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2016 3¥ 29%(4), 14:30 ~ 15:30

" e BAF JAEIRXSE Orchid
= Organizer  35|A A (F4dstw)
m T2
Ao fF wa (Fdet)
14:30 (10" WS AL
251 o7 (Rddistw)
14:40 (50" ‘ccpEEATE A
)
" AARRTN 2015-94A)  CCPgg¥d+d A7
1996-A] =T () AMAALA

ERGEER

APAY =B SCI 48w
E35]: =) 8771 (PCT 2771, EPO 1671,
0=, 3=, 42 5 2471 17771)
7]@old: SAYLES] {55 WETINE
At Fuigatr1e(20149) 5 9
J&ek Fufjolg UmE ey 5 44
e 2015 AW 24512014

2012 27} R&D 944t 664 A%
)

2009 THeL7| & HAF (K| AIAA|)
2009 3t=2ststel 1Y
2009 75¥s the AL T2 i

2007 &
1987-1994  3l=2uslr|4Y spstgetut FahMAL/ukA}L

1983-1987 A

Catalysis and Reaction Engineering
Carbon Resources Conversion
(cracking, trans-iodination)
Environmental catalysis for global
warming gas (perfluoro compound
decomposition)

CO, capturing process by dry sorbent
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Organizer  O|3% WM} (SFATSP|&ATA)/AYS B4 (2T )
o =
A 1 S U} (R4 A 1Y)
09:00 (25°)  (CT-01) Catalytic Application of lonic Liquids with MOF for the Synthesis of
Keynote Cyclic Carbonates from CO, and Epoxides
spojel’ (parcheti)
09:25 (20)  (CT-02) O|=2’d HH| SE=ZOr} MR 7|=
282" ((FHER])
09:45 (207)  (CT-03) 0|28 HHIQ| LAY S&: S+4 FHE, SI0|=Z0|E, LTz
A4 (@2 g osti)
10:05 (209 (CT-04) Extractive Separation Methods Using lonic Liquids
ojAl&" (‘Fslthstw)
10:25 (209 (CT-05) Absorption and desorption of SO, in diamine-based molten salts &
polymer resin
olgZz! (‘'et=utsr| &A1)
10:45 (10°) Coffee Break
A 714 24 (REdst)
10:55 (20)  (CT-06) X&td O| M3t XUARHE 0|8 MAHEL| FE1} 22EH
oz (FHTEAA(F)
11:15 (20)  (CT-07) O|M=tEta EUAFHE 0|8 22kl FE/Z2 2 A|l2”e 27
284" ((edAlntz)
11:35 (20)  (CT-08) PC-SAFT HEjUEA S 0|8t npofMe] 4EH ZHY
WA, ol Tlet, A dteta)
11:55 (20°)  (CT-09) Pressurized solvent extraction of polysaccharides from Brown seaweed
and its biological activities
P.S.Saravana', 938]d!, d¥4! (‘B fstn)
12:15 (15°)  (CT-10) Quality properties of Atlantic salmon by-product oils extracted by

supercritical carbon dioxide and conventional methods
Monjurul Haq', A¥4' (‘27 o)st)
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09:00 (20')  (CT-18) Improvement of the biological treatment of sulfate and metal-rich
Keynote wastewater
Subhabrata Dev!, Byong-Hun Jeon?, Jayanta Bhattacharya' (Indian Institute
of Technology Kharagpur, 23+ofcjjst)
09:20 (20')  (CT-19) Development of precise respirometer for a biogas measurement
Sang-Eun Oh!, Woo-Chang Kang, Bum-Soo Shin' (!7}gtjjstw)
09:40 (15°)  (CT-20) O|M| =/ Hio|Oj2o| X2} &0 Cig Ay
RSl (SRR Y A7)
09:55 (15')  (CT-21) Microalgal biomass production coupled with wastewater treatment for
SHAY biofuel generation
El-Sayed Salama!, Il-Seung Yang!, Mayur B. Kurade!, Byong-Hun Jeon!
(‘grepeystin)
10:10 (15°) (CT-22) The shift of glycerol metabolic flux using Klebsiella pneumoniae L17 on
kAR Microbial fuel cell
Mi Yeon Kim!, Changman Kim!, Jung Rae Kim! (!2AtcH&lw)
10:25 (15°) (CT-23) The optimization of pretreatment for the enhancement in bioavailability
kAl of mixed fruit waste
Shouvik Saha!, Mayur B. Kurade!, Sung-Eun Chang', Byong-Hun Jeon!
(‘stfohsti)
10:40 (10°)  Coffee break
A AYE 13 (FgTiE)
10:50 (20°) (CT-24) Reclamation of contaminated soils (TPH, benzo(a)pyrene and heavy
metals) by solvent washing process
Kien Tiek Wong!, Soyeon Yoon!, Minji Kim!, Min Jang' (‘Z-&t§3tw)
11:10 (15")  (CT-25) Study of swine wastewater treatment of advanced autothermal
SHAR

thermophilic aerobic digestion technology
Woo-Chang Kang!, Sung-Yoon Ko!, Sang-Eun Oh! (}7}{tjstw)




11:25 (157)

SHAN
=70

12:10 (157)

(CT-26) Application of electroplating wastewater as catholyte for bioelectricity
generation with simultaneous treatment of hexavalent chromium in microbial fuel
cell

Cho Rong Lee!, Changman Kim!, Byong-Hun Jeon? Jung Rae Kim!

(‘RArheti, “grokoystin)

(CT-27) Electrochemical removal of ammonia nitrogen, cod and turbidity from
domestic wastewater by using platinum coated titanium and stainless steel
electrodes

Umesh Ghimire!, Sang-Eun Oh! (17} tjjstw)

(CT-28) Enhanced energy recovery from microalgal biomass through serial
fermentations

Marwa M. El-Dalatony', Mayur B. Kurade!, Hoo Kim', Byong-Hun Jeon!
(‘ergrhat)

(CT-29) Microalgae mediated biodegradation of levofloxacin: Mechanistic study of
enhanced removal

Jiugiang Xiong', Mayur B. Kurade!, Sung-Eun Chang!, Byong-Hun Jeon!
(‘groschatin)
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YA QAEIRASE Orchid

A wa (H=7FeH st

m o e
A A S (diarEEdisty)
13:30 (30")  (CT-37) FHLIX|7|7(EA) HEt+SHEAMP) 7|s@HZ2 1/ (TCP) 274
Keynote ol#9H' (AFEAIREATLY)
14:00 (15')  (CT-38) L& H0j d0oM AHU=R A3t 2| 57| 7{EUS AT
shy sgul e’ $8A (‘nojsta, ‘b s et
14:15 (20')  (CT-39) Hio|OjAo| % HEGH0| ofet Auzo| B U HERHE %Xz} A
AT, xg wAR, ER (@R )
14:35 (15')  (CT-40) 7Y EtetSd0ll 2let SMEH 7| 82| nd@A=3}0f 2t
aH ghoha)!, el st PRl el Waa! (sudsti, KF(F)
14:50 (10" Coffee Break
R AT At (@RA e R)
15:00 (20" (CT-41) Investigation of catalytic fast pyrolysis of tulip tree (Liriodendron) in a
bubbling fluidized-bed reactor
Hoang Vu Ly’, 444, 23147 (ZAdista, “4sit)sti)
15:20 (15')  (CT-42) Z=F S5GEd YU 24Y 3482 7|z BdHdE &4
ShAl Boris Brigljevic!, &&! ({2 Ahstw)
15:35 (15") (CT-43) Hydrothermal conversion of alginate into uronic acids over a sulfonated
Elgt glucose-derived carbon catalyst
urE!, 98A? Awsl! (‘Metiety, *RAoisti)
15:50 (15")  (CT-44) CHLER Fo FEYEQ g EMat HE6] §9 A7
Bl AL, 454t ((FddEn)
16:05 (20"

(CT-45) O} E 7|28 DEXE 0|8 4|7t L= Xt WH Y T

AAT, edAl vl AEQ ol T (et
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AA| 20179d9 3€ 30¥¢(&), 13:30 ~ 17:00
A A HA QJAE XA SE Tulip/Cosmos
Organizer — /3A| WAl (AAT-EATY)
oz
apg 1 Qujs] St (PSR EAPY)
13:30 (25")  (CT-51) cvD &+ i 7|4 MXt X ™ AXt 38 7=
Keynote 21571 ('t RAHEAIATY)
13:55 (259 (CT-52) Controllable Doping of Molybdenum Disulfide Nanosheets Utilizing
Metalloporphyrin as a Seeding Promoter
4E! 2E7) (GFFRASAATY)
14:20 (25")  (CT-53) HIE}EE 7|4 xntE FY TXjn}t Hof 7|=
olgAl!, A, HE/ (ARHAENATY)
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Al Q@ stAt *FE}EJOP fotute Fe]A ofcjEjof Qtach}t!, ¢]-EH’

