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Synthesis of Zinc halide immobilized on the polymer resin and its catalytic

activity for the coupling reaction of CO? with propylene oxide

Shin Hye Cho'?, Seok Kyeon Cheong'?, Hyunjoo Lee'?**

('Clean Energy Research Center, Korea Institute of Science and Technology, ’Division of Energy &
Environment Technology, KIST School, Korea University of Science and Technology)
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The effects of NH3/NO ratio in SCR for scale-up
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('Institute for Advanced Engineering)
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Thermally rearranged polymer membranes for separation of

small moleculesand ions

Young Moo Lee*

"Department of Energy Engineering, Hanyang University, Seoul, Korea

Microporous polymers are a class of polymeric materials with high freevolumes and large surface
areas. Microporous polymers have received muchattention for various energy—related applications
in gas separation, gasstorage, and for clean energy resources due to their easy processability aswell
as microporosity for high performance. As gas separation membranematerials, microporous
materials exhibit high flux based on the fast gastransport through membrane matrix. Moreover, the
easy processability of polymermaterials has been a great advantage for expansion into
industrialapplications.

Reported rigid polymer membranes, so—called thermally rearranged (TR)polymer membranes have
been developed from ortho—functionalized polyimides by apost thermal conversion process. They
demonstrate bimodal cavity size 0f0.3-0.4 nm and 0.7-0.9 nm and narrow cavity size distributions
characterized byPALS measurement which is an efficient transport path for small
molecules,especially for CO2 molecules. As a result, TR polymer membranes exhibit bothhigh
permeability and high selectivity based on high diffusion of gasmolecules. TR polymer membranes
are also suitable for water treatmentapplications due to their microporous characteristics. In this
presentation, wewill report on the recent progress of thermally rearranged microporous

polymermembranes for applications such as in energy and water.

Keywords: Thermally rearranged polymer; gas separation; PRO; battery
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Trend and Outlook of New Technology in Power Generation

ongMin Lee and YongChae Bae
Power Generation Laboratory, KEPCO Research Institute, Korea

2t Sof MRS Sle Waio] Gale gRlow Qlo] AR He] ARiAR] Aeto] 27 Zlekat itk
5, o] A9, Fw okl LAVl Aiolels S B} thie] nlEA] Wge] Fagislow At
sfeio] ARE| Qs AlelA] At wiel Akt Alele] Solehs e elEEo] olg Aol He- ofete A
For QT ot

ofef i

Aei 2ol 7la ARAdE flsll, =diele 2 vhael Zieiokl dis 4ol
FAISAY Ta= 3 FsleF & BR/de] Sitk A= CO, 2Allell thesh] SRR a8 AP 71ke9] 7ol
. o= AeelEe] ma Srioll mheE CO, Hadt teel, & alad viethe niMmxle] AgaypriA]
sl 7idke FdsloR s, 53], 22AAUSC) nhetel 9l f553kte dol & A-USCO] 7l& g3to]
olo] o= HYHT} et ARASHESHIH(IGCOAY Ma-g W] thge] SOx ¥ NOx HiE]| uih$-
et AR Zlee] i B B2 COLF nMR|e] sA] Akke = 7Ieride] UpgradeZt @+5A it
AR ol A Al2=ll CCS B CCU 7iee] sgoltt oks ilh darise] AT Vie=A FaE
= o, Zigt et miEE B VIR S e TR el Zieriide] ARERL Sl ofs CCS Tl
< RS $% CO, te7ledt teol, da & CO, B "HiAE 2 Ee= APishe 7le2A Zero
Emission& 71 58 =3 A6kl Qlrt tlEe], IGCCF 4434t 181 A=d2)9] §3R] IGFC Hi= 11 Hijh
o= KAk et k= mRA] the-2 91_E SO, B NOxO| #R 71 7ot} of= 53] 2

dhoz AN 9= SO, B NOx| Ate 9fefl 7180 &7l Het daao] 2 Ee dv|es 8
TRl lem, tiEe], 'Widnle] 71E T AR T TASkE SO, B NOxe] Aol
Aol

2h, Z7RAERIS] 7ol B o] CO, A the-& ARt it 7R2EH - Eot &
™, AAgeA=1e] S71 HiRfet o= Fohed ot 2 Ththde] i Zoket &

< 2H] 3 240 A wigs S A therle 9A a9 9 B rdethiore] 24

=Y FHE s A" e TG 9o, off Fl T4 eR AR Whior] AVle A

= -
e mEeke 1 Sate sir el

I
riu
r ol
uta)
filo
N
i
kl
o
I

1. SRR 2019 dRo ke IR o 9 71elH AT, KEPCO RI Technical Report (2019).






THE KOREAN SOCIETY OF CLEAN TECHNOLOGY

2019 eh=EEI|=ete|

FN5E A =T HY| A=

HIO| A s S8 X

2019.9.26(=) 09:05~11:40
CHA QIE{A|E|S &l I = #1

'Il')

wlie Y PRERE

The Kor ciety of Clean Technology



A study on scale—up of multi—stage catalytic hydrotreating process

for bio—jet fuel production by vegetable oil conversion

Gi Bo Hanl,*, Jung Hee Jangl, Min Hwei Ahnl, Yeon Su Kwak1, Byung Hun Jeong2

"nstitute for Advanced Engineering, “Agency for Defense Development
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TWO-STAGE STOCHASTIC OPTIMIZATION OF A BIOFUEL SUPPLY
CHAIN - A KOREAN CASE STUD

Mohammadamin Zarei, Jay Liu

Department of Cheimcal Engineering, Pukyong National University

Concerns about climate change, energy security, and the diminishing supply of fossil fuels are
causing our society to search for new renewable sources of transportation fuels. Amongst various
candidate, biomass have attracted much attention in recent years because of its widespread
availability and its potential applicability as a sustainable source of energy and material. The
biomass passes through some facilities and undergoes various processes called the biomass supply
chain. Each part of the supply chain needs specific knowledge, technology and activities including
growing, harvesting, transporting, integrating, storing, converting, distributing, and consuming. The
static(structural) and dynamic behavior of the supply chain.

Most researcher focus on steady state models. However, in a real word case study, uncertainty play
a significant role. Designer of the chain must understand the dynamics of the chain which represent
uncertainty and determine many variables.

There are many parameters that have uncertainty characteristics. According to review papers the
most important variables have to deal with are: biomass supply (biomass yield, harvest rate and
biomass quality), biofuel demand. Other important parameters under uncertainty are biomass and
biofuel prices and costs. In this study, based on our parameter and specific biomass that can be
found easily in eastern Asia called “Saccharina japonica”, a two—stage mixed integer programming
of a biomass—based fuel supply network is developed to deal with two main important uncertainties,
biomass and biofuel demand. The proposed model is then validated via a real-world case study
with data from Korea. The aim of this work is to determine planning decisions related to a supply

chain that can be dispersed in Korea’s geographical area.
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Hydrodeoxygenation of Bio—oil from Fast Pyrolysis Wood Processing Residue

Using Different Types of Natural Catalysts

Hoang Vu Ly'? Jinsoo Kim!, Quoc Khanh Tran? Seung-Soo Kim?, Changho Oh?
'Kyung Hee University, ’Kangwon National University, *Daekyung Esco

The bio—oil produced from fast pyrolysis of biomass has received a lot of attention as an
attractive replacement for fossil fuel [1]. Wood processing residue (WPR) is one of biomass source
to be converted into bio—oil. However, due to high oxygen content, the bio—oil should be further
upgraded to achieve the higher quality bio—oil. The deoxygenation under hydrotreating using
different catalysts (catalytic hydrodeoxygenation (HDO)) is considered as one of the promising
methods for upgrading bio—oil from pyrolysis by removal of the O—containing groups [2]

In this study, the HDO of WPR bio—oil collected from fast pyrolysis of WPR (450 C) was
carried out in autoclave at the temperature between 350 “C, the pressure in range of 10 and 20 bar,
in 60 min. Then, the catalytic HDO experiments were performed with different types of natural
catalysts such as dolomite, HZSM-5, and iron oxides (red mud, hematite, magnetite, ferric oxide
99%). During catalytic HDO, the oxygen was mainly removed from bio—oils via formation of CO,
and H,0. The moisture content was determined in range 12.63 — 22.94 wt%. The CO, content
showed highest selectivity (between 82.59 and 89.14 mol%) in gas product (CO, CO,, H,, and
hydrocarbon gas C1~C4). The liquid product contained high selectivity of alkyl phenol derivatives.
The proportions of Cs—C;;, C;,—Cys, and C,5—Csg of pyrolysis bio—oil of organic phase were in
range of 45.61—-159.78 wt%, 23.31-28.11 wt%, 13.19 — 24.93 wt.%, respectively. The dolomite
catalyst mostly removed oxygen via CO,, whereas the HZSM—-5 mainly eliminated oxygen via CO

and H,0. Among the iron oxides catalyst, red mud is the most effective in catalytic HDO.

References

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

2. Ly, HV., Choi, JH., Woo, H.C., Kim, S.-S,, Kim, J. Upgrading bio—oil by catalytic fast pyrolysis of acid—washed Saccharina

japonica alga in a fluidized—bed reactor. Renewable Energy 133, 11-22 (2019).
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Hybrid Renewable Energy System For Hydrogen Production Via Alkaline
Water Electrolysis —A Dynamic Modelling Approach

Haider Niaz, Rofice Dickson, Jay Liu

Department of Cheimcal Engineering, Pukyong National University

As a result of increasing global demand for energy and rising threat for environment pollution due
to greenhouse gas emissions, focus is gradually shifting towards renewable energy as a backup
energy supply. Among renewable energy technology pathways, hydrogen production via Alkaline
water electrolysis (AWE) is emerging as a savior. Solar—PV and wind energy when combined,
hydrogen production from AWE has a potential to play an important role as an energy carrier in
future sustainable development. In this study, dynamic modelling approach is employed to
overcome the dynamic behavior of renewable energy by modelling AWE along with renewable
energy management via energy storage system (ESS). ESS helps the model overcome the energy

instabilities, hence providing a continuous hydrogen production system.
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The production of biofuel by the deoxygenation of oleic acid over the Ni—Ce—
ZrQ, catalyst: Effect of Ni loading

Ho-Ryong Park, Jae—Wan Cho, Kyung—Won Jeon, Jae~Oh Shim, Hyun-Seog Roh*

Yonsei University

The CeysZry4O, catalyst was designed for the deoxygenation of oleic acid [1]. For the further
enhancement of catalytic activity, CeyZr,,O, supported Ni catalyst was developed [2]. In this study,
a series of Ni—CeyZr,,0, catalysts with different Ni loading were prepared by a co—precipitation
method and employed for deoxygenation of oleic acid. Among the prepared catalysts, the 20 wt.%
Ni—Cey¢Zr,4O, catalyst exhibited the highest catalytic activity. The effect of Ni loading on the
catalyst characteristics has been investigated through various analysis techniques. The

characterization results were related to the activity results in deoxygenation.

s
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1. Shim et al, “Deoxygenation of oleic acid over Ce(,_,Zr,O, catalysts in hydrogen environment” Renew.

Energy, 65, 36 (2014).

2. Shim et al, “Bio—diesel production from deoxygenation reaction over Ce,¢Zr,,O, supported transition

metal (Ni, Cu, Co, and Mo) catalysts” J. Nanosci. Nanotech., 16, 4587 (2016).
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Effect of alkaline earth metals on pyrolysis kinetics of Organosolv Lignin from

Pine tree

Quoc Khanh Tran!, Seung—Soo Kim!", Jinsoo Kim?"
sskim2008@kangwon.ac.kr (S.-S. Kim)

'Department of Chemical Engineering, Kangwon National University

‘Department of Chemical Engineering, Kyung Hee University

Lignin is one of the most common plant polymer besides cellulose and hemicellulose. Mainer [1]
proposed lignin structure is significantly different from others carbohydrate—based polymers. Kim et
al. [2] concluded that alkaline earth metals (AEM) content in most lignocellulosic biomass has
strong catalytic reactivity during biomass depolymerization.

In this study, the pyrolysis kinetics of organosolv lignin and alkaline earth metals (Ca and Mg)
impregnated organosolv lignin were investigated using differential method and integral method to
determine the activation energy based on thermogravimetric analysis (TGA) data. The particular
mechanism and characteristics of lignin pyrolysis based on rate constant (k) also were examined
using tubing reactor. Organosolv lignin was mainly decomposed from 350 “C to 450 C at various
heating rate (5, 10, 15, 20 ‘C/min). The activation energy was from 70.11 to 607.89 kJ/mol which
corresponded to the conversion of 5 to 95%. The presence of AEM as a catalyst led to decrease the
activation energy. The Ca and Mg loading amount (0.5 and 2.0 wt%) and high molecule weights

content in organosolv lignin strongly influence to lower activation energy.

Reference

[1] R. M. Mainer, Environmental Microbiology (Thrid Edition), 339-340 (2015).

[2] K. H. Kim, K. Jeong, S.-S. Kim, R. C. Brown, Kinetic understanding the effect of Na and Mg on pyrolytic
behavior of lignin using a distributed activation energy model and density functional theory modeling, Green

Chemistry, 5, 1099-1107 (2019).
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Techno—economic analysis of microalgae—based biodiesel production

ae—Cheol Lee!, Boreum Lee!, Juheon Heo!, Hyun-woo Kim? and Hankwon Lim!"
'UNIST, *Chonbuk National University

There is a significantly high demand for the alternative energy source due to increase in energy
requirement and global warming concerns. Biodiesel is one of the good options because it can be
used in existing diesel engines, is biodegradable, and produces less toxic and greenhouse gas
emissions than petroleum diesel. In particular, biodiesel production using microalgae has gained a
lot of attention because microalgae contain a considerable amount of lipids (15 to 65%) in their
cells and consume carbon dioxide for cell synthesis. Although many experiment—based studies
already showed the potential of microalgae—based biodiesel production, techno—economic analysis
based on experimental data is not well be discussed. In this context, we performed experimental
data—based techno—economic analysis for biodiesel production using microalgae. A unit biodiesel
production cost was calculated based on the process flow diagram and itemized cost estimation.
The results show that a unit biodiesel production cost is approximately 3.5 $ kg™'. The result of
sensitivity analysis also shows that a unit biodiesel production cost is significantly affected by
biomass and chemical costs. It means that the main drawback to commercialize is a cost for

microalgal biomass, which can be reduced via wastewater—based biomass cultivation.
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1. Amer, L., Adhikar, B,, and Pellegrino, J. “Technoeconomic analysis of five microalgae to—biofuels processes of varying complexity,”
Bioresour; Technol 102(20), 9350-9359 (2011).

2. Batan, LY., Graff, GD,, and Bradley, TH. “Techno—economic and Monte Caro probabilistic analysis of microalgae biofuel
production system,” Bioresour. Technol. 219, 45-52 (2016).

3. Davis, R, Aden, A., and Pienkos, P.T. “Techno—economic analysis of autotrophic microalgae for fuel production,” Appl Energy
88(10), 3524~3531 (2011).
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A study on the optimization and scale—up of continuous type high—pressure

powder feeding system

ieun Lee!, In—goo Kwon', Seok—Woo Chung', Jong—Sun Jung?
Tnstitute for Advanced Engineering(IAE), Seintec Co., Ltd.

2 J}ASEHE, SIEHE SojAE 1o 87 T 1ot HRS o] Afelo] Bl (n]HEt
° 5t7] Qlste] 2 251 (lock—hopper) AI2HES AR89t o]
o BAARO A& FFES Hste] At 71t 2748 HHESHH
A A EAARE Aot AFEH(s torage hopper), 34 §H87] iRt =2 1Mt
AN FAARE 7ReS YAHoR T Fachs T2 m (feed hopper), 7H¥at A%

o] & ﬂoﬂie 7}%”1511%1 %]—;Liﬁii AL S5t
Al o]

O
o

_VE
:“é
1o,
2, ol
l)]r _A‘:_‘,
N,
Ir l>
1o, o
3
o
o, o
wx do
E, ol
2 K
2 1l
N
Hr m B~ ol
o fn E oox U

(
==

1‘;'_!
Sl 2AE @A) n
:

Az 4ol ojols

ol
e

e o o

Y,
(o]
T
)
o,
6:
=8
(@
.
=
Q
el
o
=2
lo
%
koll
_4‘:_‘,
=2
_>a
}ol
_4‘:_‘,
Hl
re
24
rﬁ £

(
==

=,
4
bo
i)
ruJ.
m
nx
é
~
)
Zi
ols
el
2
0
ra,
Am
>
el
e
w2
)
=
RO

o o
_O'L
bass
NI
[
i)
k
fol
N
=
2,
<2
&
r_{o 0_>I:4
ra
l
W
®
N
ins
oft
10
o o

2 A7 AT FMOTIE) 9 h=ol|A)7eB7F(KETEP) 9] 2] ¢1& ot 433k A+ IpA| Ayt
(No. 20163010050070)



CT-11

Study on CPFD simulation parameters suitable for Pneumatic conveying system

Woo Chang Sung!, Seok Woo Chung?, Jong Sun Jung®, Dong Hyun Lee!”

'School of chemical Engineering,“Institute for Advanced Engineering,’Seintec Corporation

At IGCC gasifier coal was transported to the gasifier at high pressure using pneumatic conveying
system. Pneumatic conveying system can stably transport particles and is widely used because it
doesn’t need additional mechanical parts. Barracuda® calculates the flow characteristics of particles
and fluids by CPFD (Computational Particle Fluid Dynamics) method, one of the CFD
(Computational fluid dynamics) types, and has been widely used for the analysis of gas—solid flow
characteristics. The CPFD method has the advantage that the calculation is faster than other
simulation tools when the scale is large. However, few studies have been conducted on barracuda
for the pneumatic conveying system, and the effects of drag model and drag force on the pneumatic
conveying system results have not been studied. Therefore, in this study, based on the data of the
previously studied paper, the change of the result according to the drag model was confirmed, and
the appropriate drag model was confirmed in the dilute system. CPFD simulation was conducted at
circular horizontal tube (ID = 81 mm). Particle used in this study was sand and its diameter was
10-500 xm and particle density was 2718.5 kg/m’. Range of air velocity is 12 — 22 m/s at
atmospheric pressure and the range of solid loading is 2 — 4 kg/kg. As a result, the effect of drag
model and drag force which used in CPFD simulation was confirmed at pneumatic conveying

system.

Frwd

1. Malagalage, A. et al. , “Fxperiments and Simulations for Horizontal Pneumatic Transport of Dry Drill Cuttings.” Chemical
Fngineering & Technology, 418), 1531-1537 019,

2. Santo, N. et al. , “Experimental study on the particle velocity development profile and acceleration
length in horizontal dilute phase pneumatic conveying systems.” Powder Technology, 339, 368-376
(2018).
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Experimental study on grindability analysis by mixing ratio of coal and biomass

YongWoon Lee!, JaeWook Lee!, Won Yang!’

"Korea Institute of Industrial Technology
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A Study of Devolatilization and Spontaneous Combustion Characteristics of

Coal Pretreatment Process

Sung Min Yoon”, Seok Hyeng Lee™, Park Sung Jin”, Myung Won Seo”, Tae Yong Mun”, Ji Hong Moon”, Sang Jun
Yoon”, Jae Goo Lee”, Jae Ho Kim”, Yong Gu Kim”, Ho Won Ra"™
1)Clean Fuel Laboratory, Korea Institute of Energy Research (KIER)
2)Chungbuk National University Material Engineering(CBNU)

(*seojun@kier.re.kr)
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Effect of Oxide Thickness on Electrochemical Performance of VO,/Graphene

Composite.

Yong—Jin Park!, Jae=Hyun Kim?*?, Seung—Mo Lee**” and Kyubock Lee!’
'Graduate School of Energy Science and Technology, Chungnam National University, “Korea

Institute of Machinery & Materials, *University of Science and Technology

Vanadium oxide (VO,) have been widely used for pseudocapacitive decoration of the hybrid supercapacitor.
In particular, the VO,/graphene has recently come into notice due to the presumable synergistic effect by the
pseudocapacitive nature of the VO, and the promising physical properties of the graphene. Although the
graphene has been intensively studied even till now, the research on the VO, is comparatively less active.
Especially, the effect of VO, thickness on electrochemical performance still remains largely unexplored when
the graphene with large specific surface area is decorated with the VO,. Here, using a home laser engraver,
firstly we performed the prompt and selective reduction of the graphene oxide to produce multilayered and
highly porous graphene maintaining high electrical conductivity. Subsequently, the resulting graphene was
conformally decorated with pseudocapacitive thin VO, using atomic layer deposition in order to add
pseudocapacitive property. We found the electrochemical performance pronouncedly decreases when the
VO, is too thick (over 22 nm). It is conjectured that the thick VO, not only hinders accessibility of electrolyte
ion into pores but also increases charge—transfer resistance. In order to assure high performance of the
graphene—based hybrid supercapacitor electrodes, the thickness or the decoration density of the employed

metal oxide should be considered and thoroughly investigated in advance.
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Synthesis and Optimization of Bead—Shaped Materials for Various Chemical

Applications

i Yull Kim', Gyoung Woo Lee', Na Yeon Kim', Il Gun Park?,
Ji Bong Jool*(jbjoo@konkuk.ac.kr)1*
"Department of Chemical Engineering, Konkuk University,

’Pyunghwa Engineering Consultants R&D Institute
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1. Nastulaha, A.”, Bhat, A. H.', Mohammed, H. 1. "High surface area mesoporous activated carbon-—alginate beads for efficent removal of methylene bue' e, [
Bol Maaomol 107, 17921799 (018).
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Double layer electrolyte polymer electrolyte using PVDF-g—POEM/LIiTFSI for

supercapacitor application

Uoon chul Baek1, Jung Tae Park1*
"'Konkuk University

Poly vinylidene fluoride—g—poly(ethylene glycol) methyl ether methacrylate (PVDF-g-POEM) was
synthesized for double layer supercapacitor application as a electrolyte and a separator. The graft
copolymer was synthesized via atom transfer radical polymerization (ATRP) method. Incorporating
ionic salt to PVDF-g—POEM electrolyte lead to increase of ionic conductivity of PVDF-g-POEM.
Grafting to semi—crystalline hydrophobic polymer PVDF chains with hydrophilic POEM results in
reduced the crystallinity nature of PVDF lead to decrease of ductility of PVDF which would provide
better segmental motion of polymers, and hydrophilic domains grants sites for sulfonimide lithium
(LiTESD) salt, which leads to better ionic pathways. Ionic conductivity was measured by placing the
electrolyte between stainless steel and tested over impedance analyzer using a potentiostat. The
polymer structure was characterized by Fourier transform infrared spectroscopy (FTIR), energy
filtered transmission electron microscopy (EFTEM), and differential scanning calorimetry (DSC).
The polymer PVDF-g-POEM serves as a matrix for the membrane electrolyte with high ionic
conductivity which is comparable to several conventional matrix such as poly (ethylene oxide)
(PEO), poly vinylidene fluoride (PVDEF), or Poly(vinylidene fluoride—co—hexafluoropropylene)

matrix based membrane electrolytes.
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The Amphiphilic Double Comb Copolymer Electrolyte for Using Flexible

Supercapacitor

Juyoung Moonl, Jung Tae Park1*
"'Konkuk University

As demand for sustainable energy becomes a hot issue in international society, supercapacitor is
receiving great attention due to its environment friendly energy storage system. Mostly water—based
electrolytes are mainly used as electrolytes for supercapacitors, but there are disadvantages such as
limited range of potential windows and electrolyte leakage problem. Therefore, many researches are
being conducted to develop electrolytes using polymers using non—aqueous electrolytes. One of
grafting methods, atom transfer radical polymerization (ATRP) is an easy way to synthesize high
molecular weight amphiphilic polymer containing both hydrophilic and hydrophobic regions. Using
two step ATRP process, (poly(vinylidene chloride)—g—poly(methylmethaacrylate))—g—Poly (ethylene
glycol) methyl ether methacrylate (PVDC-g-PMMA)-g-POEM) was synthesized and was used
for supercapacitor polymer electrolyte with bis(trifluoromethane) sulfonimide lithium (LiTFSI) salt
for enhancing ionic conductivity . PVDC-g-PMMA is the hydrophobic back bone which gives
mechanical property that decrease crystallinity with grafting PMMA to PVDC and POEM possesses
the hydrophilic side chain, making electron pathway which raise the electron transport properties.
The coin cell structure with two stainless steel were used to measure ionic conductivity with
potentiostat. The Characteristic of polymer was characterized by gel permeation chromatography
(GPC), Fourier transform infrared spectroscopy (FT-IR), field emission scanning electron
microscopes (FE-SEM), transmission electron microscopy (TEM) and differential scanning
calorimetry (DSC). Furthermore, solid—state flexible devices using carbon—based electrode are
fabricated and assembled symmetrically using as—synthesized polymers as electrolyte and separator.

