted to the Langmuir, Freundrich,
Langmuir-Freundlich, Dubinin-Radukevich, and Toth isotherm models with an accurate
correlation over the entire pressure range.

FAZN = FHE FstAbL oS 7] e 7 LAFR(#2017001960004)0 4 AJHgQSU T
w 0&%% 20179 % njefARapstio] Rjdo g St LAfHY] 7|2 AR LAY
(NRF-2017R1A4A1014806) A|YS wro} =l - prujct

1. Jarkko, H. et al., "Adsorption Equilibria of Ammonia Gas on Inorganic and Organic Sorbents
at 298.15 K." Journal of Chemical and Engineering Data. 46(2), 391-399, (2001).

2. Zhouhua, W. et al., “Analyzing the Adaption of Different Adsorption Models for Describing
the Shale Gas Adsorption Law.” Chemical and Engineering Technology. 39(10), 1921-1932,
(2016).
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Comparative Greenhouse Gases Emissions Assessment
of 3D Printing and Injection Molding

Seok Gyoon Ko, Joo Hyeon Ko, Min Seo Kim, Han Na Oh, Gye Jun Yoo, Seong-Rin Lim"
(srlim@kangwon.ac.kr, 1 Gangwondaehakgil, Chuncheon, Gangwon)
Department of Environmental Engineering, Division of Architectural, Civil, and Environmental
Engineering,
Kangwon National University, Chuncheon
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A study on the characteristics of oil yeild
by catalystic pyrolysis of plastics in a Fixed bed

Bon Jin Koo'?, Tae U Yu', Joo Hyeong Yoon!,
Byung Ryul Bang?*, Jong Su Kim?
Yonsei University, Korea Institute of Industrial Technology(KITECH)
xcorresponding author : brbang@kitech.re.kr

[ABSTRACT]
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Torrefaction study of palm by-product
by Counter Flow Multi Baffle Reactor

Sangdo Kim#*, Hyuk Im, Sihyun Lee, Hokyung Choi, Donghyuk Chun, Jiho Yoo and Youngjon
Korea Institute of Energy Research, Clean Fuel Laboratory
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1. Michael D. et al., “Possible effect of torrefaction on biomass trade”, IEA Bioenergy, (2012)
2. Linoj K. et al., “Integrating torrefaction in the wood pellet industry : A Critical review’, Energy &

Fuels, 31, 37-54(2016)
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Development of prediction model of solid fuel char combustion

Ryang-Gyoon Kim'(rgkim@rist.re.kr)
Research Institute of Industrial Science & Technology

IAAEE o]&dte= YL, 7MAS 34 52 94 HAUES 78 A= AEStH AAsH, o
g8 g4 Hato] OE HARA =& E3F & A4 PhEES V|V R ottt} iR A o 7hAsE FA0
A AHSEE EAY 1A ARb A 3 297 vloloujrolch. 1A A2 A4 AUSS GRd) B
oA HjEE 320 AA P%(Homogeneous reaction)} & H4A0] H|HFA Y (Heterogeneous
reaction)olc). £5] 1Al Az daAo] AR Al A ds 3PS MY wye, slag o
<71 AA 2 FAFAREE & }ttﬂ sBAlolti(1). & A4 tAYUE S +A5H7] Hall thfst wHlo]
H‘*QOVE‘OD% 1‘413}.‘*2& In trinsic model, Kinetic/diffusion surface reaction rate model 72]11
Bulk diffusion modelo] QItH(2, 3). & AFE S5to] 1A A= 7|vte] B, ¥r37] A7 2 A&
AxZo] &8 4 J=F Intrinsic modelS 7|¥roz & A4 o FRAZ Jidst= Zlo|t.

|

Hugd

1. Ryang-Gyoon Kim, Chan-Won Hwang, Chung-Hwan Jeon, 2014, "Kinetics of coal gasification with
CO2: impact of internal/external diffusion at high temperature and elevated pressure,” Applied energy,
Vol. 129, pp. 299~307.

2. Normand, M. L., 1978, Heterogeneous kinetics of coal char gasification and combustion, Progress in
Energy and Combustion Science, Vol.4, pp. 221-270

3. Kalyan, A., Ishwar, K. P., 1959, " Combustion science and engineering," CRC Press/Taylor&Francis
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Development of antibacterial micro mesh sheet

by electroplating process

Kwangsun Huh's, Younghan Bae?
'Department of Advanced Materials and Chemical Engineering,
Kyungnam College of Information and Technology
’Hansung E.G.Tech.Co.,LTD.
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Fig.1. SEM micrographs of antibacterial micro
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Development of yellow pigments
for eco-friendly gravure printing inks

Daewoong Kang's Jaehee Sin! Jeoungwon Park!, Keounwon'!' Chulkyu Yang? Kwangsun Huh!
!Department of Advanced Materials and Chemical Engineering,
Kyungnam College of Information and Technology
’Kyungkee color.
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Mixture Pressure-Swing Distillation Process Design and Optimization
for the Separation of Minimum- and Maximum-boiling Azeotropes
based on Vapor-Liquid Equilibrium Analysis