(‘gattheta 7| ARFE A S jerel, 2 *WiﬂﬂﬂL&H)
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PA-11 Extraction of Phenolic Compounds from Saccharina Japonica Using Pressurized
Hot Water Extraction and Solid-Liquid Extraction
Tri Dinh Vo', Hee-Chul Woo?, Byung-Soo Chun!
(‘Department of Food Science and Technology, Pukyong National University,

’Department of Chemical Engineering, Pukyong National University)

PA-12 Kinetic Promotion and Inhibition of Methane Hydrate Formation by Molten Salt
Myeong-jin Kim', Ki-Sub Kim'
(‘Department of Chemical and Biological Engineering, Korea National
University of Transportation)
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PA-14 =ML =R EE EYUSHOM M3|Mo| X EHASIHELS
Zolul', Fela!, e, Py, oA &
("H2gstn AFY-of U x]5-stat)
PA-15 OIEXIE 7h&E QHMElS| EREMo| et AT
2ax!, gew
(‘eattisty 71AFste, “2Aattfstn 7]1AFste)
PA-16 Microtexture Features of De- and Sulfur-Functionalized Porous Carbons and Their

Effect on Elemental Mercury Adsorption
Joung Ho Park!, Moon Hyeon Kim!, Yong-Seok Hong!
(‘'ciohsta)
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The Influence of Electrostatic Effects on +, - Charging of a Water Droplet in the
Contact Charging Phenomenon
Seok Hwan Yang', Do Jin Im!

(‘Department of Chemical Engineering, Pukyoung National University)

Computational Study on the Noncovalent Intermolecular Interactions as a Driving
Force in Supramolecular Assembly

Jihun Oh', Ki-Whan Chi', Jaehoon Jung'

(‘Department of Chemistry, University of Ulsan)
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Properties of CdTe Nanowires Based on Various Stabilizers

Seock-Jin Yoon'!, Ki-Sub Kim'

(‘Department of Chemical and Biological Engineering, Korea National
University of Transportation)
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Antihypertensive and Free Radical Scavenging Properties of Oyster Hydrolysate
Obtained from Subcritical Water Hydrolysis

Yong-Nam Cho', Hee-Jung Lee!'?, Periaswamy Sivagnanam Saravana',

Sol-ji Chae!, Yeon-Jin Cho!, Byung-Soo Chun!

(‘Department of Food Science and Technology, Pukyong National University,

’Dpartment of Life Science, Silla University)
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Development of CdTe Nanowires Using 1-Thioglycerol under Visible Light

Yong-Hyuk Choi!, Ki-Sub Kim!
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(Department of Chemical and Biological Engineering, Korea National

University of Transportation)
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FCC Light Cycle Oil (LCO)2]

PA-32

PA-33

Removal of HFC-134a from Brackish Water Using Semi Batch Jet Loop Reactor

PA-34

Devi Marietta Siregar', Yong Sun Won'!, Tae Yoon Lee?, Jae Keun Lee?, Jun

Heok Lim!

1

Department of Applied Chemical Engineering, Pukyong National University,
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’Department of Environmental Engineering, Pukyong National University)
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PA-43
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Non-Catalyst Process of Furfural Synthesis from Xylose Under Biphasic Condition
Nhan T. T. Huynh'?, Anh H. T. Vo', Tan Phat Nguyen'?, Bora Kim',
Hong-shik Lee!, Sangyong Kim'? Jin Ku Cho'?

(‘*Korea Institute of Industrial Technology (KITECH), “University of Science
and Technology (UST))

Preliminary Effect Evaluations of Furandicarboxylate and Isosorbide Esters as
Plasticizers, on Commercial Poly(vinylchloride)

Tan Phat Nguyen!?, Bora Kim? Seok-Kyu Park? Hong-shik Lee?, Jin Ku
Cho'*

('University of Science and Technology (UST), Korea Institute of Industrial
Technology (KITECH))
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Pb Nanoparticles on Mesoporous Carbon for Advandced Lead-Acid Battery
Bo-Rim Kim', Ji-Hyun Jung', T.Sadhasivam', Ho-Young Jung'
(‘Department of Environment & Energy Engineering, Chonnam National

University)

Furfuryl Alchol 442 2|t Reactive Distillation
A5, ey’ 1dg!, ojeg!
(‘gdohstm)

Performance of Pb/C Battery with Graphite Sheets on Negative Electrode
Mi-Jung Park!, Ho-Young Jung!

(‘Department of Environment & Energy Engineering, Chonnam National
University)
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PB-13

PB-14

PB-15
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PB-17
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Catalytic Fast Pyrolysis of the Pre-Treated Macro-Algae Saccharina Japonica in a
Bubbling Fluidized-Bed Reactor

Hoang Vu Ly!, Seung-Soo Kim!, Jinsoo Kim? Hee Chul Woo®

(!Kangwon National University, ?Kyung Hee University, *Pukyong National

University)
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Research on CO, Sorption-Desorption Behavior of Silica-PEI Sorbent by Bubbling
Batch Cycle Test

Jae-Young Kim', Jung Yoon Seo', Jong-Ho Moon!, Hyunuk Kim', Sung-Ho
Jo!, Seung-Yong Lee!, Chang-Keun Yi!, Young Cheol Park!, Colin E. Snape®

('Korea Institute of Energy Research, ?University of Nottingham)
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PB-18 Photoacid Generator2| SZH| & % HH|
U3, o]FQ?

(‘sharchatn RIC, “gharchatin)

PB-19 Efficient Production of 1,3-Propanediol from Crude Glycerol Using Lactobacillus
Reuteri CH53
Sun-Yeon Heo!, Baek-rock Oh!, Jung-Hyun Ju!, Jeong-Woo Seo!, Chul Ho Kim!
('"Microbial Biotechnology Research Center, Jeonbuk Branch Institute, Korea
Research Institute of Bioscience and Biotechnology)

PB-20 Hsa MEto| 24E =25 FHO|E o|2% HELE A JHHE
O X|%! Lia Priscilla?, Paul Victor?, 71231 oozl 721ag! oA &!
('t UR| 7| ed 1Y, “Sdisty)

PB-21 OIME] HAE PTFE WHol HE HE 150 mY/hr Pilot NEYX 44
97!, fae! oA, gl FHEL AYEY o5’
(RE71$ATY, AF)otol 229, ‘Yrista AR

PB-22 HE dmLor Mi|E Y
32 A5 852" F29' ARy

PB-23 7IE Q5T WSIIM AL F o, EX ZHS A A E4H9 D2, 1Y
ZUOIM OtR S4 #F
o5z R2gl wgA wYel o5y xys! AP 255

PB-24 Cu/Fe/Al,0; Z0|E 0|8%t DMC &8 =%} 23
=1 1 1 1 211 s1s10l1 5 1 =1
olzx, FAIN, AN, MR, HIE, APE, FEH, 252

(‘gr=ollux] 71 &A1)

PB-25 MELHIO|O|A =8 HIE0| UI}E =gz §4 o7
A58 Daru Setyawan', JJ&'. 2!, RIS, 557! ARG, olAlE
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PB-26 Optimum Conditions for Minimization of Bergapten Content and Antimicrobial

Activity of Oils Obtained by a Co-Extraction of Citrus By-Products Using
Supercritical Carbon Dioxide

John Ndayishimiye!, Deok Jum Lim? Byung Soo Chun!

(‘Department of Food Science and Technology, Pukyong National University,

2Y.G Company)
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PB-34
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Potential Performance Enhancement of Electrochromic Device Based on Reduced
Graphene Oxide/WO; Nanosheets Composite Materials

Van-Tam Nguyen'?, Choon-Gi Choi'?

(!Graphene Research Lab. Electronic and Telecommunication Research
Institute(ETRI), “University of Science and Technology(UST))

Atmospheric Hydrotreating of Macroalgal Bio-Oil over Cobalt Molybdenum
Phosphide Catalyst

Jae Hyung Choi'?, Jae Wook Sim', Jeong Woo Park!, Hee Chul Woo?,
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)

Hydroprocessing of Macroalgal Bio-Oil in Non-Edible Vegetable Oil over Pd/C
Catalyst

Jae Hyung Choi!, Seong Chan Lee?, Wei Zhang?, Hao Zuo? Hee Chul Woo?
(‘Institute of Cleaner Production Technology, Pukyong National University,

’Department of Chemical Engineering, Pukyong National University)
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Jin Kim!