The devices were tested in two electrode system to analyze electrochemical properties.
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Design and performance test on the ultrafine particle removal process by

applying the electrospray technology

un Su PARK1, Young Soo LEE1, Gilbong LEE1, Kye Jung LEE1, Jin Han KIM1, Jong Won CHOI1

'Korea Institute of Energy Research
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1. Choi, J.W., Development of modular electrospray electrostatic precipitator for ultrafine particles removal, Air—Condi. Ref. Fng,
Korea, pp. 262-267 (2017).

2. Choi, J.W. et al,, Fine Water Droplet Generation via Electrospary and its Application to Wet Cydlone, Soc. Air Condi. Ref. Fng,
Korea, pp. 1108-1113 (2017).

3. J.Kim. et al., 2018, Study on the fine particles removal performance of the electrospray driven swirling electrostatic, Air—
Condi. Ref. Eng., Korea, pp. 262-267 (2018).

4. M. Najafabadi et al.,, 2014, Effects of gepmetric parameters and electric indexes on performance of a vertical wet
electrostatic precipitator, J. Electrost., Vol. 72, pp. 402-411 (2014).

- 18 -



CT-19

N5l olAnp m=zal 1 o=l 1*
g, A, 58, 449, Wl g
Az

Ag,0/TiO, nanostructure based on double comb copolymer for high—efficiency

photoelectrochemical water—splitting

Gyo Hun Choi', Seung Man Lim!, Juyoung Moon', Jeong Min Lim!,
Uoon Chul Baekl, Jung Tae Park1™*

"'Konkuk University

Synthesis of Ag,0O/TiO, nanostructures was realised in this study by employing the facile
hydrothermal method, which involved use of double comb copolymer templated sol-gel and a
chemical bath. The synthesized Ag,O/TiO, nanostructures demonstrated a photocurrent density of
1.78 mA/cm? at1.23V against RHE under an illumination of 1 sun. This observed value of

photocurrent density exceeded that of pristine TiO, nanorods by 2.18times.
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1. Gritzel, ML, "Photoelectrochemical cells.” Nature, 414, 338-344 (2001).
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Self-templated synthesis of porous carbon nanosheets with controllable pore

size and their electrochemical capacitor application

*
Hana Yoon'

'Korea Institute of Energy Research

Carbon—-based electrochemical capacitors are highly promising energy storage devices that can meet
the demands of high power density and long cycle life but they exhibit a lower energy density
compared to lithium ion batteries. To increase the energy density of electrochemical capacitors,
hybrid electrodes which combine carbon and pseudocapacitive materials are being actively
investigated. In recent years, redox—active organic materials have attracted considerable interest as
promising pseudocapacitive materials for energy storage applications because they have large
gravimetric energy density, low cost and mechanical flexibility.

Interconnected porous carbon nanosheets (IPCNs) are promising candidates for use as the electrode
materials of electrochemical capacitors because of their high surface area, efficient ion transport,
and three—dimensional (3D) structure. Herein, IPCNs with easily adjustable pore—size distributions,
ranging from micro— to mesoporous, are synthesized by the carbonization of alkali metal citrates in
a single—step self—templating process. In addition, a facile bio—inspired surface functionalization of
the IPCN electrodes is demonstrated through the formation of a polydopamine coating and the
subsequent layer—by-layer deposition of ferric ions (Fe’*) and tannic acid, with the aim of

developing high—performance electrochemical capacitors.
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Simple preparation of moldable perfluoropolyether—polyethylene glycol
networks with tunable wettability for droplet microfluidics

Heon—Ho Jeong!” (jeonghh29@jnu.ac.kr, Yeosu, Jeonnam 59626)

'Department of Chemical and Biomolecular Engineering, Chonnam National University

Soft lithography—based droplet microfluidics has enabled production of highly uniform and
complex droplets. PDMS (polydimethylsiloxane) based conventional elastomers that are used for
microfluidic device preparation are significantly deformed and swollen by various organic solvents.
In here, we demonstrate that both water—in—oil and oil-in—water emulsion with organic solvents
can be produced by using microfluidic device that are fabricated using cross—linked networks of
PFPE (perfluoropolyether) and PEGDA (polyethylene glycol diacrylate) by simple UV irradiation.
We identify that these PFPE-PEG networks are transparent and maintain excellent compatibility
with various organic solvents that can swell the PDMS. In addition, we can systematically controll
the wettability of these devices by changing the ratio of the two macromonomers. Based on this
device, we prepare solid microparticles with high uniformity by using an organic solvent—based
emulsion as a tamplate. We believe the PFPE-PEG polymer network will have broad impacts in a

wide range of applications, including drug screening and solvent—based separation processes.

FaEA

1. Hu et al, “Optically Transparent, Amphiphilic Network Based on Blends of Perfluoropolyethers and Poly(ethylene glycol),” [ 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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Strategies to extend the lifetime of transient electronics

Seungae Lee!”
"'Konkuk University

Transient electronics, which are capable of being dissolved in water in a certain period of time, are
emerging fields for alleviating electronic wastes generated constantly [1]. Extending the lifespan of
the device is essential for the practical commercialization of transient electronics. One strategy for
achieving long—term operation is to encapsulate the device with a silicon nanomembrane as a
protecting layer. An additional wax layer is introduced as a side encapsulation to prevent water
penetration. Another approach is to develop water—soluble conductive inks composed of
hydrophobic polymers loaded with metal microparticles [2]. The resulting conductive inks can serve
as a printable conductor so that they can substitute the interconnects, antennas, and strain gauges.
Testing the biocompatibility of these transient devices and materials in animal models verifies no

effects of toxicity.
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1. Hwang, S.—W., Park, G, Edwards, C,, Corbin, E. A, Kang, S—K., Cheng, H., Song, ]-K, Kim, J-H., Yu, S, Ng, J., Lee, . E,,
Kim, J,, Yee, C, Bhadur, B, Su, Y., Omenretto, F. G,, Huang, Y., Bashir, R., Goddard, L., Popescu, G., Lee, K—M., and Rogers,
J. A, "Dissolution Chemistry and Biocompatibility of Single-Crystalline Silicon Nanomembranes and Associated Materials for
Transient Electronics', ACS Nano, 8(6), 5843-5851 (2014).

2. Lee, S., Koo, J., Kang, S.-K,, Park, G., Lee, Y. J., Chen, Y.-Y., Lim, S. A,, Lee, K-M., and Rogers, J. A., "Metal
microparticle — Polymer composites as printable, bio/ecoresorbable conductive inks', Materials Today, 21(3), 207-215
(2018).
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Developement of PEMFC cathode catalyst with improved durability

Taekeun Kim!"

'Chungnam National University

In this study, the activated carbon composite support (ACCS) was developed using novel
methodology from carbon black to enhance support stability of Pt/C catalysts. The preliminary
study of thermal stability showed that ACCS has good thermal stability similar to that of carbon
nanofibers (CNFs). Moreover, it keeps the good properties for a Pt deposition similar to those of
carbon blacks. From these advantages of ACCS, it was considered as a promising support material
for Pt/C catalyst and was studied extensively for its electrochemical activity and stability using the
membrane electrode assembly (MEA). The Pt/ACCS kept the electrochemical activity under
simulated start—up/shut—-down operating conditions. The commercial Pt/C and Pt/290G catalysts
show drastic mass activity losses and maximum power density losses. The good activity and
excellent stability of Pt/ACCS catalyst are attributed to the higher degree of graphitization and
enhanced hydrophobicity of ACCS.

Frwd

1. Kim, T, Xie, T., Jung, W. S., and Popov, B. N, Irr. | Hydrogen Fnerg, 42, 1250712520 (2017).
2.Kim, T., and Popov, B. N, Int. | Hydrogen Energ, 41, 1828-1836 (2016).
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IS(International Standard) Development for Improving Material Circulation in

Design and Development

Hyeri Yun!", Kwangwon Lee?, and Hwa—Cho Yi®

"Korea Institute of Industrial Technology, “Enstar Co., Ltd., *Yeungnam University
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1. ISO 14001:2015, Environmental management systems — Requirements with guidance for use (2015).

2. ISO CD 14009, Environmental management systems — Guidelines for incorporating material

circulation in design and development (2019).
3. ISO/DIS 14006, Environmental management systems — Guidelines for incorporating ecodesign (2018).

4, TEC/ISO FDIS 62430:2019, Environmental Conscious Design (ECD) — Principles, requirements and
guidance (2019).
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Computational Materials Design for Energy, Environment and

Catalysis
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Plastic Wastes as a Resource for Circular Economy

Minzae Lee, Hyung—Ki Min, and Youngheon Choi*

Lotte Chemical Corporation

1. Clark et al., “Circular economy design considerations for research and process development in the chemical
sciences”, Green Chem., 18, 3914-3934 (2016).

2. Adlhoch et al., “High—temperature Winkler gasification of municipal solid waste”, Gasif. Technol. Conf.,
1-15 (2000).

3. Benedikt et al., “Advanced dual fluidized bed steam gasification of wood and lignite with calcite as bed
material”, Korean J. Chem. Eng., 34(9), 2548-2558 (2017).

4. Gomez et al., “Thermal plasma technology for the treatment of wastes: a critical review”. ]J. Hazard.
Mater., 161 (23), 614-626 (2009).

5. Kurkela et al., “Steam oxygen gasification of forest residues and bark followed by hot gas filtration and

catalytic reforming of tars: Results of an extended time test” Fuel Process. Technol., 141, 148-158 (2016).
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Efficient and Safe Synthesis of Molecular Explosives via Flow Chemistry

Se Won Bae', Yunseon Choi', Sejin Lee?

Korea Institute of Industrial Technology (KITECH)!, Agency for Defense Development (ADD)?
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1. T. M. Klapotke, Chemistry of High—Energy Materials, 3rd ed., de Gruyter, Berlin, 2015.

2. R. Surapaneni, In 7th International High Energy Materials Conference & Exhibit (HEMCE-2009), Pune,
2009, p. 7-9.

3. T. F. Jamison, G. Koch, Flow chemistry in Organic Synthesis, Thieme, Stuttgart, 2019.
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Synthesis of Spherical TiO. Particles with Disordered
Rutile Surface for Photocatalytic Hydrogen Production

Na Yeon Kim', Hyeon Kyeong Lee', Jong Tae Moon', Ji Bong Joo'*

! Department of Chemical Engineering, Konkuk University

Energy issues are becoming a big problem that has a direct impact on our lives. Hydrogen energy attracts attention as an
efficient eco—friendly energy as urged to develop eco—friendly and sustainable renewable energy. In this study, we report the
monodispersed spherical TiO,  particles with disordered rutile surface for use as hydrogen production photocatalysts under
visible light conditions. The spherical TiO,  particles with disordered surface were synthesized by sol—gel synthesis, followed
by sequential calcination, and chemical reduction process using Li/Fthylenediamine (Li/EDA) solution. Variation of the
calcination temperature allowed the crystalline properties of the calcined TiO: samples, such as the ratio of anatase and rutile,
to be finely controlled. Chemical reduction using the Li/EDA solution enables selective reduction of the rutile surface of the
calcined TiO, , resulting in enhanced light absorption. We confirm that the chemically reduced TiO:  particles show
improved photochemical properties than the mother TiO.  sample. When used as photocatalysts for hydrogen production
under solar light conditions, the chemically reduced TiO:  particles with both the disordered rutile surface and mixed
crystalline phase showed significantly enhanced catalytic activity.

2 HEN17EE ware AfRlom et Aie] o Flio b et AR (NRF ~2017R1D1ATB03031041) A i ool Gl
=017 PiEe o] Afplo= RmdiItte] 7 eIk (NRF-2017R 1IA4A1014806) Ao Faliel SHioct

T
1. Joo J. B, Zhang Q, Lee I, Dahl M., Zaera F. and Yin Y., “Mesoporous Anatase Titania Hollow Nanostructures through Slica—Protected
Calanation,” Adv. Funct. Miater, 22, 166-174 Q012).

2. Moon J. T, Lee S. K. and Joo J. B, "Controllable one—pot synthesis of uniform colloidal TiO, partick in a mixed solvent solution for
photocatalysis,' Beiktein J. Nanotechnol, 9, 17151727 (018).

3. Zhang K, Wang L, Kim . K, Ma M, Veerappan G, Lee C. L, Kong K. ], Lee H. Y, and Pak . H, "An Order/Disorckr/AWater Junction
Systern for Highly Ffficent Co—Catalyst—Free Photocatalytic Hydrogen Generation, Frergy Frviron. Sdi, 00, 1-3 (2015).
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Bubble characteristics according to the change of geometry of the distributors in

pressurized bubble column

Keon Bael, Gang Seok Go2, Nam Seon Noh2, Yeong Il Im3, Dong Hyun Leel

'Sungkyunkwan University, “Korea Institute of Energy Research, *Hankyong National University
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1. Leonard, C,, Ferrasse, J. H., Boutin, O., Lefevre, S, and Viand, A., “Bubble column reactors for high pressures and high temperatures
operation.” Chemical Engineering Research and Design, 100, 391-421 (2015).
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Biodegradation of emerging contaminant sulfamethoxazole using Ipomoea aquatica:

Potential application of phytoremediation

Swapnil M. Patill, Mayur B Kuradel, Ju—Qiang Xiongl, Hyun—Jo Ahn1, Sanjay P. Govindwarl, Byong—Hun Jeon1*

"Department of Earth Resources and Environmental Engineering, Hanyang University, Seoul, Republic of Korea.+

Water is crucial for all the lifeforms on Earth, having an immeasurable social, environmental, and economic value. However,
the pollution of water reservoirs by numerous geogenic and synthetic compounds is causing severe problems linked to
unacceptable sanitary conditions [1,2]. In recent years, traces of pharmaceuticals and personal care products (PPCPs) have been
frequently found in the aquatic phase including wastewater, ground water, surface water, and even in drinking water [3].
Sulfonamides are representative of a universal type of antibiotic, and their occurrence in the environment is relatively high due
to their large consumption rate via human and veterinary medicines [4]. Plants serve as appropriate markers of worldwide
pollution because they are present in almost every comer of the globe and bioaccumulate xenobiotic chemicals from their
environment. The potential of a semi—aquatic plant, Jpomoea aquatica, to uptake and metabolize sulfamethoxazole (SMX)
was investigated in this study. [ aquatica exhibited 100% removal of 0.05 mg L' SMX from synthetic media within 30 h. The
L aquatica achieved 93, 77 and 72% removal of SMX at 0.2, 0.5 and 1 mg L, respectively, after 48 h. This indicated that
removal efficiency of I aquatica was deteriorating at high concentrations of SMX. The chlorophyll and carotenoid content of 7,
aquatica was insignificantly influenced by SMX irrespective of its high concentration. Similarly, scanning electron microscopy
(SEM) showed that exposure to SMX had an insignificant impact on morphology of the plant organelles. The mechanisms of
removal by [ aquatica were explored by evaluating contributions of bioadsorption, bioaccumulation and biodegradation.
There was negligible adsorption of SMX to plant roots. Accumulation of SMX within plant roots and stems was not observed;
however, [ aquatica accumulated 17% of SMX in leaves. Thus, the major mechanism of elimination of SMX was
biodegradation, which accounted for 82% removal of SMX. Gas chromatography—mass spectrometry (GC-MS) confirmed
that [ aquatica biodegraded SMX into simpler compounds, and generated 4—aminophenol as its final product. A laboratory
scale phytoreactor was used to investigate the application of L aquatica in a simulated system, where it achieved 49% removal
of SMX 02mgL ) in 10d.
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Evaluation of activated carbon powder and magnesium silicate impregnated
activated carbon powder for fluoride removal

Choe Earn Choong, Kien Tiek Wong, Seok Byum Jang, So Yeon Yoon, Min Jang
Department of Environmental Engineering, Kwangwoon University, 20 Kwangwoon-ro,

Nowon—gu, Seoul 01897, Republic of Korea

In this study, palm shell activated carbon powder (PSAC) and magnesium silicate (MgSiO;) modified PSAC (MPSAC)
were thoroughly investigated for fluoride (F") adsorption for the first time. F~ adsorption isotherms showed that PSAC
and MPSAC over-performed some other reported F~ adsorbents with adsorption capacities of 117 mg g” and 148 mg g',
respectively. Interestingly, the MgSiO; impregnated layer changed the adsorption behavior of F~ from monolayer to
heterogeneous multilayer based on the Langmuir and Freundlich isotherm models verified by chi-square test (X;).
Thermodynamic parameters indicated that the F~ adsorption on PSAC and MPSAC was spontaneous and exothermic.
PSAC and MPSAC were characterized using FESEM-EDX, XRD, FTIR and XPS to investigate the F~ adsorption
mechanism. Based on the regeneration tests using NaOH (0.01 M), PSAC exhibited poor regeneration (< 20%) while
MPSAC had steady adsorption efficiencies (~70%) even after 5 regeneration cycles. This is due to highly polarized C-F
bond was found on PSAC while Mg-F bond was distinguished on MPSAC, evidently denoting that the F~adsorption is
mainly resulted from the exchange of hydroxyl (-OH) group. It was concluded that PSAC would be a potential
adsorbent for in-situ F~ groundwater remediation due to its capability to retain F~ without leaching out in a wide range
pH. MPSAC would be an alternative adsorbent for ex-situ F~ water remediation because it can easily regenerate with
NaOH solution. With the excellent F'adsorption properties, both PSAC and MPSAC offer as promising adsorbents for
F remediation in the aqueous phase.
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Anaerobic co—digesiton of fat, oil and grease (FOG) and sewage sludge: Lab &

pilot scale reactor operation

Hoo H. Kim1, Mayur B. Kuradel, Dong—Ho Kangl, Ji-Kwang Cheon1, Byong—Hun Jeon1*

'Department of Earth Resources and Environmental Engineering, Hanyang University, Seoul,

Republic of Korea.+

Biomethane production through the anaerobic digestion (AD) of sludge can play a major
role by offsetting the energy consumption of WWTPs. However, only 40-50% of the organic
portion of sludge is converted to biomethane, resulting in low digestion efficiency and biomethane
yield. Recently, anaerobic co—digestion (ACD) of lipidic waste such as fat, oil, and grease (FOG)
has received much attention for the enhancement of biomethanation in WWTPs. However, there are
several major challenges associated with ACD of FOG which includes inhibition by long chain fatty
acids, sludge floatation and washout, and scum formation. Here we summarized the scientific and
engineering aspects of the FOG supplementation as a co—substrate in AD as well provides
appropriate solutions for challenges encountered during the anaerobic operation. The discussion on
the existing pretreatment approaches (including mechanical, thermo—chemical and biological) for
rapid degradation of FOG was also highlighted. Metagenomic analysis elucidates the microbial
community and the interspecies interactions which are responsible for the degradation of FOG and
its biomethanation during ACD. Following the investigations in the lab, a 3 m*/day field pilot plant

was operated to demonstrate the findings and subsequent applications on industrial level.
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Effect of the ZrO,, CeO, and Ce—ZrO, promoter in Ni-MgO—-Ce_,Zr,O,

catalysts for carbon dioxide reforming of methane

Beom—Jun Kim, Kyung—Won Jeon, and Hyun-Seog Roh’

Yonsei University

ZrQ,, CeO,, and Ce-ZrO, promoted Ni-MgO catalysts were prepared via a facile co—precipitation
method and applied to the carbon dioxide reforming of methane. To understand physicochemical
properties of the catalysts, various techniques were carried out such as BET, XRD, TPR, H,—
chemisorption, and CO,=TPD. Catalytic reaction was carried out at 800 °C and a gas hourly space
velocity of 720,000 h™ was used to screen the catalytic performance. Among the prepared catalyst,
the ZrO,—promoted Ni-MgO catalysts exhibited the highest CH, conversion. This result is mainly

due to the easier reducibility, high Ni dispersion, and high specific surface area.
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Enhancement of the C1 gas conversion efficiency for the VFAs production with

considering proton and electron migration

Young Eun Song, Changman Kim, Jiyun Beak, Eunhee Seol, Jung Rae Kim*

School of Chemical and Biomolecular Engineering, Pusan National Universtiy, Busan, 46241, Korea

The carbon monoxide conversion into value—added platform chemicals has been of great interest in
industrial biotechnology due to the demand syngas fermentation. Nevertheless, the biological CO
conversion process is difficult to be implemented into the industry due to lack of cost—effective
process. The low conversion yield and/or cell growth rate of CO-utilizing microbes hinders to
develop appropriate biorefinery process for gas substrate. Recently, bioelectrochemical system (BES)
based CO/CO2 conversion provide a potential route to improve conversion efficiency and cell
growth of strains. In this study, we investigated an optimized bioelectrochemical system
configuration and operational factors to overcome the conventional limitation of CO conversion
such as pH, ion exchange membrane, redox mediator, applied potential. The gas composition and
applied potential were examined with simultaneous estimation of coulombic efficiency. The volatile

fatty acid production and their conversion efficiencies are compared in different operating condition.
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Mercury removal using sulfurized palm shell waste activated carbon powder

from aqueous solution

So Yeon Yoon, Seog Beom Jang, Choe Earn Choong, Kien Tiek Wong, 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

