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Organizer P& w4 (ftgdhist), Asel wa (FASTW)
o =h
ZH&F: Rahul Kumar (Hanyang University)
09:30 (25" (CT-01) Removal of Pharmaceutical and Endocrine-Disruptive Compounds by use
Keynote of Phenyl-Functionalized Magnetic Palm-Based Powdered Activated Carbon
Min Jang (Kwangwoon University)
09:55 (15" (CT-02) Improving bioavailability of fruit wastes using organic acid: An
Elgt! exploratory study of biomass pretreatment for fermentation
Shouvik Saha, Hoo Kim, Byong-Hun Jeon (Hanyang University)
10:10 (15" (CT-03) Bioelectrochemical system based regulation of 3-hydroxypropionic acid
Elgy production using recombinant Klebsiella pneumoniae L17
Changman Kim!, Mi Yeon Kim!, Byong-Hun Jeon? Jung Rae Kim' ('Pusan
National University, ?Hanyang University)
10:25 (15" (CT-04) Pig Manure Wastewater Treatment Using Autothermal Thermophillic
ShAY Aerobic Bacteria and Calculation
Se-Young Lee, Umesh Ghimire, Sang-Eun Oh (Kangwon National University)
10:40 (15" (CT-05) Microbial fuel cell (MFC) performance at different relative humidities in
ShAR the cathode
Mun Gyu Lee, Ramesh Kakarlal, Booki Min (Kyung Hee University)
10:55 (10" Coffee Break
A} Jung Rae Kim (Pusan National University)
11:05 (20" (CT-06) Geochemical interaction between iron cyanice species and soil mineral
Keynote phases
Rahul Kumar, Jeong-Yun Jang, Byong-Hun Jeon (Hanyang University)
10:25 (15" (CT-07) Nutrient removal and simultaneous electricity generation from leachate
ShAR wastewater using an algae assisted cathode microbial fuel cell
Hai T.H. Nguyen, Ramesh Kakarla and Booki Min (Kyung Hee University)
11:40 (15") (CT-08) Metal-free Cathodic Catalyst for High Power Density in Microbial Fuel
ShAl Cells
Young Eun Song!, Seunghyun Lee?, Changman Kim!,6 Jinwoo Lee? Jung Rae
Kim'! (‘Pusan National University, POSTECH)
11:55 (15") (CT-09) Enhanced degradation of levofloxacin by a freshwater microalga,
AR

Scenedesmus obliquus and its metabolic fate

Jiugiang Xiong, Byong-Hun Jeon (Hanyang University)
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09:30 (30')  (CT-10) =YUA| CO, 7HZd<tn} Oj2) MErels LXA HEHY
Keynote o)A ol (KAIST)
10:00 (20')  (CT-11) ME AA0A HiO|ROjA ESAE ¢t A4 £ U 2| A £4 HI}
AE . ol &=, oA, E, g, ¥ (A=A )
10:15 (15')  (CT-12) A study of low-rank-coal drying in the pressurized flash drying
sy ol el ARl Alslg], o]g3, ojAlE (A&EHet)
10:30 (15')  (CT-13) CoTiO; AMATE UKo EH #AM
sl g5l o|FA, dad, &2, &4W (AE5dEw)
10:45 (15" Coffee Break
A7 RYE WAL (1571447
11:00 (30')  (CT-14) E{Qt IGCC 7|& 70y &g U MY
Keynote AEE (MEEA)
11:30 (20")  (CT-15) 28 7IA3}E 0| 8%t 7+ st 3de| AAd E7t
oA E, Te AAE (HEChSt)
11:50 (20')  (CT-16) Pressurized Drop Tube ReactorS 0|23t MEF 7}ASE EM 3
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N s"z29 7|4 11

Organizer 748 ¥MA} (B3] 579)

o

A 248 A (G| A )

09:30 (20" (CT-17) Platform Chemicals from CO, and Biomass
Yong Jin Kim*!| Duy Son Nguyen?, Cong Chien Truong?, Dinesh Kumar
Mishra'! (Green Process Material Research Group, Korea Institute of
Industrial Technology (KITECH),! Graduate School, Korea University of
Science and Technology (UST))

09:50 (20')  (CT-18) LI=EtAE 0|8% flloj2{E HXIAX} S8
O|Al& (Fh=rataf A+ C-Atd S/ dAAH)

10:10 (20" (CT-19) Analysis of Molecular Markers and Their Application in Vulnerable

Keynote Ecosystem under Climate Change
Hyeong Cheol Park (Division of Ecological Conservation, Bureau of
Ecological Research, National Institute of Ecology (NIE))

10:30 (20')  (CT-20) 2050 91 Q7 F71 MAF Ael7f? : 22 = FEIX|F0| X|&£7ts
YHS AT HHIEI|=
DS (S PTSA+Y AEA| A5t AFAlE)

10:50 (10" Coffee Break

11:00 (20" (CT-21) HIO|QO{AZHE EiSl+A AR MA
stE, MRt Ags!? (tRaeredd AoUAAAE, ‘ot ed
Sojstdisty)

11:20 (20") (CT-22) Butyric acid production from lignocellulosic biomass and macroalgae by
Clostridia
Agel? opFn! (SrEwebrled7Yd ARYAURAFAE, ‘atshr| e AT ohsrd)
Shal)

11:40 (20')  (CT-23) HIO|23}tH|Z W4kS et 7|s70E MY 7IX A& XZH 2240
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IPN| 20169 9¢ 299(&), 13:30 ~ 16:15
R SHE=29 07ta
Organizer — U3tH w= (72 dishw)
m2
A A9 54 (P7HEL0E)
13:30 (30')  (CT-24) Thermococcus onnurineus NA1S 0|88t 4 MiJ|=
Keynote ojstz (mFArdatetA )
14:00 (15')  (CT-25) S™ERALE flet A s=F FEsH MEL =24 Ho
ShAl Boris Brigljevic, & (3730jstw)
14:15 (15')  (CT-26) Hexanoic acid25.E| ketone= MM5t7| 2%t zirconia aerogel ZUIEM A
ahAY k=
olgs'? ASA HAS, Y olFel (BRueEATY, ‘At )
14:30 (20')  (CT-27) Mt SIHLTO|A HIO|OjA A E 9T HHES REEA £ Hn &
M
S|
ol MERF’, olxf&!, ! wre! gl A’ U’ (‘rRAA| AT
A, AF) FRHIAEZA)
14:50 (20" Coffee Break
A 83 14 (RdE)
15:10 (30')  (CT-28) E|g2 A Metd |RUX LS ¢ Mg CfEZ HZ2ME0| ciet
Keynote Med 2o U FESHE Mo HE
e (dddst)
15:40 (15")  (CT-29) HIO| 0|4 X| ‘H4t2 2T H SHIZF Yt XY ¢
ah HeAl, SR, oldF neA’, YR, W9a (Fudsta, AEgetnset
i)
15:55 (20") (CT-30) Pyrolysis of Brown Alga Saccharina japonica after Water Washed

Pretreatment in a Bubbling Fluidized-bed Reactor
AR Q8 ARLY Ae4? (Zdoistn, etistn AP AT,

e, ‘Aslhsti)
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N sH=29 /A 1
Organizer oMY & (UeE3otr]|=)
o Ich
A ol 57] B (F=estAld s R A T-Y)
13:30 (30')  (CT-31) Development of air cooling type Megasonic for wafer cleaning
Keynote Ao, o, A (=749 +<)
14:00 (30')  (CT-32) TS HEHOIM2| MEHLH S| xZu} ZE=HS0 2tet A
oMY (iEem]s)
14:30 (30')  (CT-33) M7|HXE flux X defluxing #OIZ 7H'L
Addst st (F)EidA27)
15:00 (20" Coffee Break
2 ol dix (DRI ]e)
15:20 (30')  (CT-34) ZMF MHEE x=ZL7ia HsHol=2+ CHHMIFEA L 7H2o] 2t A7 o
‘g1t
olF7] (Fr=etsteTATALY)
15:50 (30)  (CT-35) XEA MEH| Solution A|O|Z 7HE
odE (He7le)
16:20 (30") (CT-36) A Study on the Synthesis of Phosphate ester-type Surfactants and its

Application of their Oil Cleaning Ability and Metal Corrosion Resistance

712 Ho Lim, Seungmo Yang, Jacheum Bae! (YA1Aulstsl [(Z)Ef P A AA)
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09:30 (30')  (CT-51) cop21 mE|FHE MIIFHH o|F 7|FHICHE ErLTES HHFYI|E

Keynote (Mineral Carbonation Appropriate Technology for Climate Change after Paris
Agreement in COP 21)
QLR|SE (FHRAI ALY A7)

10:00 (20" (CT-52) Coal Fly Ash Residues with Heavy Metals (Hg): The Toxic Threat to
Human Health and Environment
Thenepalli Thriveni, Ch.Ramakrishna!, Ji Whan Ahn(3F=A]AAFI ALY, 'SHUA]
HE(F))

10:20 (20)  (CT-53) 7| S48} 4SS I8t WHA UG M3|Mo| ENBBT (7| QPSH
A 54
WHA AFY, 24 AW ZAE (FFHYHNAGATL)

10:40 (20" Coffee Break

11:00 (20" (CT-54) Appropriate technologies of oyster shell waste recycling / utilization and
its applications
Chilakala Ramakrishna, Thenepalli Thriveni! , Ji Whan Ahn!(SFAA|HE(ZF), '5H=
AR A7)

11:20 (20')  (CT-55) O|atsErs MY HHEM=Y +=FEM3|9 £
XA, 2719, WAL 2T, 2AE, IR @FFHYHALARATLL, FHEA]A
A A1)

11:40 (20')  (CT-56) & H 7|22 A2 Calcium Sulfo-aluminate HZ= % Z=Zd ==5Z
AMES] 54w}
oz, &AY, B39, o|F% (FFIATHE(F))
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PA-01 Effect of supercritical CO, on the enzymatic production of biodiesel from waste
animal fat
Aldricho Alpha Pollardo!?, Hong-shik Lee!, Dohoon Lee!, Sangyong Kim',
Jaehoon Kim? (‘Korea Institute of Industrial Technology, “Seongkyunkwan
University)
PA-02 Novel active benzotriazolide-based catalysts for generating disubstituted ureas
from carbon dioxide and amines
Cong Chien Truong'?, Hye Jin Lee!? Yong Jin Kim!? (‘Korea Institute of
Industrial Technology, Korea University of Science and Technology)
PA-03 Two-step synthesis of 5-acetoxymethyl-2-furaldehyde (AMF) from D-Fructose
Nhan T. T. Huynh!'? Bora Kim!, Seok-kyu Park!, Hong Shik Lee!, Jin ku
Cho!? ('Korea Institute of Industrial Technology, “Korea University of

Science and Technology)
Syntheses of bio-based furanic plasticizers in replacement for conventional

PA-04
phthalate esters
TanPhat Nguyen'?, Anh H. T. Vo!'? Nhan T.T. Huynh!? Bora Kim?,
Seok-KyuPark?, Hong-shik Lee?, Jin Ku Cho'# ('University of Science and

Technology, “Korea Institute of Industrial Technology)
Palladium-catalyzed reductive carbonylation of nitrobenzene for producing

PA-05
isocyanate
Thanh Tung Nguyen!?, Yong Jin Kim'? ('Korea Institute of Industrial
Technology, “University of Science and Technology)

Ferric selenide as catalyst for reductive carbonylation of nitrobenzene for

generating urethanes

PA-06
Tram Huynh Nguyen!'?, Thanh Tung Nguyen'!'?, Anh Vy Tran!? Yong Jin

Kim'? (‘Korea Institute of Industrial Technology, “University of Science and

Technology)
16




ZAEANIE T (2)

PA-07

PA-08

PA-09

PA-10

PA-11

PA-12

PA-13

PA-14

PA-15

PA-16

PA-17

PA-18

Copper selenide as catalyst system for reductive carbonylation of nitrobenzene
for generating urethanes

Vy Anh Tran'? Tram Thuy Huynh Nguyen'?, Yong Jin Kim'? (‘Korea
University of Science and Technology, “Korea Institute of Industrial

Technology)

Preparation of furfural from xylose by lignocellulose-based carbonaceous catalyst
under biphasic condition

Anh H. T. Vo'?, Nhan T. T. Huynh'? TanPhat Nguyen'?, Bora Kim!,
Hong-shik Lee!, Sangyong Kim!?, Jin Ku Cho!? (*Korea Institute of Industrial

Technology, “University of Science and Technology)

MEHE SCR HE7| ABIE I MY XY FE PIN 0§ AW AP
AGAAL?2 o)x1 Q12 o2 Heydl 233 587]° wfY? A=}
(A £ 7g, 2y Attlel, ‘iAo

Separation and purification of prussian blue in an absorption oil sludge

Dae Yeon Kim, Joung Ho Park, Moon Hyeon Kim (Daegu University)

5-Hydroxymethyl-2-furfuralHMF)2| £ &% EHIt HHE HMFL| o|AH =23}
22 E3%t 5-acetoxymethyl-2-furfural(AMF)2| X
e gt ol ZAll o], RAIEN (gt &AL, PaejthEti,

11, 0]g% (Fdista, A(F)AIN B0l ~(GN TNS))

WX 2| ZO| Ti-Graphene Ltz ZBH0| 215 KT ST OIXI= T 24
WRS, 2AM MY, BRS, WA, YN, 2B (A80eta)
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Base-free aqueous phase oxidation of HMF to FDCA/DFF using supported

PB-01

ruthenium nanoparticles

Dinesh Kumar Mishra, Yong Jin Kim'! (Korea Institute of Industrial

Technology, 'University of Science and Technology)
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Boreum Lee, Sunggeun Lee, Ho Young Jung', Shin-Kun Ryi’?, Hankwon Lim

(Catholic University of Daegu, 'Chonnam National University,

Preliminary techno-economic analysis of a multi-bed series reactor as a
’Korea Institute of Energy Research)
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PB-24

PB-25

PB-26

PB-27

The development of high performance mat products using recycled filament
waste and clipping of rubber waste

Si ho Nam, Young su Kim!, Seung jin Kim? (Nam myung inc., 'Korea Textile
Development Institute, ?Yeungnam University)

Effect of natural fiber size in PP matrix on crystallization kinetics of PP and its
soundproofing properties
AR, Alste, stAo], o]7]2!, Z£E7]! 7JWix] (Korea Institute of Industrials

'gtop )

Technology,

A study on the adhesion strength of PVC-free hotmelt film
stMjo], o] &x1! 719! 71WBXl (Korea Institute of Industrials Technology,
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CT-01 8¥8d

Removal of Pharmaceutical and Endocrine-Disruptive Compounds by use of
Phenyl-Functionalized Magnetic Palm-Based Powdered Activated Carbon

Min Jang **

* Department of Environmental Engineering, Kwangwoon University, 447-1 Wolgye-Dong Nowon-Gu,
Seoul, Republic of Korea

As a new, economical, and effective material, triethoxyphenylsilane (TEPS) functionalized magnetized
palm-based powdered activated carbon (MPPAC-TEPS) was prepared and characterized using various
spectroscopic methods and tested for the removal of four types of persistent organic pollutants (POPs). In
this study, the adsorption of POPs by MPPAC-TEPS was found to be superior or comparable to pristine
palm-based powdered activated carbon (PPAC). The key advantages of MPPAC-TEPS over PPAC were
higher initial sorption rates, magnetic separation, and regeneration at low temperature. These results are due
to the hydrolysis of the phenyl-functionalized silane on the outer surface of the magnetite film, which was
primarily coated on the outside of PPAC by a mild hydrothermal co-precipitation technique. Based on
differential scanning calorimetry(DSC) and thermodynamic calculations, the main sorption mechanism of POPs
by MPPAC-TEPS is m-m interaction (physisorption). Thermal regeneration at low temperature and magnetic
separation may be important for reducing operational costs, especially for industrial and large-scale
applications.
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Improving bioavailability of fruit wastes using organic acid: An exploratory
study of biomass pretreatment for fermentation

Shouvik Saha, Hoo Kim, Byong-Hun Jeon*
Department of Earth Resources and Environmental Engineering, Hanyang University, Seoul, South Korea.

The global crisis of conventional fossil fuels and growing energy demands have led to increased dependency
upon the production of sustainable bioenergy. Bioenergy has gained a lot of attention as an eco-friendly
alternative to overcome the tremendous demands for energy [l]. Production of bioenergy from biomass
fermentation has already been initiated in the last decade [2]; however, the accessibility for fermentation of
desired sugars in biomass is a major challenge due to the complex polymeric structures of the various
biomasses. Several pretreatment strategies have been attempted to liberate the fermentable fractions of biomass
[3-5]. Maximizing the bioavailability of fermentable biomass components is a key challenge in biomass
pretreatment due to the loss of sugars during conventional pretreatment approaches [5, 6]. Pretreatment of fruit
peels and wastes (FPWs) with dilute acetic acid assisted in maximizing sugar recovery. Optimized conditions
(0.2 M acetic acid, 100 °C, 1 h) at 10% substrate loading resulted in enhanced sugar recovery from banana
peels (99.9%), pineapple wastes (99.1%), grape pomace (98.8%), and orange peels (97.9%). These high sugar
recoveries retained the high C/N ratios (41-47) suitable for effective bioenergy production through the
fermentation of these pretreated biomasses. Scanning electron microscopy (SEM) indicated considerable
disruption of biomass structural integrity during acetic acid treatment, enhancing the surface area available for
better microbial attachment. Fourier transform infrared spectroscopy (FTIR) showed that the acetic acid
pretreatment yielded only minor changes to the functional groups in the biomasses, strongly suggesting
minimal loss of fermentable sugars. Thus, acetic acid pretreatment aids in enhancing the bioavailability of
fermentable sugars from these FPWs biomass, enabling improvements in bioenergy production.