Baek-

(‘*Korea Institute of Industrial Technology (KITECH), “Department of Chemical

Youngkwan Lee?,

2

Dong Wook Kim*,

1

A Study on the Corrosion Inhibition Behavior by Dissolved Oxygen Elimination
Semi Han’,

Effect on Polyolefin Mixtures on Adhesion Strength Between Aluminum

(*Korea Institute of Industrial Technology (KITECH))
Deposited PET Film and VCM

engineering, Sungkyunkwan University)

Semi Han'!, Baek-Jin Kim'
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Catalytic Application of Ionic Liquids with MOF for the Synthesis of
Cyclic Carbonates from CO, and Epoxides

Dae-Won Park”
ISchool of Chemical and Biomolecular Engineering, Pusan National University

Being an important constituent of greenhouse gases, CO, utilization be came an interesting scope of
research among scientists. A promising step towards the sequestration of CO, is the cycloaddition or
the copolymerization of CO, with epoxides and it has attracted considerable attention. Recently, the
use of room temperature ionic liquids as environmentally benign media for catalytic processes or
chemical extraction has become widely recognized and accepted. Room temperature ionic liquids
have negligible vapor pressure, excellent thermal stability and special characteristics in comparison
with conventional organic and inorganic solvents. Many reactions catalyzed with ionic liquids and
showing high performance have been reported. Metal Organic Frameworks (MOF), porous
architectures made from metal containing nodes and exo-dentate spacers, have emerged as broad
class of materials with wide scope of applications including gas capture and catalysis. In this work,
we studied the catalytic application of ionic liquids for the synthesis of cyclic carbonates from CO,
and epoxides. We reviewed homogeneous ionic liquids, and immobilized IL on organic and inorganic
supports. We also discussed the design and implementation of a rapid, energy efficient, ecofriendly
and simple synthesis protocol for metal organic frameworks (MOF) by employing natural amino acid
as building unit in place of synthetic ligands. Ionic liquids or support materials or MOFs possessing
hydrogen bonding capable groups and acid-base sites supposedly enhanced the catalysis. The
heterogeneous catalysts were recoverable upon simple filtration or centrifugation, and were reused
successfully for several consecutive cycles.
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Applications of Ionic Liquids in Green Industry: Absorption Heat Pumps,
Gas Hydrates, and Synthesis of Nanomaterials

Ki-Sub Kim""
'Department of Chemical and Biological Engineering, Korea National University of Transportation
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Extractive Separation Methods Using Ionic Liquids

Je Seung Lee!”
Department of Chemistry, Kyung Hee University

In the chemical processes performed in liquid phase, the purification of product is very important
process to obtain the high value-added product. Several methods have been developed to separate
the product from the reaction mixture including low temperature distillation,? extractive distillation,**
selective chemical modification,”” and solvent extraction using organic solvents.® Although, among
these methods, solvent extraction has been extensively studied and widely used because of its facile
operation and low cost, the extraction process also possesses some drawbacks such as low selectivity
and the loss of an extractant during the process. Herein, some examples of efficient extractive
separation using ionic liquids which can interact with product or impurity through their anions will
be discussed with spectroscopic and theoretical investigations.
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Absorption and desorption of SO; in diamine-based molten salts &
polymer resin

Hyunjoo Lee!”
IClean Energy Center, Korea Institute of Science and Technology

SO, emissions from fossil-fuel-fired power plants are a major source of air pollution, which cause
acid rain and smog. On an industrial scale, the SO, from exhaust flue gases is mostly removed by
flue-gas desulfurization (FGD) techniques using aqueous slurries of lime stone as SO, scrubbing
agents. However, the FGD process has several drawbacks including the generation of huge amounts
of inorganic salts and wastewater. In this study, SO, absorption and desorption behaviors were
investigated in aqueous solutions of diamine-derived molten salts with a tertiary amine group on the
cation and a chloride anion, including butyl-(2-dimethylaminoethyl)-dimethylammonium chloride
(IBTMEDAICI, pKb= 8.2), 1-butyl-1,4-dimethylpiperazinium chloride ((BDMPICI, pKb= 9.8), and
1-butyl-4-aza-1-azoniabicyclo[2,2,2]Joctanechloride (BDABCOICI, pKb= 11.1). The diamines were also
anchored on the polymer resin and used as a reversible SO, absorbent. Spectroscopic and
experimental results suggest that in the presence of water SO, is adsorbed as a bisulfite species,
and the formation and the stability of the bisulfite species increase with the increasing basicity of
the diamine. Absorbed SO, found to completely desorb at 80 °C, irrespective of the presence of
water.
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Extraction and Analytical Separation of Natural Products Using
Eco-Friendly Supercritical Fluid CO,
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Korea Supercritical Technologies, Inc.
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Instruction of on-line Supercritical Fluid Extraction / Supercritical Fluid
Chromatography system using Supercritical CO;

Yoon-Seong Cho"”*
Dong-il SHIMADZU

zYAFA R ETD I S, o] 5AS YA, AR oo o] ZAAFAGEANA AL
AZvEIHAE T3t 53] o|4bs e ATt Blud Ao xZto] Jhssta, e EF HlE <t
AR = 537 wiEol ©o] ol &= Utk dutr o=z A /7| A9} vwsty e wl, F4ASF7E 2
3, Ax7) o} Sl AHe zHH Hu JgHe] BMAFNE A& 4 ok E=3 SFE(supercritical
fluid extraction)2 % WEE FAAA 2 HAFA Ao 1008 7HFeoly & FAiksEo] Q7]
ol HAFZHol| vlaste] E&o] ol AF H oJofRofo A Fo] AMSE I YTt

SHIMADZU Onl-line SFE/SFC system< ZUAFAFZ&EFE)Y} =JAFAZZutE 1839 (SFOE 3t

gel Axdlom @@ 498 Azdelth TAARNA 2H 4R FE3 242 A5 5
AAE 24N G577 O 33U e Bo AUEs} ¥ B4 HolHE 9 9

- e AEES EQoEN B Fakel ulg A7

- =M AR A AL

- 52 g W FAY 2UAFA o B us)

- AY FAA Y B AFAHOR FRFAM, Bl A, FRIFEA ] B4

- 22 RE Zolol o AFEAY] A= FY

olFF SEABEE TRHTLEA E4F ALE Holdol Thdd FopillA A8 2 F e A=
S AlbstuA dot



CT-08
PC-SAFT e 4 < ol&

olf

P At e AHE Rl

o

r

o et a

o
o
=
o

S EST}, T dhsta Fobehs A F e

Modeling of Vapor-Liquid and Liquid-Liquid Equilibria at High Pressure
using PC-SAFT Equation of Sate

Hun-Soo Byun!, Bong-Seop Lee?"
Department of Chemical and Biomolecular Engineering, Chonnam National University,
Department of Fire and Disaster Prevention Engineering, Kyungnam University

Introduction

The modeling for vapor-liquid (VLE) and liquid-liquid equilibria (LLE) is of importance in the
efficient operation, rational design and development of new separation processes, such as extraction
and extractive distillation. For accurate process modeling, the reliable model for supercritical solvent
in high pressure area is essentially required and important. To describe the phase behaviors at high
pressure, in this work, PC-SAFT EoS! is applied to modeling of phase behaviors at high pressure for
CO./DME (dimethyl ether) and methanol/pentane systems.

The Theoretical Background
The PC-SAFT EoS for a mixture of homonuclear chain molecules is represented as follows':
7 = th + Zdisp + Zassoc (D
In the mixture, pair-potential parameters o; and e between unlike segments can be obtained by
conventional combining of rules:
oy = (‘71+‘7i)/2 and e ij = (1*1(1;) (@)
where kj is the adjustable binary interaction parameter.

Results and Discussions

The pure component parameters of PC-SAFT EoS are obtained by simultaneously fitting the
saturated vapor pressure and liquid density. Then, methanol is considered as two-site (2B type)
model. The kj is adjusted to describe VLE and LLE phase behavior well. As shown in Fig. 1, the
calculated results with PC-SAFT EoS showed a good agreement with experimental data at high
pressure.

300
s =i oyl ®)
g 0
e - af g
« g £ 2]
- = o
s CEITA %i
e - F a0
|.. = 260

00 02 04 06 08 10
Mole fraction of Methanol

Figure 1. Vapor-liquid equilibria for CO2/DME and (b) liquid-liquid equilibria for methanol/pentane
system.