This research focused on the development of sulfurized palm shell waste activated carbon powder (PSAC-S)
for Hg(II) adsorption from aqueous solution. The effect of initial solution pH, ionic strength, contacting time,
initial Hg (IT) concentration, sulfur coating ratio and sulfur precursors were studied. In this study, Na2S was
found excellent as a sulfur precursor compared to Na2S04, and CH3CSNH2 for Hg(Il) removal. PSAC,
PSAC-S5, PSAC-S10 and PSAC-S15 were characterized using FESEM, XPS, XRD, FT-IR, N2 gas
adsorption desorption analysis to investigate the Hg(II) removal mechanism. PSAC-S exhibited high surface
area (781.16 m2/g) and consisted with micropore and mesopore which favorable for adsorbing Hg(aq).
According to the experimental results, the increase sulfur coating ratio led to higher Hg(II) adsorption
capacities. All the kinetic data fitted well to presudo-2nd order model and reached equilibrium at 30 min
Overall, PSAC-S15 was found to be the optimum adsorbent with the maximum adsorption capacity of
189.45mg/g. In addition, Hg(Il) adsorption decreased as the initial solution pH increase and no significant
effect on Hg(Il) adsorption capacity when ionic strength concentration increased. From thesed results, it can
be concluded that PSAC-S can be used as an excellent removal medium for mercury ions from aqueous

solutions.
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Figure 1: Kinetic plot for Hg(II) removal Figure 2: Isotherm models for media with various S impregnation ratio
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Pretreatment with cellulolytic Aspergillus fumigatus facilitates improved

methane production in anaerobic digestion of polysaccharidic wastes
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(Republic of)
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Pretreatment of polysaccharidic biomass for better digestibility is the first step towards complete
utilization of these valuable substrates in biomethane production via anaerobic digestion (AD). Biological
pretreatment could be an interesting alternative involving bacteria, mold, and fungi that break down lignin,
cellulose, hemicellulose and converting the latter two into fermentable carbohydrates without generating
furfural and phenolic inhibitors as in conventional pretreatment methods. In the present study, a potent
cellulolytic strain of Aspergillus fumigatus was used for biological pretreatment of polysaccharidic wastes
(PWs) to enhance its digestibility and subsequent methane (CH,) production by AD. Analysis by scanning
electron microscopy, X-ray diffraction, and Fourier transform infrared spectroscopy revealed that
pretreatment with A. fumigatus promoted extensive disintegration and increased the porosity of
polysaccharidic biomass. After the pretreatment, a 92% increase in total soluble carbohydrate (170.67 mg g
to 326.86 mg g ! substrate) in the substrate was recorded. AD of pretreated PWs exhibited shorter lag period
compared to untreated PWs. Cumulative CH4 production was significantly improved to 4369.73 mL during
AD of pretreated PWs, which is 63% higher than the control (2689.87 mL with untreated PWs). A total solids
reduction of 66.56% was attained in AD of pretreated PWs which is 25% higher than the control (53.27%
with untreated PWs). Therefore, pretreatment using cellulolytic A. fumigatus could be an effective way to
enhance bioenergy recovery from PWs with substantial solid reduction, paving the way for maximizing energy

generation combined with waste management.
Keywords: Biological pretreatment; Aspergillus fumigatus; Anaerobic digestion; Polysaccharidic wastes; Biomethane.
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Development of Promising Technology Evaluation Methodolgy to Advance into

Developing Countries in Clean Thermal—-power—generation Field

Gooyong Lee'” and Sang Jin Oh!
'Green Technolgy Center

Korean government is supporting various domestic technologies to enter developing countries[1] in
clean thermal-power—generation field. Supporting the technology requires a methodology to select
promising technologies to advance into developing countries[2]. Therefore, in this study, we
developed a new methodology that can evaluate technologies with consideration of the current state
of domestic technologies and the state of technology demands in developing countries. Technology—
needs—assessment(TNA) reports from 86 countries were collected and analyzed. Information of
Korean research institutes and companies which related with clean thermal-power—generation were

surveyed and compared with TNA reports.

s

ki

1. Kim, H.S., "Policy to Support the Global Market Entry of the Environmental Industry and Its Future Direction," J.
Korean Soc. Atmos. Environ. 29(1), 105-115 (2013).

2. Kim, Y.M. and Lee, W.H., "A Study on Methods for Developing by Nurturing Clean Thermal Power Generation
Technology," Journal of Climate Change Research. 9(2), 197-207 (2028).

-38 -



CT-38

[solation of novel CO converting microorganism using zero valent iron for

bioelectrochemical system (BES)
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School of Chemical and Biomolecular Engineering, Pusan National University, Busan, Korea, 609-735

Carbon monoxide (CO) has been discharged from steel industry and biomass gasification process,
highlighted as a feedstock for biological conversion to platform and value—added chemicals. The
conventional strains for CO conversion have drawbacks of low growth rate and high sensitivity to
oxygen as well as lower conversion yield. Biological conversion of CO is conducted by specific
bacteria harboring the wood—ljungdahl pathway (WL pathway) and CO-dehydrogenase. In this
study, we attempted to isolate and characterize the novel CO converting strains from the river
sediment using the media having the iron bead (Fe°) as external electron donor. As a result, 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 the isolated strains were deposited to KCTC
(Clostridium botulinum HNO2 and Fonticella tunisiensis HN43).
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Development of toxicity assessment in soil using spore forming bacteria
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Rapid Industrialization and urbanization make the world more vulnerable towards the dangers of
heavy metals contamination to the environment. The other concern to the heavy metals, organic
pollutants and other contamination is there identification, rapid testing and cost effectiveness.
Several chemicals testing using heavy instruments for the toxicity assessment has been using which
require lots of money and other chemicals. Alternately, biological methods using bacteria and algae
are cost effective but require longer time. Therefore, simple testing method is required which can
assess many heavy metals in short time and in cost effective. In this research, Spore forming
bacteria(SFB) was used in order to assess the toxicity of different concentration of chromium (Cr®")
using Owen’s method. Mixed culture from Tomato baked soil were isolated using SFB specific
media in order inhibit the methanogens. In 25 mL glass tube, 2 g of soil was taken and 8 mL of
media containing 4 g/L glucose. After adding the media Cr® was added from stock solution 1000
ppm to a final concentration of (0, 0.5, 1, 2, 5, 10 ppm). In the end, close the cap of vials and N,
was purged for 10 minutes to maintain the anaerobic condition. SFB culture was injected during
nitrogen was injected into vials. Test vials were incubated into a incubator at 38° C, 100rpm. The
gas production was measured at 0, 6, 12 hours using glass syringe. The results were analyzed on the
basis of difference in gas production with the change in contaminant concentration in the test
sample. Gas production volume in control was approximately 10 mL and according to the
concentration of contaminant, gas production volume was decreased. At a concentration of more
than 22.5 ppm, gas production volume was decreased by 70% compared to the control. The results
of this study showed that hydrogen producing bacteria can be used in similar way as other
conventional biological toxicity assessment. Hence these bacteria can be an alternative and method
of choice among the other methods in use. This method seems to more easire and have potential to
identify the soil toxicity in the field. Further research require for overcome the shortcoming such as

maintaining anaerobic condition and temperature.
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Biomonitoring of biological oxygen demand using optical biogas respirometric

system
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In answer to the ever—increasing need to monitoring—based process control of wastewater treatment
plants, an online applicable respirometer shows great promise on real-time measurement of oxygen
uptake rate (OUR) and biological oxygen demand (BOD) measurements as an indicator of the
biodegradability of wastewater. Here, we have developed a photosensor—assisted real—time
respirometric system equipped bubble counting photosensor for accurate measurement of microbial
oxygen consumption in a bottle (300 mL). This system can measure OUR and BOD in a bottle
equipped with a tube containing NaOH solution to absorb carbon dioxide with continuous oxygen
supply from the atmosphere to a bottle, which guarantee a non-limiting dissolved oxygen (DO)
available for aerobic biodegradation even at high organic loads. These technical improvements
allow the sensitive and rapid analytical tool for real-time profiles of oxygen uptake and
biodegradation rate of organic matters and for BOD measurement with extended measurable range
(0-420 mg O,/L), which enables significant reduction or elimination of dilution step. The
photosensor—assisted respirometric system was used to elucidate the biodegradable kinetics of
domestic and swine wastewaters as a function of the type and concentration of organic matters,
depending on source characteristics including rapidly or slowly oxidizable organic substances by
bacteria. Through the comparative study with conventional and manometric BOD methods, it can

be confirmed that this study provides a reliable accuracy.
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Microbial syntrophy improves the anaerobic digestion of polysaccharidic wastes
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Biomethanation of organic waste through anaerobic digestion (AD) is the most reliable energy
harvesting process to harbour waste—to—energy [1]. Heterogeneity in the organic waste creates
community shifts in conventional anaerobic digesters, treating sewage sludge at wastewater
treatment plants (WWTPs), globally, impacting the normal performance of digesters for
methanation [2]. Investigation of the microbial dynamics during AD with polysaccharidic wastes
(PW) revealed the association of effective digester performance and methane yields with the
microbial nexus. Dominance of the acidogenic saccharolytic genera, Prevortella, Eubacterium, and
Lachnoclostridium, enhanced the utilization of carbohydrates (54%) in PW digesters. Spearman’s rs
correlation showed dynamic interspecies interactions among acetogenic syntrophs, and that of iron
oxidizers/reducers with acetoclastic and hydrogenotrophic methanogens. Propionate oxidizers in
Chloroflexi (i.e., Bellilinea, Levilinea, and Longilinea) exhibited positive associations with
acetoclastic methanogens. Increase in the population of acetoclastic methanogens (Methanosaeta, 77%
and Methanosarcina, 9%) accelerated the methanogenic activity of PW digesters by 7 times during
the exponential phase, increasing the methane yield (75%) compared to the control. Thus, microbial

nexus facilitated the effective methanation of PW during AD process.

Keywords: Syntrophy, Anaerobic digestion, Polysaccharidic wastes, Acetoclastic methanogenesis, Methane.
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Clean hydrogen production from the high temperature water—gas shift reaction
using simulated waste—derived synthesis gas over metal (Ba, Zr, Nd) promoted
Ce/Cu/ ¥ —Al, O, catalyst

Seon—Yong Ahn, Hyun—Suk Na, Jae—Oh Shim, Hyun—Seog Roh*

Yonsei University

Metal (Ba, Zr, Nd) promoted Ce/Cu/y —Al,O; catalysts were investigated for clean hydrogen
production from the high temperature water—gas shift reaction using simulated waste—derived
synthesis gas. Ce—Ba/Cu/y —Al,O;, Ce—Zr/Cu/y -Al,O;, Ce-Nd/Cu/y -Al,O; and Ce/Cu/y -
Al,O; catalysts were prepared by a sequential impregnation method and applied to the water—gas
shift reaction using simulated waste—derived synthesis gas at a gas hourly space velocity (GHSV) of
50,060 mL/g-h. The physico—chemical properties of Ce/Cu/y —Al,O; catalysts promoted with
various metal (Ba, Zr, Nd) were characterized using various analysis techniques such as BET, TPR,
XRD and N,O titration. The characterization results for each catalyst were correlate with its
catalytic activity in the high temperature water—gas shift reaction using simulated waste—derived

synthesis gas.
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Whole conversion of microalgal biomass to biofuels through energy efficient

pretreatment and fermentation process
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Gansu Province, PR China

Microalgae have been considered as one of the most promising feedstock for biofuels (bioethanol, higher alcohols (C2-C5),
and biodiesel) production to replace fossil fuels through microbial fermentation and transesterification due to their high
growth rate, high biochemical compositions. The energy recovery from microalgal is greatly influenced by their physical
properties such as cell wall thickness and proportions of biocomponents. We developed a novel integrated approach to
achieve unprecedented conversion efficiency (80-93%), total energy recovery (46-48%) from Pseudochlorella sp.,
Chlamydomonas mexicana, Chlamydomonas pitschmannii through microwave pretreatment, successive fermentations, and
transesterification under optimum conditions (at 210 W, 2 min). Scanning electron microscopy visualized significant
disruption of microalgal cells after the microwave pretreatment and fermentation. Carbohydrate fermentation by
Saccharomyces cerevisiae YPH499 produced 0.45-047 g/g ethanol yield and fermentation of the left over microalgal
proteins after carbohydrate fermentation by S cerevisiae S288C produced 0.44-0.45 g/g higher alcohols yield.
Fermentations served as a bio—pretreatment to enhance the bioavailability of intracellular compounds, which minimized the
use of expensive and laborious methods for their extraction from the microalgal biomass. The transesterification of the
remaining lipid portion produced 0.62-0.74 g/g biodiesel. Microwave pretreatment saving 32—folds specific energy than
ultrasonic pretreatment. This study provides a proof—of—concept that microwave pretreatment and successive fermentations

can encourage the use of microalgal biomass for cost—effective biofuels production in a large—scale process.
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Chang S. W, Jeon B. H., "Whole conversion of microalgal biomass into biofuels through successive high—throughput fermentation,”
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5. Chew K. W, Chia S. R., [EE s. y., Zhu L., Show P. L., “Enhanced microalgal protein extraction and purification using sustainable
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Numerical analysis of COS hydrolysis reactor applied iron chip buffer region

for improved performance

Jung—Hun Noh1*, Seung-Jong Leel, Deog—Jae Hurl

nstitute for Advanced Engineering

In recent decades, environmental pollution such as global warming has become issued and policy
measures including greenhouse gas regulation have been strengthened. Accordingly, not only various
new technologies for more efficient power generation by employing fossil fuels have been developed
but also several researchers have been conducted to commercialize them. In this study, we introduce
the method to remove acid gas, i.e., H,S, and COS, generated during the IGFC (Integrated
Gasification Fuel Cell Combine Cycle) which is one of the promising power generating technologies
and perform the numerical analysis to demonstrate the effect of iron chip buffer region. In the
numerical analysis, fluid flow, heat transfer and catalytic reaction resulting from the COS hydrolysis
reactor were considered. In order to figure out the performance of COS hydrolysis reactor, the

variation of reaction rate and concentration field was analyzed according to each design parameter.

7Ate) 2
This work was supported by the Korea Institute of Energy Technology Evaluation and Planning(KETEP) and
the Ministry of Trade, Industry & Energy(MOTIE) of the Republic of Korea (No. 20163010050080).
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1. Tong, S., Dalla Lana, I. G., and Chuang, K. T., 'Kinetic modeling of the hydrolysis of carbon disulfide
catalyzed by either titania or alumina,” The Canadian Journal of Chemical Engineering, 73(2), 220-227
(1995).

2. Huang, H., Young, N., Williams, B. P., Taylor, S. H., and Hutchings, G., "COS hydrolysis using zinc—
promoted alumina catalysts', Catalysis Letters, 104(1-2), 17-21 (2005).
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Assessment of catalytic oxidation activities of Pt—=Pd/Al,O; catalysts with
different Pt:Pd ratios for hydrocarbon oxidation under near—stoichiometric and

fuel-lean conditions

Yongwoo Kim' T, Jonghyun Kim' 1, Michelle H. Wiebenga?, Se H. Oh?, Do Heui Kim'*
'School of Chemical and Biological Engineering, Institute of Chemical Processes, Seoul National
University, Seoul 08826, Republic of Korea
2General Motors Global R&D, 30500 Mound Road, Warren, MI 48090, USA.

Pollutants in exhaust gas from conventional gasoline engine vehicles have been effectively eliminated
by three-way—catalysts (TWCs) under near—stoichiometric condition. However, exhaust gas
condition of the advanced gasoline engine, which is recently suggested to improve fuel-economy,
contains excessive oxygen compared to the fuel. As the catalytic oxidation activity of TWCs under
such fuel-lean condition was expected different from that under near—stoichiometric condition, we
evaluated the catalytic activity of TWCs under both conditions for several representative
hydrocarbons (i.e. propane, iso—pentane, and propylene).

As typical TWCs, Pt—Pd/Al,O; catalysts with 1:0, 1:1, and 0:1 Pt:Pd ratios aged under lean—rich
cycling at 900 °C for 100 h were prepared and characterized by XRD, XANES, STEM, CO
chemisorption, and H,—TPR. The oxidation abilities of those catalysts were examined for each
hydrocarbon under both near—stoichiometric and fuel-lean conditions. The catalytic activities were
considerably dependent on Pt:Pd ratios, type of hydrocarbon, and gas conditions. Moreover,
various characterizations for the after—reaction catalysts informed that the states of the catalysts
were changed only after fuel-lean condition. Since the near—stoichiometric condition scarcely
changed states of the catalysts, the different activities were mainly attributed to the different
oxidation abilities of Pt and Pd for each hydrocarbon. In contrast, with excessive oxygen in the feed
gas (fuel-lean condition), Pd in Pd-only and Pt—Pd catalysts were slowly oxidized, while Pt
maintained its initial states. In addition, the different partial pressure of oxygen also had a crucial
impact. As a result, completely different oxidation behaviors were observed under fuel-lean
condition. These results would help to develop proper catalysts for the advanced gasoline engine

vehicles.
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Domestic Standard of Air Pollutant Emission Regulation

Seolin Shin, Jongmin Kim, Lyungjoo Kim, and Kwiho Lee

Korea Institute of Industrial Technology, Korea National Cleaner Production Center
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1. World Health Organization, Health Effects of Particulate Matter, WHO Regional Office for Europe
(2013).
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Policy Trends to Reduce Particulate Matter
(through policy items related supplemental budget proposals 2019)

ong Min Kim, Seolin Shin, Lyungjoo Kim, Kwiho Lee

Korea National Cleaner Production Center in Korea Institute of Industrial Technology

The government is preparing additional projects and budget for particulate matter reduction,
considering four areas of accelerating the reduction of emission sources, strengthening the policy
base such as measurement, monitoring, and Korea—China cooperation, protecting the public health.
In this study, I will introduce policies that are likely to be implemented in new one or larger scale in
addition to the existing reduction policy.

Especially, the newly added items in the R&D project for industrial sector, which is managed by the
Korea Institute of Industrial Technology, are beyond the simple replacement and improvement of
existing PM reduction facilities. These items are technologies for SMEs and contribute to solving

unapplied or unmanaged facilities problem.
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Development of low—temperature deNOx catalysts for stationary sources

Taewook Kim!, Bora Ye!, Bora Jeong!, Duck Hyun Lee!, and Hong—Dae Kim!"
'Green Materials and Processes Group, Korea Institute of Industrial Technology (KITECH)
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1. M.D. Amiridis and J.P. Solar, “Selective Catalytic Reduction of Nitric Oxide by Ammonia over V205/TiO2,
V205/Ti02/Si02, and V205-WO3/TiO2 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 graphene—tungsten nanocomposite,”
Catal. Commun., 93, 15-19 (2017)
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Development of novel SCR catalyst

coated on metallic structure for low—temperature NH;—SCR

Jungyong Park1,2 and Dong—Ha Lim1,*
"Energy Plant R&D Group, Korea Institute of Industrial Technology

’Environmental Engineering, Dong—A University

In this study, the TiO, derived from MIL-125(Ti) (denoted as TM) as a catalyst support was

successfully synthesized via a solvothermal method for applying low—temperature NH;-SCR[1].
The as—prepared samples were characterized by scanning electron microscopy(SEM), Brunner—
Emmett—Teller(BET), Barrett—Joyner—Halenda(BJH), X-ray diffraction(XRD), and temperature
programmed desorption(NH;=TPD), respectively. We confirmed that the TM support having cake-
like morphology synthesized by a solvothermal method had the hierarchical porous structures with
high specific surface areas, nano—sized pore, and high acid sites. Based on these properties, the as—
prepared TM support was suitable for use as a catalyst support and beneficial to the enhancement
of catalytic performance for low—temperature NH;—SCR reaction. The MnOx/TM catalyst by
impregnation method showed the considerably enhanced NOx conversion at low—temperature
range. In particular, the maximum peak of NOx conversion for the MnOx/TM catalyst showed a
significantly shift toward low—temperature. In conclusion, we can suggest that the MnOx/TM

catalyst may be a good alternative catalyst for low—temperature NH;—SCR.
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1. X. Hou, L. Pan, S. Huang, W. O. yang, X. Chen., "Enhanced Efficiency and stability of Perovskite Solar Cells using Porous
Hierarchical TiO, Nanostructures of Scattered Distribution as Scaffold," Electrichim. Acta, 236, 351-358 (2017).
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Development of surface filtration structure for heat—resistant air filter

. * . . .
Hyeonjin Eom'", Yeonsang Kim', Ki Joon Heo', Kibeom Kwon'?

'Korea Institute of Industrial Technology, “Chonnam National University

Recently heat—resistance air filter technologies has been studied to decrease ultrafine dust generated
from industrial plant [1-2]. In here, fabrication technology of polytetrafluoroethylene (PTFE)
surface structure on the air filter was investigated for enhancing ultrafine dust filtration efficiency of
heat-resistance air filter. The PTFE surface structure was designed to consist of PTFE nanofibers
and beads to have heat—resistance and filtration characteristics. Electrospinning and electrospray
were utilized to fabricate PTFE surface structure. Fabrication elementary technology of PTFE
surface structure was developed and its surface characteristic was confirmed. This PTFE surface

structure will be used for enhancing the ultrafine dust filtration of heat—resistance air filter.

a2
R Q18 9 2872 8t3]7], Clean Technology' T8 Fof Fgtrt.

1. Xiao L., Xiao—Xiong W., Tian-Tian Y., Yuan X., Ming-Liang Z., Miao Y., Seeram R. and Yun—Ze L.,
“Waterproof—breathable PTFE nano— and Microfiber Membrane as High Efficiency PM2.5 Filter”,
Polymers, 11(4), 590 (2019).

2. Weimin K., Huihui Z., Jingge J., Zhijie S., Chunmei Q., and Bowen C., "Electrospun Poly(tetrafluoroethylene)
Nanofiber Membranes from PTFE-PVA-BA-H20 Gel-spinning Solutions" Fibers and Polymers, 17(9), 1403~
1413 (2016).
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SO, removal and recycling from simulated flue gas

=
K<)

using polypropylene membrane contactor and aqueous absorbents

Hyun Sic Park1, Dongwoan Kangl,2, Jo Hong Kangl, Suhan Kim1 and Hojun Songl*

(hjsong@kitech.re.kr)
"Korea Institute of Industrial Technology

’Pusan National University

There exist several techniques to treat fossil fuel-combusted flue gas such as wet limestone—gypsum

method and amine absorption. Although these techniques have been widely used, they require a

large footprint due to poor gas—liquid contact efficiency, making them hard to install.

In this study, we propose a novel gas scrubbing concept, which could effectively remove SO, and

CO, from simulated flue gas by stages using two polypropylene (PP) membrane contactors in series.

The SO, is captured and directly converted to aqueous ammonium sulphate, which could be utilized

as fertilizer. The CO, is captured and recovered using aqueous amine solutions and temperature—

swing desorption. Various absorbent solutions such as freshwater, NaOH, NH,OH, H,0, are tested.