References

1. Bhattarai, K., Stalick, W.M., Mckay, S., Geme, G., and Bhattarai, N., “Biofuel: An alternative to fossil fuel
for alleviating world energy and economic crises,” J. Environ. Sci. Health, Part A 46, 1424-1442 (2011).

2. Koskinen, P.E.P., Beck, S.R., Orlygsson, J., and Puhakka, J.A., “Ethanol and hydrogen production by two
thermophilic, anaerobic bacteria isolated from icelandic geothermal areas,” Biotechnol. Bioeng. 101, 679—
690 (2008).

3. Yang, B., and Wyman, C.E., “Pretreatment: the key to unlocking low-cost cellulosic ethanol,” Biofuel.
bioprod. bior. 2, 26—40 (2008).

4. National Research Council, “Biobased industrial products: Research and Commercialization Priorities,’
National academies press, Washington, DC, 2000, 162 pages.

5. Mosier, N., Wyman, C., Dale, B., Elander, R., Lee, Y.Y., Holtzapple, M., and Ladisch, M., “Features of
promising technologies for pretreatment of lignocellulosic biomass,” Bioresour. Technol. 96, 673—686
(2005).

6. Hu, G., Heitmann, J.A., and Rojas, O.J., “Feedstock pretreatment strategies for producing ethanol from
wood, bark, and forest residues,” BioResources 3, 270-294 (2008).
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CT-03 d¥&8¢e

Bioelectrochemical system based regulation of 3-hydroxypropionic acid
production using recombinant Klebsiella pneumoniae 1.17

Changman Kim', Mi Yeon Kim', Byong-Hun Jeon’, Jung Rae Kim""

'School of Chemical and Biomolecular Engineering, Pusan National University, Busan, Korea, 609-735
*Department of Natural Resources and Environmental Engineering, Hanyang University, Seoul, 133- 791,
Republic of Korea

Glycerol is produced from the biodiesel manufacturing, and the cost effective utilization of glycerol is urgently
needed to improve the economics of the entire biofuel production process. 3-hydroxypropionic acid (3-HP) is
one of important platform chemicals which can be produced from glycerol by fermentation process. However,
the conventional fermentation method for 3-HP production is limited for industrialization due to their low
yield and final titer. For the enhancement of CoB;, production and enzyme activity of DhaB (glycerol
dehydratase, glycerol to 3-hydroxypropionaldehyde), anoxic condition is required. On the other hand, for the
regeneration of NAD" to enhance the production yield by aldehyde dehydrogenase (ALDH, 3-
hydroxypropionaldehyde to 3-HP), aerobic condition is preferred for proceeding 3-HP production by activation
of reduction pathway. Bioelectrochemical systems can provide an option for regulating cellular redox state
such as NAD/NADH level, thus increase yield and/or titer. In this study, we attempted to apply
bioelectrochemical system for 3-HP production in K. prneumoniae heterologous overexpression of KGSADH.
Compared to non-BES fermentation, 3-HP production yield in BES was significantly increased. Matabolic flux
distribution and NAD"/NADH ratio were investigated to support the hypothesis for the increased reductive
pathway of glycerol fermentation.

References

1. Choi, O. et al., “Electricity-driven metabolic shift through direct electron uptake by electroactive heterotroph
Clostridium pasteutianum”, Scientific reports, 4, 6961, (2014).

2. Ashok, S. et al., “Effect of puuC overexpression and nitrate addition on glycerol metabolism and anaerobic
3-hydroxypropionic acid production in recombinant Klebsiella pneumoniae AglpK AdhaT”, Metabolic
engineering, 15, 10-24, (2013).
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Pig Manure Wastewater Treatment Using Autothermal Thermophillic Aerobic
Bacteria and K,2 Calculation

Se-Young Lee, Umesh Ghimire, Sang-Eun Oh"
Department of Bioconvergence Sciencd and Technology, Kangwon National University, Chuncheon-si,
Gangwon-do, South Korea
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Microbial fuel cell (MFC) performance at different relative humidities in the
cathode

MunGyu Lee, Ramesh Kakarla',BookiMin"
Department of Environmental Science and Engineering, Kyung Hee University, Korea

Microbial fuel cells (MFCs) are bio-fuel cell systems that can convert organic matter to electricity with use of
electro genic microorganisms(B.E. Loganet al.[1]). The generation of electricity from MFC is not at considered
to be economical yet compared to other treatment methods due to its limitations. The cathode partin MFC is
one of limitation for high power generation, and several attempts of its optimization were conducted in order
to achieve better oxygen reduction on the cathode electrode and minimize oxygen contamination to the anode
part(Kakarla et al.[2]). In the present study, an air cathode MFC with a cap arrangement was used to evaluate
voltage generations and its individual half-cell potentials at different humidity conditionsat the cathode. The air
cathode MFC at relative humidity(RH)of 88 + 2 %produced thehighestcell voltage of 0.42 V with 600 ohm
resistance compared to other humidity conditions of 50 + 3 %(0.34 V)and 30 + 3 %(0.29 V), which were 20
% and 31 %lower than the value at 88 + 2 %, respectively. During polarization analysis, the MFC with 88
% + 2 % displayed themaximum power density of 377mW/m’atacurrentdensityofl.5A/m*.At50 + 3 % the
maximum power densitywas 215mW/m*(0.8 A/m?®), and at 30 + 3 %, itwas only 131mW/m*(0.6 A/m?). Cyclic
voltammogram analysis exhibited a higher reduction current of -0.073A athigh humidity condition of88 + 2 %
than50 + 3 % (-0.034A) and 30 = 3 % (-0.022A).The oxygen diffusion from cathode to anode was observed
to be higher at 50 + 3 % relative humidity compared to 30 = 3 % and 88 % + 2 % relative humidity. The
evaporate rate of anolyte at different humidity was showed higher value, while relative humidity increased.
The highest velocity of reduce solution observed 0.141 cm/dayat30 + 3 % RH condition. While 0.078cm/day
at50 £ 3 % and 0.017 cm/dayat 88 + 2 %. This result suggests that performance of relative humidity is
important to increase power generation in an air-cathode single chamber MFC.
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Fig. 1 Cell voltage and power density (A) and respective cathode and anode potentials (B) during polarization
at 30%, 50%, 88% relative humidity conditions
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CT-06 &8¢
Geochemical interactions between iron cyanide species and soil mineral phases

Rahul Kumar, Jeong-Yun Jang, Byong-Hun Jeon*
Department of Earth Resources and Environmental Engineering, Hanyang University, Seoul, South Korea.

Cyanide (CN) is widely used in mining processes as a leaching agent for precious metals extraction and
recovery of base metals from ores [1]. The cyanide containing waste generated due to mining has regularly
caused local contamination of the soil. The restoration of cyanide contaminated soil is necessary as it might
cause surface and subsurface pollution. In order to develop an effective method for the restoration of cyanide
contaminated soil, an understanding of cyanide chemistry in soil is inevitable. Cyanide ion acts as a
monodentate ligand with C as the donor atom forming complex ions with heavy metals. Normally found
complex cyanide species in soil are ferrocyanide [Fell(CN)6]-4andferricyanide[Felll(CN)6]-3[2]. These cyanide
species in soil, only contributed by anthropogenic inputs, are potentially hazardous because they can act as
sources of free CN as a result of photolysis. In the presence of diffuse daylight, only ferrocyanide is
decomposed. Ferricyanide complex is kinetically labile, hence the species [Fell[(CN)6]-3 being more mobile in
soils has a greater potential to contaminate surface and groundwater [3]. The retention and redox reactions of
complex cyanides in soil are mainly controlled by their affinity for particular soil mineral (abiotic factor),
cyanide species, pH of soil and enzymes (biogenic factor). Iron-cyanide complexes sorb onto a variety of
surfaces including clay, oxalate-extractable Al, iron and aluminum oxyhydroxides, and organic matter [4-5]. A
quick and completely reversible sorption of [Fell[(CN)6]-3on goethite shows features of both outer-sphere and
inner-sphere complexation. In contrast, slower and incomplete sorption of [Fell(CN)6]-4on the goethite surface
involves inner-sphere complexation and precipitation of a Berlin-Blue-like phase. Unlike abiotic factors,
enzymes often have affinity for mineral surfaces and compete with iron-cyanide complexes for adsorption sites.
Thus, it is important to explore the processes that control the chemistry, speciation and mobility of
iron-cyanide species in soil. The objective of this paper is to understand the mobility of iron cyanides in
contaminated soil knowing the role of different soil mineral phases, geochemical reactions and factors
influencing them.
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Nutrient removal and simultaneous electricity generation from leachate
wastewater using an algae assisted cathode microbial fuel cell

Hai T.H. Nguyen, Ramesh Kakarlaand Booki Min*
*Department of Environmental Science and Engineering, Kyung Hee University, Republic of Korea
(bkmin@khu.ac.kr)

Microbial fuel cells (MFCs) are considered as a promising alternative approach for treating various types of
wastewaters because they can reduce contaminants and recover energy simultaneously. Landfill leachate is one
of the most toxic and difficult effluent for the treatment due to highly contaminated and complex composition.
In this study, we investigated the optimal dilutions (5%, 10 %, 15 %, 25% and 40%) of landfill leachate for
better electricity generation along with COD removal and nutrient removals (nitrogen and phosphorus). A
double chamber cube MFC was usedand consisted of the anode and cathode chambers havinga total volume
of 295 mL (290 mL working volume) and 260 mL (255 mL working volume), respectively. Mixed culture
microalgae were used for oxygen supplementandCOD and nutrient recoveries from microbial fuel cell cathode.
With use of 10 % leachate dilution, the MFC voltage was observed at around 271 mV (600 Q) with a
maximum DO concentration of 10.2 mg/L. At cathode chamber, the COD removal observed 51.2 %, NH,-N
was completely removed and 61.5% of TP was removed after 5-day operation. Whereas, with 5% dilution,
cell voltage and DO concentration was 300mV and 19.6mg/L, respectively, higher than theses values with
10% dilution. Moreover, the time for complete removal of ammonia concentration was 3days, lday shorter
than with 10% dilution and TP removal percentage was 80.3%, also higher than with 10% dilution. COD
atanode chamber was removed almost totally(97-98%) with the leachate dilutions up to 40%. However, at
cathode chamber, COD removal percentage decreased with increasing leachate dilution and it wasn’t observed
with high leachate dilution(40%). Ammonia removal rate increased when leachate dilution increased up to 15%
and dropped when leachate dilutions exceeded 15%. The results shows that 5% had the higher MFC
performance and DO concentration compared too ther leachate dilutions. This study also suggests that the
MFC operation with algae growth at cathode chamber can generate electricity and simultaneously remove
nutrients and organic compounds from a properly diluted leachate wastewater.

Keywords: Microbial Fuel Cell, Landfill leachate, Algae, Nutrient removal.
"Corresponding author: Booki Min, Ph.D, Kyung Hee University, Department of Environmental Science and

Engineering, 1-Seocheon-dong, Giheung-gu, Yongin-si, Gyeonggi-do, South Korea 446-701, Mob:
+82-10-4018-5829, Fax: +82-31-202-8854, Email:bkmin@khu.ac.kr.
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Metal-free Cathodic Catalyst for High Power Density in Microbial Fuel Cells

Young Eun Songa, Seunghyun Leeb, Changman Kima, Jinwoo Leeb,
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aSchool of Chemical and Biomolecular Engineering, Pusan National University,
Busan, 46241, South Korea
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Pohang, 37673, South Korea
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Tel: +82-51-510-2393, Fax: +82-51-512-8563

The platinum (Pt) has been used as cathodic catalyst for oxygen reduction reaction (ORR) in microbial fuel
cell (MFCs) as well as PEM fuel cell, however it is expensive and needs to find alternative catalyst. This
study focused on the development of metal-free oxygen reduction reaction for MFC which was prepared by a
porous carbon-based material, as an alternative catalyst to platinum. A nitrogen-phosphorus codoped ordered
mesoporous carbon (NPOMC) enhanced mass transport rate on electrode surface, and provide sufficient
catalytic active sites for ORR in MFC. Here, we reported performance of NPOMC in MFC and
electrochemical properties with using LSV, CV and EIS as compared to platinum with carbon black (Pt/C)
catalysts in air-cathode MFC.The synthesized NPOMC achieved a remarkable on-set potential compared to the
previously reported metal-free catalysis in MFC. The open circuit potential and power density using NPOMC
as compared to Pt/C, were 0.43 V and 0.58V, 245. 77m W/m2 and 329.78mW/m2, respectively. The NPOMC
showed anotableon-set voltage and produced approximately 75% of the maximum power density obtaine dusing
Pt/C.

Keywords:
Microbial fuel cell, Metal-Free catalyst, Nitrogen doped, Porous structure.
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Enhanced degradation of levofloxacin by a freshwater microalga, Scenedesmus
obliquus and its metabolic fate
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Clean water resource is an essential factor for a safe life of human beings. Emerging organic contaminants
(EOCs) including detergents, disinfectants, fragrances, fire retardants, nonprescription drugs, antibiotics and
pesticides have been continuesly discharged into water and soil systems through agricultural activities, domestic
and industrial wastewaters, hospital effluent and wastewater treatment plant disposal making water reservoirs
highly polluted [1]. These EOCs can induce adverse ecological effects on target- and non-target organisms
such as affecting denitrification rate of bacteria in soil [2], improving bacterial resistance [3], and inhibiting
the growth of human embryonic cells [4]. Levofloxacin (LEV), a third generation of the fluoroquinolone
antibiotic has gained a lot of research concerns as an emerging contaminant. LEV has been ubiquitously
observed in surface water, groundwater, drinking water, and wastewater [5,6]. Its adverse effects on the
aquatic microorganisms such as bacteria, algae, and invertebrates are also evident [7]. The possibility of its
antibiotic effects to increase the bacterial resistance genes is under investigation, as its implications in human
health. This study evaluated the removal kinetics of LEV by a freshwater green microalga, Scenedesmus
obliquus, the effects of salinity on LEV removal and its metabolic fate. Although the removal of LEV by S.
obliquus was relatively low (4.53+£1.04%) as a sole carbon source, the addition of 1% (w/v) sodium chloride
(NaCl) into the microalgal culture significantly increased the removal of LEV to 93.43+0.24%. Kinetic studies
showed that the kinetic removal rate constant (k) ranged from 0.005-0.289
d'andthedegradationhalf-livesrangedfrom272-5dwiththeadditionofNaCl(0-5%). Themassbalanceanalysisof LE Vremoval
showedthattheenhanceddegradationofLEVbysalinitywasthroughbioaccumulationandsubsequentintracellularbiodegradati
onbyS. obliguus cells. Seven degradation intermediates were identified by GC-MS, and decarboxylation,
hydroxylation, dehalogenation, side chain break down and ring cleavage contributed to LEV transformation in
S. obliquus culture.
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Characteristics analysis for co-firing and ash deposition of coal/biomass in a
bench-scale combustion system

TaeYoung Chae, YongWoon Lee, JaeWook Lee, Byeol Kang, WooYong Park, Won Yang*
Korea Institute of Industrial Technology

AedLo A vlo]eujAE 4 T AP B & F Qe TAEE v WAt A # ATE ¥
SHA HAY. 2 Ao AlEH AF A= 80 kWwd single burner furnace &4 HAAh W T4
APE & gtk dMAAoR Hersty o] Ay A oF 40% FEola o] A9, dA A
g A 39.3%(2014d 719)E Awstgor ARgsta vk EEd, ATAR AHSFFTEAES
Tl AlFA s E N EAE 207] AL AR XEH 0w AYANF] o 40%E FAE A F o).

ey, Aeksy 9 Aol NOx, CO2, CO, soot & 3 &2 wiE EAE A% 4 3
Aotk tiaxdl 3l E2Q NOx9 A, Ui (90% ©l7) stdd=e g3 Afdez Ay
© EAe FEAREA o]lF AFA7]7] Y AFUF gpyHo R oy HstalEe] o AL W
Ik E gE dlEZEd fF8 7hAAd CO28 Ag, AAAAAIA] o)F A (RPS; Renewable
portfolio standard)el] 7|¥HE & 75 A Ro] 20129@FE Al Eo] nlo]em Al 22 AR A5
ARE-Sl dEohist S Fe AHAQ] COy AFte] I vk, 2+ A= ol st Bl 9
Ul Aestgibde] giiits A st e vl gk sk dAelA RPS O Aol AAA

"] 2 REC(Renewable Energy Certificate) 852 §a A gt dHE nlo]oulA T thafst g
2 Hdgkete] 3 ALskE Zlsel #sE W golth vpolemias 4 T A A IHA

olyegt A4 $ A E = ashe A4 9 AT HetE HAT, Ty A = A

M= Eago] Wol(5% olsh) £4& A A & ¢ Qv AV FESA B AA 9
= AFe A= olgs dAES Bk S st flete] EAES 40% = dto] A A&
A& 8 gy ol A St FAleS w4 F 3 AuasE g 4SS Fo %
o WA Thsst wAlE oS ekaak stk
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A study of low-rank-coal drying in the pressurized flash drying

In Seop Gwakl, You Ra Gwak" Ye Bin Kiml, Hye Ri Shinl,
Young Ju Lee' and See Hoon Lee'"
1Departrnent of Mineral Resources & Energy Engineering, Chonbuk National University

In this study, the pressurized flash drying characteristics of the low-rank-coal were analyzed. The moisture
contents of low-rank-coal were 17.8% and 22.5%. The experiment were performed at temperature : 200-600C,
pressure : 1-40bar, tube length : 2-6m and particle size : 212-300um and 300-355um. As a result, drying
ratio might increase with increasing temperature and pressure. However increasing pressure resulted in
increasing boiling point of moisture. Therefore drying ratio might decrease when operation temperature become
lower than boiling point with increasing pressure. In spite of short residence time in the pressurized
micro-riser, flash drying of low-rank-coals could remove enough moisture content for the utilization of
conventional plants.
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Chracteristic analysis of CoTiO; oxygen carrier