Conclusions

In this work, the PC-SAFT EoS is successfully applied to the calculation at high pressure of VLE
and LLE for the binary systems, and it is anticipated that the PC-SAFT EoS may be useful for
describing phase behaviors at high pressure.
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Pressurized solvent extraction of polysaccharides from Brown seaweed
and its biological activities

P.S. Saravana', Hee-Chul Woo? Byung-Soo Chun’
Department of Food Science and Technology, Pukyong National University,
’Department of Chemical Engineering, Pukyong National University

Brown seaweed consists of about 2000 species, making it the second most abundant group of marine
algae. In addition to its long-standing uses in alginate and fertilizer production, in seaweed meal for
animal and human consumption, focus on the utilization of seaweed has been growing in the recent
years due to the bioactive compounds it contains, which can be potentially used as pharmaceuticals
and nutraceuticals. Fucoidan is a sulfated polysaccharide and it has been shown to have diverse
biological activities including anticoagulant, antithrombotic, antiinflammatory, antitumoral,
contraceptive, antiviral and antioxidant. Generally, fucoidan consists of «-(1—3) - and (1—
4)-linked-L-fucose residues, that may be organized in stretches of (1—3)-« -fucan or of alternating
a -(1-3)- and « -(1—4)-bonded L-fucose residues. The L-fucose residues may be substituted with
sulfate  (SO3)ontheC-2orC-4(rarelyonC-3). Besides fucose, fucoidan also contains some other
monosaccharides such as mannose, rhamnose, galactose, glucose, xylose and uronic acids. Fucoidan is
typically extracted by using large volumes of aqueous or acidic solutions at temperatures from room
temperature to 100 ° C for several hours. Recently, the extraction methods employing ‘green
technology’ have been preferred these technologies allow for the extraction of natural ingredients
without the need of toxic or chemical solvents in various industry. In this regard, pressurized solvent
extraction (PSE) is an excellent choice for the production of extract with functional activity from
brown seaweed. In the process of PSE, water in subcritical phase employed as a solvent at elevated
temperature under pressure modifies the dielectric constant and changes its polarity, thus selectively
extracting different classes of compounds. Therefore, the PSE as a green technology can be used
for the extraction of fucoidan from brown seaweed for safe and rapid methodology. The objectives
of this study were to optimize the process of fucoidan extraction from brown seaweed by PSE
technology. The influence of temperature, pressure and extraction time on fucoidan yield will be
studied. The molecular weight, chemical composition, and anti-oxidant activity of recovered fucoidan
will be investigated.
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Quality properties of Atlantic salmon by-product oils extracted by
supercritical carbon dioxide and conventional methods

Monjurul Haq' and Byung-Soo Chun'”
'Department of Food Science and Technology, Pukyong National University

Fish processing industries produce a large amount of by-products every year which are just dumped
or used for less productive purposes. This paper instructs the approaches to extract edible oils from
Atlantic salmon by-products using environment friendly, clean technology for value addition of fish
wastes and meeting the increased demand of omega polyunsaturated fatty acids. Atlantic salmon
by-products (belly part, trimmed muscle, frame bone and skin) oils extracted by supercritical carbon
dioxide (SC-CO» and n-hexane were compared with frame bone oil (PFBO) obtained from traditional
pressing. Oil extracted by n-hexane, was considered as total oil and the yield was higher amongst
with 45.46 + 0.57-49.26 + 0.90 %, followed by SC-CO, and pressed oil with 76.12+1.02-86.99+1.14
and 61.83+0.0.84% (oftotaloil,drymatterbasis), respectively. SC-CO, extracted oils showed attractive
color and better viscosity property than PFBO and n-hexane extracted oil. As taxanthin content of
pressed and SC-CO2 extracted oils was higher compared ton-hexane extracted oils. The acid value,
peroxide value and free fatty acid value of PFBO were lowest (6.29 + 0.32, 0.97 = 0.12 and 2.37
+ 0.19 respectively) followed by SC-CO, (7.48+0.62-8.03+0.35,1.10+£0.2-1.25+0.14and3.23+0.31-
3.89+0.40respectively) and n-hexane (10.28+1.25-11.03+0.52,1.36+0.28-1.68+0.20 and 4.08+0.22-
4.74+0.18 respectively) extracted oils. p-Anisidine value and total oxidation value of SC-CO;
extracted oils were significantly (P<0.05) lower than PFBO and n-hexane extracted oils. SC-CO;
extracted oils displayed higher radicals caveng in gactivity and longer oxidative stability
period(1.37+0.03-2.14+0.03h). There was no significance difference in fatty acid compositions among
the extracted oils. Extraction of edible oil by SC-CO, from fish by-products may play a key role for
obtaining financial benefits, nutrition and reducing environment alpollution.
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Current Status on Technical Development of Supercritical CO, Cycle
for Coal-fired Power Plants

Dong-Ryul Rhim!*, Sung-Ho Park!, Joon-Young Kim!, Jung-Uk Shin!, Yong-Soo Byun',
Seung-Chun Oh!
UInstitute for Advanced Engineering
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Hydroconversion of Heavy Aromatics of Diesel Boiling Range
for BTX Production

Jaeuk Sin', Yeseul Choi!, Youngseok Oh!, Hyewon Ryu!, Jung Kyoo Lee!"
Department of Chemical Engineering, Dong-A University

One feasible option for upgrading surplus poly-aromatic hydrocarbon of diesel boiling range (such
as light cycle oil (LCO) from fluidized catalytic cracker (FCC), pyrolysis fuel oil (PFO) from NCC
and C10+ heavy aromatics from xylene plants) is to produce high-value chemicals such as BTX.
To obtain a high per-pass yield of BTX, it is important to convert the 2- and 3-ring aromatics
into 1-ring products in high selectivity followed by selective hydrocracking of 1-ring aromatics
into BTX. In order to design selective bi-functional hydrocracking catalysts, we have investigated
the effects of metallic functions of different hydrogenation power, acidity and structure of
zeolites of hydrocracking catalysts on the conversion of model reactant, tetralin. It was found
that BTX vyield can be much enhanced by employing a metallic function of moderate
hydrogenation activity on a hybrid zeolite matrix composed of a large-pore zeolite (12MR) and a
medium-pore zeolite (10MR). Finally, the performances of hydrocracking catalysts were evaluated
in the conversion of C10+ heavy aromatics from a commercial xylene plant into high value BTX.
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An experimental study of reburning characteristics analysis using solid
phase biomass fuel

Jiwan Kim!, Hyewon Kim? Myungchul Shin?, Jungho Hwang"’
Department of Mechanical Engineering, Yonsei University,
’Thermochemical energy system group, Korea Institute of Industrial Technology
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Economic Analysis of Integrated Solid Oxide Fuel Cell - Organic
Rankine Cycle Fueled by Seaweed Biogas

Ivannie V. Effendi!, Jay Liu!"
'Department of Chemical Engineering, Pukyong National University

With the escalating greenhouse gas emissions from utilization of fossil fuels, renewable power
sources are required to substitute fossil fuels. One of the promising renewable power sources is
biogas obtained from third generation feedstock like brown algae (Saccharina japonica). This
biogas can be converted into electricity using Solid Oxide Fuel Cell (SOFC), the most promising
fuel cell technology for stationary power generation. SOFC generates high amount of waste heat,
which makes it viable to integrate it into combined heat and power (CHP) power generation. In
this work, energy and economic analysis of integrated SOFC and Organic Rankine Cycle (ORC) is
investigated. The overall energy efficiency for SOFC is ~42.5% with minimum power selling price
(MPSP) of 0.1374$/kWh. By integrating SOFC and ORC the overall efficiency can increase up to
6% and the MPSP decreases by 12.4%. Eighteen SOFC and ORC were used for a 59 MW power
output produced from 62,500 kg/hour of brown algae. Future works will integrate the CHP into
Combined Hydrogen, Heat, and Power (CHHP) power generation.