Of the tested absorbents, aqueous ammonia solution showed the highest removal efficiencies (i.e.,»

99% for SO,). Optimum condition, removal mechanism, and size reduction of gas—liquid contactor

are also discussed.
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1. Yuexia Lv et al., “Experimental studies on simultaneous removal of CO, and SO, in a polypropylene hollow fiber membrane
contactor,” Applied Energy, 97, 283-288 (2012).
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The Catalyst and Adsorption Technology for VOC Removal

in Hee Lee!
'Korea Research Institute of Chemical Technology (KRICT)

Volatile organic compounds (VOCs) are the major classes of air pollutant. Due to the
environmental and health risks of VOCs, the VOCs are ristrictly controlled by world—wide
standards. Because the VOCs are produced with a variety of compositions, temperatures, and scales,
the developments of suitable materials are pivotal for effective VOC removal. The thermal oxidation,
catalytic oxidation, and adsorption are the representative VOC removal technologies. In this talk,

we are going to present the materials for VOC removal via catalytic oxidation and adsorption.
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Analysis of Fuel Characteristics in Cement Industry
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National University, *Sungkyunkwan University
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Development status for NOx reduction technology in combustion of natural gas

and domestic unused biomass
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!Clean Fuel Laboratory, Korea Institute of Energy Research, “Research Division, Sookook Inc.,

Aerospace Engineering, Sunchon National University
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Heat—resistance air filter bag by PTFE nano—particle coating via air—controlled

electrospray

Ki Joon Heo'!, Hyeonjin Eom!, Kibeom Kwon'?, and Yeonsang Kim'"
yeon) g

"Korea Institute of Industrial Technology, “Chonnam National University

Air pollution infect as estimated 250 million people every year, about 8% of which are deadly[1].
Therefore, recently, increasing attention about the air quality has been paid to the relationship
between fine dust emission at the industries with high level of fine dust emission and the control of
polluted air. In most industries, heat—resistance air filters are needed to withstand high temperatures
of 260-280° C due to the emission of fine dust along with high temperature exhaust.
Polytetrafluoroethylene(PTFE) resin is used most common material for fabrication of heat—
resistance filter bag because PTFE has unique properties such as high thermal and chemical
stability[2]. Here, we present a heat—resistance filter bag coating technology that can be increase
heat—resistance and filtration performance of filter bag. This heat—resistance filter bag was
fabricated from PTFE nano—particles, which were produced by air—controlled electrospray on the
PTFE foam coating/glass fiber filter bag. The coated filters were assessed in terms of pressure drop,

filtration efficiency, air permeability, and morphology of surface.

A
This work was supported by the Technology Innovation Program (20005842, Development of industrial heat—resistant air
filter technology) funded by the Ministry of Trade, Industry & Energy (MOTIE, Republic of Korea)

1. Dye, C., “After 2015: Infectious Diseases in a New Era of Health and Development”, Philos. Trans. R. Soc., B,
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2. Kang, Weimin, Huihui Zhao, Jingge Ju, Zhijie Shi, Chunmei Qiao, and Bowen Cheng., "Electrospun poly

(tetrafluoroethylene) nanofiber membranes from PTFE-PVA-BA-H 2 O gel-spinning solutions.” Fibers and
Polymers, 17(9), 1403-1413 (2016).
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Removal characteristics of odor from sewage digester sludge tank using

scrubber with electrolytic oxidation system

Sung Oh Hongl*, Tae Ho Lee2, Moon Jo Hanl, Seong Woo Leel, Shin Wook Kangl
1*Woo Jin Co.,Ltd, 2Soongsil University
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Anionic Dye removal from wastewater using MOFs (MIL—-100 Fe) incorporated

polysulfone nanofiltration membrane

Gnanaselvan Gnanasekaran, Sudhakaran MSP, and Young Sun Mok

Department of Chemical and Biological Engineering, Jeju National University, Jeju, South Korea

In this study, the metal-organic framework (MIL-100 Fe) was embedded into polysulfone membranes
prepared by phase inversion techniques for the removal of hazardous dyes from wastewater. The
embedding percentage of MOFs amount in the polymer matrix such as 0%, 0.25%, 0.5%, 0.75%, and 1%,
which are represented as M1, M2, M3, M4 and M5. The composite membranes were characterized by
XRD, FT-IR-ATR, FESEM. The incorporated MOF enhances the hydrophilicity of polysulfone
membranes, which confirmed by contact angle measurement. The pure water permeability of membranes
enhanced from 25 to 53 L/m’h at 10 bar pressure. The pore size of the membranes was increased from
85.7 to 120.3 nm, which leads for the permeability enhancement. The rejection percentage of methyl
orange dye improved from 25.6% to 58.9%. The addition of MIL-100 Fe into the polysulfone matrix,
which is effectively a promising candidate for the dye removal with effective permeability for

nanofiltration.

Figure 1. Schematic representation of anionic dyes removal by MOF membranes
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The characteristics and Correlation of odor and fine dust from grilling meat by

heat source and fire plate
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1. International Maritime Organization, “3rd IMO GHG Study 2014” (2014).

2. International Maritime Organization, “Initial IMO Strategy on Reduction of GHG Emissions from Ships
and Existing IMO Activity Related to Resucing GHG Emissions in the Shipping Sector” (2018).
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CO, and methane conversion to methanol using MOF catalysts

ayeon Baek *
Korea Institute of Industrial Technology (KITECH)
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1. Olah, G. A., Goeppert, A., and Prakash, G. K. S., Beyond Oil and Gas: The Methanol Economy, 3rd ed., Wiley—
VCH, Germany (2018).

2. Rungtaweevoranit, B., Baek, J., Araujo, J. R., Archanjo, B. S., Choi, K. M., Yaghi, O. M., Somorjai, G. A.,
“Copper Nanocrystals Encapsulated in Zr—base Metal—Organic Frameworks for Highly Selective CO,
Hydrogenation to Methanol.” Nano Letters, 16, 7645-7649 (2016).

3. Baek, J., Rungtaweevoranit, B., Pei, X, Park, M., Fakra, S. C,, Liu, Y. =S., Matheu, Roc., Alshmimri, S. A,
Alshehri, S., Trickett, C. A., Somorjai, G. A., Yaghi, O. M., “Bioinspired Metal—Organic Framework Catalysts
for Selective Methane Oxidation to Methanol.” J. Am. Chem. Soc., 140, 18208-18216 (2018).
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Electrocatalyst and Electrolyzer for Electrochemical CO, Conversion

Ki Tae Park”, Soon Kwan Jeong, Wonhee Lee, Young Eun Kim, You Na Ko, Min Hye Youn

Korea Institute of Energy Research

Electrochemical conversion of carbon dioxide (CO,) has been receiving attention as a promising
method for mitigation of CO, by its capture for synthesis of valuable chemicals and fuels [1].
Among the various products, formic acid/formate is expected to be one of the most economically
feasible products. However, there still remain some problems to be solved, including a large
overpotential, low Faradaic efficiency (FE), and poor stability of electrocatalysts. The most
commonly used electrocatalysts for formate synthesis such as tin (Sn) and tin(IV) oxide (SnO,) are
not ensured for stable production of formate due to its poor long—term stability. Here, we report
our study on the electrochemical stability of Sn and SnO, and describe an approach to achieve
stable production of formate using an appropriate support for the preparation of electrocatalyst and

a catholyte—free electrochemical CO, conversion system [1,2]

s
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1. Kim, Y. E., Lee, W, Youn, M. H., Jeong, S. K., Kim, H. J., Park, J. C., Park, K. T., “Leaching-resistant
SnO,/g-Al,0; nanocatalyst for stable electrochemical CO, reduction into formate”, J. Ind. Eng. Chem.,
78, 73-78 (2019).

2. Lee, W., Kim, Y. E., Youn, M. H., Jeong, S. K., Park, K. T., “Catholyte-Free Electrocatalytic CO,
Reduction to Formate” Angew. Chem. Int. Ed., 57, 6883-6887 (2018).
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Development of hydrophobic modified ceramic hollow fiber membrane

contactor process for CO, separation

Hong Joo Lee, Min Kwang Kim, Jun Yeon Lee, and Jung Hoon Park’
Dongguk University
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1. Lee, H. J. et al., “Preparation, characterization and laboratory—scale application of modified hydrophobic aluminum oxide

hollow fiber membrane for CO, capture using H,O as low—cost absorbent,” J. Mem. Sci., 494, 143-153 (2015).

2. Lee, H. J., and Park, J. H., “Effect of hydrophobic modification on carbon dioxide absorption using porous alumina (ALO,)
hollow fiber membrane contactor,” J. Mem. Sci., 518, 79-87 (2016).

3. Lee, H. J. et al,, “Study on CO, absorption performance of lab—scale ceramic hollow fiber membrane contactor by

gas/liquid flow direction and module design,” Sep. Pur. Tech., 220, 189-196 (2019).
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1. ACS Catalysis, “3Design Strategy toward Recyclable and Highly Efficient Heterogeneous Catalysts for the
Hydrogenation of CO2 to Formate” (2018).

2. Chem. Mater., “A Covalent Triazine Framework, Functionalized with Ir/N-Heterocyclic Carbene Sites,
for the Efficient Hydrogenation of CO2 to Formate™ (2017).
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LSCF-GDC Nanocomposite Cathodes via a In Situ Sol — Gel Method

for Intermediate Temperature Solid Oxide Fuel Cells

Dong Woo Joh”

Korea Institute of Energy Research

Cobaltite—based perovskite materials such as LaySry4Cog,FensOs s (LSCF), BaysSrysCopsFe,05-5 (BSCF)
which have rapid surface activation and mixed ionic and electronic ionic conductivity (MIEC) usually mixed
with ionic conducting electrolyte material to lower cathodic polarization resistance. Moreover, decreasing the
particulate size of the cathode at nanoscale can effectively enhance the ORR activity of the cathode by
extending the electrochemically active sites due to its high surface area[1], [2]. However, due the high surface
energy, the nanoparticles easily aggregate before mixing into homogeneous heterophase nanoparticles, resulting
in significant coarsening between adjacent particles during high—temperature sintering, In this study, GDC and
LSCF-GDC composite powders were synthesized via advance sol-gel method. The physicochemical properties
such as sintering behavior, phase stability, etc. of the synthesized nanopowders were investigated. The optimal
sintering conditions of GDC nanopowders were evaluated based on the relative density and total conductivity
of the sintered GDC pellets. Furthermore, the electrochemical performances of the LSCF-GDC nanocomposite
cathodes were measured by the electrochemical impedance spectroscopy (EIS). The microstructural
characteristics of the LSCF-GDC nanocomposite cathode were quantified via a 3D reconstruction techniques

and related to electrochemical performance of the Ni—=YSZ anode supported SOFC single cell.[3]

1. Zhou, W., Ran, R., Shao, Z. P., Gu, H. X,, Jin, W. Q., and Xu, N. P., “Significant im—pact of nitric acid treatment
on the cathode performance of BaysSrysCoggFe .05 4 perovskite oxide via combined EDTA —citric complex—ing
process, J. Power Sources, 174(1), 237-245 (2007).

2. Baqué, L., Caneiro, A., Moreno, M. S., and Serquis, A., “High performance nanostruc—tured IT-SOFC cathodes
prepared by novel chemical method”, Electrochem. Commun., 10(12), 19051908 (2008).

3. Joh, D. W., Cha, A., Park, J. H., Kim, K. J., Bae, K. T., Kim, D., Choi, Y. K., An, H., Shin, ]. S., Yoon, K. J., and Lee,
K. T., “In Situ Synthesized LaSry4CoqFe 5O s — Gdy1CeyO: .65 Nanocomposite Cathodes via a Modified Sol —Gel
Process for Intermediate Temperature Solid Oxide Fuel Cells”, ACS Appl. Nano Mater., 1(6), 2934—2942 (2018).
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Chemically Stable BaCeO, Polycrystals with Enhanced Proton Conduction for
Intermediate—Temperature Solid Oxide Fuel Cells

Hye—Sung Kim', Hyung Bin Bae?, Woochul Jung’, Sung—Yoon Chung®
'Fuel Cell Laboratory, Korea Institute of Energy Research (KIER), Daejeon 34129, Korea
’KAIST Analysis Center, Korea Advanced Institute of Science and Technology (KAIST), Daejeon 34141, Korea
*Department of Materials Science and Engineering, Korea Advanced Institute of Science and Technology
(KAIST), Daejeon 34141, Korea

In many ion—conducting polycrystalline oxides, grain boundaries are generally accepted as rate—
limiting obstacles to rapid ionic diffusion, often resulting in overall sluggish transport. Consequently,
based on a precise understanding of the structural and compositional features at grain boundaries,
systematic control of the polycrystalline microstructure is a key factor to achieve better ionic
conduction performance. In this study, we clarify that a nanometer—thick amorphous phase with
Ba-rich composition at most grain boundaries in proton—conducting BaCeO; polycrystals is
responsible for substantial retardation of proton migration and moreover is very reactive with water
and carbon dioxide gas. By a combination of atomic—scale chemical analysis and physical imaging
along with consideration of straightforward phase equilibria, we demonstrate that highly densified
BaCeOj; polycrystals (098% in relative density) free of a grain—boundary amorphous phase can be
easily fabricated by a conventional ceramic process and show sufficiently high proton conductivity
(order of 107 S/cm at 600° C) and significantly improved chemical stability. These findings
emphasize the value of direct identification of intergranular phases and subsequent manipulation of

their distribution in ion—conducting oxide polycrystals.
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Study of direct electrochemical oxidation of methane at ceria/gas interface

Yoonseok Choi', Han Gil Seo, JeongDo Yoo!, Jinwook Kim', Beom gyun Joeng?, Ethan
J. Crumlin®, WooChul Jung!”
'KAIST, 2KBSI, *LBNL

One of the key advantages of solid oxide fuel cells is that they can use hydrocarbon fuels in addition
to pure hydrogen, in principle, without additional reforming systems, and CeO, , (ceria)—based
oxides play an important role as a catalyst for hydrocarbon activation and as an inhibitor of carbon
coking. However, even for the simplest hydrocarbon molecule, CH,, the mechanism of
electrochemical oxidation on the ceria surface remains largely unknown. This has partly been due to
the difficulty to monitor the targeted electrochemical reactions from various chemical reactions
occurring simultaneously in typical porous metal/ceria composite electrodes. Here, we present a
polarizable, Sm-doped ceria thin—film model electrochemical cells capable of selectively
investigating CH, direct-oxidation on the ceria surface. Combined in operando X-ray
photoelectron spectroscopy and DFT calculation reveal that the ceria surface catalyzes the C-H
cleavage and the overall electrode reaction rate is dominantly determined by the H,O formation step.
These observations end the longstanding academic debate over the direct use of CH, and provide an

ideal electrode design for high performance.
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New metal-CO2 systems for highly efficient utilization of CO2

Changmin Kim', Jeongwon Kim', Yejin Yang', Arim Seong', and Guntae Kim'"

'Ulsan National Institute of Science and Technology

Carbon dioxide (CO,) generated by human activities over the centuries has been regarded as the cause of global
warming and climate change[1]. Thus, many countries and organizations have made great efforts to reduce their
carbon footprint, and recently carbon capture, utilization and storage/sequestration (CCUS) technology has been
studied to recycle CO, as a useful resource. In this regard, much research has been focused on the chemical
conversion of CO, into value—added carbon compounds, such as ethanol, ethylene, syngas, and plastics, etc.
However, it has been pointed out that it cannot be an efficient greenhouse gas abatement technology due to a lot of
required energy for the chemical conversion inducing the generation of CO,[2]. Recently, non—aqueous metal-CO,
batteries have also been studied for the production of electrical energy by electrochemically reducing CO,[3]. During
generation of electric energy, however, solid carbonate products accumulate on the surface of the electrode, resulting
in deterioration of performance and discharge capacity, and the regeneration of CO, in the charging process does not
meet an actual CCUS technology for reducing CO,. We have therefore devised metal-CO), system that meets a
desirable CCUS technology, which combines the concepts of fuel cells and batteries using an aqueous system[4].
While CO, is consumed, this system can continuously produce the electrical energy via the oxidation of metal and
hydrogen from the spontaneous dissolution of CO, in water. Therefore, this metal-CO, system adopting efficient
CCUS technology will not only utlize CO, as a useful resource for high—value electrical energy and hydrogen

production, but also solve environmental issues through reduction of a greenhouse gas.

FrEd
1. Obama, B, “The irreversible momentum of clean energy,” Science, 355(6321) 126—129 (2017).

2. Darensbourg, D. J., “Making Plastics from Carbon Dioxide: Salen Metal Complexes as Catalysts for the Production of
Polycarbonates from Epoxides and CO,,” Chem. Rev., 107(6) 2388-2410 (2007).

3. Qie, L. et al,, “Highly Rechargeable Lithium-CO, Batteries with a Boron- and Nitrogen-Codoped Holey-Graphene
Cathode,” Angew. Chem. Int. Ed., 56(24) 6970-6974 (2017).

4. Kim, C. et al,, “Highly Efficient CO, Utilization via Aqueous Zinc— or Aluminum—CO, Systems for Hydrogen Gas
and Electricity Production,” Angew. Chem. Int. Ed., 58(28) 9506-9511 (2019).
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ZIF-T-catalyzed methoxycarbonylation of aniline with dimethyl carbonate: the

role of defect site on ZIF-7

Hyunjoo Lee
! Clean Energy Research Center, Korea Institute of Science and Technology

The Zeolitic imidazole framework ZIF-7 (Zn(benzimidazole),) is known to exhibit a unique gate—
opening property depending on the temperature and pressure in the presence of guest molecules,
making it useful for H,, CO,, and paraffine separation technology. Besides this distinctive gas
absorption property, ZIF=7 can be used as a catalyst because it contains a Lewis acid site on Zn,
and a Lewis basic site on the benzimidazole. In this study, for the first time, we demonstrate that
ZIF=7 is a very promising material as a catalyst for the methoxycarbonylation of aniline with
dimethyl carbonate (DMC) to produce methyl phenyl carbamate (MPC), an isocyanate precursor.
Fresh ZIF-7 showed a high aniline conversion of over 95% at 190 °C for 2 h, and the yield MPC
was 60 — 70% due to the formation of methylated side products, such as N—methyl aniline and
N,N’ —dimethylaniline. However, interestingly, when the ZIF-7 was reused, the yield of MPC
gradually increased and reached over 94.7% by the catalyst’s 6th run. SEM and TEM images
revealed the crystalline structure of ZIF-7 collapsed during the reaction due to the leaching of
benzimidazole from the ZIF-7 during the reaction, which created defect sites on the Lewis acidic
zinc center. Pretreating of ZIF-7 with DMC at 190 °C for 6 h could directly activated the ZIF-7
for this methoxycarbonylation reaction. The activated ZIF-7 showed 91.0% MPC yield and the

catalyst was reusable.
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3. Giftci, O. N, and Temelli, F., “Continuous biocatalytic conversion of the oil of com distiller's dried grains with solubles to fatty acid

methyl esters in supercritical carbon dioxide”, Biomass Bicenerg,, 54, 140146 (2013).

production using fungal lipases” Fuel, 159, 5267 (2015).

520 (2014).

1. Christopher, L. P., Kumar, H., and Zambare, V. P., “Enzymatic biodiesel: Challenges and opportunities”, Appl. Energ,, 119, 497
2. Aguieiras, E. C. G, Cavalcanti—Oliveira, E. D,, and Freire, D. M. G,, “Current status and new developments of biodiesel
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Thermal Stability and Decomposition Behavior of HFO—1234ze(E) as a
Working Fluid in the Supercritical Organic Rankine Cycle

Miqdar Zulfikar Irrivanto', Hyung Soo Lim? Bum Seong Choi’, Aye Aye Myint1, and Jachoon Kim'*

'Sungkyunkwan University, “Korea Institute of Machinery and Materials

The supercritical organic Rankine cycle (SORC) is a highly promising technique to recover non—
utilized low—to—medium—temperature heat sources [1]. A good thermal stability of the working
fluid is crucial to create a safe SORC system. Herein, the thermal stability of a new type of working
fluid, HFO1234ze(E) (trans—1,3,3,3—tetrafluoroprop—1—ene), which is an environmentally friendly
fourth—generation refrigerant, is investigated in supercritical regimes. The experimental conditions
are designed for long—term reactions for 56 days at 453.15 K and 5 MPa, which represent the
highest temperature and pressure, respectively, at the SORC turbine inlet. In addition, the effects of
temperature, pressure, and time on the decomposition of HFO-1234ze(E) are investigated over a
short experimental period of up to 24 h to propose the reaction kinetics. Decomposed gases species
from HFO-1234ze(E) included difluoromethane (HFC—-32), pentafluoro ethane (HFC-125). 1.1.1-
trifluoroethane  (HFC-143a), 1,1,1,2,2—pentafluoropropane (HFC-245fa). For extended time
periods or in high—pressure and high—temperature conditions, HFO-1234ze(E) decomposes to form
liquid products with weight average molecular weights in the range of 470—-740 g mol™. The
decomposition of HFO-1234ze(E) can be fitted with a first—order kinetic model. Under the
assumption that major decomposition occurs at the turbine inlet, the decomposition rate of HFO—
1234z¢(E) is found to be 0.02% per year in this study.

References
1. Wei D., Lu X,, Lu Z., Gu J., “Performance analysis and optimization of Organic Rankine Cycle
(ORQC) for waste heat recovery,” Energy. Convers. Manag., 48(4), 1113-1119 (2007).
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Thermal decomposition mechanism of HFO—1234ze(E) by Density Functional
Theory (DFT) study

Ricky Gunawan', Miqdar Zulfikar Irriyanto!, Handi Setiadi', Hyung—Soo Lim?, Bum-

Seong Choi?, Aye Aye Myint', and Jachoon Kim'*

'Sungkyunkwan University, “Korea Institute of Machinery and Materials

The supercritical organic Rankine cycle (SORC) system is a promising solution for low heat
recovery and renewable energy utilization[1-3]. However, its application is limited by the thermal
decomposition of the organic refrigerants, which becomes more prevalent when the cycle is
performed under extreme operating conditions[4]. Therefore, it is very important to understand the
mechanism of thermal decomposition of the organic working fluids. In this current work, both
experimental work and density functional theory (DFT) calculations were performed to elucidate
the mechanism of the decomposition of HFO-1234ze(E) ((1-E)-1,3,3,3—tetrafluoropropene
(CFH=CHCEF;)). The main products of HFO-1234ze(E) decomposition are pentafluoroethane
(CF;CF,H), trifluoroethane (CF;CH,), and 2,3,3,3-tetrafluoropropene (CH,=CFCF,;). Heavier
hydrofluorocarbon (HFC) and hydrofluoroolefin (HFO) molecules are formed when the

decomposition process is carried out under higher temperature and pressure values.
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Energy, 2(7),661-667 (1997).

2.Park, B. =S, etal, “Review of Organic Rankine Cyde Fxperimental Data Trends,” Energ, Conevrs, Manage, 173, 679-691 (2018).

3.Lion, S, et al, “A Review of Waste Heat Recovery and Organic Rankine Cydes (ORC) in On—Off Highway Vehide Heavy Duty
Diesel Engine Applications,” Renew. Sust. Frerg, Rev,, 79, 691-708 (2017).

4.Dai, X, et al,, “Thermal Stability of Some Hydrofluorocarbons as Superaritical ORCs Working Fuids,” Appl. Therm, Eng, 128, 1095—
1101 Q019).