Alyssa Marie Fulgueras, Dong Sun Kim and Jungho Cho” (jhcho@kongju.ac.kr, corresponding
author address)
Department of Chemical Engineering, Kongju National University, 275 Budae-dong, Seobuk-gu,
Cheonan-si, Chungcheongnam-do 331-717, South Korea

Pressure-swing distillation (PSD) process uses the pressure sensitivity of the binary azeotropic point
and operates at two different pressures. The main advantage of PSD 1is the process intensification which
eliminates solvent or entrainer usage and is feasible for heat integration. This study assesses the process
design and optimization of PSD process to separate minimum- and maximum-boiling azeotropes based on
vapor-liquid equilibrium analysis. Six binary systems were analyzed; three systems for each type of binary
azeotrope as follows: A) minimum-boiling azeotrope: (1) acetone + methanol, (2) ethanol + toluene, (3)
chloroform + methanol; and B) maximum-boiling azeotrope: (1) water + ethylenediamine, (2) acetic acid +
dimethylacetamide, (3) acetone + chloroform. Several cases were studied for each binary system to determine
the optimum operating condition and specification that minimizes the total heat consumption of the separation

process.
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CFD Simulation of Atmospheric Detritiation System in a Packed Bed
Reactor

Daniel Owusu Asante, Jungho Cho, Dong Sun Kim”"
(dskim@kongju.ac.kr, 275, Budae-dong, Seobuk-gu, Cheonan-si, Chungcheongnam-do
331-717, South Korea)

Department of Chemical Engineering, Kongju National University

Abstract

The quest for better and effective way of generating sustainable energy has led to the
research into fusion which is undertaken by the ITER Organization. The prototypes as well as
the commercial reactors for the fusion process demands a great deal of safety and
particularly, leakage of T2 into the working environment. The T2 happens to be the
radioactive material amongst the other two hydrogen isotopes and this call for careful
handling of such gas.

In this study, a 3D packed bed reactor model was developed using the ANSYS Fluent
commercial tool. The suitable model and choice of numerical methods for this process were
explained. The Kkinetics and input conditions were selected from preexisting related
experiments already done. Different temperature ranges were explored in order to know its
effects on the oxidation process of deuterium and tritium. Finally, the concentration for all
conditions were displayed and analyzed to establish a trend.

Keyword: ADS, ITER, Hydrogen, Simulation, Fluent

Type: Poster
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Comparative study of heterogeneous azeotropic distillation and
extraction process for the separation of Acetic acid-Water system
through process simulation
Leah Jessica Sebastian!, Kim Dong Sun, and Jungho Cho!* (jhcho@kongju.ac.kr)

1Departmen‘[ of Chemical Engineering, Kongju National University, 275 Budae-dong,
Seobuk-gu, Cheonan-si, Chungcheongnam-do, 331-717, SOUTH KOREA

Abstract

The separation of acetic acid and water has been an important and challenging process in the
industry due to the tendency of acetic acid to form dimers in the vapor phase. This
phenomenon greatly affects the thermodynamic behavior and creates an inconsistency for
activity coefficients. The separation cannot be carried out by simple distillation since it will be
high-energy consuming. Special distillation methods are applied, such as heterogenous azeotropic
distillation and extraction process. These methods are examined, optimized, and compared
through PRO/II with PROVISION ver. 9.4 process simulation. The study involves analysis of phase
equilibria of acetic acid, water, and separating agent, and design of azeotropic distillation and
extraction process, and comparison of separation method for minimum heat duty consumption.
Heterogeneous azeotropic distillation presented better results compared to liquid-liquid extraction
in terms of entrainer flow rate, total column heat duty, and acetic acid purity. However, the
extraction process provided a comparable acetic acid recovery percentage. Each process showed
great potential to separate acetic acid and water with its own advantages. Further research is

recommended using dynamic simulation to assess real-time control of both separation methods.
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Control and Optimization of Acetone-Chloroform Separation using
1-methyl 2-pyrrolidone as Solvent

Manish Pokhrel!, Jungho Cho® (jhcho@kongju.ac.kr)
(Dept. of Chemical Engineering, Kongju National University 592, Shindangdong, Cheonan,
Chungnam 331-280 Korea)

Abstract:

A study of extractive distillation process is extended to separate mixture of acetone
and chloroform wusing 1-methyl 2- pyrrolidone. Isovolatility curve and ternary
diagram showed 1-methyl 2- pyrrolidone can be a promising solvent for
acetone-chloroform separation. The conventional process flow diagram was slightly
modified replacing the cooler by an economizer to pre-heat the feed stream which
reduced the total annual cost by 14%. (+) 10% feed flow and feed composition
disturbances were imposed to observe the tolerance of the process.