Characteristic of Molding Manufacture using Geo-polymer Paste

Dong-hwan Jeon!, Jea-man Lee!, Sung-phil Youen!, In-goo Kwan!, Woo-hyun Jung"’
IInstitute for Advance Engineering
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Synthesis of silica particle by using bio-mimetic under the ambient
condition in microfluidic device

Dong-Yeong Kim!, Ki-Su Park}, Sun Ok Hong? Ju Min Kim??, Chang-Soo Lee!’
lDepartment of Chemical Engineering, Chungnam National University,
’Department of Energy Systems Research, Ajou University,
SDepartment of Chemical engineering, Ajou University

Silica particles have been used in various fields by application of catalysts, cosmetics, biosensors.
And also silica particles are used for improving the physical and chemical properties of
composite materials. However, the conventional method of synthesizing silica particles requires
extremely low or high pH as well as high temperature and high pressure. In addition, the bulk
process in which the synthesis reaction takes place produces a large amount of reaction waste.
As a result, these conventional methods can act as factors of environmental destruction such as
soil pollution. In order to solve these problems, we have developed a microfluidic reactor which
can mix efficiently by using fluid instability by viscoelastic polymer solution. In addition, it was
possible to synthesize silica under ambient conditions such as room temperature, atmospheric
pressure and neutral pH using Polyallylamine hydrochloride (PAH) which is amine functionalized
polymer and R5 peptide derived diatom as a bio-mimetic catalysts. In the microfluidic system,
the reaction using bio-mimetic catalysts was able to form silica nanoparticle within a short
period of time under mild conditions. In addition, the synthesized silica nanoparticles showed a
hyper-branched structure rather than a simple spherical particle. The silica nanoparticles having
such a unique shape are expected to be used as high performances materials in the fields of
cosmetics, bio-pharmaceuticals and bio-sensors.
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Evaluation of Internal Residual Stress of Al 6061 Alloy Applied to
Hydrogen Gas Transportation Composite Pressure cylinder End Nozzle
by Manufacturing Process

Dae-kyeom Kim'?, Sun-woo Nam!, Kyoung-Tae Park!, Taek-soo Kim?"
Korea Institute of Industrial Technology, University of Science and Technology
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Improvement of the biological treatment of sulfate and metal-rich
wastewater

Subhabrata Dev!’, Byong-Hun Jeon?, Jayanta Bhattacharya'?
'Department of Mining Engineering, Indian Institute of Technology Kharagpur,
’Department of Earth Resources and Environmental Engineering, Hanyang University,
3School of Environmental Science and Engineering, Indian Institute of Technology Kharagpur

The biological treatment of sulfate and metal-rich wastewater depends on the growth ofSulfate
Reducing Bacteria (SRB) which in turn is dependent on the availability of the nitrogen source in
the growth substrates. In the present study, nitrogen-rich growth substrate termed as marine waste
extract (MWE) was prepared from the organic wastes generated in the coastal areas due to regular
fishing activities. The MWE wasrich in nitrogen and contained other essential nutrients. The MWE
was cost effective and it supported SRB growth better than the commercially available nitrogen
sources. The MWE supplemented SRB growth medium (MSRB) was developed which also supported
the SRB growth and sulfate removal better than the available standard growth media. The biological
sulfate removal was improved by optimizing the different parameters such as pH, hydraulic
retention time (HRT), sulfate, total organic carbon (TOC) and MWE concentration. During the
batch and continuous flow studies, multiple parameter optimizations were performed using
response surface methodology (RSM) and Taguchi method, respectively. The continuous flow
study was performed using a laboratory scale anaerobic packed bed bioreactor (PBR). The
multiple parameter optimizationshowed the significant improvement in SRB growth and sulfate
removal. The parameters were positively correlatedand their influence on sulfate removal was
as pH > MWE > sulfate > HRT > TOC. The growth kinetics study revealed that the growth rate
of SRB was improved due to the supplementation of MWE as nitrogen source. The
characterization of biofilm developed inside the passive bioreactors showed the dominanceof SRB
(87-89%). The PBR was operated at optimized condition to treat sulfate and metal-rich
wastewater collected from mining industries. Nearly completesulfate and metals were removed
from the wastewaters at high rate. The present study creates the future prospect for the
development of sustainable technology to treat sulfate and metal-rich wastewater in a large
scale.

Keywords: Sulfate reducing bacteria; nitrogen source; marine waste extract; sulfate and metal
removal; wastewater; parameter optimization.
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Development of Precise Respirometer for a Biogas Measurement

Sang-Eun Oh', Woo-Chang Kang', Bum-Soo Shin?
Department of Bioconvergence Sciencd and Technology, Kangwon National University,
’Department of Biosystems Engineering, Kangwon National University
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Microalgal biomass production coupled with wastewater treatment
for biofuel generation

El-Sayed Salama!, I-Seung Yang!, Mayur B. Kurade!, Byong-Hun Jeon'”
'Department of Earth Resources and Environmental Engineering, Hanyang University

Microalgae are a potential source of sustainable biomass feedstock for biofuel generation and can
proliferate under versatile environmental conditions [1]. Mass cultivation of microalgae is the most
overpriced and technically challenging step in microalgal biofuel generation. Wastewater is an
available source of the water plus nutrients necessary for algae cultivation. Microalgae provide a
cost-effective and sustainable means of advanced (waste)water treatment with the simultaneous
production of commercially valuable products. Microalgae show higher efficiency in nutrient removal
than other microorganisms because the nutrients (ammonia, nitrate, phosphate, urea and trace
elements) present in various wastewaters are essential for microalgal growth [2]. Potential progress
in the area of microalgal cultivation coupled with wastewater treatment in open and closed systems
has led to an improvement in algal biomass production. However, significant efforts are still required
for the development and optimization of a coupled system to simultaneously generate biomass and
treat wastewater [3].

In this review, the systematically describe the technologies required for the successful integration of
wastewater treatment and cultivation of microalgae for biomass production toward biofuel generation
was discussed. It deeply reviews the microalgae-mediated treatment of different wastewaters
(including municipal, piggery/swine, industrial, and anaerobic wastewater), and highlight the
wastewater characteristics suitable for microalgae cultivation. Various pretreatment methods (such as
filtration, autoclaving, UV application, and dilution) needed for wastewater prior to its use for
microalgae cultivation have been discussed. We then consider the selection of potential microalgae
species that can grow in wastewater and generate a large amount of biomass and discuss microalgal
cultivation systems (including raceways, photobioreactors, turf scrubbers, and hybrid systems) that
use wastewater, evaluating the capital expenditures and operational expenditures of each system. In
view of the limitations of recent studies, we suggest future directions for integrated wastewater
treatment and microalgae biomass production for industrial applications.
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The shift of glycerol metabolic flux using Klebsiella pneumoniae 117 on
Microbial fuel cell
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Bacterial respiration is mainly regulated by external electron acceptor, and significantly affect to
internal cell redox states. Interestingly various microorganisms such as electrochemically active
strains, use metal ions as terminal electron acceptor, thus it have been extensively used as
biocatalyst for electricity generation in MFC. Industrially, K. pneumoniae is widely used as glycerol
fermentator for the production of value-added chemicals such as 3-hydroxypropionate and
1,3-propanediol, and also known as exoelectrogens in the previous reports. In this study, metabolic
shift by the activation of electrode based-anaerobic respiration in microbial fuel cell was
investigated using K. pneumoniae 1.17. To identify this metabolic shift, both mRNA and
metabolite-level analysis were conducted. Electron recovery from respiration of substrate was
obtained about 190 #«A and 146 #A in growth and stationary phase in MFC, respectively (< 0.15
mmol of electron excretion). Metabolites production in MFC condition is similar with (micro) aerobic
condition except ethanol and 1,3-PDO. RT-PCR analysis shows NAD+-dependent pathways were
activated in electrode electron accepting condition. The results indicate that electron excretion
makes metabolic pathway shift, and it could act to drive reductive pathway in K. pneumoniae 117 in
anaerobic respiration.
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Globalization led to rapid growth in human population and industrialization to accomplish the needs
of society. One of the biggest growth is apparent in agro-food industries, which are generating
enormous amount of fruit and vegetable processing wastes (e, liquid and solid) to be dumped into
the environment [1]. These large amount of fruit and vegetables wastes is causing a series of
serious environmental concerns; as emission of greenhouse gases (GHG) eg methane (28-36 times
more potent in atmospheric warming) is correlated with the wastes deposited in landfills [2]. Thus, a
proper waste management strategy need to be employed to overcome these problems. Pretreatment
of fruit waste (FW) for better bioavailability, is the first step towards complete utilization of these
valuable substrates to bioenergy production [3]. Optimization of pretreatment for better
bioavailability requires extensive study which may consume enough time and effort. Statistical
modeling using Response Surface Methodology (RSM) could be promising for the optimization study,
which can eliminate the need of multiple trials [4]. Using the RSM approach in this study, a
maximum sugar recovery of 95.01% (actual) was achieved from the FW, considering the retaining
carbohydrates (701.7 mg g ) in the pretreated FW with fair release of reducing sugars (21.92 mg g
“1 in the supernatant during the pretreatment conditions of 0.2 M acetic acid, 62.5 ° C and 30 min.
These high sugar recoveries retained the high C/N ratios (45.34) and organic matter (93%), suitable
for effective bioenergy production through the fermentation of these pretreated FW. Fourier
transform infrared spectroscopy (FTIR) and thermogravimetric (TG) analysis further confirmed the
presence of free cellulosic portion in the pretreated FW rather than complex hemicellulose. Scanning
electron microscopy (SEM) showed the disruption patterns of FW during acetic acid treatment,
enhancing the porosity and the roughness of FW for better microbial attachment and utilization.
Thus, acetic acid pretreated FW could be advantageous towards microbial accessibility during
fermentation for better product yields.
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Reclamation of contaminated soils (TPH, benzo(a)pyrene and heavy
metals) by solvent washing process
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In this study, total petroleum hydrocarbon (TPH), benzo(a)pyrene (BAP) and heavy metals (HM)
contaminated soils collected from Yongsan railroad depot in Seoul, Republic of Korea were treated
by solvent washing. With this method, the solvent was composed of ethyl-acetate, ethanol and water
with the ratio of 0.408, 0.184 and 0.408, respectively. The experiments were conducted with
different parameters, such as soil mass to solvent ratio, temperature, pH and kinetics. The obtained
results in Figure 1 indicated that the optimal operational condition was 3:1 of solvent to soil ratio
and water pH 1. The results represented that solvent washing can remove TPH to be < 500 mg/kg
(Korean regulation) while Pb concentration remained unsatisfactory. Kinetics represented a rapid
removal of TPH (10 min) followed by BAP (1.7 h) while unsatisfactory HMs removal (Figure 2). After
solvent washing, the remained soils were further treated by various concentrations of HCl and all
heavy metals were removed below their regulations. These sequential washing of solvent and acid
can remove complex organic and heavy metals, as well as they had higher removal efficiencies than
acidic or oxidant washing.
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Figure 1: TPH and HMs removal by solvent extraction at . .
Figure 2: Kinetic operation for TPH, BAP and HMs removal