Jong Ha Hwnag, Roosse Lee, Soo Hyun Kim, Eun Nam Son, Jung Min Sohn”
"Department of Mineral Resources & Energy Engineering, Chonbuk National University, Jeonju, Korea

ANMA T AT E qUAE Aakst=d & 8-S A5k uh. FHARE AHgstozA H A
AR o7 o]akstetayl WAt Qlow  ZharoA s 2A7FAC FHQl oJASlRAE Fol7] Hd =
et o, AvAFH A AFH (chemical looping combustion) 7] &2 #7]HFS7] 9 AdB5H-27] 2
i ojx] QlojAl F7IHbE 7l E S E ARG ATt )9k Abshbgo] doA mkg ¥ AbA s}
A4S WEA 7Y, AZurS7|oAE Atste AAAGAe A7 98-S Ao CO.8 HORt
S HEAIT. AEWgTlA H08 SFAIZIH =538t COE €5 4 %o CCS(Carbon
apture and storage)E UAS 3AIY 7|2 A Fr7pkugleh. 2 Aol = CoTiOsYAHE Al xst
545 wAste] wiAlEEA AL AnAGUYARA A e FAslth. CoTiOsY A EAH S
2 AzxsRor, AxE CoTiOzi= TPR, TPOE Hgste] Lo wmE F&A9E Frhsslo.
TGAZHI S 3 10At0]F Bt Atstshd wES-S WHEsle] 548 #4390, Y4 7A2+ 15%
CH4/N29 15% Ho/No2 AL o A 7ARE 37]2 purging 7HAEE A4S A&
FE-SEMS %3 sy w59 Qx mws vy #4319 °9, XRDE F3 Atsiel s Aol
ol Wh-g WM FE wrysta, HHEEE 9hgoA e A0S w4t TPR 23 640 CTeF 780
CTHZolA F37F Qo 257k F7kste] el 2827 9oz o] F3sk3itt. TPO A 350
T 490 C FLolA a7 #FEHJOH, 700 Tol gl AbAa7F 3323 ¥ F uncoupling¥ ¢
z3te R Bolgttt. Ato]Fo] Frheel upeka 350 T 490 C A SIS TGAEAY S
23] 10.4 %9 2A2rdGEHFS 7 AS FQAsIA L, Alo]Fo] HEEEE HbSEHTIL Ao o
ekl FAEES B2 & 5 9tk XRD A4 HEEH Y] AR CoTiOy ©dde] Atz s
Row 15% Hao/No®t 15% CHy/NoE o83t SFAAHES wofli= CodAbet TiOUA7F #2= 3l
=

Oml
i o
T ©f

4
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3], AAA =4S d3A 717 Y3 Wkl shuE A3t Fdo] F AL
= ]lgte] &Aoo w WAste MFIaAsg Asd Aes 35k
g3 thotow Wezu giuh oo B Ao B 7fASE o] g3}
= nFEsY. AAY B4 Wi E(internal rate of return,

IRR)E 71FAA 3 o2 G4et/] 9ls) 279 g B= 44 4242 vasts B0 A9
Holth, WAE ¥4 A3 Nus Hfaasd FHF, AR A8 L AFand el met 5o
£9 W3E F oz ekt
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goeluA7ledr+d FPAsATA

Characteristics of Coal Gasification in a Pressurized Drop Tube Reactor

Ho Won Ra, Sung Min Yoon, Myung Won Seo, Tae Young Mun, Sang Jun Yoon, Jaec Ho Kim, Yong u
Kim, Jae Goo Lee*
Clean Fuel Laboratory, Korea Institute of Energy Research (KIER)

Me 7tAst 7122 Clean Coal Technology?] &470|lA M&o] 7Hl oUX|S Yot AF7stil a&
Moz olgd £ Qs Z|wolzt & 2 U} 59] oA U stetds AJAF BHo|A AEre] ZRR| of
ol won, ¥ Ao FxE A W FAst ﬂﬁi o] &5t7] Yot st 24V ¢ &
|7]=E0] 7Ht.'=_}ﬂo17‘]_’ AT, Ae iAo SHA Va2 ARl A4, ¥arIel AA, AA H}°7]—1
HA A 2 =550 oo, Ae 5o weta 7tAsE SHES AR, 5&50] vgE 5 9
o ARo] HAYR] = FAAR|E o] &oto] olg|gt FgtE vl o &sti tigstA EoH HgA
A EHE 9, 7te& ol 7 AC= ot & AN E55 71A% 3488 ZAE
Q)= T,ab scale AX|Ql pressurized drop tube reactor® ©o]83to] 7} =4, ’\Pi}f\ﬂ—l Z229H (0o,
COz, H20), AtstA|9] & &7, ¥H8 2% (1100°C~1300°C)of &3t 7pAsH E”O ”040 ALA]5HS
oh U E3 MES B8 dojnl Aumte o] &sto] AU HIEIAS =&6to] 7pASH UHS Y]
A7, 7tAst §hg A4 BAF, RAA] Al AfRE 8 £ = AR E &5

;
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Platform Chemicals from CQO, and Biomass

Yong Jin Kim*', Duy Son Nguyen’, Cong Chien Truong’, Dinesh Kumar Mishra'
Green Process Material Research Group, Korea Institute of Industrial Technology (KITECH),' Graduate School,
Korea University of Science and Technology (UST)

There has been a growing interest in conversion of carbon dioxide (CO,) and biomass known as renewable
resources to building block platform chemicals because the former is abundant and cheap, and the latter has
multiple functionalities in their structures which are suitable for further chemical transformation into
value-added chemicals. Both approaches are meaningful in terms of carbon footprint and sustainability. In this
session, we provide a series of effective catalyst system for producing disubstituted ureas, a precursor to
urethanes and isocyanates, from CO, and amines, and oxidized furanic compounds from 5-HMF under the
conditions of base-free and aerobic oxidation. In addition to various examples of their catalytic performance,
active species responsible for their high activities will be discussed.

45



CT-18 UST SMI|=MEXAH

Uxgas ol &3 dojsE AARA &8

Development of wearable electronic devices using carbon nanomaterials

Jea Uk Lee
C-Industry Incubation Research Center

BonEd At iRy, 2Ad 2 JuuaE olgse] 2 o4t ¥ e Ao A
AEAE Az ATE TESFDA FUT AT FH solo], A 1EA Hf, deas AF
5 OUd 754 AR5 o8dd U4 F Ak AREAE Agee A7t AYEn gyt
B AT AE $ARAEEE Bl 2aW EE gaYeRE A48 Axen F5hegAE o]
vese stel AAs Ad B, AR wEA 24, daud F P A4 5 4Lt yee @
EetaAd g,
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Analysis of Molecular Markers and Their Application in Vulnerable
Ecosystem under Climate Change

Hyeong Cheol Park

Division of Ecological Conservation, Bureau of Ecological Research, National Institute of Ecology (NIE),
Seocheon 33657, Korea

Atmospheric CO, concentrations have been rapidly increasing since the industrial revolution. This increasing
concentration may reach 550ppm by the middle of this century and 700ppm by the end of the century.
However, the pysiological and molecular changes in plant sare still poorly defined. Here we determined the
interactive effects of ambient CO,(aCO,:350ppm) and elevated CO,(eCO,:700,1000,4000ppm) on physiological
and morphological changes and properties in molecular level by RNA-sequencing method in plants. To
investigate the growth characteristics in Arabidopsis thaliana under different CO, concentration conditions, the
seedlings were treated to four different CO, concentrations as noted above, respectively. Based on the results,
dry weight of the plants were increased under high CO, concentrations (eCO,:700,and1000ppm)although growth
of the plants were decreased under high CO, concentrations. We defined the causes of inconsistency by the
several experiments such as SEM (Scanning Electron Microscope) and bio-TEM (bio-Transmission Electron
Microscope) etc. Moreover, the gene expressions in the eCO,conditions were analyzed by RNA-sequencing
method. From the results, we selected the candidate genes for the application in the vulnerable ecosystem
under the climate change. Further study will be focused in the comparison of growth patterns and molecular
levels to characterize the ecological adaptation mechanisms. Thus, our studies can build a bridge between
molecular works and field research.

47



CT-20 UST SM7|=MEXAH

Do

0509 919 AF %7 A9 A2

223 27 BejA e A&t EH S A A e
% % 4 (sskwak @kribb.re.kr)
@-%Aﬁﬂé%ﬂ—ﬁ?—% Z\—I%/\]‘/_\_E‘Jj]%g‘s_]'—od?_ﬂ]ﬂ
FEY Agatsh 7Bk ohe saouAe] BTG A AUABA B oleh SAEA, A
FEAE et vk AUAZAl, SBEA, AFEA= " ZA7E okt el frlAE
SolAot @tk UN 43597 7(FAO)E 20509 AA 917 91 o (obAlol 5191, ofxelst 19
o) ool B Zlelul AFAY AUAS S AL 20509l oA @A 3~5u], A
& 1.7 Zedttty Agagch. HEFeME 250 76t dUAE wo] AHgsta FEA ©Y
AL el 4 Ak 2a7] TkeE AW AN F2 Thgs AR AZAk Ak AA 2

AEA, AFEA, AdqUAEAS 71 A= YA AYste AT AATLAE Lester R, Brown®HAF
1934~)E 1995 “Who will feed China?” HX3oAE w73 v} 91, ==L 20043 FE 225
Aoz HAgste] AA AFEAE 7153271 A, = AURAAFE 3%, FEAFTE 24%
AR FE2S X)) = 7 oAyA|tEe} A FARE IA gt o, xS 247 A v EFol
AlA 79 el A7t A FUHEEE OECD=7E 7h-dl 19]elth, 2015¢ 129 3] 7|$Wst &
At E3ld A S8 R 2030d 247t wiEAWA e 37T%E EolA vt FAALE o F&etS
ot 247t Wl E o] FUkekE b of9A WMiEFS =Y AAVE A= A nwlstn Fx|s) ok
gtoh, BElasizE Y 609U FEAFEC F 90%A=d A 24% = AA AT olfe F
EGNAY HAHF St A EC] FH dlelth. 230%thad] €dh= wA7F 170%thaz 4
R A= wid oF 2vthad] FA7F AdeA o gAY, m2dH Fo JEHT v UNE
F7F Bt ANt FAlE slZdstr] st AEuFAd @R (1993d LE), 7IFwstE k(19944
F), AhrspdA ek (1996 HE)e 3u AP FS At g5t vk ey }AEFEG B
olHET AETYYSY, 71T, AtEsle gS Ak FAIAQ] dgdEE st AHdskA] &2
W A= g o AEF7eskA] &€& Aeolg. wRAAME Ul A A FolHE dsta A
dozAM AYFLI|ES ol&ote 2 2 EA Y Age g E (e, &2, &Y

Wkel] theke] &7fgio

)

T oZ [0 fob tE O Sk

52

(A79 27w/ SeH/TE £F)

Park S et al (2016) Orange protein has a role in phytoene synthase stabilization in sweetpotato. Scientific
Reports DOI: 10.1038/syep33563

Kim HS et al (2016) Molecular characterization of biotic and abiotic stress-responsive MAP kinase genes,
IbMPK3and IbMPKG6, in sweetpotato. Plant Physiology and Biochemistry 108: 37-48

Ji CY et al. (2016) Molecular characterization of tocopherol biosynthetic genes in sweetpotato that respond to
stress and activate the tocopherol production in tobacco. Plant Physiology and Biochemistry 106: 118-128

Park SC et al (2015) Overexpression of the /bMYBlIgene in an orange-fleshed sweetpotato cultivar produces a
dual-pigmented transgenic sweetpotato with improved antioxidant activity. Physiologia Plantarum 153:
525-537

Ke Q et al (2016) Down-regulation of GIGANTEA-Like genes increases plant growth and salt stress tolerance
in poplar. Plant Biotechnology Journal DOI: 10.1111/ppi.12628

Ke Q et al. (2016) Transgenic poplar expressing codA exhibits enhanced growth and abiotic stress tolerance.
Plant Physiology and Biochemistry 100: 75-84

Wang Z et al (2015) Transgenic alfalfa plants expressing the sweetpotato Orange gene exhibit enhanced
abiotic stress tolerance. PLoS One e0126050: 1-17

48



CT-21 UST SMI|=MEXAH

judl
o,
to
=2
[»
fru
Jr
i)
!
Lo,
¥
b
e
fr
o
[

dlologtm e, wtol ot ¥ 488e Hol eARst FuelN Yol AgHn gom oF drel
& Pt AA AAGAUA 2 vl ool UA ZeelA 2 HEE AXsn Utk ol @ vloledw
b de B89 YR o] ARE ¥ Ak FII e 18 AR AgH FES A

= -
date B 54ow dd Af fu A due

2% 9739 gASAE Zan . ® o o
Fg AT wlolednse] SAL AWum 7 drel Aze BAd st /25 S
WS (1.2,3.4), 248 (5), FEET (6], AES (7) 59

A et ata shehme] YRS
He S ety el s

ol
N,
)
2
Ry

FaEd

1. Dwiatmoko, A. A., Zhou, L., Kim, I., Choi, J-W., Suh, D. J, Ha, J-M. “Production of
high-energy-density fuels by catalytic 3-pinene dimerization: Effects of the catalyst surface acidity and pore
width on selective dimer production”, Energy Convers. Manage., 116, 72-79 (2016).

2. Yoon, J. S., Choi, J.-W., Suh, D. J., Lee, K. Lee, H. Ha, J-M. “Water-Assisted Selective
Hydrodeoxygenation of Lignin-Derived Guaiacol to Monooxygenates”, ChemCatChem, 7, 2669-2674 (2015).

3. Dwiatmoko,A.A., Lee, S., Ham H. C., Choi, J.-W., Suh, D.J., Ha, J.-M., “Effects of carbohydrates on the
hydrodeoxygenation of lignin-derived phenolic compounds”, ACS Catal., 5, 433-437 (2015).

4. Lee, C. R, Yoon, J. S., Suh, Y.-W., Choi, J.-W., Ha, J.-M., Suh, D. J., Park, Y.-K., “Catalytic roles of
metals and supports on hydrodeoxygenation of lignin monomer guaiacol”, Catal. Commun., 17, 54-58
(2012).

5. Jung, J. K., Lee, Y., Choi, J.-W., Jae, J.,, Ha J.-M., Suh, D. J., Choi, J., Lee, K.-Y., “Production of
high-energy-density fuels by catalytic B-pinene dimerization: Effects of the catalyst surface acidity and pore
width on selective dimer production”, Energy Convers. Manage., 116, 72-79 (2016).

6. Yati, 1., Yeom, M., Choi, J.-W., Choo, H., Suh, D. J., Ha, J.-M., “Water-promoted seclective heterogeneous
catalytic trimerization of xylose-derived 2-methylfuran to diesel precursors”, Appl. Catal., A, 495, 200205
(2015).

7. Lee, Y., Choi, J.-W., Suh, D. J., Ha, J.-M., Lee, C.-H., “ Ketonization of hexanoic acid to diesel-blendable
6-undecanone on the stable zirconia aerogel catalyst”, Appl. Catal., A, 506, 288-293 (2015).

49



CT-22 UST SMI|=MEXAH

Butyric acid production from lignocellulosic biomass and macroalgae by

Clostridia
dgE? o) Agw!
g zalely|ed A HAANIAATAE, e EA et et

Lignocellulose biomass has great potential as feedstocks for microbial fermentation in the biorefinery, because
it is not controversial in the point view of food crisis. However, lignocellulosic hydrolysate usually contains
inhibitors against microbial fermentation. Among these inhibitors, phenolics are highly toxic to butyric
acid-producing and butanol-producing Clostridiumeven at a low concentration. Herein, two detoxification
methods were developed to detoxify phenolic compounds in lignocellulosic hydrolysate for efficient
Clostridiumfermentation. First, a simple in situdetoxification method using a surfactant was developed for
butyric acid production by Clostridium tyrobutyricum ATCC25755. Second, the electrochemical polymerization
method was developed to detoxify phenolic compounds in lignocellulosic hydrolysate for efficient
Clostridiumfermentation. In addition to lignocellulose biomass, seaweed (macroalgae) is attractive as biomass
feedstock. Especially, red algae such as Gelidium amansii contain high level of carbohydrates (77.2 %) and
galactose is a main carbohydrate in G. amansii. In this study, we isolated Clostridiumsp. S1 which was
capable of producing butyric acid not only from galactose as the sole carbon source but also from a mixture
of galactose and glucose through simultaneous utilization. When acid-pretreated G. amansithydrolysate was
used, Clostridiumsp. S1 successfully produced 4.83 g/L of butyric acid from 9.99 g/L of galactose and 1 g/L
of glucose.
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Hydrogen production with Thermoccous onnurineus NAl

Haakrho James Yi*
Research Instutue of Industrial Science & Technology

This study was performed by various affiliated organizations including RIST. Hydrogen can be the clean and
efficient fuel and used in fuel cell, production process in semiconductor, TFT-LCD, light cable and many
petrochemical processes. Though a lot of technological advances were made, the cost of the hydrogen production
is still higher than that of the other fuels.

Thermococcus onnurineus NA1l was sampled by Onnuri ship in 2002. The originated hydrothermal vent located
1650 m below the sea level around the Papua New Guinea. The archaea has 8 different hydrogenases including
Sulf I/II, Mbx, Mbh, Mfh I/Il, Mch and Frh and the latter 4 enzymes are unique among other microbes including
domain Archaea.

Three excellent scientific advances were made through the efforts of the affiliated groups.