50 Kmaol/hr 50 Kmal/hr
Acetone: 0.995 Acetone: 0.005
CHCI;: 0.005 CHCI;: 0.995
DMSO: trace DMSO: trace

59°C 64.1°C

-1.09 MW

NMP 1.1atm
130 Kmol/hr Sol
— P} — 2 Eeﬂ,l’— g 193 Kmolhr |- — — — — —
Feed 94.6°C stage.5 | pR.167  Acetone:0.001 RR: 0.65
100 Kmalthr Vapor Frac: 0 | ____ _ | CHCL:0.277 | _ _ _ _ _ |
Acetone - 0.5 ID: 0.981 m DMSO: 0.722 10: 0.862 m
CHCly - 0.5 Feed stage: 151°C Feed stage:
A=17.918 sgm 15 5
a Pre-heated Feed:
E 7ec -1 | =1
0883 MW VaporFracco842) | [ | Total trays: |
Total trays: 18
2 130 Kmol/hr
1.2atm Acetone: trace
CHCls: trace
Makeup stream c1 NMP: 1
H M1
0.88 MW 1.042

Fig: Process flow diagram for acetone-chloroform-NMP using an economizer
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Modeling, Optimization, and Dynamic Control of Pressure-Swing
Distillation for the Separation of Methanol-Chloroform Mixture

Russel J. Galanido, Jungho Cho™ (jhcho@kongju.ac.kr, corresponding author address)
Department of Chemical Engineering, Kongju National University, 275 Budae-dong, Seobuk-gu,
Cheonan-si, Chungcheongnam-do 331-717, South Korea

An organic waste composed mainly by chloroform and methanol mixture is a widely used effective solvent
for bioactive substances extraction from biological sources in pharmaceutical and biotechnology industry
[1~3]. This binary mixture exhibits a minimum-boiling temperature azeotrope with ~65 mol% chloroform
composition at ~53.4 °C under atmospheric pressure [4,5]. Thus, the mixture cannot be separated by using
conventional distillation columns. In this study, the separation of methanol-chloroform binary mixture is
investigated using pressure-swing distillation process via process simulation. The steady-state optimization
and dynamic simulations are carried out using PRO/II with PROVISION v.10 and Aspen Dynamics v8.8,
respectively. For steady-state optimization, two different column configurations (low-to-high pressure and
high-to-low pressure) are compared wherein the positions of the low-pressure column and high-pressure
column are operated interchangeably to attain an optimized design. Moreover, different heat integration
configurations (no heat, partial heat and full heat integration) are applied to lessen the overall utility
consumption. It is determined that the low-to-high pressure column configuration provided a more
optimized results for all heat-integrated systems as compared to high-to-low pressure column
configuration. Application of heat integration further decreases the cooling water and steam consumptions
by 38.86 % and 35.74 %, respectively, for partially heat-integrated system: and by 44.58% and 41.01%,
respectively, for fully heat-integrated system. On the other hand, dynamics and control study is executed
using basic control, feed-forward ratio control, and/or pressure-compensated temperature control
structures. It is found out that the pressure-swing distillation process without heat integration can be
controlled using a basic control, while the partially and full heat-integrated systems require a

pressure-compensated temperature control structure.
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Figure 1. Schematic diagram of NGCC with CCS

NG
Feed

co,

co,
Compressor

Steam Turbine

Condenser

o,
Compressor

CO; Capture Unit

©

H,0

Figure 2. Schematic diagram of NGCC with CLC
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Study on the Various Utilization Methods of the Liquefied Natural
Gas Cold Heat
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Decomposition of Eco-friendly Liquid Monopropellant
over Pt/Hexaaluminate Pellet Catalysts
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7180 FAAZ AFEEE hydrazine?] =4 A2 sl £ 1 tiA] 4o thgh A7t &ds| 219
T2 Qlt}. Hydrazineg HiAIY 4 e AeHd 5 FZA0A] & 54Ql ammonium dinitramide (ADN)
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Effect of MgO on Tricyclopentadiene Hydrogenation
over Ru catalyst
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Tetrahydrotricyclopentadiene (THTCPD):= 1 oUXx] W Hdgz 28 dty Qlty, THTCPD=
tricyclopentadiene(TCPD) a2 ALRSHe] HAloA 2A4S ¥FSS B A|R7F 7tssich B AL
At TCPD 443 ¥HSolA £ @4S = Ruol YA€ alumina 0jo] AEE 9lsto] Taojel
MgOE #o] %*7\10}01 dd= Hlu-o}?‘iﬂr- Ru/Al,Os °F Ru-MgO/Al,0; 5AWZ ©]&st Axgt &
bead PE|2 Hsteict. Sule] Balx 2 2}eksl S42 N, adsorption. H-TPR 3 XRDZ #4519
t}. FurnaceoA] 650°C 3A|IZF EA|YE stof xSt AR FHOPE o]&sto] 3FA! ¥HE7]0A
TCPDQ] 443} Wr2 A S XI5R5}9ICY.

Keywords : Ru-MgO/alumina, promoter, tetrahydrotricyclopentadiene, tricyclopentadiene,
hydrogenation,
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Optimization of Operating Condition
of Tricyclopentadiene Hydrogenation in Trickle-bed Reactor
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Jeon!" (jkjeon@kongju.ac.kr)
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