- 77 -



CT-74

Effective depolymerization of technical lignin by hydro/solvothermal

liquefaction
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Lipid extraction using switchable solvents for the lignocellulosic biodiesel

production by an oleaginous yeast Yarrowia lipolytica

Sun—Mi Lee'*¥
'Korea Institute of Science and Technology, *University of Science and Technology,

*Green School, Korea University

Biodiesel production using an oleaginous yeast Yarrowia lipolytica has recently attracted
strong attention due to its superior lipid accumulation capacity during high—cell-density
fermentation and relative easiness of metabolic engineering. As emerging microbial host for lipid
production, Y. lipolytica is now actively engineered to efficiently convert lignocellulosic biomass
into lipids, but the efficient extraction method for the accumulated lipids inside the cells is yet
underexplored. Here, we developed an efficient lipid extraction method for oleaginous yeast of Y.
lipolytica by using switchable hydrophilicity solvents (SHSs), namely, N—ethylbutylamine (EB), N—
dipropylamine (DP), and N,N-dimethylcyclohexyl-amine (DMCHA). DMCHA and EB showed
effective lipid extraction performance from Y lipolytica regardless of using harvested cells or culture
broth. The lipid yields were up to 13% higher than that obained by conventional organic solvent
extraction with comparable fatty acid compositions. After switching processes, the lipids and
solvents were successfully recovered from the solvents and culture broth mixture, demonstrating the
practicability of lipid extraction using SHSs. Consequently, this study provides an effective lipid
extraction method for Y. lipolytica that could significantly improve energy efficiency and economic

feasibility of lignocelluilosic biodiesel production production.

s
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1. Yook et al,, “Efficient lipid extraction from the oleaginous yeast Yarrowia lipolytica using switchable solvents,” Renew. Energ,, 132
61-67(2019)
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One—pot complete drying of Ecamsule solution with steady and dynamic

pressure fluctuation of supercritical CO, using view cell reactor

Patrick Hariyanto', Aye Aye Myint' and Jaechoon Kim'*

'Sungkyunkwan University,

Ecamsule, also known as Mexoryl SX, is a water—soluble organic Ultraviolet A (UVA) sunscreen
agent. It is contained in sunscreen formulations to filter out UVA rays by absorbing the photons and
releasing them as thermal energy [1], preventing sunlight derived damage and disease. During
ecamsule production process, ethanol is used to enhance the crystallization process of ecamsule,
producing ecamsule powder from the ethanol solution. Ethanol separation and drying process is
required to produce dry and pure ecamsule powder. Conventional drying methods utilized in
ecamsule production such as vacuum drying, vacuum distillation, and steam—based drying have
several disadvantages including high energy consumption and material degradation. With the
aspects of energy and environmental issues, the development of energy efficient green technologies
for separation and drying are highly crucial. Supercritical carbon dioxide (scCO,) have been widely
applied in the field of extraction and drying process due to its tunable physicochemical properties
near its critical temperature and pressure and other outstanding properties [2]. Therefore, for the
first study, we investigated one pot, simultaneous extraction of ethanol and drying of ecamsule from
an ecamsule—ethanol solution with scCO, in a high—pressure view cell reactor. Process optimization
was conducted by modifying the operational temperature, pressure, time and, CO, flowrate. Herein,
we performed two experimental designs such as conventional (steady state) and modified (steady
state plus dynamic pressure) scCO, drying processes. This study showed that the modified scCO,
process resulted a complete dry ecamsule powder in a short total operation time (37 min) at 60 0C

and pressure fluctuation range of 100 bar to 140 bar.

References
1. Mancebo, S. E.; Hu, J. Y.; Wang, S. Q. Sunscreens: a review of health benefits, regulations, and
controversies. Dermatol. Clin. 2014, 32, 427-438.
2. Reverchon, E.; De Marco, 1. Supercritical fluid extraction and fractionation of natural matter. J.
Supercrit Fluids 2006, 38, 146-166.
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Fish Skin Gelatin Based Packaging Films Functionalized by Microencapsulated
Essential Oils Produced Using PGSS Process

Adane Tilahun Getachew, Truc Cong Ho, Yeon-Jin Cho, Jin-Seok Park, and Byung-Soo Chun*
Department of Food Science and Technology, Pukyong National University 45 Yongso-ro, Namgu, Busan, 48513,
Korea *bschun@pknu.ac.kr

In today’s packaging industries, petroleum-based synthetic plastics dominate the manufacturing of
packaging films. However, films produced using synthetic polymers have been facing serious challenges from
consumers and environmentalists as these are not sustainable and biodegradable. Thus, there is an urgency to
replace these with better sustainable and biodegradable materials. Incorporation of bioactive compounds such
as essential oils into gelatin based films can be used to produce active packaging films. Active packaging
films are a packaging films having extra functions such as antioxidant and antimicrobial activities beside their
known functions of mechanical and physical protections of the food packed with them. Current research in
active packaging are focused on the encapsulation of natural bioactive compounds into biodegradable
packaging materials. This approach can reduce the addition of large amount of synthetic additives into the
foodstuff. Direct incorporation of essential oils in biopolymers for production of active films has several
drawbacks such as miscibility problem with the polymer and rapid release from the film after production.
Microencapsulation of essential oils using a compatible wall material with the biopolymer could solve these
problem. Therefore, in this study essential oils limonene and Eugenol were encapsulated using polyethylene
glycol (PEG-1500) as wall material by particles from gas saturated (PGSS) process. The produced
microencapsulated essentials oils were incorporating with fish skin gelatin to produce active packaging films.

The mechanical, physical, thermal, and biological activities of the films were evaluated.

Limonene

EMEP

PEG-1500

Eugenol

Plasticizer

Fish skin gelatin
Active films

Figl. Overall process showing the production of microencapsulated particles and the active packaging films
Reference
1. M.G.A. Vieira, M.A. da Silva, L.O. dos Santos, and M.M. Beppu, Eur. Polym. J. 2011, 47, 254-263.
2. M. Zanetti, T.K. Carniel, F. Dalcanton, R.S. dos Anjos, H. G. Riella, P.H.H. de Araujo, D. de Oliveira, M. A. Fiori,
Trends Food Sci. Technol. 2018, 81, 51-60.
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Microwave—assisted two—step liquefaction of high lignin—containing silvergrass

for production of biopolyols and biopolyurethane

My Ha Tran'!, Seung Woon Hyun, Tae Seok Seo' and Eun Yeol Lee!”
'Chemical Engineering, Kyung Hee University

Microwave heating was applied for an efficient two—step liquefaction of high lignin—containing
saccharification residue of Miscanthus sacchariflorus (silver grass) to obtain biopolyols with low
acid number and reasonable hydroxyl number. Silvergrass residue was liquefied in crude glycerol
and 1,4-butanediol solvent mixture at different solvent blending ratio, biomass loading, acid
loading and reaction temperature. The optimal reaction condition was determined at a solvent
blending ratio of 1:2, a biomass loading of 20%, a catalyst loading of 1% and a temperature of
140°C for 10 min. The resulting biopolyol was directly used for biopolyurethane preparation. The
chemical and physical properties of biopolyurethane foams derived from silvergrass were
characterized by FT-IR, TGA, and FE-SEM analysis, including determination of compressive
strength. The produced biopolyurethane foams possessed comparable thermal properties,

mechanical strength and morphology structure to that of petroleum—based polyurethane foam.

2183

s

1. Hu, S.; Li, Y. Two—Step Sequential Liquefaction of Lignocellulosic Biomass by Crude Glycerol for the Production
of Polyols and Polyurethane Foams. Bioresour. Technol., 161, 410-415 (2014).

2. Dos Santos, R.G.; Bordado, J.C.; Mateus, M.M. Microwave—Assisted Liquefaction of Cork—from an Industrial
Waste to Sustainable Chemicals. Ind.Eng.Manag., 4, 173 (2015).
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Spray pyrolysis derived—NiMo catalysts as an efficient catalytic system for

guaiacol hydrodeoxygenation

Dieu—Phuong Phan', Linh Thanh Nguyen', Tae Seok Seo' and Fun Yeol Lee!’
'Chemical Engineering, Kyung Hee University, “Kyung Hee University

Nowaday, conversion of lignocellulosic biomass is one of the most efficient ways for producing the
biofuel. However, lignin—based biocrude usually contains high oxygen amount in its composition.
Hydrodeoxygenation (HDO) is a catalytic process for removal of oxygen functionality, which is
generally carried out at high temperature and hydrogen pressure. In this study, spherical
micrometer NiMo — supported Al,O; —TiO, were successfully synthesized by continuous flow spray
pyrolysis process. The prepared catalysts were then applied for HDO of guaiacol as a model
compound using a fix—bed reactor. The role of NiMo alloy formation and the incorporation
between Ni site and Mo*" are exhibited by the enhancement of guaiacol hydrodeoxgenation
efficiency. The effect of reduction temperature on the product distribution and HDO catalytic
activity has been studied well. This catalytic system was also shown the high catalytic stability,
indicating that spray pyrolysis derived — NiMo catalysts could be a very promising route for bio—

oils upgrading.

s
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1. Vo, T. K., Kim, W.-S,, Kim, S.-S., Yoo, K. S. and Kim J., “Facile synthesis of Mo/AI203~TiO2 catalysts using spray
pyrolysis and their catalytic activity for hydrodeoxygenation”, Energ. Conver. Manage., 158, 92-102 (2018).

2. Smirnov, A.A., et al, “Nickel molybdenum carbides: Synthesis, characterization, and catalytic activity in

hydrodeoxygenation of anisole and ethyl caprate”. J. Catal., 354,61-77, (2017).
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Feasibility study of a 600MWe Oxy—fuel CFB power plant

Su Been Seo, Hyung Woo Kim, Seo Yeong Kang, See Hoon Lee*
Chonbuk National University
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A heterogeneous catalyst study for the production of biodiesel from non—edible

Jatropha oil

aegyu Woo', Jinwoo Kim', Saim Lee', Hyeonji Park’, Jong—Ki
yeonj )
Jeon'"(jkjeon@kongju.ac.kr)

'Kongju National University
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Comparison of Combustion Performance and Preparations of Hexaaluminate

on the Homogeneous Precipitation Using a Urea

i Yun Park, Young Woo Rhee*
Graduate School of Energy Science and Technology, Chungnam National University
99, Daehak—ro, Yusung—gu, Daejeon 34134, Korea,
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Development of hollow fiber type perovskite catalyst for oxygen removal from

landfill gas
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Dongguk University
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High-performance of modified AI203 hollow fiver
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Correlations in palladium membranes for hydrogen separation: A
S92 -
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A Study on the Endothermic Decomposition Reaction of MCH Fuel using
HZSM-5 Zeolite Coated Metal Foam and Alumina Hollow Fiber
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Biological Methanol Production by whole cell biocatalyst of Methylomonas sp. DH-1

Hando Ko', Eun Yeol Lee?, Jinwon Lee!, Jeong—Geol Na!"
'Sogang University, ’Kyung Hee University
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Biological Propanol Production of Methanotrophs through Methanol and
Propane Feeding
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1. Hur, D. H.,, Na, J. G., and Lee, E. Y., “Highly efficient bioconversion of methane to methanol using a novel
type I Methylomonas sp. DH—1 newly isolated from brewery waste sludge”, , J. Chem. Technol. Biotechnol.,
92, 311-318 (2017).

2. Nguyen, T. T., Hwang, L. Y., Na, J. G, and Lee, E. Y., “Biological conversion of propane to 2—propanol
using group [ and I methanotrophs as biocatalysts”, J. Ind. Microbiol. Biotechnol., 46, 675-685 (2019).
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Alginate—Prussian blue composite hydrogel bead for the removal of Cesium

from aqueous solution

Ohemeng—Boahen Godfred and Seung Han Woo
Hanbat National University

Alginate—Prussian blue composite hydrogel bead (Alg—PB) was successfully developed via
physical crosslinking with Ca®".The effect of Prussian blue (PB) loading on mainly the physical
properties and the adsorption efficacy of the Alg—PB have been studied. A comparative analysis of
the physicochemical properties indicated that although varying the PB loading had sparing effect on
the wet mass of the resulting Alg—PB, it resulted in a steady increase in the dry mass of the Alg—PB
while the size and the corresponding bulk volume of the Alg—PB decreased with increasing PB
loading. The Alg—PB was tested for the safe removal of Cesium ions (Cs*) from aqueous solution.
The results indicated that, the efficacy of Cs"adsorption onto the Alg—PB increased with increasing
Prussian blue (PB) loading. The highest adsorptive capacity was obtained for Alg—PB with 5wt% PB
loading for which the volume—based adsorptive capacity (g.) was 15.9 times that of the pristine.
Likewise, the highest mass—based adsorptive capacity (227.8 mg/g) obtained at 5wt% PB loading
was 2.28 times that of the pristine alginate beads (100.0 mg/g). When tested for their stability, the
Alg—PB also showed tremendous stability in both acidic and basic media. Our Alg—PB showed great
potential for efficient removal of Cs" and thus can well and truly be considered as a suitable

adsorbent in the wastewater treatment process.
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1. Chatterjee, S., Tran, H. N, Godfred, O-H., and Woo, S. H., “SUpersorption capacity of anionic dye by newer chitosan hydrogel
capsulle via green surfactant exchange method,” ACS Sustainable Chm. Eng, 6, 3604-3614, (2018)

2. Jang, J., Mirana, W., Sewu, D. D., Nawaz, M., Shahzad, A, Woo, S. H,, and Lee, D. S,, “Rice straw—based biochar beads for the
removal of radioactive strontium from aqueous solution,” Science of the Total Environment, 615, 698-707 (2018)
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Green and facile magnetic biochar production route with goethite

Divine Damertey Sewu, Chul Woo Lee, and Seung Han Woo"

Hanbat National University

Magnetic biochar production has helped curb the drawbacks of high separations costs incurred
post—adsorption, with powdered—grade biochars. That notwithstanding, problems of goethite
reformation reactions, which renders the magnetic biochar less magnetic do occur especially under
conditions of high pH in aqua environments. Again, the potential production of chlorine or
hydrochloric acid gases — which have toxic tendencies — via the pyrolysis method of magnetic
biochar production with chloride or sulfate precursors render the process unclean. Therefore, to
overcome these issues, goethite (10%) was used as the magnetic precursor either impregnated into
(FG10BC) or admixed (FG10BC,) with waste fir biomass via a facile thermochemical production
route (1 h sustained at 500°C with N, flow at 200 mL/min). For comparison purposes, magnetic
biochar of FeCl;—origin was also produced (FF10BC), characterized with proximate and ultimate
analyses, BET surface area, porosity, FTIR, SEM—-EDS, ICP-OES, and pH and investigations into
the resistance to goethite reformation reactions via recoverability, aqua—stability and magnetic
properties experiments determined. Water—extractable/leachability extents followed the order
FG10BC;(0.16mg/mL)<FG10BC,(0.21mg/mL){FF10BC(0.84mg/mL). Higher magnetic saturation
(20.8 emu/g) and recoverability, nano—structured surfaces and better resistance to goethite
reformation reactions in aqua media (over 30 days) occurred for the goethite—derived magnetic
biochars. As such goethite usage via admixing or impregnation of fir biomass produces green
magnetic biochar with satisfactory magnetic properties as well as good stability to goethite

reformation reactions with great application potential in various fields.
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1. Sewu, D. D, Boakye P, Jung H., and Woo, S. H., “Synergistic dye adsorption by biochar from co—pyrolysis of spent mushroom
substrate and Saccharina japonica” Bioresource Technol, 244, 1142-1149 (2017).

2. Sewu, D. D,, Boakye P., and Woo, S. H., “Highly efficient adsorption of cationic dye by biochar produced with Koreancabbage
waste,” Bioresource Technol, 224, 206-213 (2017).
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Surface modification of LiNi, go Coy ;0Aly;O, cathode material for lithium ion

batteries by B,O,

Jia Sheng Chen, Xuan Liang Wang, En Mei Jin, Sang Mun Jeong"

Department of Chemical Engineering, Chungbuk National University
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1. Huang, Y., Y. Huang and X. Hu, Enhanced electrochemical performance of LiNijzCoq5AlyesO, by
nanoscale surface modification with Co;0,. Electrochimica Acta, 2017. 231: p. 294-299.

2. Wu, N.,, H. Wu, H. Liu and Y. Zhang, Solvothermal coating LiNi,Coq5Al;0sO, microspheres with
nanoscale Li, TiO; shell for long lifespan Li—ion battery cathode materials. Journal of Alloys and Compounds,
2016. 665: p. 48-56.
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Electrochemical Properties of Supercapacitor Using VO, Nanoflake by
Hydrothermal synthesis

Myeong Hun Lee, Sanjay Kumar Devendhar Singh, Sang Mun Jeong*

Department of Chemical Engineering, Chungbuk National University
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1. LY. Chen, Y. Hou, J.L. Kang, A. Hirata, M.W. Chen, “Asymmetric metal oxide pseudocapacitors advanced by
three—dimensional nanoporous metal electrodes”, Journal of Materials Chemistry A, 2, 10.1039 (2014).

2. LL. Zhang, R. Zhou, X.S. Zhao, “Graphene—based materials as supercapacitor electrodes”, Journal of Materials
Chemistry, 20, 10.1039 (2010).

3. S. Boukhalfa, K. Evanoff, G. Yushin, “Atomic layer deposition of vanadium oxide on carbon nanotubes for high—
power supercapacitor electrodes”, Energy & Environmental Science, 5, 10.1039 (2012).
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Ecotoxicity study of Lithium—ion battery manufacturing process waste
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Institute for Advanced Engineering, Advanced Material & Processing Center
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1. Lee, S. H. and Lee, H. S. "Comparison between ecotoxicity using Daphnia magna and physiochemical analyses of
industrial effluent," . of Environmental Science International, 23(7), 1269-1275 (2014).
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A Study on the Synthesis of Nickel Hydroxide by Ammonium Sulfate from Leaching solution
of Waste Nickel-Cadmium Batteries.
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1. Purkayastha, D., Mishra, U., Biswas, A., “A comprehensive review on Cd(Il) removal from aqueous solution,” J. Water Process Fng, 2,
105-128 (2014).

2. Kim, M. J,, Park, L J., Kim, D. W., Jung, H. C., 2019°A study on the cementation reaction of cadmium by zinc powders from leaching
solution of waste nickel-cadmium batteries,” J. of Korean Inst. of Resources Recycling 28(1), 23-31 (2019).

3. Kim, D. W, Park, L. J., Ahn, N. K., Jeong, H. C,, Jung, S. H., Choi, ]. Y., Yang, D. H., “A study of the separation of cadmium from waste
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Study on Electrodialysis System for the Concentrate on Recycling Residual

Lithium in Lithium—ion Battery Manufacturing Process Waste

Deokhyun Han, Hangchul Jung, Bo-Ram Kim, Dae—Weon Kim"

Institute for Advanced Engineering, Advanced Material & Processing Center
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Effect of alkaline earth metals on pyrolysis kinetics of Organosolv Lignin from

Pine tree

Quoc Khanh Tran!, Seung—Soo Kim!", Jinsoo Kim?"
sskim2008@kangwon.ac.kr (S.-S. Kim)

'Department of Chemical Engineering, Kangwon National University

‘Department of Chemical Engineering, Kyung Hee University

Abstract

Lignin is one of the most common plant polymer besides cellulose and hemicellulose. Mainer [1]
proposed lignin structure is significantly different from others carbohydrate—based polymers. Kim et
al. [2] concluded that alkaline earth metals (AEM) content in most lignocellulosic biomass has
strong catalytic reactivity during biomass depolymerization.

In this study, the pyrolysis kinetics of organosolv lignin and alkaline earth metals (Ca and Mg)
impregnated organosolv lignin were investigated using differential method and integral method to
determine the activation energy based on thermogravimetric analysis (TGA) data. The particular
mechanism and characteristics of lignin pyrolysis based on rate constant (k) also were examined
using tubing reactor. Organosolv lignin was mainly decomposed from 350 “C to 450 C at various
heating rate (5, 10, 15, 20 ‘C/min). The activation energy was from 70.11 to 607.89 kJ/mol which
corresponded to the conversion of 5 to 95%. The presence of AEM as a catalyst led to decrease the
activation energy. The Ca and Mg loading amount (0.5 and 2.0 wt%) and high molecule weights

content in organosolv lignin strongly influence to lower activation energy.

Reference

[1] R. M. Mainer, Environmental Microbiology (Thrid Edition), 339-340 (2015).

[2] K. H. Kim, K. Jeong, S.-S. Kim, R. C. Brown, Kinetic understanding the effect of Na and Mg on pyrolytic
behavior of lignin using a distributed activation energy model and density functional theory modeling, Green
Chemistry, 5, 1099-1107 (2019).
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Ru/SiO, catalysts
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The removal of low concentration styrene from Air by Non—thermal plasma

technique at atmospheric conditions

Van Toan Nguyen', Duc Ba Nguyen', Bhattarai Roshan Mangal' and Young Sun Mok '*

"Department of Chemical and Biological Engineering, Jeju National University, Jeju 63243, Korea.

The conversion efficiency of styrene is generally low at atmospheric conditions. To solvent this issue,
we proposed the non—thermal plasma combine with catalytic treatment. The aim is obtained high
conversion of styrene at room temperature. In this work, Pb/ZSM5 catalyst packed bed inside the
DBD plasma reactor, was used to for styrene removal. The styrene removal was investigated based
on the effect of the plasma, the catalyst and the plasma—catalyst. The result showed that the
combination of plasma and catalytic were significantly improved styrene removal at atmospheric
conditions. Alternatively, some by—products formed during the plasma such as NO,, O;, CO were

also successfully solved.

Keywords: VOCs; dielectric barrier discharge; catalysts.

Corresponding author: smokie@jejunu.ac.kr (Mok)
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Development of Indirect S—CO2 power cycle process under the Oxy-

combustion

Hyung Woo Kim, Su Been Seo, Seo Yeong Kang, Go Eun Sol, See Hoon Lee’ Department of

Mineral Resources and Energy Engineering, Chonbuk National University
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High pressure performance characteristics of the 200 kg/h scale

hose compression type powder feeding system
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Decomposition of Hydroxylammonium Nitrate Solution over Ir—

Cu/Honeycomb Catalysts

Dalsan Yoo!, Jaegyu Woo!, Seolyeong Oh!, Geonwoo Lee! Seokhee Lee! Jong—Ki Jeon!" (jkjeon@kongju.ac.kr)

'Kongju National University
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(1] Amrousse, R., Katsumi, T., Azuma, N., and Hori, K., “Hydroxylammonium nitrate (HAN)-based
Green Propellant as Alternative Energy Resource for Potential Hydraznie Substitution: From Lab Scale
to Pilot Plant Scale—up,” Combust. Flame, 176, 334 — 348 (2017).

(2] Charlie ,0., Santhosh, R., R Arun, C., R, R., “Catalytic Decomposition of Hydroxylammonium
Nitrate Monopropellant,” Proc. Int. Conf. Chem. Chem. Process (ICCCP 2011), 10, 205-209 (2011).

[3] Amrousse, R., Katsumi, T., Bachar, A., Brahmi, R., Bensitel, M., and Hori, K., “Chemical engineering
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based catalysts,” React. Kinet. Mech. Catal, 111, 71-88 (2014).