1. Hydrogen production mechanism of NAI was elucidated & published in Nature

2. NA1 was genetically modified for the better hydrogen production by the overexpression of Mch cluster and the
reconstruction of the metabolic pathways. The mutant strain can produce 1.8 more hydrogen than the original
strain.

3. Solubilizer of the carbon monooxide was improved through microbubbler, fluidized bed reactor and trickle bed
reactor.

Through the verification production (2009~2012), model production (2012~2015) stages, mass production
(2015~2020) was planned for the large scale hydrogen production (10,000 ton/year). One tonnage fermentor was
bulit and operated in Hyundai Steelworks in Dangjin city and the economic feasiblity study will be done.
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Characterization of Physical Properties of Macroalgal Pyrolysis Products for
Process Simulation

Boris Brigljevic, J. Jay Liu
Pukyong National University; Chemical Engineering Department

This study presents a methodology to simplify the liquid organic mixtures, for simulation of macroalgae
pyrolysis using Aspen Plus. Primarily, bio-crude was modeled in order to simulate the conversion from algae,
accurately and in a time-efficient manner. Original liquid product mixture contained around 200 compounds
(detected experimentally using GC/MS analysis in 75 % accuracy) in water soluble and non-soluble organic
phases. Using the reduction method, the number was reduced to 21 representative compounds. Similarly, the
method was also used to reduce the number of compounds in the upgraded products (from 160 to 20), thus
modelling the hydrotreatment step.

In its databases, Aspen Plus contains information about physical properties of a vast number of compounds.
Often, simulations of thermochemical conversion of biomaterials require defining properties for components
which are not found in these databases. In this work, a methodology for reducing the amount of experimental
data related to composition was developed. Its basis is chemical structure of the compounds, boiling point
range similarities, as well as adapting them into components which are already contained within the Aspen
databases. This, in essence, represents a crucial step of simulating a complex thermochemical conversion.
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Fig. 1. Catalytic ketonization of hexanoic acid using zirconia aerogel at 360 °C
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Comparison analysis of Torrefied woodpellet properties for biomass co-firing in
coal fired power plant

YongWoon Lee, TaeYoung Chae, JaeWook Lee, Byeol Kang, WooYong Park, Won Yang*
NakKyun Kim', IkHwan Na'
Korea Institute of Industrial Technology, 'Hankook Technology
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Improved tolerance of recombinant Escherichia coli to the toxicity of crude
glycerol by overexpressing trehalose biosynthetic genes (otsBA) for the
production of value-added products

Chang-Joon Kim
Department of Chemical Engineering, Gyeongsang National University
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1. Nguyen, A. D. Q,, Kim, Y. G., Kim, S. B., and Kim, C. J., “Improved tolerance of recombinant Escherichia coli to

the toxicity of crude glycerol by overexpressing trehalose biosynthetic genes (otsBA) for the production of S
-carotene,” Biorves. Technol., 143, 531-537 (2013).

2. Li, H, Su, H, Kim, S. B., Chang, Y. K, Hong, S. K., Seo, Y. G., Kim, C. J.,, “Enhanced production of
trehalose in Escherichia coli by homologous expression of ofsBA in the presence of the trehalase inhibitor,
validamycin A, at high osmolarity,” J. Biosci. Bioeng., 113, 224-232 (2012).
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Pyrolysis of Brown Alga Saccharina japonica after Water Washed Pretreatment
in a Bubbling Fluidized-bed Reactor

Jae Hyung Choi'?, Hee Chul Woo®, Jinsoo Kim* and Seung-Soo Kim>*
'Department of Chemical Engineering, Kangwon National University
*Institute of Cleaner Production Technology, Pukyong National University
*Department of Chemical Engineering, Pukyong National University
*Department of Chemical Engineering, Kyung Hee University
*sskim2008@kangwon.ac.kr

The pyrolysis characteristics of Saccharina japonica obtained from an offshore (35 m water depth) aquaculture
facility in Cheong-San Island were systematically investigated using a thermogravimetric analyzer and a
bubbling fluidized-bed reactor. The pretreated S. japonica sample, which were water washed, for
demineralization was decomposed by endothermic reaction in temperature range of 200 °C and 350 °C at
different heating rates of 5-20 °C/min. The calculated activation energy increased from 36.31 to 393.01 kJ/mol
with increasing the pyrolysis conversion from 5% to 60%, respectively. The yields of pyrolysis product such
as bio-char, bio-char, and gas were significantly influenced in the conditions of temperature 350-450 °C and
fluidization velocity 2.0-4.5 Uye. The yield of bio-oil at 375 °C and 4.0 Uns was maximal 31.27 wt%, and
the HHVs of dark (i.e., organic) and transparent (i.e., aqueous) oil fractions in the bio-oil were 31.47 and
5.41MJ/kg, respectively. The major compounds in the bio-oil were dianhydromannitol, phenols, indoles,
cyclopentens and furans, showing the high selectivities. Carbon number distribution of produced bio-oils was
determined through simulated distillation by TGA, and the bio-oils at 375 and 425 °C exhibited weight
fractions of gasoline (28.55-30.09 wt%), kerosene (25.10-26.43 wt%), gas oil (19.38-19.80 wt%), heavy oil
(10.76-12.32 wt%), and lubricant (4.97-5.38 wt%).
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Development of air cooling type Megasonic for wafer cleaning

Euisu Lim, Yanglae Lee, Hyunse Kim
Research Division for Extreme Mechanical Systems Engineering,
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A study on the variation of ultrasonic intensity in cleaning detergent at
vacuum state

Jaeyoung Lee
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Development of flux and defluxing chemicals for electronics

KyoungHwan Seong, SungHwa Chang
Taewon SISChem Co., Ltd.
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Table 1. Physical properties of flux

T T4 Test Method
H| & 0.810 + 0.005 KS C 2509 6.4
1P (wt%) 10% + 0.5 KS C 2509
At (%) 75 ol KS C 2509 6.10
TE&4 AZ(Qm) 500 ©]%¢ KS C 2509 6.7
FIEA

1. Bae J. H., "Alternative cleaning agents and alternative cleaning technologies for replacing CFC",
Prospective of Industrial Chemistry, 8(2), 25~40 (2005)
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A study on the development of the highly alkali ionized water cleaning system
for steel based cleaning items, and it’s outcome

Dong Kee Lee
Korea Testing & Research Institute
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2. Dong-kee Lee, “A study on the recycling of highly alkali ionized water and it's usability for cleaning of the steel
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Development of customized cleaning chemicals.

Sungok Lee
Neail Technology Co.,
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1. Bae J. H., "Alternative cleaning agents and alternative cleaning technologies for replacing CFC",
Prospective of Industrial Chemistry, 8(2), 25~40 (2005)
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A Study on the Synthesis of Phosphate ester-type Surfactants and its
Application of their Oil Cleaning Ability and Metal Corrosion Resistance.

Sungnam Kim, Ho Lim, Seungmo Yang, Jacheum Bae'
IL SHIM Fine Chemicals. Co., Ltd. , 'TAE WON Sischem. Co., Ltd.

The phosphate ester-type surfactant were developed for the removal of deep drawing lubricants, extrusion oils
generated in the manufacturing process of die casting and press parts . It was prepared from 1mol phosphoric
acid anhydride and 2-4.5mol polyoxyethylene glycol monoalkyl ether or a similar compound. The physical
properties of the developed phosphate ester-type surfactants were measured and their metal corrosion resistance
and stability were evaluated. The synthesized product was quite stable at 60~110°C without any decomposition.
And its properties show good colour, quite bright clarity, and excellent resistance to metal discolarization and
acid drift in storage.

And a cleaner DTR-200 was formulated with the developed phosphate ester-type surfactant and applied to
cleaning of metal parts in the mechanical industry. It was found that DTR-200 was comparable to the
benchmark product in cleaning ability of oils and corrosion resistance of metals.

Table 1. Physical properties at 25°C of the developed 10% Cleaner DTR-200

Classification Physical properties

Specific gravity 1.06

Viscosity (cP) 5.0
Surface tension (dyne/cm) 55.1

Benchmark product(P-380) DTR-200

* 30 sec cleaning of metal specimen with 10% Cleaner solution at 50°C and 40kHz Ultrasonic frequency

Figure 1. Comparison of Cleaning Ability of Two Cleaner Products
References

1. Bae J. H., "Alternative cleaning agents and alternative cleaning technologies for replacing CFC",
Prospective of Industrial Chemistry, 8(2), 25~40 (2005)
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Domestic biofuels Status and New Industry Creation strategy

Jae-Kon Kim*, Cheon-kyu Park, Jong han Ha
Research Institute of Petroleum Technology, Korea Petroleum Quality & Distribution Authority
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Demonstration the large-scaled (0.1 ton/d) continuous twin screw-driven reactor (CTSR)
for biomass fractionation

Oh, Kyeong Keun*, Ryu, Hyun Jin
R&D Center, SugarEn Co., Ltd., Cheonan, Chungnam, 31116, Korea

Most of dilute acid pretreatment technologies have inefficiencies related to batch processing, small capacity
and high labor intensity. A recent publication by our laboratory described a promising pretreatment technology;
a continuous twin screw-driven reactor (CTSR) process, capable of providing a unique and continuously stirred
thermo-chemical reactor environment in combination with thermo-mechanical energy and dilute acid. CTSR can
provide high shear, rapid heat transfer, effective pulverization, and adaptability to many different biomass and,
most importantly, it is a continuous process. The shear forces applied by the twin screws and barrels serve to
continuously pulverize the biomass and expose its interior to chemical and thermal action, thus improving the
overall efficiency of the biomass pretreatment. A previous work suggested that cellulose conversion from
CTSR pretreatment was comparable to or better than that obtained from traditional chemical pretreatments
utilizing acid and alkali.

Present study is to assess the capability of a continuous, twin screw-driven system as pretreatment reactor for
increasing the relative fraction of cellulose in pretreated biomass and the sugar concentration in the
hydrolyzate. This study primarily focuses on investigating the effect of operating variables such as barrel
temperature, solid/liquid ratio, liquid flow rate, and acid catalyst concentration that will enable overall process
optimization and targets at improving sugar yield and digestibility of biomass. A detailed investigation of
CTSR screw configurations revealed that CTSR pretreatment opened the cell wall which was effective for
enzyme adsorption on cellulosic fibers. Further efforts can be devoted to the optimization of various conditions
to find a most economical balance between the sugar yields and enzyme dosage.

FIERA

1. Choi, C. H.,, and Oh K. K., “Application of a continuous twin screw-driven process for dilute acid
pretreatment of rape straw* Bioresour. Technol. 110, 349-354, (2012).

2. Um, B. H., Choi, C. H., and Oh, K. K., “Chemicals effect on the enzymatic digestibility of rape straw
over the thermo-mechanical pretreatment using a continuous twin screw-driven reactor (CTSR)”
Bioresour. Technol. 130, 38-44, (2013).

3. Choi, C. H, Um, B. H,, and Oh K. K., “The influence of screw configuration on the pretreatment
performance of a continuous twin screw-driven reactor (CTSR)*“ Bioresour. Technol. 132, 49-56, (2013).
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A Supercritical Route for Efficient Lignin-to-Fuel and Chemicals

Jachoon Kim', In-Gu Lee?, Do Heui Kim®
'Sungkyunkwan University, “Korea Institute of Energy Research, *Seoul National University
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Development of saccharification process using concentrated acid to produce
cellulosic biomass hydrolysate

Moon-Ho Eom*, Jongkoo Lim, Eunsoo Oh, Yong-An Shin
GS Caltex R&D Center
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Development of Retrofitting Technology to Make Biogas Process Operating
Source-flexibility

Dongwon Im, Yongmin Kim, Hyunook Kim', Jongrack Kim’
Eco Bio Holdings Co.,LTD, 'University Of Seoul, “UNU Inc.
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Overview of technology for jet-fuel production from bio-ethanol

Ho-Jeong Chae'”, Ji Sun Yoon', Dong Won Hwang', Joohyeon Park’, Yong-Woong Suh’, Myung-June Park®
'Korea Research Institute of Chemical Technology, “Heesung metal Ltd., *Hanyang University, *Ajou
University
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Development of bio oil gas turbine combustion system for distributed power
generation

Myung Chul Shin, Jin Ki Lee, Dae Won Lim, Ji Wan Kim
Korea Institute of Industrial Technology
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Figure 1. H}0]|Q QY 7EE CO, NOx H]i (Atomizing air Figure 2. H}0]Q QY S CO, NOx H|d (Atomizing air
U= 0.8 bar) Q2 1 bar)
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Application of Passive Sampler for Evaluation on Odor Improvement Effect in
Shiwa.Banwol Industrial Complex Area

Eui-Suk Jung, Chan-Woong Son, Jin-Wan Kim, Moon-Hyuck Im, Gi-Eun Kwon, In-Sub Kil'
R&D Center, Envors Co., Ltd, TSiheung Green Environment Center
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The study of VOCs waste-to-energy by the low-temperature regeneration

Jae-Ho Choi, Hee-Jaec Park, Gu-Hoe Jung, Yeo-Jin Choi, Moon-Soon Im, In-Sub Kil*
Siheung Green Environment Center
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Application study of wet electrostatic fume collector for odor and white smoke
abatement in textile industry

Gu-Hoi Jung, Jae-Ho Choi, Moon-Soon Im, Yeo-JIn Choi, In-Sub Kil, Hee-Jae Park, Min-HO Kim', Hak-Min
Kim', Yeal-Soon Hwang’, Duk-Hyun Kim’
Siheung green environment center, 'K-water, ‘Handok Eng Co., LTD., *Korea polytechnic university
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Ultrafine ITO Nanoparticles Recycled from Redundant I'TO Target Scraps and
Their Applications to Electronic Devices

Sung-Jei Hong'", Chaewon Kim'? Mi Jung Lee’, Young-Sung Kim®, Jae Yong Lec’
'Korea Electronics Technology Institute, “Kookmin University, Seoul National University of Science &
Technology’, Hanchung RF Co. Ltd.*

FTA48E(ITO)2 TFT-LCD, OLED 59 F8d=0 4 Ar8=e= &Aootk ITOS 8 ¢
ol AIE(In)S & W& AH wAF SO0z Ad] wA o} 14=E Aoz =5 Yy}, o]

3 HE FAH T A7 ITO S AFZEste] [TO 242 985 FHEE Ao, B o
F EL ITO A 23 o 2HE ITOE 34, 2vHF YT S Axsta o5 A
2} guto] e §&3hE ATFE AASATE ol fE E& ITO B4 23RS =g 2L £33}
7% BUAEZE o] &3] ITO AFA YA = sy, o2 &
=

lo

gt A ITO Y 21y
Haslslr] Q8 E4AE U A, JAEC] FzsA BAEHAY. HAHIE vRe BAAE A
£33t Z8] HEHF 100 m¥/g o1, Y%= 5 nm °l3F, In/Sn FAH 90/10 ¥ (222) cubic +&
o] ZuAF ITO Wi o] Ax=HAT. F=3, ol9h o] Alxd ZulAdlg ITO Y TS 0|83
o ITO Y35 AZ, Ag YA A slolBge Fxo EYHITE A EAS H7ledd. 1
A3 20 2/sq. °ldte AAF L air 71F 85% o] FEHE EAS YEUE 453 EHHATS
TEsAT. E3], A =71 100CE @] "o {2 713 ¥ ofygt nEA 7 4

V5. TEA 713 o] AZFE [ITO/Ag UnA sfolHgle EddzZe ydyd 2@ §a4d0 ¢
Fated FIAME 7o) fulo)xol HEo] 7ede & & AU

A

B d7E 20149 A 3Ad ] Adoes da4trlew st ae A (KEIT) o A9S wop 3
g A7 AAYYH (No. 10048248).
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1. K.-I. Kim, N.-R. Lee, S.-S. Lee, Y.-S. Lee, and T.-W. Hong, “Evaluations of life Cycle Assessment on
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89



a7 2ak B AE &l ot Aaka A Eolelg I A=

A+, AW
AR ST 224 25

Preparation of Low-Oxygen & High Quality Titanium ingot by Vacuum Arc
Melting and Deoxidation in Solid State

Jae-Won Lim*, Jung-Min Oh
Division of Advanced Materials Engineering, Chonbuk National University
E-mail: jwlim@jbnu.ac.kr
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Fig. 1. Oxygen concentration in the Ti powders after deoxidation as a function of temperature
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Ti powder production by clean melted technology

S.H. Lee , T.S. Kim*
Korea Institute of Industrial Technology
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Mineral Carbonation Appropriate Technology for Climate Change after Paris
Agreement in COP 21

Ji Whan Ahn
Mineral Processing Division, Korea Institute of Geoscience and Mineral Resources (KIGAM), Gwahagno-124,
Yuseongu-gu, Dacjeon, Korea

The Paris agreement (COP 21) is the first universal climate agreement. Developed countries must lead the
way in terms of greenhouse gas reduction and must set up their reduction effort depending on their
circumstances. Currently, global warming is an emerging issue caused by excess of CO, emissions into the
atmosphere. Over the past decade CO, emissions were raised annually, but the real utilization of CO, is very
limited. The co al byproducts were very toxic and harmful to environment. The CO, utilization is more
advantageous than storage. Here were ported the real utilization of CO, from flue gases emissions from
MSWI pilot plants into waste paper recycling industry and green cement manufacturing. A demonstration plant
established in Korea that will stably conduct a solid-solution treatment on independently condensed CO, from
land fill gas, with core technology. This demonstration plant has capable of treating 50,000ton/year of
inorganic wastes, such as municipal solid waste in cineration bottom ash, and capture 3,000ton/year of CO,.
We were successfully demonstration of MSWI bottom ash treatment and utilization of real flow gases.
Carbonation is one of the cost effective and ecofriendly process for the stabilization of heavy metals by using
limestone and limestone mixture from power plants waste or sludge. This accelerated carbonation is more
suitable process for CO, capture an dutilization.