different (a and b) mass and temperature effect (c and d . . .
(soil - 80g, solvent - 250 mL and 3 h operation time)

pH and temperature effect. (soil - 80g, solvent - 250ml and
3h operation time)
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Study of Swine Wastewater Treatment of Advanced Autothermal
Thermophilic Aerobic Digestion Technology
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Application of electroplating wastewater as catholyte for bioelectricity
generation with simultaneous treatment of hexavalent chromium in
microbial fuel cell
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’Department of Natural Resources and Environmental Engineering, Hanyang University

Hexavalent chromium wastewater is produced in electroplating process, however discharging of this
wastewater damages in not only ecosystems but human. Therefore reduction or removal of
hexavalent ion is required for releasing wastewater. Microbial fuel cells (MFCs) are bioelectricity
generators by anodic reaction, bacterial electron transfer onto electrode, to cathodic reactions,
oxygen or metal ion reduction. Previously, various metal ions applied in catholyte in MFC researches
including hexavalent chromium. Although the possibility of hexavalent chromium as a cathodic
electron acceptor was suggested, little information to apply real electroplating wastewater was not
reported in author’s knowledge. In this study, we studied the application of electroplating wastewater
for catholyte in MFC using comparison with conventional cathodic electron acceptors. Power
generation of 30 % wastewater MFC presented significantly higher compared to conventionally used
electron acceptors, ferric ion and oxygen. Hexavalent chromium was recovered and formed Cr(OH);
revealed onto electrode. Further study is required to operate continuously for industrialization.
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Electrochemical Removal of Ammonia Nitrogen, COD and Turbidity from
Domestic Wastewater by Using Platinum Coated Titanium and Stainless
Steel Electrodes
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The present work aims to investigate the removal of ammonia nitrogen, COD and turbidity from
domestic wastewater by electrochemical process using platinum coated titanium as an anode and
stainless steel as a cathode electrode. The effective surface area of the anode was 50cm® with 1
mm as a separation between electrodes. In order to supply power to the reactor, the regulated
variable DC power supply was used. The study was carried out to find out the effect of electric
voltages and the chloride concentration on the removal of ammonia nitrogen, COD and turbidity
from domestic wastewater. Various electric voltages of 0V, 5V, 10V, 15V and 20V were applied to
investigate the removal efficiency. The experimental results indicated that at an applied voltage of
20V, 99.43% of ammonia nitrogen was removed within 10 hours of the treatment process. Only 1
mg/LL of free chlorine was generated in all applied voltages. However, in applied voltage of 20 V,
free chlorine sharply increases after 10 hours of treatment when ammonia nitrogen was almost
removed. The removal efficiency COD and turbidity were also accelerated with increase in electric
voltages. Similarly, at chloride concentration of 500 mg/L, almost all ammonia nitrogen was removed
within 4 hours of treatment where as in low chloride concentration of 50 mg/L, only 5% of
ammonia nitrogen, 7% of turbidity and only 2% of COD removal was observed within 10 hours of
treatment time.
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Enhanced energy recovery from microalgal biomass through serial
fermentations
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Microalgae are quantitatively and qualitatively excellent feedstock for biofuel production, as they
exhibit a high carbohydrate, protein and lipid contents [1]. However, the current microalgal biofuel
schemes have limited efficiency and economical infeasibility due to the use of single biocomponent
(either carbohydrate or protein or lipid) to produce only one form of biofuel [2-4]. A heretofore
unexplored solution for this limitation would be to use all microalgal constituents toward the
sustainable production of bio-fuels through serial processes. In this study, A new approach for
maximum recovery of energy from microalgal biomass through utilization of carbohydrate and
protein, was investigated. Serial fermentations were performed in a sequential manner, starting with
fermentation of carbohydrates (Phase I) through Saccharomyces cerevisiae YPH994 for bioethanol
production followed by fermentation of proteins (Phase I) from the leftover biomass of Phase I
through S. cerevisiae S288C for the production of higher alcohols. Phase 1 generated 10.5 g/L of
bioethanol; whereas, Phase II resulted in the production of 1.0, 1.78, 1.25 and 1.19 g/L butanol,
propanol, isobutanol and 3-methyl butanol, respectively. This study demonstrated that microalgal
biomass was converted into energy in the form of 27% bioethanol and 14% higher alcohols. Such a
holistic serial fermentation process would be beneficial for maximum utilization of biomasses for
biofuel production.
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Microalgae mediated biodegradation of levofloxacin: Mechanistic study of
enhanced removal
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Sustainable development requires the promotion of environmental management and a constant search
for new technologies to treat a wide range of aquatic and terrestrial habitats contaminated by
increasing anthropogenic activities [1]. Bioremediation is an environmentally friendly and
cost-effective alternative to physico-chemical cleanup options [2]. Microalgae mediated bioremediation
has gained research interests due to their endogenous catabolic systems, heterotrophic capabilities,
role in the fixation and turnover of carbon, and their recovered biomass for the production of
bioenergy [3,4]. In this study, the microalgae mediated bioremediation of levofloxacin (LEV) in the
synthetic wastewater was evaluated. Biodegradation of LEV was significantly improved upon the
acclimation of a freshwater microalga, Chlorella vujgaris and in the presence of elevated salinity.
The wild type microalgal culture was able to remove 12% of 1 mg LEV L', whereas the acclimated
C. wvulgaris (pre-exposed to 200 mg L~! LEV for 11 days) exhibited enhanced removal of 1 mg LEV
L ! by 16% after 11 days of cultivation. Moreover, the addition of 1% (w/v) sodium chloride into in
the C. vulgaris culture induced mutations in microalgae cells, which significantly improved LEV
removal by >80%. The bioaccumulation of LEV at day 11 in C wvulgaris cells without NaCl was 34
«g g !, which was increased to 101 xg g ' LEV at 1% NaCl. The bioconcentration factor for LEV
was 34 and 1,004 in 0 and 1% NaCl, respectively. The mass balance analysis of LEV showed that
more than 90% of LEV was biodegraded by C. vulgaris at day 11 with the addition of 1% NaCl
These results demonstrated that the enhanced removal of LEV by salinity was mainly through
bioaccumulation and intracellular biodegradation by C. vulgaris cells.
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Development of key technology for high pressure powder fuel feeding
system to replace lock-hopper system
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Desulfurization characteristics in furnace of 2MWe Circulating
Fluidized Bed Boiler using [EA-CFBC

You Ra Gwak!, Ye Bin Kim!, Sang Man Kim!, See Hoon Lee'’
Department of Mineral Resources and Energy Engineering, Chonbuk National University

Many countries are investing extensively in research efforts to develop eco-friendly energy
conversion technologies, due to the stringent environmental regulations and continuously increasing
energy consumption with population growth. Among the clean technologies, CFBC(Circulating fluidized
bed combustor), which is classified as a promising technology, has been investigated because of
various fuel availability, distribution of uniform temperature and higher energy efficiency. To
improve CFBC performances, it is essential to analyze reaction through computational analysis. In
this study, [EA(International Energy Agency)-CFBC model was used to describe various performances
that could occur in a 2MWe CFB. Combustion characteristics and the effect of Ca/S ratio on
desulfurization in the 2MWe CFB combustor were investigated by using 2 different kinds of coals
[KPU, WHI].