[4]  RobertS. J., “HAN-based monopropellant assessment for spacecraft,” in 32nd Joint Propulsion
Conference and Exhibit, 1-12 (1996).
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Fabrication of Aniaml Cell Pattern through Eco—friendly Process for Analysis of
Lipid Inhibition Activity

Hun Soo Byun!, Soon—Do Yoon', and Heon—Ho Jeong'" (jeonghh29@jnu.ac. kr, Yeosu, Jeonnam 59626)

'Department of Chemical and Biomolecular Engineering, Chonnam National University

Polydimethyl-siloxane (PDMS) is often applied to fabricate cell pattern. In this study, we fabricate
an adipocyte microcell paattern using PDMS to evaluate the inhibition activity of lipid droplets in
embryo fibroblast cells with anti—obesity agents. Our method is simple and eco—friengly process
combined polyelectrolyte multilayer coating with microcontact printing using PDMS. To form the
PDMS based micropatter, we apply the micro—contact printing method using PDMS stamps with
micropattern that had been fabricated by conventional photo-lithography and soft—lithography.
This PDMS pattern enable the selective growth of animal cells onto the specific region by preventing
cell adhesion on the hydrophobic PDMS region. Based on the PDMS micropattern, we perform a
direct quantitative analysis of animal cell differentiation using Oil Red O staining. In conclusion,
PDMS—based micro—cell pattern chips may contribute to the large—scale analysis of novel bioactive

compounds.
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1. Jeong et al., “Simple analysis of lipid inhibition activity on an adipocyte micro—cell pattern chip,”
Biomolecules, 8, 37 (2018).

2. Dujovne et al,, “Anti—obesity drug development,” Expert Opin. Inverstig. Drugs, 11, 1189-1204 (2002).

3. Kim et al., “Efficient and reliable screening of anti-obesity agents on a micro—cell pattern chip,” J. Chem.
Technol. Biotechnol, 91, 2688-2692 (2016).
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Synthesis of Hollow Pt@TiO,@Metal Oxide photocatalysts and and application

to photochemical reactions
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1. Aiyun Meng,, Liuyang Zhang., Bei Cheng., jiaguo Yu., “TiO,~MnOx—Pt hybrid Mutiheterojunction Firm
Photocatalyst with Fnhanced Photocatalytic CO,~Reduction Activity,” ACS appl. Mater. Interfaces., 11, 5581-5589
(2019).

2. Jun Fang., Lin Xu., Zhenyi zhang., Yupeng Yuna., Shaowen Cao., Zheng Wang., Lisha Yin., Yusen
Liao., Can Xue., “Au@TiO,~CdS Ternary Nanostructures for Efficient Visible-Light—Driven Hydrogen
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Optimization of CaCO; production process using simultaneous reaction system

of CO, capture and conversion

Jun Eol 2 Ki Jang Kil', Dea Hyun Moon', Min Hye Youn1, Young—Kwon Park?, Soon Kwan Jeong!”

'Korea Institute of Energy Research, “University of Seoul

With increasing concern about global warming, CO, scrubbing technology is considered to
be the potential solution to reduce CO, emissions [1]. However, the main drawback of this
technology is a high energy consumption for solvent regeneration [2]. To solve this problem,
simultaneous CO, capture—mineralization process which could be operated on the conditions of
normal temperature and pressure was investigated. In this work, a specially designed continuous
flow reactor was used and potassium hydroxide and calcium chloride solution were used for the
reactants. To develop more efficient process, several operating conditions such as concentration of

reactants, liquid to gas ratio, and retention time have been optimized.
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1. Leung, D.Y.C. et al., "An overview of current status of carbon dioxide capture and storage technologies", Renewable

Sustainable Energy Rev., 39, 426—443 (2014).

2. Kang J. M. et al., "Energy—efficient chemical regeneration of AMP using calcium hydroxide for operating carbon
dioxide capture process’, Chem. Eng. J., 335(1), 338-344 (2018).

- 115 -



PA-34

Arst ZHNA WS Be AAE A% UA o) ¢4 A

FAE", AL, HEA, oldF!, oA, AAK!, !
(jbjoo@konkuk.ac.kr)
=it efetgetat

Synthetic Strategy of Ni catalysts for Tar removal from gasification process
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(1] Guo, F., Li, X,, Liu, Y., Peng, K., Guo, C,. and Rao. Z., “Catalytic cracking of biomass pyrolysis tar
over char—supported catalysts” Energ. Convers. Manage, 167, 81-90 (2018).
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Corrosion behavior of nickel-based alloy, stainless steel, and aluminum alloy in
supercritical HFO—-1234ze(E)

Migdar Zulfikar Irrivanto', Hyung Soo Lim?, Bum Seong Choi, Aye Aye Myint1, and Jachoon Kim'"

'Sungkyunkwan University, “Korea Institute of Machinery and Materials

Corrosion behaviors of various types of alloys were studied in supercritical HFO—1234ze(E) under
mild condition (180 ° C, 5 MPa) and harsh condition (200 ° C, 10 MPa). The corrosion tests
including Inconel 718, stainless steel 316 (SS316), stainless steel 420 (SS420), and aluminum 6061
(Al6061) were performed for exposure time of 7 days. The corrosion resistance was evaluated using
FE-SEM/EDS, XPS, and SIMS analysis. SS420 showed the most severe corrosion while Inconel 718
had excellent corrosion resistance. The cracking and spallation of surface layer were found only in
stainless steels. Aluminum 6061 showed higher corrosion resistance than stainless steel. Magnesium
content in aluminum alloy enhanced the corrosion resistance because of the formation of
magnesium fluoride protective layer. The protective MgF, layer formed after simple chemical
conversion from MgO with the presence of HF in an acidic medium [1]. The presence of carbon,
oxygen, and fluorine content on the surface of tested materials indicated the deposition of

decomposed HFO-1234ze(E) products. Corrosion mechanism of alloys was also presented.
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1. Panemangalore D.B., Shabadi R., Gupta M., Ji G., “Effect of fluoride coatings on the corrosion behavior of
Mg-Zn~Er alloys,” Surf. Interfaces., 14(1), 72-81 (2019).
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DFT Study of 2,5-Dimethylfuran (2,5-DMF) Synthesis from 5—
(HydroxymethyDfurfural (5-HMF) on Cu,Pd(111)

Ricky Gunawan,, Handi Setiadi!, Rizki Insyani' and JachoonKim'®

'Sungkyunkwan University,

5—(HydroxymethyDfurfural, also known as 5-HMF, is an organic furanic compound obtained from the
dehydration of hexoses [1]. 5-HMTF can be converted to 2,5—dimethylfuran (2,5-DMF), which is a potential
substitute for petroleum—based fuels, through selective hydrodeoxygenation [1]. The low—temperature,
aqueous—phase conversion of 5-HMF to 2,5-DMEF has been shown to be facile on palladium (Pd) catalyst [2].
However, 5-HMF molecules on the surface of Pd catalyst undergo a change in adsorption geometry as the
reaction temperature is increased, which caused the unfavorable decarbonylation reactions that produce furan
and CO [3]. Studies into the upgrade of furanic compounds have revealed that the products of catalytic
transformations heavily depend on the affinity of the reactant molecules to the catalyst. As a result, on Pd
catalyst that strongly binds furanic compounds, 5-HMF can undergo decarbonylation reactions, particularly at
elevated temperatures. In contrast, hydrogenation of the carbonyl group of furfural-based molecules is
preferred when the reaction takes place with the help of catalysts that do not strongly bind furanic compounds,
such as copper (Cu) catalyst. Therefore, with the use of CusPd catalyst, selective hydrodeoxygenation of 5—
HMF to 2,5-DMF is expected while maintaining a relatively strong adsorption energy of 5-HMF at the same
time. Herein, a density functional theory (DFT) study was performed to investigate the 2,5-DMF synthesis
from 5-HMF on Cu, Pd, and Cu;Pd catalysts. Initial results confirmed that 5-HMF molecules are strongly
adsorbed on Pd (111) surface with a “parallel” adsorption geometry through the furan ring, while on Cu(111)
surface, a weak adsorption occurs with a “perpendicular” adsorption geometry through the carbonyl oxygen.
Furthermore, the hydrogenation of 5-HMF on Pd(111) preferably takes place through the formation of a
hydroxymethyl intermediate.

References

0. Solanki, B. S.; Rode, C. V. Selective hydrogenolysis of 5—(hydroxymethyDfurfural over Pd/C catalyst to 2,5—dimethylfuran.
J. Saudi Chem. Soc. 2019, 23 (4), 439-451.

1. Lange, J.-P.; van der Heide, E.; van Buijtenen, J.; Price, R. Furfural — A promising platform for lignocellulosic biofuels.
ChemSusChem. 2012, 5(1), 150—166.

2. Sitthisa, S.; Resasco, D. Hydrodeoxygenation of furfural over supported metal catalysts: a comparative study of Cu, Pd,
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One pot, simultaneous cell wall disruption and complete extraction of

astaxanthin from Haematococcus pluvialis at room temperature

Patrick Hariyanto!, Muhammad Irshad’, Aye Aye Myintl, Min Fui Hong,* Sang Jun Sim,” Jachoon Kim', *

'Sungkyunkwan University, “Korea University

Astaxanthin is a red—colored secondary carotenoid having strong antioxidant activity widely
applied in various pharmaceutical and therapeutic applications. One of the most promising natural
sources of astaxanthin is freshwater microalgae Haematoccocus pluvialis. H. pluvialis can
accumulate up to 1-5 wt% of astaxanthin based on dry weight basis at aplanospore stage under
unfavorable conditions. However, those unfavorable conditions will also lead to the formation of a
highly robust and acetolysis—resistance cell wall [1]. Conventional astaxanthin extraction usually
performed in two steps; disruption of the cell wall and subsequent solvent extraction. However,
most of the two—step approaches suffer from high—energy consumption, high chemical cost, long
processing time, loss of astaxanthin bioactivity, incomplete cell wall rupturing, or low astaxanthin
recovery. Moreover, most of the previously studied extraction did not pay much attention to
astaxanthin degradation. Astaxanthin is highly sensitive toward physical and chemical degradation,
affecting the function of astaxanthin even at low temperatures (50—60 ° C) [2]. Therefore, rapid,
simple, and efficient pretreatment and extraction technique of astaxanthin from H. pluvialis under
mild condition is required to mitigate the risk of astaxanthin degradation and to reduce energy
consumption and cost of the process. In this work, we investigate one—pot, simultaneous cell wall
disruption and complete extraction of astaxanthin from H. pluvialis using simple wet ball milling in
the presence of generally recognized as safe solvents (GRAS). Using this technique, an almost
complete astaxanthin recovery of 31.6 mg/g dried H. pluvialis (>)99% recovery) can be achieved at

room temperature and pressure in a very short time (30 min) using mild milling condition (200 rpm).
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A new insight into nitrate reduction by sulfide-modified nanoscale zero—valent

iron in the presence of microbial

So Yeon Yoon, Min Ji Kim, Hye Won Kim, Seon Hwa Lim, Choe Earn Choong
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Department of Environmental Engineering, Kwangwoon University

The denitrification efficiencies of sulfide-modified nanoscale zero—valent iron (S—nZVI) were better
than those of nZVI due to less agglomeration, and slower corrosive electron loss. However, there
was limited study on the effect of S=nZVI in the presence of microbial for denitrification. This study
aims to compare the denitrification efficiency in anaerobic condition using S—nZVI, microbial and
S—nZVI with microbial and to provide insights into the S—nZVI and microbial interaction in the
system of nitrate reduction and by—product (nitrite, ammonium and nitrogen) production for the
first time. It was found that 25 mg/L-N of nitrate was completely removed using S—nZVI and S-
nZVI with microbial in 3 days with unbuffered condition. Moreover, the combination of S—nZVI
with microbial promoted higher N, production compared to S—nZVI without microbial inoculum,
denoting the presence of microbial promoted the denitrification efficiency. On the other hand, the
nitrate removal using S—nZVI in the presence of microbial was affected by initial solution pH,
nitrate concentration and carbon/nitrogen (C/N) ratio. The results demonstrated the increasing of
nitrate initial concentration enhanced the nitrite and ammonium vyield and reduced the
N, production. Especially, as the increasing of C/N ratio led to a positive effect on the nitrate
removal efficiency for the microbial inoculum without S—nZVI. It was concluded the synergistic

effect on denitrification was observed using S—nZVI in the presence of microbial.

et
1. Zhang, Yiping., Douglas, Grant B., Kaksonen, Anna H., Cui, Lili., Ye, Zhengfang., “Microbial reduction of
nitrate in the presence of zero—valent iron”, Science of The Total Environment, 646, 1195-1203 (2019)2. Huang,
Shasha., Xu, Chunhua., Shao, Qiangian., Wang, Yahao., Zhang, Bingliang., Gao, Baoyu., Zhou, Weizhi.,
Tratnyek, Paul G., “Sulfide-modified zerovalent iron for enhanced antimonite sequestration: Characterization,

performance, and reaction mechanisms”, Chemical Engineering Journal, 338, 539-547 (2018)
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Piezophotocatalytic degradation of atrazine via spontaneous atomic polarization

of plasmonic Ag/AgCl doped ZnSnO, under ultrasound mechanical stress

Kien Tiek Wong, Baekha Ryu and Min Jang™* (minjang@kw.ac kr, heejagjang@gmail.com)
Department of Environmental Engineering, Kwangwoon University, 20 Kwangwoon-ro,

Nowon—gu, Seoul 01897, Republic of Korea

Nanostructured perovskites with high piezoelectric charge constants are attracting much attention owing to their potential
conversion of mechanical energy into electricity. Particularly, ZnSnO; is acknowledged for having high electron mobility, high
electrical conductivity, and attractive optical properties that allow wide range of applications in solar cells, sensors and negative
electrode material for Li—ion battery (Baruah & Dutta, 2011). However, more recent researches have shifted the application of
piezoelectric materials in the field of water treatment, especially in degradation of emerging organic pollutants. In this study,
ZnSnO;was used to degrade atrazine (ATZ, herbicide) with the assistance of ultrasound (US) wave. In Figure 1(a), the results
show that insignificant amount ATZ were removed by either adsorption or US degradation. However, 100 % of ATZ were
removed within 90 min when ZnSnO,were exposed to US wave. When ZnSnO,were subjected to an external force (i.e. US
wave), the atomic structure of ZnSnO;were displaced from their original position gaining a net positive and negative charges
on the opposite outer surfaces. This spontaneous polarization under mechanical stress leads to the flow of free carriers in the
opposite direction leading to the generation of highly reactive ‘OH and O, radicals. To confirm this, ‘OH scavenger was
applied in the system, and resulting negligible amount of ATZ removed. Different atomic percentage (1-15% w/w) of
Ag/AgCl were doped on the ZnSnO;as plasmonic photocatalyst to induce strong and broad range of light absorption. The

addition of Ag/AgCl allows ZnSnOj;to adsorb light generated from sonoluminescence and hence, increasing the degradation
rate of ATZ (Figure 1(b)).
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Figure 1 (a) Removal of ATZ at different condition and (b) ATZ removal with Ag/AgCl doped ZnSnO;
under US
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Catalytic denitrification using nickel-modified zero valent magnesium
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'Kwangwoon University, Seoul

In this study, nickel modified zero valent magnesium (Mg—Ni) was prepared by 2—step processes involving liquid—solid phase
reduction with varies percentages of nickel coating (0.01%, 0.05% and 0.1%) for denitrification in anoxic condition for the first
time. Mg” and Mg—Ni were characterized using FESEM-EDX, XRD, BET, FTIR and XPS to study the relationship between
catalyst and surface properties and to investigate the nitrate reduction mechanism. From the experiment results, Mg—Niygswas
found to have a higher denitrification efficiency and larger surface area than Mg’, Mg—Niy,;and Mg—Ni,. According to the
first order kinetic models, the nitrate reduction was sensitive to the initial solution pH and nitrate concentration. as the nitrate
removal efficiency decreased with the increased of solution pH and initial concentration. The final products of the reaction were
nitrogen gas, ammonium and. The presence of oxygen strongly gave effects for the denitrification efficiency and N, selectivity
due to surface passivation that limits the electron transfer toward contaminants. Moreover, batch tests were carried with actual
nitrate groundwater using Mg—Niys in order to identify the potential for nitrate treatment and it was found that the N,
selectivity increased as the catalyst dosage. The current study provides a proof of concept denotation that nickel modified Mg’
significantly enhances the denitrification efficiency and N, selectivity from water.
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Detection and removal of an endocrine disruptor, bisphenol A by

electrochemical methods using modified ITO electrode

Minsoo Kim, Young Eun Song, Jung Rae Kim®

School of Chemical and Biomolecular Engineering, Pusan National University, Busan, 46241,

Republic of Korea

Currently, various industrial wastewaters are discharged into aquatic environment. These
wastewaters include substances such as endocrine disruptor and antibiotics which are hard to detect
by conventional off-line analyses. Among them, 2,2-bis (4—hydroxyphenyl) propane, (bisphenol A),
is a precursor in production of major classes of resins, plastics and polycarbonate, thus bisphenol A
is released into the environment by manufacturing process and end—consumer. Therefore, the in—
situ detection and removal of bisphenol A are highly anticipated. The conventional detection of
those endocrine disruptors use HPLC and GC-MS, etc. All of which requires time and complicated
pre—preparation of sample which may result in inaccuracy and is not able to control the discharge
timely. In this study we aim to develop a novel electrochemical detection method of bisphenol A by
using a modified ITO electrode. When bisphenol A is electropolymerized on ITO, the capacitance
and electrochemical properties were changed and analyzed by cyclic voltammetry and linear sweep
voltammetry. We also examined the morphological change of surface of ITO with
electropolymerized bisphenol A by scanning electron microscopy (SEM). The concentration of
bisphenol A was detected and quantified by the electrochemical responses. The electrochemical
detection can be applied to other endocrine disruptor chemicals besides bisphenol A in natural

environment.

REFERENCES

. Hideki Kuramitz, Yohsuke Nakata, Mikio Kawasaki, Shunitz Tanaka "Electrochemical oxidation of bisphenol
A. Application to the removal of bisphenol A using a carbon fiber electrode." Chemosphere volume 45, Issue
1, October 2001, Pages 37-43
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Regulation of redox balance to actively control metabolite production of
genetically modified Escherichia coli BL21(DE3)

iyun Baek', Changman Kim', Young Eun Song', Jung Rae Kim'"

'Pusan National University

Redox balance in microorganism is very important to conduct metabolic pathway and respiratory
chain. Industrially, 3-hydroxypropionic acid and 1,3-propanediol are important platform
chemicals, which can be interemediate for further synthesis of plastic, fiber and paint. The
production of these two substances are greatly affected by the internal redox balance (i.e. NADH/
NAD+ ratio), thus the yield/titers of bioconversion are also changed by supply of external
oxidants/reductants. In this study, we developed a genetically modified E.coli strain which harbor
the metabolic pathways of 3-HP and 1,3-PDO synthesis from glycerol, and examined an
electrode—based redox regulation of yield and titer in a bioelectrochemical system. For the active
control of pathway, glycerol dehydratase, aldehyde dehydrogenase and 1,3—propanediol
oxidoreductase were introduced into E. coli from Klebsiella pneumoniae (DhaB, DhaT) and
Azospirillum brasilense (KGSADH). On the other hand, glycerol catabolite pathway in E. coli such
as glycerol kinase(GlpK) and glycerol dehydrogenase(GldA) were deleted to see a clear regulation of
3-HP and/or 1,3-PDO production pathway. Our results showed that 3—-HP production was
enhanced by decreasing the intracellular NADH/NAD+ ratio induced by the electrode—driven
oxidative potential. The ratio of NADH/NAD+ was increased under reductive potential was applied,
simultaneously the synthesis of 1,3-PDO increased, whereas 3—HP was suppressed. These results
suggest that the BES can be a redox controller to regulate metabolic pathway of biosynthesis, and

produce particular platform chemicals.

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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1,3-Propanediol production of Klebsiella Pneumoniae L17 from Crude

Glycerol using zero valent iorn (ZVI)
Daseul Kong, Jiyun Baek, Hyeon Sung Im, Changman Kim, Jung Rae Kim”

School of Chemical and Biomolecular Engineering, Pusan National University, Busan, 46241, Korea
Fax: +82-(51)-510-3943 E—mail address: j.kim@pusan.ac.kr

1,3-PDO (1,3-Propanediol) is a value—added platform chemical for further synthesis of industrial
products. Sustainable and non—toxic regeneration of NADH is critical for efficient production of
1,3-PDO. Zero valent iron (ZVI) can provide reducing equivalent to convert NAD+ to NADH,
thus increase 1,3-PDO synthesis from glycerol as an electronic donor. Klebsiella Pneumaniae has
1,3-PDO production pathway from glycerol, and has been also extensively investigated for an
extracellular electron transport system in microbial fuel cell. In this study, we attempt to produce
1,3-PDO using K. pneumoniae L17 from un—purified crude glycerol produced from biodiesel
process by using neutral red (NR) as an electron mediator. The ZVI provide reducing power into
glycerol bioconversion. The results showed significant increase of 1,3-PDO production using the
ZV1. Interestingly, the difference between a crude glycerol and a pure glycerol in 1,3-PDO
production, was not so significant, which indicates unidentified biodiesel bring synergetic effects for
both cell biomass and 1,3-PDO production rather than inhibition. These results implicate that ZVI
can regulate the biosynthesis of electron transport chain therefore improve crude glycerol conversion

into value—added platform chemicals.
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Study on Chemical Adsorption of Acidic Gas(SO,)
Using Activated Carbon
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Study of anti—poisoning Ni catalyst supported on phosphorus modified hierarchically 3D
structure alumina for steam methane reforming

Funseok Woo!?, Ha Nee Umh!, Dae-~Won Park? Dong-Ha Lim"”
'Korea Institute of Industrial Technology, Energy Plant R&D Group, Busan, Korea
“Pusan National University, Division of Chemical and Biomolecular Engineering, Busan, Korea
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Development of SCR catalyst coating

on metallic structure using optimized catalyst slurry
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Synergetic effect of Ru—Fe nanoparticles supported on N—doped graphene for CO,

electrocatalytic reduction
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Economic analysis of fuel cell power generation using coal syngas
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Study on training system to prevent pollutant emissions from disaster

ae Yong Lee, Chan Cook Park
Institute for Advanced Engineering
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Fabrication and Performance Analysis of ACF-KI Adsorbent—coated
PTFE Membrane Filter for Gas—phase Mercury Removal

Sung Pill Yun, Sang Yeon Hwang, Seok Woo Chung, Myung Jo Seo', Seung Woo Lee?