Keywords: Accomplishments, Recycling pilot plant, CO, utilization
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Coal Fly Ash Residues with Heavy Metals (Hg): The Toxic Threat to Human
Health and Environment

Thenepalli Thriveni, Chilakala.Ramakrishna', JiWhanAhn
Mineral Resources Research Division, Korea Institute of Mineral Resources and Geosciences(KIGAM),124
Gwahagno, Yuseong gu, Daejeon
' Hanil Cement, 302 Maepo-ri, Maepo-eup, Danyang-gun, Chungcheongbuk-do, 395-903, Korea.
*Corresponding author E-Mail: ahnjw@kigam.re.kr

Currently, coal is the primary energy source to the many developing and developed countries. The health
impacts of the pollution found in coal ash dust and millions of Americans who live near coal ash dumps.
Coal combustion waste (or coal ashl ), particularly fly ash, a major component of coal ash waste, poses
significant health threats because of the toxic metals present in the ash, such as arsenic, mercury, chromium
(including the highly toxic and carcinogenic chromium VI), lead, uranium, selenium, molybdenum, antimony,
nickel, boron, cadmium, thallium, cobalt, copper, manganese, strontium, thorium, vanadium and others. Coal
ash dust is small particles; the smaller the particle, the greater the health risks. The very smallest particles are
inhaled into the deepest part of the lungs where they trigger inflammation and immunological reactions.
Mercury is of particular concern due to its high toxicity and its accumulation in fly ash and eventually into
the coal ash waste stream. Implementation of the federal Clean Air Mercury Rule will significantly increase
the mercury content in fly ash because the mercury capture required by the rule will result in more mercury
ending up in the solid waste created by coal burning. Despite the obvious health risks to communities living
near coal ash dump sites, no federal regulation regarding the storage and disposal of this toxic waste exists.
The EPA proposed coal ash regulations in 2010, but has not finalized the rules. In this paper we reviewed
the global trend of health impacts of mercury presented in coal fly ash residues.

Keywords: Hg, coal fly ash residues, health impacts
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Effect of Grinding efficiency and removal characteristic for air pollutants of
FGD limestones for climate change

Chul-Seoung Baek , Jun-Hyung Seo, Jin-Sang Cho, Moon-Kwan Choi, Kye-Hong Cho*
Korea Institute of Limestone and Advanced Materials
*Corresponding author E-mail : khcho99@kilam.re.kr

A5l g3 se 9IS v A= T 2l Fpsta Al 3te A (chemical composition),
HE-2A (reactivity) 3 87 E818 A&l 34 (grindability) & 23 Qxpz 2-g3tt}. Fafofy
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Appropriate technologies of oyster shell waste recycling / utilization and its
applications

Chilakala Ramakrishna, Thenepalli Thriveni', Ji Whan Ahn'
Department of R&D Team, Hanil Cement Corporation, Danyang, 395-903, Korea.
'Mineral Processing Division, Korea Institute of Geoscience and Mineral Resources (KIGAM), Daejeon
305-350, Korea.

Oyster shells are a waste product from mariculture that presents a major disposal problem in coastal regions
such as southeast Korea. Oysters represent a substantial fraction of the world’s overall intensive aquaculture
production. In Brazil, oyster aquaculture is still in the deployment phase but has the potential for growth and,
likewise other aquaculture products, generate environmental impacts over their life cycle. Special attention
should be devoted to the disposal or processing of the oyster shells, whose high calcium carbonate content
(80-95%) gives them the potential for use as raw material for several other products. The present study, we
have developed a simple appropriate technologies for the extraction of aragonite needles from oyster shell
waste by carbonation and solution processes its applications have been discussed. The obtained aragonite
calcium carbonate (CaCOs;) was characterized by XRD and SEM, for the measurement of morphology and
particle size. In this process oyster shell waste powder was calcinated at 1000°C for 2 hours, after calcinated
shell powder was dissolved in water for hydration, the hydrated solution was mixed with aqueous solution of
magnesium chloride at 80°C, and then CO, was bubbled into the suspension for 3 hours to produce
aragonite PCC. Finally, aragonite-type precipitated calcium carbonate can be synthesized from oystershell
powder via a simple carbonation process, yielding product with average particle size of 30-40um. Oyster
shells are abundantly available in nature without eminent use and dumped into landfill. Their improper
disposal causes the environmental problems and the results in a waste of natural resources. Recycling shell
waste could potentially eliminate the environmental problem and moreover, useless waste into high-value-added
products due to the antimicrobial activity of CaCOj,which is used for biological treatment and also as a
fertilizer.
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Characteristics of Hydraulic Lime as a Carbon Dioxide-reducible Construction
Material

Jin-Sang Cho, Ki-Yeon Moon, Chul-Seoung Baek, Moon-Kwan Choi, Kye-Hong Cho*, Ji-Whan Ahn'
Korea Institute of Limestone and Advanced Materials, 'Korea Institute of Geoscience and Mineral Resources
*Corresponding author E-mail : khcho99@kilam.re.kr
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Characterization of High Early Strength Type Shrinkage Reducing Cement and
Calcium Sulfo-aluminate Using Industrial Wastes

Keon-Ho Lee', Sang-1Il Woo', Seung-Eui Min', Hyoung-Woo Lee'
"Dept. of Quality Control Team, Hanil Cement Corp., Danyang 395-903, Republic of Korea

In this study, the utilization of the various industries by-products was examined about raw materials of CSA
high-functional cement such as coal bottom ash, red mud, phosphate gypsum and etc. The development of
technology was accomplished for energy and CO, reduction through development of manufacturing technology,
the technology of low temperature sintering(150~200C) than OPC manufacturing process, and replacement and
optimum mix condition of CSA main raw materials bauxite. In order to develop a CSA cement,
manufacturing system was established in Danyang plant of the HANIL Cement Co.Ltd. in Korea.

About 4,200 ton of low purity expansion agent CSA(about 16%) and about 850 ton of lime-based expansion
agent dead burned lime(about 8%) was produced 60 ton per hour from HANIL Cement rotary kiln. To
improve OPC cement properties, 10%, 13%, and 16% of CSA was mixed with OPC and compressive strength
and length variation rate of green cement were examined. When green cement was mixed with each rations
of CSA and OPC, the compressive strength was improved about 30% and the expansibility of green cement
was improved. Also, green cement was mixed with 16% of CSA has the excellent compressive strength
compared with OPC.

Therefore, which indicated the possibility of practical use of low-cost CSA using industrial wastes only.
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Coping with Global Environmental Regulations’Impact on Korean

Environmental Regulation
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Simulation of Tubular Solid Oxide Fuel Cell System Powered by
Seaweed-Derived Biogas

Ivannie V. Effendi, J. Jay Liu
Department of Chemical Engineering, Pukyong National University

Fuel Cell is a reliable power source which converts chemical energy directly into electrical energy. Solid
Oxide Fuel Cell (SOFC) is the most promising fuel cell technology for stationary power generation. SOFC
can operate on natural gas or renewable biogas. Renewable biogas is intensively investigated as an energy
source for fuel cell. One of the prospective source is biofuel from seaweed which is a third generation
biofuel that requires no agricultural land for production. Through anaerobic digestion of brown algae
(Laminaria japonica), biogas can be obtained as fuel for fuel cell. In this work, tubular SOFC stack powered
by seaweed-derived biogas was modelled. Process simulation and optimization are required to analyze and
assess the performance of fuel cell powered by biogas. The model was adapted from tubular SOFC developed
by Siemens Power Generation, Inc (SPGI) with desired output of 120 kW. To assess the model, mass and
energy balances, voltage, and the efficiency of biogas-fucled SOFC were computed. Techno-economic
assessment was also performed to determine the economic feasibility of the fuel source considered in this
work. Further research will include the integration of this technology into macroalgae biofuel platform.

104



2tetyl sAgst A gt a Ao A “‘ A 2z®l 7l&
e A 7| EA T 787603303_?@_
By x71&d Y FEPSEA T

The Promotor Effect of Rare Earth Metal for Biomass Tar Steam Reforming
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Effect of supercritical CO, on the enzymatic production of biodiesel from
waste animal fat

Aldricho Alpha Pollardo'?, Hong-shik Lee', Dohoon Lee!, Sangyong Kim"", Jachoon Kim?
'Green Materials and Process Group, Korea Institute of Industrial Technology
SKKU Advanced Institute of Nano Technology, Seongkyunkwan University

Waste oil is a promising feedstock to replace vegetable oils that usually used in commercial biodiesel industry
but the high content of free fatty acid in waste oils makes it unfeasible to be processed with commercial
process [2],[4]. Enzymatic process is preferable to convert waste oils into biodiesel since enzyme can catalyse
both esterification and transesterification with the presence of acyl acceptor [5]. However, enzymatic reactions
still has some drawbacks such as slower reaction rates than base-catalyzed transesterification, limitation of
reactant concentration due to the enzyme inhibition of methanol [1],[3]. Supercritical carbon dioxide (scCO,) is
a promising reaction media for enzyme-catalysed waste oil transesterification since it increase the mass transfer
rate of the system [6]. The reaction of biodiesel is carried out in pressurized condition that enables CO, to be
in its supercritical state and 40°C with varied parameters of oil concentration, methanol concentration, and
temperature. The best yield of 84%-mass FAME is obtained at CO, to oil mass ratio of 10:1 and at methanol
to oil mass ratio of 14: 100 for 6 hours although the reaction seems to get slower at the third hour onward.
The high yield of FAME when using high mass ratio of CO, to oil showed that supercritical CO, could
increase the reaction and mass transfer rate while reducing methanol toxicity to enzyme activity.
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Novel active benzotriazolide-based catalysts for generating
disubstituted ureas from carbon dioxide and amines

Cong Chien Truong'?, Hye Jin Lee'?, Yong Jin Kim'*"
'Green Process and Material R&D Group, Korea Institute of Industrial Technology (KITECH), 89,
Yangdaegiro-gil, Ipjang-myeon, Cheonan, 331-822, Korea.
*Korea university of Science and Technology (UST), 176 Gajeong-dong, 305-350, Yuseong-gu, Daejeon,
Korea.

A new series of alkali metal azolides were successfully prepared from the reaction of alkali metal carbonates
with corresponding azole compounds and their catalytic activity toward the carboxylation of CO, with various
amines were investigated. Among them, cesium benzotriazolides (Cs[BTd]) was found to effectively facilitate
the carboxylation, producing corresponding 1,3-disubtitutedureas in both high yields and selectivities. The
structure of Cs[BTd] obtained from NMR spectroscopy and single-crystal X-ray diffraction explains the
water-tolerant ability for the carboxylation, leading to high TOF value as well as robust recyclability.

112



PA-03

Two-step synthesis of 5-Acetoxymethyl-2-furaldehyde (AMF)
from D-Fructose

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

5-Hydroxymethyl-2-furaldehyde (HMF) and its derivatives are the promising biomass-derived platform
chemicals, which have the potential to become “carbon-neutral” feedstock or building blocks in a green,
renewable and  sustainable industry. In  this research, we are interested in  synthesizing
S-acetoxymethyl-2-furaldehyde (AMF) — an ester derivative of HMF — which is considered to have better
physical and chemical properties compared to HMF such as chemical stability and easy isolation. The
synthesis consists of an enzymatic esterification of D-Fructose into 1,6-Diacetyl-fructofuranose (DAF) and a
direct dehydration of DAF into AMF. Optimizing this procedure results in a total yield of 56% AMF and 9%
HMEF simultaneously.

Keywords: HMF, 5-acetoxymethyl-2-furaldehyde, dehydration, D-Fructose
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Syntheses of bio-based furanic plasticizers in replacement
for conventional phthalate esters

TanPhat Nguyen"z, Anh H. T. Vo'?, NhanT.T.Huynhl’2, BoraKim?, Seok-KyuParkz,
Hong-shik Lee?, Jin Ku Cho'*"
"University of Science and Technology (UST)
*Korea Institute of Industrial Technology (KITECH)

In worldwide plasticizer market, the phthalate esters have the biggest portion and the important role. Because
of the fact that most of them are harmful to environment and human health, they are being replaced by new
generations of plasticizers which are bio-based, more eco-friendly and more bio-compatible. This study has
focused on the syntheses of furanic plasticizers derived from algal biomass. Dialkyl ester products of
furandicarboxylic acid through simultaneous dehydration-esterification reaction were obtained and characterized
by spectroscopy. Under reaction conditions, the conversions of investigated reactions reached around 100%.
Yield and selectivity of reactions rely on the nature and the amount of acid catalysts. Also some intermediate
compounds in between starting materials and target products were found, unveiling the reaction pathway.

Keywords: biomass plasticizer, FDCA ester, galactaric acid, dehydration, esterification, cyclization
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Palladium-catalyzed reductive carbonylation of nitrobenzene
for producing isocyanate

Thanh Tung Nguyen'?, Yong Jin Kim'**
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Ipjang-myeon, Cheonan, 331-822, South Korea.
*University of Science and Technology (UST), 176 Gajeong-dong, 305-350, Yuseong-gu, Daejeon, South Korea.

Organic isocyanates (R-NCO) have achieved great commercial importance as chemical intermediates in the
manufacture of many useful chemicals. The conventional route has now been proven to have many serious
problems, such as the use of extremely toxic phosgene in the carbonylation step and the byproduction of a
large amount of corrosive hydrochloric acid. One attractive alternative method is direct carbonylation with
carbon monoxide, because it can provide a one-step conversion of nitro aromatics to the isocyanate without
the use of dangerous phosgene. In this research we present the direct reductive carbonylation of nitrobenzene
to phenyl isocyanate using various types of palladium catalysts, including the system of
PdCl,withN-donorligandsandpromoters.

Keywords: Carbon monoxide. Palladium catalysts. Reductive carbonylation. Nitrobenzene. Phenyl isocyanate
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Ferric selenide as catalyst for reductive carbonylation of nitrobenzene
for generating urethanes

Tram Huynh Nguyen'?, Thanh Tung Nguyen'? Anh Vy Tran'?, Yong Jin Kim'*"
'Green Process and Material R&D Group, Korea Institute of Industrial Technology (KITECH), 89, Yangdaegiro-gil,
Ipjang-myeon, Cheonan, 331-822, South Korea.
*University of Science and Technology (UST), 176 Gajeong-dong, 305-350, Yuseong-gu, Daejeon, South Korea.

Carbamates have been widely used due to their versatilities such as intermediates in pharmaceuticals,
pesticides, fertilizers or precursors of isocyanates. The conventional process for the production of carbamates
involves the toxic usage of phosgene. The reductive carbonylation of aromatic nitro compounds with carbon
monoxide in the presence of alcohols has attracted much attention as a phosgene-free alternative route to
carbamates. In this study, has been investigated as an active heterogeneous catalyst for the synthesis of
carbamates. The results showed that the 96% yield of carbamate under the optimized conditions was obtained
in the presence of FeSe, as a main catalyst, indicating the outstanding catalytic performance as well as
robustness of FeSe, compound for the reductive carbonylation reaction.

Keywords: carbamate, reductive carbonylation, ferric selenide

116



PA-07

Copper selenide as catalyst system for reductive carbonylation of nitrobenzene
for generating urethanes
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Carbamates have been widely used due to their versatilities such as intermediates in pharmaceuticals,
pesticides, fertilizers or precursors of isocyanates. The conventional process for the production of carbamates
involves the toxic usage of phosgene. The reductive of carbonylation of aromatic nitro compounds with carbon
monoxide in the presence of alcohols has attracted much attention as a phosgene-free alternative route to
carbamates. In this study, have been investigated as active heterogeneous catalyst for the synthesis of
carbamates. The results showed that the 97% yield of carbamates under the optimized conditions was obtained
in the presence of Cu,Se, as main catalyst, indicating the out standing catalytic performance as well as
robustness of Cu,Se, compound for the reductive carbonylation reaction.

Keywords: carbamate, reductive carbonylation, copper selenide
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Preparation of furfural from xylose by lignocellulose-based
carbonaceous catalyst under biphasic condition

Anh H. T. Vo'?, Nhan T. T. Huynhl’z, Tan Phat Nguyen"z, Bora Kim', Hong-shik Lee!,
Sangyong Kim'?, Jin Ku Cho'?
'Korea Institute of Industrial Technology (KITECH)
*University of Science and Technology (UST)

Nowadays, conversion of xylose to furfural which is a high-value chemical derived from biomass.
Conventionally, furfural from xylose has been produced via the utilization of highly corrosive and
environmentally toxic mineral acids such as sulfuric acid or chloric acid. From the standpoint of ecofriendly
and benign approach, a microwave- assisted biphasic process for the dehydration of xylose into furfural in the
presence of novel carbon-based chlorosulfonated catalyst was investigated. In this study, xylose as starting
material was placed into a microwave reactor under biphasic condition consisting of H,O:MIBK(1:2). The
results show that xylose was completely converted and over 70% vyield of furfural was achieved within 5
hours at 1800C. The research also showed efficient yields for other pentose such as Arabinose 55.4%, Ribose
66.88%, and Lyxose 87.39%. This greener protocol provides highly selective conversion of biomass to furfural
as well as facile isolation of product from the reaction mixture.

Keywords: xylose, furfural, biphasic system, heterogeneous catalyst
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A study of new concept of SCR catalyst system with 3D metal strucrue for a
compactness of marine SCR reactor
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Separation and purification of prussian blue in an absorption oil sludge

Dae Yeon Kim, Joung Ho Park, Moon Hyeon Kim'
201 Daegudae-ro, Jillyang, Gyeongsan 38453, Korea

Prussian blue is representatively used in dye and pigment industries and usually obtained by some different
chemical synthesis techniques. It is known that prussian blue is generated through a complicated process
during the oil-scrubbing of flue gases from coke production plants. We have reported that such a prussian
blue could be successfully separated and then extracted by using organic solvents. Therefore, this study has
been focused on a suitable purification of the extracts to prussian blue with high purity.