CT-33

BAL wE WAEA D FFE FAAAE F3
PTFE WH 9 BH F43 A%

gl B olAW, 4B, FHS oMW, AR, 055
W5 EATY, AFtel 2R, ‘g Tista AstEdw

Localization Development of Adsorption Type PTFE Membrane Filter for
Simultaneous Removal of Fine Particle and Heavy Metals
on coal-fired Power Plants.

Sang Yeon Hwang!, Sang Oh Ryu!, Jae Man Lee', Sung Pill Yun!, Seok Woo Chung',
Chi Won Lee?, Myung Jo Seo? Seung Woo Lee®
UInstitute for Advanced Engineering, *Micro-one. Inc, *Yeungnam University
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Flow Distribution Design of the Oxygen Nozzle
for Optimizing the Performance of 20 Ton/day Entrained-bed
Coal Gasifier by CFD Technique

Chan Lee!’, Jin Wook Lee?, Yongseung Yun®
'Department of Mechanical Engineering, University of Suwon,
’Institute for Advanced Engineering

[e]

S B Aavt FFET B Aertasr)e) shas A% 9 8]< 8 2 (non-slagging)
A 7171 8te, 7F2=3b7] Wi 9k el g daked 2dd 9 BAE T3S
C 32 WS 54 AL YefiAdE A8 ANSYS-Fluent =9 RANS(Reynolds stress averaged
Navier Stokes equation solver) 7|H-& Al£3l9 1, GFEH L realizable k-¢ R8-S ALE3I¥Y. 1

o A& discrete phase 28-S AH839 3, olw A
g gt ¥k KPU ®o 714 9 1A RESEHES o] &3ty AbstAacth. 2 AT =
Al RS EQE, 49 122 =5& 53 5 &S HIAA 71, Aertsasir)e] A4k
BALE 3] 712379 e $E(carbon conversion), WrF2& &(cold gas efficiency) 2 A€
A7) EEHl&(particle escape ratio)s Al4bstA o HAAAREA AAEE FH, A AL FAFF diH]
22 =& B8 BAFEO] 30-40% Q1 AU 2 ©Aa AFE00%H Hio WA E&06%), €=
H&(26%)e HoF glow, o3 AFASERE B Hurtxsr|e 1a&-F& €4 4
Al A= 30-40% 22t AHAuEH| o] =S A4A 7 AR Ao R AdEHTh

Optimal operating window for
____high efficiency and non—slagmng gastier

S fo rfr &S

100
E‘ @ ____d___u—f&—q'—_.——g—.
o — T
E | b
"= x o okl Nibeye o w4
3= " -
o \
82 i
so X |-
-EE i ! | —a— | Caition copversion
% Iﬁ } ' —8—  CoMl gm einmcy
L = ERAG s
o= i BT
£x X X/zp !
; o o H | .
2 : s M ¥ ! =
= 1
33 e—
t — T ==t T T -
u o =i N 40 =0 B m & an 100

Secondary Infection Ratle[% ]
Fig.1 Carbon conversion, cold gas efficiency and particle escape ratio of coal gasifier
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Strategy of clean coal power generation for climate change

See Hoon Lee'’, You Ra Gwak!, Ye Bin Kim!, Roo Se Lee!, Su Hyun Kim'
Department of Mineral Resources & Energy Engineering, Chonbuk National University
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Catalytic pyrolysis of polypropylene with SiO,, Ni/SiO, and Mn/SiO;

Soo Hyun Kim!, Roosse Lee!, Eun Nam Son?, Jung Min Sohn'’
Department of Mineral Resources & Energy Engineering, Chonbuk University,
Department of Energy Storage & Conversion Engineering, Chonbuk National University
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Steam Reforming of Liquefied Macroalgae Oil over Ni-based Catalysts

Yong Beom Park!, Hankwon Lim? Hee-Chul Woo""
Department of Chemical Engineering, Pukyong Naional Univeristy,
’Department of Advanced Materials and Chemical Engineering, Catholic University of Daegu
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Study on Characteristics and Fuel Application of Liquied fuels by Fast
Pyrolysis from Biomass

Jae-Kon Kim!", Jo Yong Park!, Cheon-kyu Park!, Jong han Ha'
IResearch Institute of Petroleum Technology, Korea Petroleum Quality & Distribution Authority

It is important that under the new Korean initiative, pilot scale studies evolve practices to produce
next generation liquid biofuels. Whereas the first generation of biofuels is based on well established
technologies, the development of processes related to the production of next generation biofuels
utilizing biomass in still in the early stages of R&D in Korea. Second generation biofuel produced
form woody biomass is expected to be an effective avenue for reducing fossil fuel consumption and
greenhouse gas (GHG) emissions in road transport. It is important that under the new Korean
initiative, pilot scale studies evolve practices to produce next generation liquid biofuels. Whereas the
first generation of biofuels is based on well established technologies, the development of processes.
This study was focused on a fuel characteristics of bio-oil from biomass by using fast pyrolysis to
use transport fuels. Biomass fast pyrolysis is a novel and most effective method to convert biomass
into liquid fuel with yields of 60% based on dry feed uses. In fast pyrolysis, bio-oil is produced by
rapidly heating biomass to intermediate temperature (450 ~ 600 C) in the absence of any external
oxygen followed by rapid quenching of the resulting vapor. Bio-oil has poor properties due to the
complexity of composition of bio-oil so as to use effectively. So we bio-oil fuel by fast pyrolysis
investigated components of bio-oil in Korea. The bio-oil from biomass are different physiochemical
properties from conventional fossil fuels. After upgrading process, it was blended in transport fuels
and it was also measured physicohemical characteristics in Korea transport fuel specification.

FnEd
1. Kim, J-K et al, “Pyrolysis process of agricultural waste using CO, for waste management, energy
recovery, and biochar fabrication,“. Applied Energy, 185, 214-222 (2017).

2. Kim, J-K., Park, J.Y., Yim E.S., Min, K.I and Ha, J.H., “Research Trend of Bio-oil Production from
Biomass by using Fast Pyrolysis, J of the Korean Ol Chemists’ Soc., 31(3), 453—465 (2014).

3 Isanhak, W.N.R.W., Hisham, M.W.M., Yarmo, M.A and Yun Hin, T.Y., “A review on bio-oil production
from biomass by using pyroylsis method®, Renew. Sust. Energ. Rev., 16, 5910 (2012).

4 Sims. R.E.H., Mabee, W., Saddler, JN and Taylor, M., “An overview of send generation biofuels
technologies”, Bioresour. Technol., 101, 1570, (2010).
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A study on the manufacture of Bio-SRF from the food waste by
Hydrothermal Carbonization reaction
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Investigation of catalytic fast pyrolysis of tulip tree (Liriodendron)
in a bubbling fluidized-bed reactor

Hoang Vu Ly? Seung-Soo Kim'!, Jinsoo Kim?
Kangwon National University, Kyung Hee University

As lignocellulose biomass, tulip tree (Liriodendron) composed of cellulose, hemicellulose and lignin,
which can be converted into fuels by pyrolysis. Fast pyrolysis is a thermal conversion process at
high temperature (400 ~ 600°C) in the absence of oxygen, and at short vapor residence time [1].
Catalytic fast pyrolysis is an updated pyrolysis method in which the biomass can be converted into
higher quality bio-oil by upgrading the pyrolysis vapor before its condensation via a series of
reaction at atmosphere pressure [2, 3]. In this study, the fast pyrolysis of tulip tree was performed
in a bubbling fluidized-bed reactor under various reaction conditions (pyrolysis temperature, flow
rate of fluidizing medium, biomass particle size, with and without catalyst) to investigate the effects
of these parameters on product yield and bio-oil quality. The system used silica sand and dolomite
as the fluidizing bed material and nitrogen as the fluidizing medium. When the pyrolysis temperature
increased from 400C to 550°C, the bio-oil yield was between 40.07 wt.% and 49.03 wt.% compare to
those of 30.38 and 44.83 wt% using dolomite catalyst. The produced gas and liquid was analyzed by
gas chromatography (GC) with TCD/FID detector and GC-MS, respectively, to determine the product
compositions. And, the solid product (bio-char) was analyzed by ICP and EA.