Institute for Advanced Engineering, '"Micro—one. Inc, *Yeungnam University
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Fabrication and Operation Characteristics of PTFE Membrane
Bag Filter with Adsorbent for Simultaneous Removal

of Fine Particles and Mercury
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Institute for Advanced Engineering, '"Micro—one. Inc, *Yeungnam University
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Analysis of flyash removal characteristics using dynamic

multi—ventury scrubber

Hyeon Jun Kwon'!, Uen Do Lee!**", Soo Hwa Jeong'?, Seung Jin Oh!, Won Sik Shin'

'"Thermochemical Energy System R&BD Group, Korea Institute of Industrial Technology, “University of
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Characteristics of Non—catalytic Reduction for N,O in Oxy—CFBC

Min-Kyu Jeon', Young Kon Choi', Jung Kyu Lee!, Jin Han Yoon' and Sang In Keel'’
'Korea Institute of Machinery & Materials
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Facile preparation of Ag nanoparticle dispersed reduced

TiO, clusters with enhanced photocatalytic performance under UVA-LED

Ha neul Jeong', bon sin Koo' and Junhyung Lee**

'Bluewind Tech co.,ltd, *Seoul National University

Titanium oxide (TiO,) has been extensively studied material as a promising photocatalyst due to
low—cos, nontoxicity, and stability. However, its photocatalytic application is limited as an visible—
light driven photocatalyst due to its large band gap (anatase, 3.2 eV and rutile, 3.0 eV). In this work,
Ag nanoparticles dispersed TiO, cluster was prepared by the simple grinding and calcination process
under Air. The morphology and structural properties of the prepared photocatalysts were
characterized using TEM, SEM, XRD, and EDS mapping analysis. Small Ag nanoparticles are well
dispersed on the TiO, nanoparticles cluster. Based on the results of XPS analysis, the formation of
reduced Ti ion was observed via Ag introduction. In the photocatalytic degradation of methylene

blue indicated significantly enhanced catalytic activities under UVA-LED (405 nm) irradiation.

s

A=
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Anode electrode facilitates anaerobic acetate assimilation and energy recovery

by P.putida 2523 in a microbial fuel cell

Mutyala Sakuntala, Young Eun Song, Jiyun Baek, Eunhee Seol and Jung Rae Kim”

School of Chemical and Biomolecular Engineering, Pusan National University, Busan, 46241, Korea

Fax: +82-(51)-510-3943 E-mail address: j.kim@pusan.ac.kr

Pseudomonas putida is recently highlighted for its electro—active behavior in a microbial fuel cell
(MFC) system to produce electricity along with its versatile metabolism of various carbon sources.
P. putida is an ideal host strain for electrode—based metabolic regulation to produce platform
chemicals. In this study, we investigated the effect of the electrode on P. putida metabolism in
different culture condition such as conventional fermentation (open circuit MFC) and carbon
electrode respiring environment (closed—circuit MFC) using acetate as carbon source. The cell
growth of P. putida was increased by electrode with simultaneous electricity generation. This strain
has discharged respiratory electron up to 110puA/cm? of anodic current. The change of
NADH/NAD+ ratio and acetyl-CoA synthetase activity assay further support that the electrode—
based respiration facilitates acetate oxidation. These results imply that the carbon electrode in MFC
may improve utilization of refractory substrate such as acetate. Further metabolic engineering and
optimization of P.putida may provide a platform for bioenergy production and BES based bio—

refinery process.

References

1. Bin Lai, Shigin Yu., Anoxic metabolism and biochemical production in Pseudomonas putida F1
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Isolation of electroactive novel Pseudomonas sp. from agriculture soil for enhanced bioelectricity

generation and other applications.

Khandelwal Himanshu, Mutyala Sakuntala, Young Eun Song, and Jung Rae Kim"

School of Chemical and Biomolecular Engineering, Pusan National University, Busan, 46241, Korea.

E-mail address: j.kim@pusan.ac.kr

Pseudomonas sp. has been known to have diverse capability of feedstock conversion and
bioremediation for recalcitrant organic contaminants, thus extensively studied for its metabolic
pathway and recombination. Recently, Pseudomonas sp. has been highlighted for production of
valuable commodity, bioremediation, biosensor and wastewater treatment, and various isolation
strategies for the purpose are attempted. Several Pseudomonas sp. have also shown electrochemical
activity which transfer their respiratory electron to carbon electrode with simultaneous electricity
generation in a microbial fuel cell. Bacterial cells carries out direct electron transfer by forming
biofilm and/or indirect transfer via electron shuttle to deliver respiratory electron. In this study, we
tried to isolate a novel Pseudomonas strain which had higher electrochemical activity in a microbial
fuel cell. The enrichment in MFC with a designed growth media pose selective pressure for
Pseudomonas from agricultural soils inoculum. Then isolated strain will be tested for
electrochemical and bioconversion activity. This result contributes to develop an bioenergy and

biorefinery as well as sustainable bioremediation process.
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Microwave—enhanced Gasification of Biomass Char

Hee Gaen Song!, Eun Hyuk Kim', Young Nam Chun™*!

Department of Environmental Engineering, Chosun University, Gwangju, South Korea.!
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Dehydration of glycerin to acrolein over

H,PW,,0,,/silica—alumina catalyst

Tae Hun Kang', Do Heui Kim'*

'Seoul National University

Biomass has attracted much attention as a clean energy resource with increasing concern about
fossil fuel depletion and global warming. In the biodiesel production from biomass resources, a
considerable amount of glycerin is formed as a by-product. In this work, Keggin—type
heteropolyacid catalysts supported on silica—alumina (H;PW,,0,,/SA) were prepared with a
variation of SiO, content, and they were applied to the dehydration of glycerin to acrolein. Acid
properties of HiPW,0,/SA catalysts were determined by NH;—TPD measurements and in-—situ
FT-IR spectroscopy of adsorbed pyridine. The effect of SiO, content on the catalytic performance

of HyPW,,0,0/SA catalysts in the dehydration of glycerin to acrolein was investigated.

- 144 -



PB-02

Catalytic hydrogenation of alginic acid using supported Ni and Ru catalysts

Hyungjoo Kim', SeungdoYang', Chunghyeon Ban', Do Heui Kim'*

'Seoul National University

Due to its structural similarity with cellulose, alginic acid, a promising chemical feedstock obtained
from brown seaweed, could be converted into sugar alcohols in the same way as many studies have
done on cellulose using Ru based catalysts[1]. In this work, two types of metal loaded catalysts (Ni
loaded carbon, Ru loaded zeolites) were tested to identify the effect of metal species and acid
properties in catalytic hydrogenation of alginic acid. Despite of the structural similarity between
alginic acid and cellulose, catalytic conversion of alginic acid into hexitols were not possible via Ni
loaded carbon catalysts. Instead of obtaining sugar alcohol, selective production of 1,2,5—
pentanetriol(14.5% carbon yield) was possible. As tested with Ru loaded zeolite with different Si/Al,

ratio, no significant trends were shown between Si/Al, ratio and sugar alcohol yield.
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4898 (2017)

- 145 -



PB-03

,_ﬂ.ul
w
T
o

H]

t= Zleeldt. =l

°

o AT Holo}

(Plam Oi)=2E¥ Hfo]le

B4

[

Bope] 27ks AL 9

Hed

H

Al

C8~C15At0] €]

1

—

o

15

[e) =
s

=

71%¢1 ASTM D1566

Foct 2050

AME wdx 2 AuzRE 4A 3 &

=

H A

AR EE

49

bict. o15 Sistol

[

St At

1z dlojeE gtH

7

__01_

ol
i_.—u
_r_l

ol

A " FEshEen, 2,000 A7E o4l 7]

S|
=

ol
T0
Ho

B
ne

shsct.

[e)

Fag
- 146 -

°

g5

-

=
=

Hlo] AA PEe 9IF 24 A

J

A
=

&



PB-04

o

RES

myl

JEDERES

AHRA71, A

UST, 'KIST, *KIST, *KIST

= 9

St

235

E4A vrolemj2 o] ngg GEQ 2ladS A Al dm= Af

HE4r4 (Hydrodeoxygenation) ¥H-g-o] =

HzlEz 4

[

Al

)
—~

Ho

<

24

o ]

=
=

w7} %o

=
=

o

Nl

ted

[

=5 474

e 2d 35

A Fotolo}
o 924

oF
ar

o o

=
=

o]
S

5

= AAE A

gt

whe et

2 =
==

& olafsta 3

d

e

=
=

- 147 -



PB-05

Y A4 SHES 8% A5 ¥ 35t AlF AASeRt HA 9 A
AR 3z 79 F2
g2 2s, Yolx sold, §%

BAdsty sfstystat

Optimal design for fuel and chemical production using volatile fatty acid

platform: A superstructure—based approach

Rofice Dickson, Haider Niaz, Jay Liu

Department of Cheimcal Engineering, Pukyong National University

A novel superstructure is developed that uses volatile fatty acid platform (anaerobic digestion) to
produce mixed alcohols and mixed acids from macroalgae Saccharina Japonica. The main objective
of this study is to determine the optimal design of biorefinery from the given superstructure by
maximizing the net present value as well as minimizing the environmental impact of biorefinery by
the integration of carbon dioxide utilizing— and wastewater treatment— technologies. Microalgae
production processes as well as comprehensive wastewater treatment networks are integrated into
the process synthesis framework to improve the environmental performance of the manufacturing
process. Based on the superstructure, techno—economic mixed integer non-linear programming
model was formulated. The results indicated that biofuel production from macroalgae is
economically viable, at a minimum ethanol selling price of $1.18/gal. Furthermore, the optimal

design has achieved a 90% reduction in carbon dioxide emissions.
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Investigate pyrolysis characteristics and kinetics of @ —cellulose under effect of

loaded alkali and alkaline earth metals

Manh Linh Le!, Seung—Soo Kim!" and Jinsoo Kim?

"'Kangwon National University, “Kyung Hee University

Pyrolysis of lignocellulosic biomass under effect of loaded alkali and alkaline earth metals (AAEM)
have been reported by Feng et al. [1]. In structure of lignocellulosic biomass, apart from main
components including hemicellulose, cellulose, and lignin. There is a small amount of inorganic
materials such as potassium and calcium according to a study by Lenga et al. [2].

The primary purpose of this study is to examine the effects of AAEM on pyrolysis characteristics
and kinetics of a —cellulose, which has not been profoundly investigated. In order to investigate
pyrolysis characteristics and kinetics of « —cellulose loaded with AAEM, thermogravimetric
analyzer (TGA) and micro—tubing reactor were mainly employed. The decomposition of -
cellulose, which mainly occurred within 270 “C and 420 C at different heating rates (5, 10, 15,
20 “C/min), calculated apparent activation energy ranging from 167.36 kJ/mol to 331.88 k]J/mol at
the conversion of 5-95%. Those of apparent activation energy range of a —cellulose was lowered by
adding potassium and calcium on @ —cellulose with different weight loadings (0.1 wt% and 0.2
wt%). After series of pyrolysis experiments in micro—tubing reactor, it was found that the activation
energy calculated by product distribution was in correlation with the data obtained from TGA. The
reaction rate constant of pathway from a —cellulose to liquid showed the highest value (0.0796—
0.1223 min™") compared with that of pathway from a —cellulose to gas (0.0265-0.0362 min™!) and
that of pathway from liquid to gas (0.82x107~7.24x 107" min™"). AAEM loading on «a —cellulose
did not change this reaction mechanism, however, the reaction rate constants were higher than that

of a—cellulose.
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OPTIMIZATION DESIGN FOR MULTI-FEEDSTOCK SECOND AND
THIRD GENERATION BIOETHANOL SUPPLY CHAIN — A LOGISTIC
CASE IN SOUTH KOREA

Amin Zarei, Jay Liu™*

Pukyong National University, Busan, South Korea

Concerns with the rapid depletion of natural resources, oil crisis and greenhouse effects have
spurred interests in the development of biofuel industry. The first—generation biofuels which are
made from edible feedstock such as corn and soybean have now reached an economic level of
production. However, biofuel production from these resources has resulted in a series of problems
like subsequent surge in food prices and competition for arable land. To overcome such problems,
researchers have focused their efforts on fuel production from non-—edible energy crops. Using
second generation second—generation biofuels obtained from cellulosic and third generation biofuels

made from marine biomass (microalgae and macroalgae) is the one solution of this issue.

Thus, in this study we developed a mixed integer linear programing (MILP) model for strategic
planning of biofuel supply chain network, based on second and third generation, from feedstock
fields to end users that considers resource limitation, demand constraints, and technology over a
long—term planning horizon. The total objective function of this model is minimizing the total
annual cost of proposed supply chain by determining feasibility, size and distance of facilities in all
aspects including upstream (harvesting, pre—processing and storage), midstream (biorefinery) and
downstream (distribution to consumer). An application case study on Korea, confirms that the
proposed model is suitable for decision making to find the optimum method to meet the biofuel

demand.
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Process design and economics of Hydrogen productoion through hydrothermal

liquefaction of Saccharina japonica

Haider Niaz, Jay Liu

Department of Cheimcal Engineering, Pukyong National University

Our study provides a technoeconomic feasibility study for the industrial scale process design for H2
production via HTL using Aspen Plus V10 process simulator. The goal of simulation study was to
evaluate various industrial scale design cases in quest of minimum hydrogen selling price (MHSP).
Design cases were built to minimize the natural gas utilization and to enhance maximum heat
integration. Base case design with external utilities, Case 1: Combined heat, power and hydrogen
production (CHHP), Case 2: modified by using fraction of HTL product for combustion were
introduced. Hot oil system was introduced in the Case 1 and Case 2 as an effective element for
reducing the natural gas consumption. Combined heat, hydrogen and power production (CHHP)
was simulated using 480,000 kg/yr., of dry Saccharina japonica. Economical study revealed that the
Case 1 showed the lowest H2 price of 2.97 $/kg with an hourly production of 6659 kg/hr of H,.
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The characteristics and Correlation of odor and fine dust from grilling meat by

meat type

Seung Yeol Yu', Woo Young Yang', Jin Young Lee', Hyuk Jin Oh', Tae Ho Lee?,
and Hee wook Ryu'*
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Development of SF, and HFCs gases decompostion using DC plasma Torch in cemt kiln
Kyu Hang Lee, Tae Wook Kim, Pil Jung Kim, Soo Min Lee and Byung Koo Son*

Cheorwon Plasma Research Institute
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Process design and economics of Hydrogen productoion through hydrothermal

liquefaction of Saccharina japonica

Haider Niaz, Jay Liu

Department of Cheimcal Engineering, Pukyong National University

Our study provides a technoeconomic feasibility study for the industrial scale process design for H2
production via HTL using Aspen Plus V10 process simulator. The goal of simulation study was to
evaluate various industrial scale design cases in quest of minimum hydrogen selling price (MHSP).
Design cases were built to minimize the natural gas utilization and to enhance maximum heat
integration. Base case design with external utilities, Case 1: Combined heat, power and hydrogen
production (CHHP), Case 2: modified by using fraction of HTL product for combustion were
introduced. Hot oil system was introduced in the Case 1 and Case 2 as an effective element for
reducing the natural gas consumption. Combined heat, hydrogen and power production (CHHP)
was simulated using 480,000 kg/yr., of dry Saccharina japonica. Economical study revealed that the
Case 1 showed the lowest H2 price of 2.97 $/kg with an hourly production of 6659 kg/hr of H,.
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Modeling of CO, Solubility in Aqueous Solutions of MEA and AMP mixtures
Using Electrolyte~NRTL Equation

Bong—Keun Choi', Jong—Seop Lee!, Hun Yong Shin? Byoung—Moo Min**", Jong—Ho Moon'"

(bmmin@kier.re.kr, moonjongho@chungbuk.ac.kr)

'Chungbuk National University, Korea Institute of Energy Research, *Seoul National University of Science &

Technology, “Enertopia

The removal of acid gases from exhausted flue gas continues to be of considerable interest in not only
petrochemical industries but also other industries. Four kinds of alkanolamines has been used for CO,
absorption processes: primary (MEA), secondary (DIPA), tertiary (MDEA), steric hindrance (AMP) amines
and their binary mixtures (blended amines). Among them, MEA (monoethanolamine) has been widely applied
to gas sweeting processes because of high reactivity and low cost. Recently, AMP (2—amino—2-methyl-1-
propanol) are utilized as a stable amine for high CO, absorption capacity. In this study, equilibrium solubility
characteristics of CO,in MEA, AMP and their mixtures were evaluated by using newly obtained experimental
data and thermodynamic models. To consider the non—ideality, equilibrium constants and binary parameters
of activity coefficients have been regressed from experimental data. The Electrolyte—NRTL model, activity
coefficient model, are used to estimate interaction between solute species in the liquid phase. Calculation of

solubility and optimizations (parameter regression) were executed by using MATLAB® 2019a version.
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Oxidative Desulfurization of Marine Diesel Using WOx—ZrO, Catalysts and
Hydrogen Peroxide
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Study of Cardanol separation from Cashew Nut Shell Liquid (CNSL) Using

Vacuum Distillation
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Application of Porous silica Particles for Waste Water Treatment by Adsorption

Process
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Economic feasibility analysis for COx—free hydrogen production through

ammonia decomposition

Boreum Lee, Juheon Heo, Hyunjun Lee, Manhee Byun, Heehyang Kim, A Yeon Kim, Hankwon Lim’
School of Energy and Chemical Engineering, Ulsan National Institute of Science and Technology,
50 UNIST-gil, Eonyang—eup, Ulju—gun, Ulsan 44919, Republic of Korea

With significant concerns about global warming worldwide, CO,, which is one of greenhouse gases, has
received a lot of attention due to the major contributor to global warming. In particular, about 80% of the
anthropogenic greenhouse gas emissions are from CO, according to a report released by Intergovernmental
Panel on Climate Change (IPCC). In this context, Korea government has been trying to reduce greenhouse
gases by releasing ‘Renewable energy 3020 plan’, which includes the goal of an increase in the use of
renewable energy to 20% by 2030 and ‘H, economy activation roadmap’, which aims to accelerate H,
economy in Korea. Especially, H, has been regarded as a viable alternative to conventional fuels like coal, oil,
to name a few because of no CO, emission during a combustion. In this study, ammonia decomposition is
introduced as a COx—free H, production from renewables such as solar photovoltaic, wind power, etc. In
addition, economic feasibility analysis for this technology is performed by using various economic analysis
methods like itemized cost estimation, sensitivity analysis, and profitability analysis using a cash flow diagram

to make this technology economically competitive compared to other conventional ones .
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Highly Stable and Fine-Textured Hybrid Microspheres for Entrapment of

Cosmetic Active Ingredients

Ee Tack Hwang!”
'Center for Convergence Bioceramic Materials, Korea Institute of Ceramic Engineering &
Technology, Cheongju—Si, Chungcheongbuk—do, 28160, Republic of Korea

This study details the preparation and application of supramolecular host—guest inclusion
complexes entrapping biomineralized microspheres for long—term storage and their pH-responsive
behavior. The microspheres were assembled using a CaCO3 synthesis process coupled with
tetrahydrocurcumin—cyclodextrin (THC-CD) inclusion complexes, forming fine—textured and
mechanically stable hybrid materials. The products were successfully characterized using scanning
electron microscopy (SEM), energy—dispersive X-ray spectroscopy (EDS), Fourier transform
infrared (FT-IR) spectroscopy, X-ray diffraction (XRD), and particle size analysis (PSA). Various
parameters such as the Brunauer — Emmett—Teller (BET) surface area, single point total pore
volume, and pore size via adsorption/desorption analysis were also determined. The obtained
THC-entrapped hybrid microspheres contained as high as 20% THC loading, and were very stable,
preserving 90% of the initial concentration over four weeks of storage at different temperatures,
largely limiting THC leaching, and indicating high stability in a physiological environment. In
addition, the pH-responsive release of THC from the hybrid microspheres was observed, showing
potential uses for application to the weakly acidic skin surface. To our knowledge, this is the first
demonstration of anti—aging cosmetic formulation technology using biomineralization based on the
co—synthesis of CaCO3 and CD-THC complexes.
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of microplastics in landfill leachate,” Water Res,, 159, 38-45 (2019).
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Analysis of water quality change in Han River Basin
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Characteristics of co—combustion of wood pellet and sub—bituminous coal in a

pilot circulating fluidized bed combustor (CFBC)

Kyoungil Park!”, Jong—Min Lee', Dong—Won Kim', Byeong—Cheol Park!, and Gyu-Hwa Lee!
'KEPCO Research Institute

CFB combustion is an eco—friendly technology using a wide variety of low—grade coals, biomass,
and waste fuels [1,2]. The operation temperature of a CFB boiler is lower than that of a pulverized
coal (PC) boiler, more effectively co—firing high ratio of wood pellet. Co—firing high ratio of wood
pellet with sub—bituminous coal was performed on a pilot circulating fluidized bed combustor
(CFBC). In this study, combustibility and emission of pollutants were investigated to provide useful

information for the attempt to co—fire in a commercial CFB boiler.

s

ki

1. Lockwood, T., “Techno~Economic Analysis of PC Versus CFB Combustion Technology”, CCC/226, IFA Clean Coal Centre
(2013).

2. Basu, P., “Circulating Fluidized Bed Boilers — Design, Operation and Maintance”, Springer International Publishing
Switzerland (2015).
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A Study on the Recovery Process Technology for the Resources of By—products

in Cement Manufacturing Process

Byung Hyun Park*!(grapeman77@hanmail.net), Seong Hyun Jo', Hae Gi Kim',
Ju Yeol Lee'?, Jin Sic Choil,?
'Technology Insitute, ANYTECH Co., Ltd.
“Dept. of Applied Environmental Science, Kyung Hee University
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1. 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.]. H. Al-Rifai, H. Khabbaz, A. L. 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 Fxamination of Water and Wastewater, 20th ed. American Water Works Association,
Washington, DC. (1998).
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Long time performance test for the operational reliability of

high pressure powder feeding system
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Institute for Advanced Engineering(IAE), “Seintec Co., Ltd.
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Catalytic co—pyrolysis of cellulose and linear low—density polyethylene over

MgO impregnated catalysts having different acid—base property

Hae Won Ryu', and Do Heui Kim'*

'Seoul National University

Catalytic pyrolysis can be applied to upgrade the quality of pyrolysis product. In addition, the co-
feeding of hydrogen sufficient plastics can increase the yields of aromatic hydrocarbons and calorific
value of bio—oil[1]. Among various kinds of catalyst applied to the catalytic pyrolysis of biomass
and biomass/plastic mixture, zeolites are known as the most efficient catalysts for producing
aromatic compounds due to their proper shape selectivity and high acidity. Compared to zeolites,
base catalysts are more resistant on the deposition of alkali metals to the catalysts. In addition, base
catalysts prefer to form CO, instead of CO and H,O formation than acid zeolites, suggesting the
increase of carbon and hydrogen contents in product oil also by using base catalysts[2]. Especially,
MgO is known as a cost—effective alkali metal which can decrease the corrosiveness of bio—oil by
converting acids to ketones[3]. In this study, catalytic co—pyrolysis of cellulose and linear LLDPE
over different MgO loaded catalysts (Bulk MgO, MgO/C, MgO/Al,0;, MgO/ZrO,) were
investigated to know the effect of different supporting materials of MgO on the production of

value—added bio—oil.

FaEd

1. Lee, H.W., Kim, Y.M., Jae, J,. Jeon, J.K., Jung, S.C., Kim, S.C., and Park, Y K., “Production of aromatic
hydrocarbons via catalytic co—pyrolysis of torrefied cellulose and polypropylene”, Energ. Convers. Manage.,
129, 81-88 (2016).

2. Stefanidis, S.D., Karakoulia, S.A., Kalogiannis, K.G., Tliopoulou, E.F., Delimitis, A., Yiannoulakis, H.,
Zampetakis, T., Lappas A.A., and Triantafyllidis, K.S., “Natural magnesium oxide (MgQO) catalysts: A

cost—effective sustainable alternative to acid zeolites for the in situ upgrading of biomass fast pyrolysis oil”,
Appl. Catal. B-Environ., 196, 155-173 (2016).