We chosen different source sludges containing prussian blue, and absorption oil that had been removed using
a centrifugal separator as to a maximum as possible, and the sludges were mixed with toluene with a volume
ratio of 1:3 and treated at 70°C for 2-6 h with filtration after every 1 h and replacement to a fresh toluene
solution, depending on sludge samples. After this primary purification, the extract discharged from a depitch
tower (DT) was purified by treating it at 100°C for 5 h, denoted to "Sample A" to distinguish it from the
others. In the case of a sludge sampled from a heat exchanger, it was further treated at 100°C for 5 h
following three times 1-h treatment, referred to as "Sample B". A sludge from another DT was subjected two
times to a toluene solution treatment at 100°C for 5 h, designated to "Sample C". XRD patterns and IR
spectra of the Samples were collected and compared to those for a commercial pure prussian blue ("PPB").

PPB
— PPB

E} |‘

s Sample A

= ﬁ_J»_,L_..__L A o SampleR |

_ — o | Sample A

s

£

Absorbance

‘ |I \ Sample B

bl ., sampec

Sample B

I
I Sample C
bt I\ e AL

5 20 35 50 65 20 3900 3400 2900 2400 1900 1400 900 400
Wavenumbers (cm-1)
200
Fig. 1 XRD patterns for different source sludges Fig. 2 IR spectra of different source sludges

purified in toluene purified in toluene

All the Samples gave characteristic reflections corresponding to PPB, although the Sample B possessed XRD
peaks regarding an impurity substance, as shown in Fig. 1, proposing that the sludges used here were purified
to a high purity level similar to that of PPB. However, this conclusion could differ from results reached from
IR absorption measurements (Fig. 2). The absorbance in PPB was stronger than that appeared with the
Samples, depending on them. Surprisingly, the Sample C yielded no visible bands disclosing the presence of
an impurity that was indicated upon XRD measurements. Consequently, it is shown that sampling points can
greatly influence the purity of prussian blue in sludges after suitable treatments in addition to details of their
purifying protocols.
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Oil production from catalytic pyrolysis of polypropylene

Soo Hyun Kim, Roosse Lee, Jong Ha Hwnag, Eun Nam Son, Jung Min Sohn"
"Department of Mineral Resources & Energy Engineering, Chonbuk National University, Jeonju, Korea

A 7hedt uAdogn w2 FAHNE AEAEHES HEA gtor &5 54
ol Az EAE EAA ]I_’ Atk & A= HERAYS ey SE Wy e
Soklth. At atart gl 2 Aol s adAF 2o AvA 2dE &
drh. dEs e T AdE ede Fdo] v AFAREN FAMNAE Sl& SwE
stefog JpASY. 2 Ay dETAY FAER EYZRIAS T S E olgete] dE
stk AREE Fouli= Ad8 Fvliel S-1405L, FCC Additive, Albemarle 7-2% AH&-3st3ith i
571 U AAE 200 mL/minl® ZHFo] AMAVE §le 2o R purging A7l % pyrolysis
reactor® &%= 600 °C, catalyst reactor® 2%+ 500 CE slon, i 5o Zustd A
£ 30 mL/min® % WA, AE& WFE olTAA w5 AR vbEE AFsIY. AEE
7t WA condensers AUHEA dHE GO = —O"Zfﬂ"*oui SEHA A2 Ttae BHS
Sjsko] Zhamol] AT X QT ThAE GCRAVIE ol&sto] kA RS AT 5 AT GO
BA7)|5 o] gslo] AT Ayt S AL S w7l 2= AFEEA] ogkS wRth A A ERo)
Wekom, C3He, CHy =2 Wol AAHAT. A 24L& GC/MSE ol&3dto] A& 242 83
on FulE AMEsHA ¥okS wrTh F7HEE 10000hr T2 At Fulo e AASAS W vh
W Al CsollA Csol ol F7hsksivh. wd, o] fo] F7bsldls 5ol EFda Ad=19
Fol FA sold= & Utk
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Pyrolysis of lignin using Rotary Kiln reactor

Donghoon Ro, Hyung Won Lee, Dae Jun Oh, Young-Kwon Park*
School of Environmental engineering, University of Seoul, Seoul, Republic of Korea
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1. Ben, H., Ragauskas, AJ.,, “One step thermal conversion of lignin to the gasoline range liquid products by using
zeolites as additives,” RSC Adv., 2, 12892-12898 (2012).

2. Zhou, G., Jensen, P.A., Le, D.M., Knudsen, N.O., Jensen, A.D., “Direct upgrading of fast pyrolysis lignin vapor
over the HZSM-5 catalyst,” Green Chem., 18, 1965-1975 (2016).
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Method for eco stripping photoresist in photoresist thickness

Hyun-Shik Dang', Sang-Jin Han’, Seung-Hyun Kim" Jun-Huyn Kim’, Gi-Tae Joo®,
Young-Sung Kim""
'Seoultech Electronic and Information Engineering
*Seoultech Electrical and Information Engineering
3Seoultech Dapartment of Mechanical and Automotive Engineering
*Seoultech Graduate School of NID Fusing Technology

HFE A &2 Az Al ZEZ AT Y] (photo lithography) 34l A 73" (photoresist) S #& 8+
g AFg%+= dhg] 29 (chemical PR striper)< #7154 =2 2 st F|EAE oF7] sttt
FIEYAXES] AHES &5 3 o, @l dQlo] HER uhg] A ox XEHAAE JAFE
S ¢kds] AAsoF st b o] et dEo] ©AIZE U drg]djofet 2 A T A= A S
Zsto] Bg] §AE AREstal Qlo] AL AATE WS wep 2 AFelA= HE B
dipping strip process)ell st MF2AS Fste] MO whg] Anje] 1] glo] ¢k kg 7}
ek HAsHe] kgl & oy wAYSFS AFST

27 BAE GAs] A8 7l Bl 89S FR-4032°0% 4 ﬂ“ﬂ:?bﬁﬁw‘ziﬂﬂiHUQ
GXR-601)7F 27 600 nm, 900 nm E=X¥ 7 Ad AL 2% 30 °C, 40 °C,
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50 Colld %10 %, 20 %, 30 %, 40 % 424 157 =24 Aean% A= H‘fﬂ%"“ﬂ s ekd

whg] AZhE #EE] HA ghs A6 olw | dHgle] FrtE vy dAstE tokE

N, = AJA A Trﬁ(hydrometry)‘%”ﬁa Tete, TEHAARE HElE F3ystqint. %*o]ﬂ

2]+ DI- water§ o] g3slo] AAHsE T Ad Ay 600 nm =X 7] 900 rpm 59 35 %%

o Al 45 Coﬂ =7} "*017}”3 ¢hd g s & ¢ QY. TR, 2% wE ¢l uhg] A7t "4

THEOHE §71= 01 S v g o] Ao R Qlal ARE % v e Hr|E Tael mE $Hed Y

agart Zlgen.
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1. o8z, AyE, $49, "TEHALE g 24E 9 o]F o]g3t XEHAAESZYH" KR,
S=H3 10-0964801 (2010).
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5-Hydroxymethyl-2-furfural(HMF) & F&& E3 F A9}
AAED HMFQ oA 23} vl$S 53
5-acetoxymethyl-2-furfural(AMF) 2 A%

R RIS IR R
Al E AT, ae s, (ol g s st

HMF+ A/F3eAES dAd 5 Sl vfolovja {3 ZRE sghEC®, BTXZ|HIC®E AAH
terephthalic acid® WAE 4 9+ furan dicarboxylic acid(FDCA)2l AFA 5 thekst Hofo
g8 7l Ao J|thEa Qr}

AMFE & golA HMFRtE o] v, HMFO hydroxymethyl group®th AMFEFY
acetoxymethyl group®] WrSAJo] A LA olojaA] Bko] £o]3ln] HMF+ 8 Ao A Akel ok
st BE7F o]y Wvhd AMFE Ea7F g0},

o] AN I AS Eo EaUA AFSulel Amberlyst 155 AFE3L1 DMSO, 1,4-dioxanes
S = 3] 6017 o] A&KH o7 HMFE A4aksk 4= Qldth.

AdE HMF £3dEoe o2 DMSO7F &= =d DMS0L #AIAE 28 ethyl acetate,
THF, hexane, diethyl ethers? &mlE Abgsto] F&E3k 0w FE3 HMFEFEH AMFS o~
g 23} 9SS Ak (1)

Ion exchange resin, lipase 59 w9} 4% HoloAH 23 ¥IeS Fastgon, =M=
WSSl 2 AFE3te] 5 9 dAH 23} 9k Al 7heAd S g

Keywords:  5-hydroxymethyl-2-furfural (HMF), 5-acetoxymethyl-2-furfural (AMF), continuous production,
esterification
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1. Ye-Zhi Qin, Min-Hua Zong, Wen-Yong Lou, and Ning Li, ACS sustanable Chem. Eng. 2016, 4, 4050-4054
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Steam reforming of fast pyrolysis aqueous phase bio-oil
from macro algae

Yong Beom Park, Hyun Jin Noh, Hankwon Lim', Hee Chul Woo"
Department of Chemical Engineering, Pukyong National University,
'Department of Chemical Systematic Engineering, Catholic University of Daegu
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Ao BF ga% A ASHE FHAEA W] vlolon]AZ HEF oo D o] 2.0l
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£79 A1 TES AR BEES FRAHL U BT ERROIG, vo|eeAL Y% AnE A}
§317] A Be AW TS ALE At 1 3, $37] AAWSS Mool EHS WA
NAA EA] 4 ARE S U WEolth, MHEY FAAAE Ak A FARLOl MBI @
1 ARAA 5 ARE AE, BEATY AR U AT FYAAE Ue AgHT A 5
o A AnAA, FaudY, FEAEAE S o §HE FhAUA AF BAEES HAT JEE A

T7F Fie] A E A Qe

A dlah o didle 408 vele e £57] AANE Ane Ags] F2o 4
Q&S HRIsHATE AER fol $49 4 woleodle FEAR( B0C. 10 mim e A5
8 U5 008 B o) 0% 25 4hol AZAT G oI % AE AN B
7l glstel UAe xeet A E6) 2% (FCR-4-02, POS-T Zulel B4E ko7 94

KoTixOy(Potassium titanate)& X3rst YA Fu| 455 A Fsto] &% (773~1,073K) %
S/C ratio(2.25~10.0)° W& F4& A F8S vlw F7Fsd.

FaEH

1. Lan, P, Xu, Q., Zhou, M., Lan, L, Zhang, S., and Yan, Y., "Catalytic Steam Reforming of Fast Pyrolysis
Bio-Oil in Fixed Bed and Fluidized Bed Reactors,” Chemical Engineering Technology, 33(12), 2021-2028
(2010).

2. Trane, R., Dahl, S., Skjoth-Rasmussen, M.S., and Jensen, A.D., "Catalytic steam reforming of bio-oil,*
International Journal of Hydrogen Energy, 37, 6447-6472 (2012).
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Preparation of hexaaluminate using homogeneous precipitation

Ji_Yun Park, Seung Ho An, You Shick Jung', Young Woo Rhee"
Graduate School of Energy Science and Technology, Chungnam National University
99, Dachak-ro, Yusung-gu, Daejeon 34134, Korea, 'GN Technology & Solution
4620, Hoguk-ro, Galmal-eup, Cheorwon-gun, Gangwon-do 24047, Korea
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G. McCarty and H. Wise, "Perovskites catalyst for methane combustion",Catalysis Today, 8, 231-248
(1990).
2. M. Machida, K. Eughi, and H. Arai, "Effect of Additives on the surface area of oxide supports for
catalytic combustion" Journal of Catalysis, 103, 385-393 (1987).
3. G. Groppi, M. Bellotto, C. Cristiam, P. Forzatti, and P. L. Villa, “Preparation and characterization of
hexaaluminate-based materials for catalytic combustion”, Applied Catalysis A: General, 104(2), 101-108
(1993).
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Effect of heat-treatment condition on the Li storage of Ti-Graphene
nanocomposite
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Synthesis and characterization of PtIrNi alloy nanoparticle with
hollow structure for ammonia oxidation reaction

Yeonsun Sohn, Jaeyoung Jeong, Haengsoo Kim, Pil Kim®
School of Semiconductor and Chemical Engineering, Chonbuk National University
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Indonesian low-rank coal gasification research with mixed catalysts
at fixed reactor

Seung Ho An, Ji Yun Park, Gyoung Tae Jin', Young Woo Rhee"
Graduate School of Energy Science and Technology, Chungnam National University, 99, Daehak-ro,
Yusung-gu, Daejeon 305-764, Korea
'Korea Institute of Energy Research, 152 Gajeong-ro, Yuseong-gu, Daejeon 305-343, Korea

A AAAQ ARG F7FE Qlste] oFAel MEr zpdef st 71AdS W 3] ofE o] JtF
Ha ok 53] T3, Ax9 T MRnA=e] AA AR AdFFrtE A AuA 27t 358
I Qo] 7)E oUA AL 52 oy shAo] st k. ol# s Aol A5 e 5
o] digte] @ 4= Qth(1-2). Aew Aw WA Muk wgEge oF 40% o3-S A S AAA S
2 12 ®ExHo Qo] kAl FFo] shsd AuRZAY 7R 7F wl- Eoh a8u ASHE e
S SR, 3, 3 @Eo] mol wdko] V)& Ak Hld] we whdo] Qluh. I V)& b
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7l ol TAE dEdT ¢ A wg % JeR F7hEa 9u(3-8).
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3. Zhang, D. X.,, Liu, P, Lu, X. L., Wang, L. L., and Pan, T. Y., “Upgrading of Low Rank Coal by
Hydrothermal Treatment: Coal Tar Yield during Pyrolysis,” Fuel Process Technol., 141(1), 117-122(2015).

4. Zhuang, Q. L., Biondi, M., Yan, S. H., Bhagat, K., Vansickle, R., Chen, C., Tan, H., Zhu, Y., You, W.,
and Xia, W., “An Advanced Gasification Technology to Utilize Low Rank Coals for Power,” Fuel., 152,
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CO adsorption using nanoporous Pd/AlLQO;

Changju Yeom, Younghun Kim"
Dept. of Chem. Eng. Kwangwoon Univ. Korea

CO 7tAE AelA iRt g rZznlae] H3kdo] £7] uito &

ot CO 7} AA A7 &3] A8 Foltk. HE b3y E4E o] &3t {fal7tAs &+

oMol AAEe] =7] wZel 7-.“8”% . & AFoM+= st W o2 Mesoporous

Alumina(MA)E A xdte] CO 7~ FHAAF S Ay, FH S FHAI717] 49
13 P
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Gasification of coal and torrefied biomass mixture
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!Clean Fuel Research Laboratory, Korea Institute of Energy Research, Gajeong-lo 152, 305-343 Daejeon,
Republic of Korea

Future Energy Plant Convergence Research Center, Korea Institute of Energy Research, Daejeon, 305-343,
Republic of Korea

W ATAAE AT Awu WEs ol ona) Byl wE ki 54 selsidnh v

Hpol Qul s ALY $EHS Aa B9710A 3087 300°CAA W F 75umelste] A ¥
Atk Awst BAE wesl vlol el aE 7t 8:2, 7:39) APz Bk P R
g 79

AT 7RSI E ARSI, 1Ed Ao FRo| AaFIEE olgste] AFHOE dn
stttk A E ATEAE SEe BHE FHste] A (IR) 7FAwEA7]E o83 ,
AsFith. 7hAst 25 (730-930°C) & A= H] F7]¥] (equivalence ratio, 0.23-0.51)5 W3}A|
o Zhzbel o] et FAAVEA A, WAEE, BAadEE HEE skt vhAs &R 5
7tgtel| whet WrtAg g9 SdAHEE] S, AdE 7S Wl Hesk COol Aol 73t
o Fdst A Aeke] 7hAsE g&o] REErs) nlo]l euj A BTy E9kow F7|H] .34 Ho W
ZtAEE&S Btk A ey} HEest vlo] oA 23 TRAs A L8l ARdib] F7]d]e] mE 7hAg
A7 Mgk 9 gkeks)t vlo] o uj A 7hast Avkel fAbsE AEFE Hoy WrtAg &y sAAES
A zbolE Btk 3| wmEbN T WA E S BAAg S XolE Hom, 8:2° E§H] oA
o & 7tAE a&& Bl
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Coal gasification in steam and CO, mixtures

Roosse Lee, Jong Ha Hwang, Soo Hyun Kim, Eun Nam Son, Jung Min Sohn’
Department of Mineral Resources & Energy Engineering, Chonbuk National University, Jeonju, Korea

L i

AT= AEs ol &3 HAVIE F 7FE diFQl Ved Hg At Ves VE AP EY UEA
= 7t~% Steam¥ CO.E o] H]

ol AFeAl AREsE ME GFEdd oA shEd
Steam 7}A3F WEg 7)o Steam + COp 37F2E o]&3 800, 850, 900 TeollA Fayst3rt. 7k~
2719} GC(Gas Chromatography)E °l&3ll 4 (H) 2t YA (CO), ©JAFsIREA(CO2), ™
EH(CHy) AAHES Ttz olE olfgd w4 AsES AXtsdu. o AFRE J]-uA NS4
Volumetric ReactionModel (VRM), Shrinking Core Model (SCM), Modified Volumetric
Reaction model (MVRM)& ©]&3dto] #4443 MVRMel 7bd A&atqiar, whg &%
7V Sebgtel et RS EAATTE AXE A & 7 AT

Steam? COxE &35 H97F Steam¥ CO.5 77 @507 AL ARy £ A4S B

o]

Wdo] AFE 9l Adaro®S AFESEE I, V)=

>

3
gy © &

534+ Steam 200 cc/min + COz 100cc/minl® £3rsk 49 850, 900 Celx 3.03, 3.8
6.35% 7F& =& NSRS ghol vEbster, @4 stely A g2 71.13 kJ/mol® 7 v
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Analysis in the eco-nozzle method for photoresist strip process

Lee Joon-Hyuk', Kim Joon-Hyun', Kang Tae-Sung', Joo Gi-Tae’, Kim Young-Sung”"
'Seoultech, “Seoultech Graduate School of NID Fusing Technology

Liquid crystal panel 2452 HF714] 7]#9le] TEHAAE(PR) Z5°0% dHYstL =%, 4
7}3te G AIE AR AFEY, 281 PR A& (residue - protective deposition film)S H3F Al
Ast7] A wrE sl AIS HEA] AXA "Jo. o3t FFEES TF st FAES o]
wito] 3] A|AEH o st} AMEHOZ amines XS alkaline Hrg] o] 2kolat PO} nl
A 71E 7= AL 1841 QQlo R FAAE ij?:?_ TAY % @rﬁ wtg] 24 Eol 55
el p Qlop ey o3 whel s o] 949 v A2 AbE 32U B S EAY v A

i}

ATt

T B2 Mt 45§49 Jert 9Hds

2 AFE oy wARES Foly WIAS AFSHA v 58S fAE7] Y] s F2 PR
vl 2AES U esE Axgoe]l 4SS ALstr] fst FAHAS A, dld PR ma A=
& = HgR =559 32%, CD 10%, Alkalinity &4 40%, 7Ie} o2 7]% 345 o] 9]
ot} o] 2B XggEo] = CD 5 A g 34 WAoo £ wkd, ¥ e o8& FUF &
FEI g oy 34 ujgo] 1:3004 1:28 HZeHA Fd velsgo] dA3] dojzt, weba Al
T 24 dist B EA#S A8 S skglen olE EURE V3o JH= wAMY 27
£ aEste] =& 28I 27 (2mm) st AE S (3-4bar) 2 EFZAQ RS AAS] S
S =

B4 AES AA, UE, v T2 ARE B9 & WHSE 1Este] 25 - 45°CE Vo ®E 73
ste] 747y mdAS ZAdsielnt. o] RHA S R EHE AHoR T A¢ Ee AP FoE
ECLE CFX &4 ol /\Hi% =24 2Ho®E F7HESY. 183 Fig. 1(a)dA BT A 22

=]

Feol M3F Aol 7Hed g wFo] FAEHReH S 212 Fig. 1(b)set o] WHe 7|
wog AW F9 inlet _J_Zj 2)o&= openingl® ﬂﬂfﬂ“ﬂr E3] FUAFXHA = 45°C 25 ejAAo
2 ukg]do] =& YHORREH FAlEO] V|3 R FEHWA WANE R TES M u §4 9
T RS 7HAA Ak 53] A HEHSE AR, 283 delA PR utElE A S 22

(a) Nozzle modeling (b) setup (c) Stripper velocity contour
Fig. 1 Nozzle spray analysis with 2mm orifice diameter, 50mm distance, 45°C stripper

A i
1. Kim, J. H, Kim, S. H., Jeong, B. H., Joo, G.-T., and Kim Y. S "Green Photoresist Stripping Process with the
Influence of Free Surface from Dip Withdrawal," KSMTE, 25(1), 14-20 (2016).
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Oxidative coupling of methane using various silica-supported metal catalysts
with dielectric barrier discharge plasma

Heesoo Lee, Do Heui Kim"
School of Chemical and Biological Engineering, Institute of Chemical Processes, Seoul National University,
Seoul, 151-742, Republic of Korea

Natural gas of which major element is methane is widely distributed all over the world. However, the direct
utilization of methane which is main component of natural gas is limited to mostly fuel. In this circumstance,
if methane is directly utilized as alternate feedstock to petroleum, it will be highly desirable for industrial
catalysis reaction. Thus, many efforts have been done for methane conversion into more useful products like
olefins. There are two ways to gain these hydrocarbons from methane directly. One is oxidative coupling of
methane and the other is non-oxidative coupling of methane. Non-oxidative coupling of methane utilizes only
methane as reactant gas, thus the coking problem should be considered. However, it is difficult goal for
practical use for now because of the need for high temperature and relatively low hydrocarbon yield. In this
experiment, oxidative coupling of methane has carried out to produce C, or C; hydrocarbons from methane.
Also, since catalyst only reaction needed high temperature above 700°C, dielectric barrier discharge (DBD)
plasma which is non-thermal plasma was applied to lower the reaction temperature. Among conventional
oxidative coupling of methane catalysts, Li/MgO catalyst and Mn-Na,WO./SiO, catalyst are the most
commonly used catalysts so far. Thus, these catalysts were applied first. However, the hybrid reaction did not
show synergistic effect, but show negative effect. Therefore, new approach of low reaction temperature was
designed in this research. In the past paper of Wang et al.[l], various supports were examined for
plsama-catalyst hybrid reaction and it was confirmed that performance of catalysts was proportional to that of
supports in plasma-catalysis hybrid system. Therefore, some supports such as TiO,, y-ALOs;, and SiO, were
investigated under dielectric barrier discharge plasma condition. Among the supports, SiO, has shown the best
performance. Therefore, diverse metals were loaded on silica to compare the effect under dielectric barrier
discharge (DBD) plasma condition. As a result, C,; hydrocarbon yield reached about 8% below the reaction
temperature of 450°C.

FEH
1. Wang, L., Yi, Y., Zhao, Y., Zhang, R., Zhang, J., and Guo, H., “NH; Decomposition for H, Generation:
Effects of Cheap Metals and Supports on Plasma—Catalyst Synergy,” ACS Catalysis, 5, 4167-4174 (2015).
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Optimization of reaction condition of bubble column reactor
for carbonation of waste concrete slurry

Kwanhyoung Jeong, Junyoung Son, Hansol Kim, Yuri Park, Jong-Ki Jeon, Sangmin Lee,
Jinman Kim, Wonseck Chang', Choul-Ho Lee’
Kongju National University, 'Korea District Heating Cooperation

1. A&

21/‘1]17] AR Ed o] whE o]AbstEr A Wl E Al i FE L o] 2 ISk A Iy o] ]S Fo] 4zZthsh
AR We=y vk EUEtE 20139HFE CO: 9F #Eud=el aldso] ol& s]ds7] 13l
CCS(Carbon Capture Storage)? 77} &3] s Folt}, COL9 AAWHS dndbx oz X%
Agolut slFA Wo] led ol A% 7hs o] Blwd A3 Alko] A UA =W COL7F AwlE
2 F e A ok, FEEAESHE o]Arster ARl AFAE, alFA Gl vlste] w©r|gbel] A%

7V st &3] 9l Ca 2 Mg o] oJAsetAE HHEAIA TANEHIE vhso] AFsEE
== Qs 22 37 ¢l vk T AR A3t ¢ Qe ot A3 A #HEZAYEE Cacl
2o Xt glo] FEEAbste] ety ALV ES ASEToEN IRAF A AHE ThA 2.
2. A3 =9y

HES71= W7 10 ecm, Z°] 80 cm® o= A] bubble column reactors AT HFg7]o] #H &
AYE £ E T3t & ukg7] oy BEO HEE Ely#S o]g3d] e YRR 5 % L

COs TF7IAE rotameter® F3S 283t T3kt AZAYE slurryd 5%, JZ3HE ¢
2 A7) 4 TR AEEE WHIATIEA HESS vHA I FEFH = CO029 FEE 4319 COq

13t aES BAS

wW
0
e
iin)
A

COs EF7119 AEEE 2 cm/s® 1% HFAYE slurryd 55 1 - 30 wtn = 2238
Hg Ad e A 5 %9 CO7b EdEHE AR HZAYE slurryd $E7F 2875 Rt
st COy 13t a8 F7% 94 S7kete AS gRlsith. AZadE YA A7]7F o]Aikstet
X = JFH YA E= CaCOs 9 w8 &0l 55 AEsY HA ¥hs 218 &3t

> o
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Study on steam caused deactivation of acid and base-treated Fe-BEA for
NH;-SCR reaction

Jeong Min Jeong, Ji Hye Park, Jeong Hun Baek, Ra Hyun Hwang,
Sang Goo Jeon' and Kwang Bok Yi’
Graduate School of Energy Science and Technology, Chungnam National University (GEST)
'Bio Resource Cycling Laboratory, Korea Institute of Energy Research (KIER)
*Department of Chemical Engineering Education, Chungnam National University (CNU)

NoOv= EZGA A COx8 87 odl 24722 A= oY vjEsFe] COqel vl&l] vl 27 o
ol NoO Aztel oigh 59 deAde =714 XEsglvh. A% N,0¢ GWP(global warming
potential)7}F CO Xttt 3108] =th= Aol &HAWHEA N.O A7 FdeAol diFxi SQlot.
NH3-SCR(selective catalytic reduction)®Fgo] @¥# <l N,O A7 71&Z 4¢A 3oy, Ferl
W AEepolE Fuj7t 43 Aes 7H Suigta &EiA ok shAE vk 27 e 23E
To717F Fuje] nj&igste] dle] HERE o] st ddS gotst= AL wlg- %33}3}. 2 AT
A b Q712 A2lE Fe-BEAE HlaliAste] ¢=57] ot nl&ddste] dds ghlstaatstsl

th. BEA Al&golEE HAAHHNO;) ¥ FASVUEF(NaOH)oxE A= lom A 17h+ £l 9
FEE 7217 3 h¥ 0.2 M2 1439t A28 Fe-BEAE BET, NHs-TPD, DRIFTSE %3}¢]
54 w45 A. FH HAEE 350400 °C =% FYolA FAHon o] st J&&Fe vzs)
71 A3t #5718 dolar Fv s WHelE gelskgitt.
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Air gasification of dried sewage sludge using a multi-stage gasifier: Effects of
the equivalence ratio and long-term operation

Young-Kon Choi, Ji-Ho Ko, Seung-Jin Oh, Joo-SikKim"

Department of Energy and Environmental System Engineering, Univ. of Seoul, 163 Siripdaero,
Dongdaemun-Gu, Seoul 130-743, Republic of Korea

Due to grobal warming and introduction of eco-friendly policies, attention in the production of renewable
energy from various biomass has been increased. Sewage sludge has been classed as one of biomass
resources, and various technologies have been developed to extract clean energy from it. Every year in Korea
sewage sludge is generated in a large amount, and its clean disposal becomes one of great concerns of our
society. Gasification has been considered as one of thermochemical conversion technologies and can not only
reduce the sewage sludge amount but also produce heat, electricity, chemicals or fuels. However, the main
obstacle of gasification for its implementation into a commercial scale is tar generation. Tar produced during
gasification can prevent a smooth operation of a gasification system and cause problems in the process
downstream equipment, such as gas engines and turbines. In this research, gasification of sewage sludge
performed with a newly developed multi-stage. The main aim of this work was to produce a hydrogen-rich
producer gas with a low tar concentration. The gasification experiments were conducted to find out the effect
on the equivalence ratio and activated carbon as a tar cracking additive. The multi-stage gasification process
was composed of a feeding system, multi-stage gasifier composed of a auger reactor, fluidized bed reactor and
fixed bed reactor, char separation system and quenching system, and electrostatic precipitator. In all
experiments, the feed material was sieved to take a material with a diameter between 0.6 and 3.35 mm. 800
g of the DSS was used for each experiment. 2.5 kg Olivine and 800g coal-based activated carbon were used
as a bed material and as a tar cracking additive, respectively. Producer gases obtained from all experiments
were analyzed using two gas chromatography equipped with a TCD and a FID to investigate the concentration
of each component and the tar content in producer gas.

As the results, the increase in equivalence ratio resulted in the decrease in tar content in producer gas and
total tar amount. Particually, when the equivalence ratio increased up to 0.5, tar concentration in producer gas
decreased to 76 mg/Nm’.The increase of equivalence ratio led to a large increase of the yield of producer gas
and carbon conversion. Furthermore, activated carbon showed its effectivness on the tar removal and of
hydrogen production. Tar content in producer gas obtained from the gasification with activated carbon was
very low. Moreover, activated carbon significantly enhanced the H,concentrationinproducergasto26.3 vol%,
compared with14.1 vol%. The producer gases obtained in the experiments had LHVs above 5~6 MIJ/Nm’.
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Study on the separation process using environmentally friendly water-based
stripper

Sang Jin Han', Hyun Shik Dang’ Seung Hyun Kim®, Gi Tae Joo’, Young Sung Kim*’
'Seoultech, “Seoultech, *Seoultech Graduate School of NID Fusing Technology

e TFT-LCD &4dolA mlEs s ¥ LEHAAE A~EZ T (photoresist stripper)?] T4
NMP (N-methy-pyrrolodione), BDG(Butyldiglyrcol), MEA(71A3IetE) 5 7| €= A4
Hol AT AAA Gt A8 #H7IE AY Al sl A7 AiEa ok {718
et A2 A 3 &84 AAAQ FHor QA A MAS fst A5 B EHA
o] Foj A AL gt}

2 AT E 714w de] LEGAXAE vy 58S FAStAA I, a6E s
ds A&l FA B s AEsAY SEEAY AFES Huld dAstE R

% (hydrometry) )& AH&3to] XEHAAE vrglE s|dstazr st}

AeE 400 mm x 400 mm<l ¥]&FE Al ITO =2k vrubgef] @iz A58A4S 98 700 nm
FAC AW EE3E XEHAAEE ARSSto] uhg de] whg] gl whe] & Mg 2 handwave
Di water® sttt A3 & [TOxRH = A7 Glofof 3bn] X EHAIAE v A|7ES 50% ©]
U, g & W AE H3E2 10% ohm/sq °ldl, #F5F3 HeE2 89% ) A = 550 nmold 5
& Qv 2HoE NAEE ST G714 wre Ay A wrg o] T EYAAYH v E w4
stal Z/dnl el xe WE 9% (dipping) 7% WA % #% (hydrometry) 7% W2 o= 213 3t
by Al B TEYAAES swelling@ A3 tearing@d S #4317 ) ol A ool AL
g3to] XEHALE vrE|E ot ¢4 v div] Di water?] BlE 4:1, &% 4559 HME
o/ 550 nmolA 86%2 FFy&o AE =EF3IATt. FARE N AL HeAS M &
Ao FolHA 7|eA, AAAHORE 71 ZFA| 7} uf§- At

ox
rlo

L AR 9, d EEYALE AEYAZTY FATFHFHES o &3 {7184 A4, A4 2, 2008.
2. Kim, J. H., Kim, S. H., Jeong, B. H., Joo, G.-T., and Kim Y. S "Green Photoresist Stripping Process with
the Influence of Free Surface from Dip Withdrawal," KSMTE, 25(1), 14-20 (2016).
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Catalytic CF; hydrolysis with HF sorption over calcium hydroxide

Jae-Yun Han'?, Chang-Hyun Kim', Kwan-Young Lee?, Shin-Kun Ryi""
'Korea Institute of Energy Research (KIER),
*Department of Chemical and Biological Engineering, Korea University

Perfluorinated compounds (PFCs) have extreme stability with the heavy, inert, non-toxic, and non-flammable
properties, which makes them wusefully suitable for commercial applications in semiconductor industries.
However, PFCs have a huge impact on the greenhouse effects because they are very chemically stable and
have very high global warming potential (GWP) with long lifetime. Accordingly, to reduce and eliminate
PFCs emissions, many research groups proposed various processes such as incineration, plasma treatment, and
catalytic decomposition as simple and practical methods. Among these conversion methods, the catalytic
decomposition has been considered as a more practical and economical process [1, 2]. In this study, we
developed a new reactor system composed of three consecutive catalyst-adsorbent for the catalytic
decomposition of CF, i.e. the most stable compound in PFCs, and hydrolysis reaction, which specially
introduced an adsorbent composed of the calcium hydroxide to enhance the hydrolysis reaction. Furthermore,
we performed comparative studies of the experimental and simulation data to obtain a guideline for reactor
design. As a result, the CF4 conversion in our newly proposed series reactor was higher (7-23%) than
conventional catalytic reactor (single-bed reactor) at the temperature of 923-1023K. In addition, comparative
results between experimental and simulated data showed the similar trend of increasing CF4 conversion with
increasing reaction temperature and this can be used as a useful system design guideline for this newly
proposed system.

o
Md

1Al

1. X. F. Xu, J. Y. Jeon, M. H. Choi, H. Y. Kim, W. C. Choi and Y. K. Park, “The modification and
stability of y-AlLOs; based catalysts for hydrolytic decomposition of CF,”, J. Mol. Catal. A Chem., 2007,
266, 131-138.

2. Z. M. El-Bahy, R. Ohnishi and M. Ichikawa, “Hydrolysis of CF; over alumina-based binary metal oxide
catalysts”, Appl. Catal. B, 2003, 40, 81-91.
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Base-free aqueous phase oxidation of HMF to FDCA/DFF
using supported ruthenium nanoparticles

Dinesh Kumar Mishra', Yong Jin Kim'?*’

'Green Process and Material R&D Group, Korea Institute of Industrial Technology (KITECH), 89,
Yangdaegiro-gil, Ipjang-myeon, Cheonan, 331-822, Korea.

*University of Science and Technology (UST), 176 Gajeong-dong, 305-350, Yuseong-gu, Daejeon, Korea.