3. Khromova, S.A., Smirnov, A.A., Selishcheva, S.A., Kukushkin, R.G., Dundich, V.O., Trusov, L.I., and
Yakovlev, V.A., “Magnesium—containing catalysts for the decarboxylation of bio—oil”, Catalysis in
Industry., 5, 260-268 (2013).
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Operation characteristics of the 20 ton/day scale pressurized

powder feeding system
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Eco—friendly Pretreatment and Recycling of Ti Scraps by Steam Cleaning

ikwang Chae, Jung—Min Oh, Jae—Won Lim’ (jwlim@jbnu,ac kr)
Chonbuk National University
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Fig. 1. Flow diagram for preparing Ti alloy ingots.
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Eco—friendly Recycling of Inconel 718 Scraps by Hydrogen Plasma Arc Melting

Dosung Lee, Jung—Min Oh, Jae—Won Lim*(jwlim@jbnu,ac.kr)
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Development of large—area OLED metal mask by electroforming process

Kwangsun Huh'*, Younghan Bae2
'Department of Advanced Materials and Chemical Engineering,
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Fig. 1. SEM micrographs of large-area OLED Metal maskt
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Regeneration of Eco—friendly ABC Powder Extinguishing Agent Using Waste
Extinguishing Agent
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Application of Highly Crystallinity N-doped Graphene Flake Synthesized by
Arc Discharge to Energy Storage Material
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1. Li, N. et al., “Large scale synthesis of N-doped multi-layered graphene sheets by simple arc discharge
method,” Carbon 48, 255 (2010).
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Gelatin—sodium alginate based films with Pseuderanthemum palatiferum (Nees)
Radlk. freeze—dried powder obtained by subcritical water extraction:

antioxidant activities and physical properties
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Department of Food Science and Technology, Pukyong National University, 45 Yongso—ro Namgu, Busan, 48513, Republic of Korea
Interdisciplinary Program of Biomedical Mechanical & Flectrical Engineering, Pukyong National University, 45 Yongso—ro Namgu, Busan,
48513, Republic of Korea

2Center for Marine-Integrated Biomedical Technology (BK21 Plus) Pukyong National University, 45 Yongso—ro Namgu, Busan, 48513,
Republic of Korea

3 Department of Biomedical Engineering, Pukyong National University, 45 Yongso—ro Namgu, Busan, 48513, Republic of Korea

Abstract

In the present study, composite films containing gelatin—sodium alginate (GSA) and
Pseuderanthemum palatiferum (Nees) Radlk. freeze—dried powder (PFP) obtained by pressurized
water extraction were fabricated. Film—forming solutions were blended with different PFP
concentrations (0%, 0.5%, 1.0%, 1.5%, 2.0%, and 2.5%). Physical properties and antioxidant
activities of the films were investigated. The results show that the total phenolic content (TPC)
increased with the increase in PFP, and the highest value of TPC was obtained with the film
containing 2.5% of PFP (9.64 + 0.25 mg GAE g film). Similar to TPC, the highest percentage of
2,2—diphenyl—1-picrylhydrazyl (DPPH) scavenging and ferric reducing antioxidant power (FRAP)
assay (71.09 + 2.43% and 145.3 + 3.56 mM TE g™ film, respectively) was obtained with the film
containing 2.5% of PFP. The moisture content (MC) of films was not significantly different. Water
vapor permeability (WVP) tends to decrease with the increase in PFP; however, water solubility
(WS) exhibits the opposite trend with WVP. Regarding mechanical properties, tensile strength (Ts)
increased; however, elongation at break (EAB) showed a reducing trend with the increase in PFP. In
addition, fourier—transform infrared spectroscopy (FTIR) shows the interaction between gelatin and
phenolic compounds from PFP; from the obtained results, composite GSA films blended with PFP
can be potentially applied in food packing field.
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1. Dou et al, “Physical properties and antioxidant activity,” Int. J. Biol. Macromol, 118, 1377-1383 (2018).
2. Yujia Zhao et al., “Use of potato by—products,” J. Supercrit Fluid, 143, 97-106 (2019).
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4. Hela Kchaou et al., “Enhancement of structural, functional and antioxidant,” Food Hydrocoll, 83, 326~
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ACTIVITY FOR THE COUPLING REACTION OF CO, WITH PROPYLENE OXIDE
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Synthesis of cyclic carbonate from CO, and alkylene oxide is one of the best environment—friendly
technologies that can convert CO, to valuable chemicals. Among the various catalyst system for the
reaction, zinc halide combined with ionic liquid was known to have best catalytic activity.
However, this homogeneous catalyst system also catalyze the reverse reaction, decomposition of
alkylene carbonate to CO2 and alkylene oxide, during the distillation of product after the reaction.
In this study, we shows a simple and easy method that can immobilize zinc halide on the polymer
resin. 4 kinds of zinc precursors, ZnCl,, ZnBr,, Zn(OAc),, and Zn(NO,),, were reacted with
chloride ion exchange resin (IER) and used them in the coupling reaction of CO2 with propylene
carbonate. Among the synthesized catalysts, ZnBr2—-IER showed the highest activity; 74.3% PC
yield at 80 C, 27.6 bar of CO, for 2 h. The catalytic activity was maintained during 5 times reuses.
The fresh and used ZnX,-IER were characterized by FT-IR, XRF and ICP-OES to understand

the catalyst structure and deactivation tendency.

Keywords: Propylene carbonate; Carbon dioxide; Ion exchange resin; Heterogeneous catalyst; Zinc complex
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Photosynthetic oxygen evolution as an alternative endpoint for the rapid

detection of heavy metal-induced toxicity in water using micro—algae bioassay

Fida Hussain, Heon Seop Eom and Sang Eun Oh*

Kangwon National University

The growth inhibition tests are mostly employed for standard algal toxicity detection over 48 to 96 h exposure
time. The toxicity assessment using microalgae is also achieved by various endpoint measurements like mortality,
photosynthetic activity, chlorophyll content, enzymatic activity, cell density, and phosphate uptake. Recent
research has paid significant attention to the exposure time of toxicity test and endpoint. The aforementioned algal
toxicity test usually takes 3—4 days of exposure time and laborious work involved to measure these endpoints
parameters. During the last decade microalgae toxicity test based on photosynthetic activity has been shown to be
an effective method to assess the toxicity of toxicant. The used methods detected phosphate uptake, fluorescence
induction and 14C assimilation which are quite sophisticated. Therefore, there is a need for an alternative endpoint
measurement to eradicate the sophistication and laboriousness involved in the assessments methods and shorten
the required time in the toxicity test. In the present study, we described a simple and rapid toxicity assessment
procedure using photosynthetic oxygen evolution as an endpoint measurement to determine the heavy metal—
induced toxicity. The exposure of heavy metals to micro algae has been conducted in a closed system and oxygen
evolution has been measured over 12 hours exposure time. The toxicity of mercury, silver, cyanide, copper,
cadmium and hexavalent chromium were assessed. The effective concentration for the inhibition of 50%
population inhibited were determined based on photosynthetic oxygen evolution. 1.02, 1.19, 0.46, 3.2, 7.5 mg/|
concentration of mercury, silver, cyanide, copper and cadmium were obtained EC50 for microalgae (Chlorella
Vulgaris) over 12h exposure. Hexavalent chromium showed 10.6 mg/L EC20. The toxicity were compared as
decreasing manner as cyanidey mercury) silver) copper) cadmiumy hexavalent chromium. Results showed that
the measurement of photosynthetic oxygen production as an endpoint toxicity test is an alternative to the standard

algal toxicity test, since it allows rapid and quantitative measurement of toxic stress imposed on algal cells.

- 182 -



PB-40

EF] ABgEA F2 54 9+

A study to determine the surfactant adsorption characteristics of soil

Ju—Hyeok Kwon, Byong—Hun Jeon™*
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The amount of surfactants utilization determines the surfactant enhanced aquifer remediation (SEAR)
efficiency due to their economic feasibility. Surfactant recovery and reuse methods have been studied by
addressing the presence of surfactant in effluent from the polluted zone. Several parameters interfere the
recovery efficiency of surfactants. Surfactant losses are caused due to the reduction of permeability in porous
media such as clay bearing sandy aquifers and adsorption onto surface of the soil particles. Tween 80, a
nonionic surfactant was applied in this experiment for their environmental degradability, low cost, and low
toxicity on soil microorganisms, compared to other nonionic surfactants. The experimental surfactant
concentrations was determined according to the critical micellar concentrations (CMC). The surfactant
adsorption capacity of sand and clay was compared and both fitted to the Freundlich adsorption isotherm
model, indicating surface heterogeneity and the exponential distribution of active sites of soil. Tween 80
showed two times higher adsorption capacity (Ky) on clay than sand. The adsorption capacity of sand was
lower in the concentrations above CMC. Therefore, maintaining a concentration of Tween 80 above CMC in
the contaminated zone could be preferable for better recovery. More studies are required focusing on bonding

process in soil-water systems.

Keywords: surfactant, recovery, adsorption, soil
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1. Bartholomew, C. H., “Carbon Deposition in Steam Reforming and Methanation,” /. Catal Rev. Sc. Eng., 24, 67—112
(1982).

2. Rostrup—Nielsen, J., “Trimm, D. Mechanisms of carbon formation on nickel-containing catalysts,” /. Catal, 48, 155—165
(1977.
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An water vapor effect of potassium—based dry sorbent for Deep SO, Removal

Ho Jin Chae, Soo Chool Lee, and Jae Chang Kim* (kjchang@knu.ac.kr)
Kyungpook National University

The regulation of air pollution is becoming more stringent around the world. Sulfur dioxide
(SO,) is a major air pollutant that is produced by oxidation of sulfur—containing compounds. FGD
(flue gas desulfurization) is one of the typical SO, removal processes used to control emissions of
SO, from the combustion of fossil fuels. However, typical FGD processes require large amounts of
water, and further treatment of the resultant wastewater is also needed. In particular, the
desulfurized gas, which was outlet gas from the typical FGD processes, contains a little amount of
SO, due to the removal efficiency ({95%). One of the improved techniques for the removal of SO, is
chemical sorption using the dry sorbents. Although the dry sorption technology has many
advantages, unfortunately, it requires high temperatures, ranging from about 250° C to 475° C,
meaning it requires large amounts of energy to function effectively. In particular, total SO, sorption
capacities of these dry sorbents are less than 100 mg SO,/ g sorbent.

In this study, the SO, sorption properties of potassium—based dry sorbents, prepared by
impregnation of various supports with potassium carbonate, were investigated at the various water
vapor concentrations with a level of 5000 ppm of SO, at 50° C. The structural characteristics of the
sorbents before and after the reaction were studied with the aid of X-ray diffraction (XRD).

As the results, the potassium—based sorbents showed an excellent SO, sorption capacity of
about 310 mg SO,/g sorbent in the presence of water vapor even at low temperature (50° C). And
the water vapor plays an important role in the enhancement of the SO, sorption performances. It
was concluded that alkali metal-based dry sorbents can be used for the deep SO, removal at low

temperatures (between 30° C and 60° C).
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The effects of NH,/NO ratio in SCR for scale—up

Hyo Sik Kim!, Suk Hwan Kang'*, Jae Hong Ryu', Jin Ho Kim', Ji Hyun Kim!

'Institute for Advanced Engineering

Fine dusts can be divided into direct emission and secondary emission. In case of direct emission,
fine dusts discharge from the source of pollution such as vent stack, as solid phase. On the other
hand the secondary emissions occur fine dust with next 2 steps. First, exhaust gas(such as NO,,
SO.,...) discharge from source of pollution as gas phase. Second, exhaust gas(SOx, NOx...) combine
with steam, ozone, ammonia in atmosphere via chemical reaction and it produce fine dusts. The
secondary emission is more important than direct emission, because amount of fine dust generation
of secondary emission is much higher than direct emission.

In this study, we proceeded SCR(Selective Catalytic Reduction) in tubular fixed bed reactor with
commercial honeycomb catalyst. We changed NH,/NO, ratio for maximized performance of NO,
conversion and minimized performance of NH; slip. To similar the operating condition of
commercial SCR plant, we added O, and H,O into reactor. As a results, we achieved over 90% NO

conversion in NH;/NO ratio = 0.87 with under 1 ppm NHj slip.
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The study of Co—Fe—MgO sorbent for Residue Fluid Catalytic Cracking process

Chul Ho Lee!, Ho Jin Chae!, Soo Jae Lee?, Soo Chool Lee?, and Jae Chang Kim!"
'Kyungpook National University, “Korean Intellectual Property Office, *Research Institute of Advanced
Energy Technology (KNU)

In this study, we designed MgO-based sorbent for RFCC (Residue Fluid Catalytic Cracking)
process. For this process, it is critical that the sulfur removal capacity and regenerability of sorbent.
The sorbents are prepared by co—precipitation method, Fe, Co and Cu were added as a promoter
with MgO. Among them, the Fe-MgO and Co-MgO showed noticeable regeneration properties
and sulfur removal capacity each. In order to maintain both sulfur removal capacity and
regenerability of sorbent, the Co—-Fe—MgO were investigated. In case of this three component
sorbent, the formation of MgFe,O, cause the decrease of sulfur removal capacity reducing the active
MgO phase. In order to enhance the sulfur removal capacity, Co-Fe-MgO were prepared by the

modified co—precipitation method and showed high capacity and regeneration properties.
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Desulfurization Technology of Hydrocarbon Fuels

Suk-Hwan Kang', Jae—Hong Ryu', No—Kuk Park?

"nstitute for Advanced Engineering (IAE), *Yeungnam University

NGe} LPGoF &2 ©&slra Azl e-iEol e Fot=(F A AAE St avbael 48
7l€2 Co~Mo/ALO; EE= Ni-Mo/AlL,O; FUlE ARgste] 40 VM-S Fo Fofdes

H,S2 Agst & ZnOR AAsh= Y% (hydrodesulfurization, HDS)e] @2 &=&A4 Ut} =
°] NGofl&= TBM(Tert—butyl-mercaptan)+THT (Tetrahydrothiophene)7}, LPGoll&= DMS(Dimethyl
sulfide) +tEMS(Ethylmethyl sulfide) +TBM7} &-3-% o] ST},

s, HDSet 97 ool FoEEES AAT 4 Qe Algeels, B48 5o S50 7
H g, £ Al ol BAE AAZ LR o9 - el sl 2AstuA
.

- 197 -



PB-54

Labscale 28-8-520]0] Asjde] £5o} 9] M A4S WIsA
g, AW, o4

_H_
T AATE A7 AATFA

Characteristics of nitrogen—oxide formation in the Lab—scale CFBC System by

the types and methods of injection of oxidizing agent
Young—Kon Choi, Min—Kyu Jeon, Chung—Kyu Lee, Sang—In Keel and Jin-Han Yun*

Korea Dept. of environmental Machinery, Korea Institute of Machinery & Materials

Recently, oxy—fuel combustion has attracted attention as a promising CO, reduction technology in
the field of thermal power plant. This technology uses the fuel with pure O, and recirculated
combustion gas to obtain a gas containing a high concentration of CO,. The combustion gases
produced at oxy—fuel combustion process consist of high concentrations of CO,, moisture, nitrogen
oxides, sulfur oxides, and other combustion byproducts. NO, is a representative air pollutant in
combustion gases that has a detrimental effect on the environment and human [1]. NO, emitted
from pure oxy—combustion is known to be up to 80% less than air combustion. Since N,
participating in the combustion reaction is eliminated by using pure oxygen, the amount of NO,
generated in combustion is remarkably low. Nonetheless, more effective NO, abatement techniques
have been explored in the oxy—fuel combustion to deal enhanced environmental regulations and
improve the efficiency of the CO, storage process. The NOx reduction method is divided into a
primary reduction method and a secondary reduction method. The first reduction method is a
method to suppress the NO, production by controlling the operation parameters of the combustion
furnace. The secondary reduction method is to converts or captures NO, by applying a specific
technique to the flue gas flow. In general, the second reduction method requires a separate device or
additive, which is disadvantageous in terms of cost compared to the first reduction method, but the
NO, reduction performance is excellent. Typical secondary reduction methods include selective
catalytic reduction (SCR) and selective non—catalytic reduction (SNCR).

In this study, the second NO, reduction method was applied to an oxy(or air)—combustion
circulating fluidized bed. During the combustion operation, the variations of the flue gases
composition according to combustion temperatures (800-950 ° C) were observed. And, the applied
secondary NO, abatement method is only SNCR method. As an experimental parameters, the

injection methods of oxidizing agent and the change of NSR (NH3/NO) were applied.

EZJ_(‘

=

1. Environmental Protection Agency, National Center for Environmental Assessment—RTP Division, EPA/600/R—08/082F (2008).
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Performance evaluation of NOx storage—desorption at low temperature using
Al,0;—-CeO, hybrid support material
Hyung Jin Yoon, Hyun Wook Kim, Ki Bong Lee
Korea University
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Sto] AEH NOx7F 7|2 siEEW QAo AFgAe= =& #9 ofyet 4HJHlE TEL
535 uAHz] A el A folstry] diZol AFsAtelA HiEE= NOo et A17F AlA
Aoz Hap st Qo FAE w57 Hsl AsAte]l AR = NO, 43t 422+ Lean—
NO, trap (LNT)#} Selective catalytic reduction (SCR) 5©°] AT, Fuj Ag 2|7} FE25] 12
of =Estz] 2 £ (cold—start) oA+ At FHi7t Al A& & 4 §I7] "ol NOHIET
o] opith wEtA A2 ZHoA NOE AFstal Fwf &4 2&oA NOE &Y 4+ Ue
S# A5 (Low temperature NO, adsorbent (LTNA), Passive NO, adsorber (PNA) 5of that A
7 ZPE 2 Qlek. o|fl Aol LNT FuiE 7|Hhe= sho] 2o 9] NO 4Fet 58& £3
AN71e 975 HYstt. SupportZ2 AFHEEE ¥ —ALOSE CeO,8F F35te] oxygen storage
capacity (OSC)E S7HA7]1a, F714Q1 o] &4 2 platinum group metals (PGM) 9] U &
off Al T8 B2 =& 28 fEoh SERA Y x4 E"qﬂr 7% FE2e A4 X-ray 2
B A4 52 BAS 5o Y5ttt §2-s2 quartz flow reactoret
A71E ARESte] ot ZAE 18 Axtetlon, 1 AR 25 T &%
d desorption)& HAloto] &2 2L & 2RIt
FAS skt

1—-__— [e)
A (X-ray diffraction)
ol AiAbeE 74
| w2 22 B4 (Temperature programme
of o] e 2%

of whE
3t H,-TPRE

- 199 -



PB-56

Iron oxide—promoted V,0,—~WO,/TiO, catalysts for the selective reduction of
NO by NH;: Effect of iron oxide loading

Thi Phuong Thao Nguyen, Ki Hyuck Yang, Moon Hyeon Kim*
Daegu University

It has been shown that the presence of Fe,O; into V,0s/TiO,~based catalysts can greatly depress the
formation of N,O in NH;—SCR reaction at high temperatures. Therefore, in this study, we have impregnated a
V,05,-WO,/TiO, catalyst with different amounts of Fe,O; and have investigated the effect of Fe,O; loading
on NH;-SCR reaction. X-ray diffraction (XRD) measurements suggest that even at a high content of iron
oxide, there is no formation of crystalline Fe,O; species in the catalysts. This is supported by Raman results
which disclosed that the surface iron oxides have two—dimensional, non—crystalline molecular structures.
Fe,O;—promoted V,0s/TiO,~based catalysts exhibited lower N,O levels compared to the unpromoted one,
regardless of iron oxide content. Catalyst samples with high iron oxide contents showed a somewhat better
depression of N,O formation and this may be due to the coverage of Fe,O; over N,O production active sites.
However, all Fe,O;—promoted V,0,/TiO,~based catalysts revealed a lost in high temperature deNOx activity
which is mostly because of the oxidation of NH; into NO.

120
B 9
g c
c o
° 2]
b1 @
g g [
8 8
“9_.. & 40
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Figure 1. Changes in N,O formation and NO conversion at chosen temperatures as a

function of Fe,O; content.
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A Study on NOx Emission in the NSP Cement Kiln Calciner Process

Chul Seoung Baek!, and Jun Hyung Seo', Jin Sang Chol, Kye Hong Cho'*

'Korea Institute of Limestone and Advanced Materials
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1. Garrett, H. M., “Precalciners Today—A review”, J. Rock Products, 39-61 (1985)

2. Suh. H. S., “Advanced New Process Development of Two Stage Swirl Calciner”, The Korean Journal of Ceramics, 5(3),
296-302 (1999)
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Fabrication and Characterization of Water Repellent Fabrics with Chemical

Resistance and Flame Retardancy

'In Kyu Paik, ?Cheol Su Chae, !"Jae Hyung Park

'Eun Ji Kim,

!Seon Yeong Gwon,

'Korea Institute of Footwear & Leather Technology, “Busungtextec Co., LTD.
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Development of Porous Carbon Mircosheet Derived from Packing Peanut for

CO, Capture

Hyung Jin Yoonl, Seok-Min Hong2 and Ki Bong Leel*

'Korea University, “Korea Atomic Energy Research Institute

Highly porous carbon microsheet (CMS) for CO, capture was prepared by carbonization and
activation of a waste packing peanut, amount of which has been keep increasing. In this study,
porous CMS were prepared by different activation methods, physical activation using CO, and
chemical activation using KOH, and the effects of two activation methods were investigated. KOH
activation showed better promise when compared to CO, activation, successfully producing highly
microporous carbon structure with higher carbon yield. Textural properties such as a specific
surface area and a total pore volume increased proportionally with the mass ratio of KOH/C due to
the development of porous structure and enlarged pore size within the carbon. Among the samples
tested, the highest CO, adsorption capacities of 6.51 mol kg™' at 0 *C and 4.07 mol kg™ ' at 25 " C
were obtained with the KOH/C ratio of 3 (CMS-K3). In addition, it was noteworthy that CO,
adsorption uptake was significantly dependent on the volume of narrow micropores with a pore size
of less than 0.8 nm rather than the specific surface area or the total pore volume. CMS-K3 also
exhibited excellent cyclic stability, good CO,/N, selectivity, fast sorption kinetics, and low heat of

adsorption, inducing promising adsorbents for CO, capture process.
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Preparation of the Egg—shell-type Ni/MgAl,O, Pellet Catalyst for
Steam Methane Reforming: Application of Home—made Pellet and Comparison
with Commercial Catalyst

Yeon Jeong Yu', Eunkyung Cho', Dasom Park! Hyun Oh', Kun Woo Kim', Chang Hyun Ko'*

'School of Chemical Engineering, Chonnam National University
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1. Xu, J., and Froment, G. F., “Methane steam reforming: II. Diffusional limitations and reactor simulation”, AIChE J., 35, 97-103
(1989).

2. Cho, E. H. et al,, “Preparation of egg—shell-type Ni/Ru bimetal alumina pellet catalysts: Steam methane reforming for
hydrogen production”, International J. of Hydrogen Energy, 42, 18350-18357 (2017).

3.Kim, Y. et al., “Preparation of Ni-based egg—shell-type catalyst on cylinder—shaped alumina pellets and its application for
hydrogen production via steam methane reforming”, Intemational J. of Hydrogen Energy, 44, 5314-5323 (2019).
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Main Product Application

- Flow Cell Type Ultrasonic

- Bio-Diesel
- Large scale Sonotrode Ultrasonic » Food Extraction
i i - Homogenizing
- Inline type Ultrasonic Treatment System . Mixing
- Batch type Ultrasonic Treatment System - Dispersion

Recirculation Agitation

| Heating / Cooling |
System

MIRAE ULTRASONIC TECH. CO.
14502 A7 §HA| §0|F WM 655 8 ME|3 L 013 4025 1101%
T 032-234-6661 / F 032-234-6663 http//www.msonic.co.kr