Oxidation of 5-hydroxymethylfurfural (HMF) to 2,5-furandicarboxylic acid (FDCA) is performed in
aqueous phase at 120 °C and 350 Psi of synthetic air used as an oxidant. Precious metals such as
Au, Pt and Pd based catalysts have mainly been reported for this reaction, and are quite promising.
However, these catalytic systems required excess amounts of base additives. Here, we demonstrate
that spinels supported ruthenium nanoparticles enables to give FDCA with high yield (99.1%) at
complete HMF conversion without using any base additives. Moreover, changing water by toluene
solvent switches another selective product 2,5-diformylfuran (DFF) with high yield (98.3%). The
recyclability of this catalyst is also comparable to that of commercial catalyst Ru/C at high
conversion and product yields.
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2 Sh2TUNG I8P YT

e
GAAFAA P 7)o FBA () S BN A AEARINE RS 2HA o
FUEAA o v AE g WEH I vk GE A A G F/HES 180~230
Col meAe HFA gEUel, B, Gujstol =R Fo o fu B W (eUNAE)0R
S s s el deAdE S g Gt A FAAE AARE ol 8e B wel 9
A AL s YAW LAVAES F$ BE A EEANAE v EG Agolh, AAZ A/
S P E R R = QIF F7)(Wel) ek ohet Helsh 9
7

G Qv iES ARE WMETAA A weE B ol qAW AoF % b Ak GV
FooU9s 2UH0R HAsY] A% WAOR e BANLY AgH JeEE U FA 9
b gold A4 ANAANAE AFS A2 ANPAAN SANAE HF FouFH A5 AR
B4 AUE A% Seus J1es A4 sen ol W] sl el AA% w9

5] 30CMME pilot-scale HIAE An]|E Ax 2 29319t}
2. A5 9 4y

oA AFEE pilot-scale AHlE dudy] — A7 (LELAYT])->F0 0 FE WA H -
FEZNZ FAEI Y. dwsr|= 35,000 ka/hre Wz =34 Fin tube 7FEEA EE o)y
AZNNARAANEDE 4D A2 F HAWH 4.96m=E AAGAT. FeE 933 9 Mn-Cud 23
ZmjE AA gon FIF FHELE 15,000 ~ 20,000 hr-17]1F22 =% 3kt 1232 pilot
testd A+ QA HEA G A Fcho] A3 DALR oF ekl A& AYS A vt o HF
AYaEE ot YeERHATEH

3. 27 4 3&

oF dtetzte]l A& AdAn H A EES ool YeERY. i 50.8 mg/m®e QAW AE
7} pilot AHE F9dEHgor TdolE HiF 2 mg/m’E 91.9%9 IFEES Yehgiet. Egthof
HEe AW Hit 1,873 violn] Zddoal= 318 wlE 83.1 %49 =& AAZES YEgWo RN oHH

F

eelsl MET F871E 5000F FHAE AuE A Ak, B MBS £ FFLES
108 °C, #t F& 46 CE oUAZFo=E gabst A3t 233 Mcal/hr olUAIE 35 st} 50°CH A
58 AN T 5 A

® 1. 30CMMT AAIFZIAXIAAL Pilot test At

2= Mot LA, 3lra s U AAEE(%)
Q0] AE(mg/Nm°) 50.8 2 91.9
=-3ror 3 (1) 1,873 318 83.1
| A (of  A] ) =F(Mcal/hr) 408 174 57
A

=

e @7%Y 20169 % VAR SV SAG S ARGl A A skE U T
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Recycling of Fe-Ni alloy etched ferric chloride solution
by solvent extraction method

Byung-man Chae, Sung-Ok Hwang, Deuk-Hyeon Kim, Ki-Sang Park, A-Ra Go, Sang-Woo Lee”
KMC Co. Ltd.

QA /B, BEAG DEZYY, FHFHE FEUhAA 5o ge FEHYO HES A T4
AL A4, ¢4 Pel ©F AeE 4 gov, vud 24 W Ade w4240 T2 AHed
. %4 dFede dge] P48 wre FHS PANA AAsE Phelth w4 oY T
59 $4% fEste Y gale] Lo AN Gi, BA Fo| 4 FRI ARWF 4G
B g gl F2 AGHG 53 vad W YEES} g oF g va) dsh PO
geAgeo] F2 A Utk ARBEAS Agee] FES AFA Fol BYFE ARG T 3
$, @A AFALDE FSHAAL AEHAIE S, old AP Tl A, A8 F9 FEEH @
Afedl gdo] 2% X Aelsleh o1& FAN) QAN oles 2 Aol we wEE 1A
gy Aot e SRS AW A BEES 4AgE By 5o AeEY. B ATdAE &
MEEE Areeel e AEd 0@ A7, SoleE FA, FEaE BT s dud
on HFBEY FATHA Wel Agat Wyel™, 3743el FZ§umt TBP(Tri-Butyl

Phosphate), Alamine336 &< &uj7}t AF&EY, @Al AX A e KMC-P&ulE AH&3t]
dztd A TS qEgele] O AFRE A HEIT

2. 22

2 AP es d-UA 3 dATH S AT FH HAS dEH AAHFTYS @A QA ANA sk
KMC-P &m|& AF&3te] A &8st o, ol TBP(Tri-Butyl Phosphate), Alamine336 52| &
S| & AbEolo] ALee Askd Ay vwstgth. T3 ALE3 A HAAe] HALEEE FH
1, AP 55 B3 Aol =, vF 59 5SS S5kl ¥wstit.

3. @%

KMC-P&E Alg3ste] A-yAdF oAFTNS SwjF=3 23, TBP(Tri-Butyl Phosphate),
Alamine336& Al&3ste] &u|5FZ& ot FHET 47 ool Bor, A&E o dstd gd9 7
. Gt oA Ald oz Al £ 9lE Fro] HAELE JAE AR YEYT.
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2
9 A% ASS L ALoIA 55 Pt A7

ARl 28, 82, ALy, 24!
@Rl H 2, 'Y SR T A AEIPAIY &

1. A&

AA7LE 3L AAE, G4, 7hFe 3dAR FAAEHY olF HE IS $AHE g FFo xEgH
o} 53] &g 7FEE e Aol tkdt VA S oty el faA, A, il WA 53
2o gererE A2 T 7ddef o3 Hfo AES sle 9AR Fe Zedk 2o dfle] Haw
it 2o dd & AT A3 +&FUF SEEHEA 5571 (Oil-mist) F el 235 H7HA
oA SE ARl A w=FHA Hoh. A gEEe AATAA dFoAE= ol & AHZsHr] ¢
UAALZ A FFES ARt 93t AT ede] A BE&doz MYPFE o83 AA
BAe o mgd dA7 ik B 9 oA 544 150 ~ 160 T meel Ado] g A
Aok, Ak el AU vlee AENE] F5E sHAem glon old e AIF AEER
=zre] A Askg YA ol wrHE ALS A5/A0l 4 e Az =0l AFd 3
Aelth. 71 dEFEN BYsE ALE ey AF AFAbeAst QAL wWks S diE R

[e=] o) A

3
A2 ez A3 duwd BmE Hgd g2
ojth. ol & dldstuA HFAT HEH FoolA =
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Development of energy-saving process for producing backfill material using
waste oyster shell and coal ash

Xue Wang, Sung Bae Kim, Chang-Joon Kim’
Department of Chemical Engineering, Gyeongsang National University
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Reaction behavior of Cu-Fe-based oxygen carriers
for chemical looping combustion

No-Kuk Park’, Chang Joon Park', Misook Kangl, Si Ok Ryu', Tae Jin Lee", Jeom-in Baek?, Ho-Jung Ryu3
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The Post-2020 Climate Agreement adopted at Conference of the Parties (COP21) decided to cap the increase
in global average temperature to less than 2 °C above pre-industrial levels. Carbon capture and storage (CCS)
is recognized as one of the major options to mitigate CO,emissions. Of the carbon capture technologies
available, post-combustion and pre-combustion technologies require a CO, capture facility to separate the CO,
from a gas stream but the installation and operation of a CO, capture facility results in considerable
efficiency losses and increases energy cost. Oxyfuel combustion does not require a CO, capture facility
because CO, is inherently separated during fuel combustion. On the other hand, the cost of producing pure
oxygen from air is too high to allow oxyfuel combustion on a commercial scale. Chemical-looping combustion
(CLC) is another promising technology that provides inherent CO, separation without a capture facility. CLC
also uses pure oxygen for fuel combustion but it is supplied by a solid particle containing oxygen, or an
oxygen carrier (OC). Accordingly, it is believed the cost penalty and system efficiency loss accompanied by
CO; capture will be lower for CLC than for other CO, capture technologies [1-3].

Cu-Fe based mixed metal oxides as oxygen carriers were prepared by a chemical co-precipitation method.
Copper(Il) nitrate and iron(IIl) nitrate were used as the precursors. After drying for 12 h, the precipitates
were calcined at 900 C, 1000 C, and 1100 C. The surface morphology of the Cu-Fe based oxygen carriers
was investigated by scanning electron microscopy and the crystal structure and crystallinity were analyzed by
X-ray diffraction (XRD). The crystal structure of all the samples was confirmed in XRD with the spinel
structure of CuFe,O4, and their crystallinity increased with increasing calcination temperature due to crystal
growth. Crystallite CuFe,O4 spinel formed when the sample was calcined above 1000 ‘C. On the other hand,
a small amount of copper was melted and migrated to the outside of sample particles. The oxygen transfer
capacity of the Cu-Fe based mixed oxide was approximately 10%, and increased weakly with increasing
crystallinity. A 3™ transition metal component should be added to generate crystal defects in the lattice
structure of the oxygen carrier. The stability of the Cu-Fe based mixed metal oxides was enhanced with
manganese oxide used as the additive.
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Study on the enhancement of the solid-liquid separation efficiency for the
recycling of carbonate minerals
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Study on optimization of mixing method for AA Technology
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Recycling technique for making high purity Sn(=99.99%) and SnO, from
display waste
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Gasification of coal water mixture with nitrogen and oxygen in an
entrained-flow gasifier
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Preliminary techno-economic analysis of a multi-bed series reactor as a
simultaneous CF, abatement and utilization process

Boreum Lee, Sunggeun Lee, Ho Young Jung', Shin-Kun Ryi*", Hankwon Lim"
Department of Advanced Materials and Chemical Engineering, Catholic University of Daegu,
13-13 Hayang-ro, Hayang-eup, Gyeongsan, Gyeongbuk 38430, Republic of Korea
'Department of Environment and Energy Engineering, Chonnam National University,

77 Yongbong-ro, Buk-gu, Gwangju 61186, Republic of Korea
’Korea Institute of Energy Research,

102 Gajeong-ro, Yuseong-gu, Daejeon 34129, Republic of Korea

With significantly increased interests in perfluorinated compounds (PFCs) due to their high global warming
potential (GWP), various methods like recovery/recycle, abatement, process optimization, and replacement with
new agents have been reported. ~Among them, abatement technology via catalytic decomposition has been
considered as a practical and efficient process, however, the treatment for corrosive HF produced during the
abatement results in requirement of a scrubber leading to additional capital and operating costs incurred.
Therefore, a new abatement technology to simultaneously eliminate the use of a scrubber for HF removal and
produce CaF,, a wuseful chemical product is proposed in this study as a new method of catalytic
decomposition. Based on experimental data for CF; hydrolysis, a process simulation model using Aspen
HYSYS® was developed and preliminary techno-economic analysis results for multi-bed series reactor
compared to a single-bed reactor in terms of operating temperature, NG required in a burner, and annual
operating costs are presented in this study.
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Operation characteristics of catalytic process of dry oxidizing agent production
for NO treatment in 3 m’/min exhaust gas
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Microwave gasification characteristics of carbon dioxide
for sewage sludge
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(No. No. 2015R1A2A2A03003044).
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Deveopment of waterjet plasma scrubber for PFC reduction

Eun Hyeok, Kim, Mun Sup Lim, Young Nam Chun’
Jong Koon Jeong', Ki Yong Lee', Eun Mi Lee'
Department of Environmental Engineering, Chosun University, 'GST R&D Center
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A study of organic acid removal in high-acidic crude oil

Dong-Woo Cho, Kanghee Cho, B. S. Rana, Jong-Nam Kim’
Petroleum and Gas Laboratory, Division of Climate Changing Resarch, Korea Institute of Energy Research
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Reaction conditions optimization for ultra high purity
hydrogen production by steel by-products

Hanseul Choi', Joonwoo Kim', Sungjoong Kim', Dongjun Koh®
'Research Institute of Industrial Science and Technology
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Investigation of physico-chemical properties of indonesian bitumen-like
oil-contained resources for using as a commercial asphalt

Gi Bo Han', Jung Hee Jang
Plant Engineering Center, Institute for Advanced Engineering
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A study on the near infrared environmentally friendly drying process
in the plating process

Kwang-Sun Huh®, Hee-Chul Woo'
Department of Advanced Materials and Applied Chemistry, Kyungnam College of Information and Technology,
'Department of Chemical Engineering, Pukyong National University

A AR E AF A7IERA A4 3 FolA A3 g3 7R Tk 284S o] &
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Table 1. Experimental results for Near infrared drying in the plating process

Conventional Near-infrared drying
Item Remarks
drying method system
Heating source LPG Electric(NIR)
Heating system Convection Radiation
Warm-up time(120°C) 30 min 10 min 20 min shorten
Drying efficiency Low High
Temperature deviation in dryer 120£10°C 120+£3°C
Dry condition Incomplete drying | Complete drying (6min)
Operation time 15 min 7 min 1/2 reduction

FIEH
1. Frank P. Incropepa. Fundamentals of heat transfer, John Wiley & Sons. pp629-672
2. Motohashi, K; General-Purpose Far Infrared Ray Dryer, JOURNAL-JAPANESE SOCIETY OF

AGRICULTURAL MACHINERY, 2001, 63(5).
3. Chang, Y. S. A, Journal of Korean Energy Society, Study on the Drying Characteristics of NIR Dry, Vol.
24, pp. 21-27, 2004.
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Single-enzymatic saccharification combining with
chemical depolymerization of cellulose

Hee Kyung Lim, Dal Rye Kim, Kee In Lee, Dong Won Hwang, In Tack Hwang’
Green Carbon Catalysis Group, Carbon Resources Institute, Korea Research Institute of Chemical Technology,
Yuseong P.O. Box 107, Daejeon, 305-600, Republic of Korea

A new method for total hydrolysis of cellulose using a chemo-enzymatic system to combine chemical
depolymerization and enzymatic hydrolysis, is described in this paper. The approach described herein involves
the dissolution of cellulose in an ionic liquid, depolymerization by acidic solid-catalyst, and use of an
antisolvent to obtain the resulting cello-oligomers. These were subjected to chemical depolymerization, after
which virtually all the soluble cello-oligomers were hydrolyzed to glucose by b-1,4-Dglucan glucohydrolase.
This glucohydrolase is newly identified from a species of Paenibacillus (HPL-001), and is different from
commercial b-1,4-D-glucosidase. Continuous recycling (99%) of ionic acid and organic solvent completely
broke down the cellulose into cello-oligomers (soluble sugars) shorter than six anhydrous glucose units. The
cello-oligomers of soluble sugars were easily connected to a new singleenzyme system for complete hydrolysis
to glucose. The efficiency of this technology could solve the dissolution and selective deconstruction problem
retarding the major production of glucose from cellulose, and could provide a crucial advance in the
production of un-degraded glucose as final product. This approach provides an alternative techno-economic
process to traditional, expensive, three-enzyme hydrolysis of cellulose.
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The development of high performance mat products
using recycled filament waste and clipping of rubber waste

Si ho Nam, Young su Kim', Seung jin Kim*"
Nam myung inc., 'Korea Textile Development Institute, “Yeungnam University
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Effect of natural fiber size in PP matrix on
crystallization kinetics of PP and its soundproofing properties

AR, Alst!, A, 0] 7]182, F49717
'Korea Institute of Industrials Technology (KITECH)
250k 2 )

Natural fibers play an important role of alternatives of glass fibers that have been additional components of
polymer composites due to environmental issue, reinforcement, weight lightening. In our study we try to
investigate the crystallization kinetics and soundproofing properties of polypropylene composite containing
Bamboo Powder (BP). In order to improve the poor interfacial adhesion between the natural fibers and the
matrix PP, maleic anhydride grafted PP (MAHPP) was used as a compatibilizer. The degree of coupling
between PP and MAHPP was confirmed by FT-IR and the dispersibility of BP within the PP matrix was
analyzed by SEM. Also, it was found that the crystallization kinetics was fast with adding amount of bamboo
and up to 33wt%. Also we observed that bamboo powder with the range of 250~300 pm size and amount of
25wt% more have a good transmission loss 15dB more at 600~1,000 Hz.

Keywords: natural fiber, MAH polypropylene, crystallization kinetics, soundproofing
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A study on the adhesion strength of PVC-free hotmelt film

AL, o] 872, A2, Pual
'Korea Institute of Industrials Technology (KITECH)
“us gyt

S U7l HAa, Z ulREA gor yskstd, #7143 d S ZE= Polyvinyl chloride(PVC) & 1%
7V, dZE, 244, Folx, vte Al & tpekst Abdel AFS-EH I Sl SAIRE PVC AFA L] S Aol A
7103 a2 G olE A& FA A 24S AbESlokstE ol = Qe AlER A
o] &Aoo 7 QoA gtk & AFoA = AFED 18-S 4S5 A7]= Styrene 7TRE XTSI
SEBS, SBS, SIS & FTAIEE AHg3ste] A=E Styrene TFHH AALEE e 71T 5 3
= tpekst HoAlE £4lele] olo wE 7IAIA 243 DMA(Dynamic Mechanical Analysis)E &
g3 944 AF FAUT} Erichsen HIAEE 3st A3 A3 PET 25 AloldlA SEBSE +
AMEZ AHES dgx 259 Aol 7HE 58 Aoz g1,
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Physico-chemical properties of thermal degradation oil produced through the
multi-stage pyrolysis process from bitumen-like oil contained in indonesian
resources

Gi Bo Han', Jung Hee Jang
Plant Engineering Center, Institute for Advanced Engineering
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