References
1. Ly, H. V., Kim, S.-S., Kim, J., Choi, J. H, Woo H. C.,, “Fast pyrolysis of macroalga Saccharina
japonica in a bubbling fluidized-bed reactor for bio-oil production,” Energy, 93, 1436 (2015).

2. Agblevor, F. A., Beis, S., Mante, O., Abdoulmoumine, N., “Fractional Catalytic Pyrolysis of Hybrid
Poplar Wood,” /nd Eng. Chem. Res., 49(8), 3533 (2010).

3. Graga, I., Lopes, J. M., Cerqueira, H. S., Ribeiro, M. F., “Bio-oils Upgrading for Second Generation
Biofuels,” /nd. Eng. Chem. Res., 52(1), 275 (2013).
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Techno-economic Assessment of Industrial Scale Fast Pyrolysis Process
of Saccharina japonica

Boris Brigljevic!, Jay Liu"
Department of Chemical Engineering, Pukyong National University

Pyrolysis is a thermochemical conversion of carbon based material to smaller molecular products.
This conversion is performed at elevated temperatures ranging from 450° C to 500° C in the
absence of oxygen and the products are solid carbon rich char, organic liquids, and hydrocarbon
gasses. A major goal of pyrolysis for biofuel production is maximization of liquid product vyield
through appropriate optimization of process parameters. In recent years, this process has been
extensively studied and applied to various kinds of terrestrial biomass such as 1st and 2nd
generation biomass. Pyrolysis of 3rd generation biomass, i.e. microalgae and macroalgae, has only
been recently studied. As the chemical composition of algae differs greatly from terrestrial biomass,
especially in large water and ash content, thus the process of pyrolysis has to be redesigned and
evaluated for this particular application.

This study aims to simulate and evaluate the pyrolysis conversion pathway of macroalgae in an
industrial scale, using bench scale experimental data in Aspen Plus V8.6. Primarily, representative
liquid product mixture was determined in order to simulate the conversion accurately and efficiently.
The original liquid product mixture, containing around 200 compounds (detected by GC/MS analysis)
in liquid and non-soluble organic phases, is reduced to 21 representative compounds based on
chemical structure and boiling point range similarities. Simulation of brown seaweed pyrolytic
conversion and primary liquid solid separation was made. Future work in pyrolysis process simulation
will include appropriate pretreatment methods for ash removal i.e. acid washing as well as product
upgrading steps and solid products combustion. Ultimately, the process will be techno economically
assessed and strategic points of integration with bioconversion platform will be determined.
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Hydrothermal Conversion of Alginate into Uronic Acids over a
Sulfonated Glucose-derived Carbon Catalyst

Chunghyeon Ban', Hee Chul Woo? Do Heui Kim""

ISchool of Chemical and Biological Engineering, Seoul National University,
“Department of Cehmical Engineering, Pukyong National University

Algal biomass is regarded as a next-generation biomass owing to its rapid growth, inedibility, and
lignin-free structure. Alginate, the major constituent of macroalgae, was hydrolyzed into uronic acids
over sulfonated glucose-derived carbon catalysts using water as a green solvent under mild
temperature conditions. The catalytic activity was compared with that of sulfuric acid and other
commercial solid acid catalysts such as carbon black, activated carbon, Amberlyst-15, and zeolites.
The sulfonic group is an active site in the catalysis of the hydrolysis of alginate, and phenolic
hydroxyl and carboxylic groups on the carbon surface showed negligible effects on the hydrolysis
reactions. The catalytic activity of the sulfonated carbon is higher than that of commercial acid
catalysts used in this work. The high activity of sulfonated glucose-derived carbon catalyst can be
attributed to its high local acid density and carbohydrate-pi interaction between the catalyst and
alginate, which facilitates the cleavage of the 1,4-glycosidic bond of alginate. Uronic acids were
further converted into humins or epimerized into other uronic acids leading to the decrease in the
yield of target uronic acids. The highest monomer yield of 19.6% was obtained over the sulfonated
carbon at 140 C for 1 h.

References
1. Aida, T. M. et al, “Depolymerization of sodium alginate under hydrothermal conditions,®
Carbohydrate Polymers, 80, 296-302 (2010).
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Groups,” ChemSusChem, 4, 778-784 (2011).

4. Mo, X., et al., “Activation and deactivation characteristics of sulfonated carbon catalysts,” Journal of
Catalysis, 254, 332-338 (2008).



Main components analysis of bamboo and its thermal degradation
behaviors
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Bio-inspired Synthesis of Silica Nanoparticles
using the Amine Group Functionalized Polymer

Kyoung-Ku Kang!, Hyun-Seok Oh!, Ki-Su Park', Dong-Young Kim!, Chang-Soo Lee"’
IChungnam National University

Over the last decade or more, the bio-inspired nanomaterials originated from organisms have
received much attention due to their excellent structural regularity and variety as well as highly
potential applications. One of these, silica nanomaterials synthesized by diatoms is also spotlight in
the field of biomimetic synthesis. As a result of these studies, several research groups have
synthesized silica using the biomimetic synthesis method and they also proposed the several key
synthesis mechanisms and core proteins. In this study, we present the synthesis of silica
nanoparticles using the biomimetic synthesis process with artificial polymer and the investigation of
core synthesis parameters.

The synthesis process was similar to biphasic sol-gel process and was carried out using a TEOS
(tetraethyl orthosilicate) as a silica source and PAH (polyallyamine hydrochloride) as a replacement
of bio-silicification protein. In order to accelerate the sol-gel reaction, the process temperature
slightly increased. The synthesis parameters, which were pH and PAH concentration of mother
liquors, were also controlled each synthesis condition. The morphology and particle size distributions
of synthesized silica were investigated by microscopic analysis.

According to the comparison experimental study of traditional sol-gel synthesis method, the growth
of silica was promoted by PAH. Even, the formation of silica particle could be observed in acidic
and neutral conditions, in which silica particles did not form in the conventional sol-gel synthesis
method. In the acidic condition, the primary particle size of prepared silica showed 20 nm or less.
As the pH was increased the silica particles size also increased to the 45 ~ 50 nm. During the
growth of silica particles, the morphology of silica changes to sphere-like and interconnected each
other. The effect of PAH concentration was also investigated by the synthesis condition with various
PAH concentration. The silica particle was also grown, however, the morphology of silica particle
was changed, dramatically. The synthesized silica showed the perfect sphere morphology in the
relatively high concentration of PAH and the distribution of particle size became narrow. These
results show that PAH has the activity of silica synthesis and could be used as an alternative
material for diatom protein. Moreover, this biomimetic synthesis method can be used for the
environmentally friendly synthesis of nano-sized colloidal silica.
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Removal of Hydrogen Sulfide from Anaerobic Digestion gas using dry
Adsorption Process

Shin Dong Kim', Seong Soon Park®
'Energy & Environment Research Center, E & Chem Solution Corp,
°Field of Health administrationm, Dongkang College
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The study of pre-treatment process for wastewater by
super-water-repellent oil absorbent filter

Minseok Lee!, Kwangdae Kim? Seonghyun Uhm
Institute for Advanced Engineering’,
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Preparation of BaMnAl;1O9-5 Using Homogeneous Precipitation

Ji Yun Park!, You Shick Jung? Young Woo Rhee!”
Graduate School of Energy Science and Technology, Chungnam National University,
2GN Technology & Solution
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Electronic and Opto-electronic Device Applications based on
Graphene Synthesized by CVD

Choon-Gi_Choi'
IGraphene Research Lab, Electronics and Telecommunications Research Institute
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Controllable Doping of Molybdenum Disulfide Nanosheets Utilizing
Metalloporphyrin as a Seeding Promoter

Seong Jun Kim', Choon-Gi Choi'”
'Graphene Research Lab, Electronics and Telecommunications Research Institute

Transition metal dichalcogenides (TMDs) have attracted a great deal of attention in recent years
due to their great potential in various fields including microelectronics, flexible devices, lithium
batteries and optoelectronics. Among two-dimensional (2D) TMDs, molybdenum disulfide (MoS,)
with a large band gap (1.8 eV) is a suitable material for 2D logic devices and integrated circuits.
However, there are two crucial requirements for application in MoS,-based nano electronics: @)
the synthesis of large-area MoS, nanosheets with a high quality and (i) reliable control of the
carrier density in MoS,; nanosheets via chemical doping. In this study, we present a new
approach for the simultaneous large-scale synthesis and doping of MoS,; nanosheets by applying
metalloporphyrin layers as a seeding promoter layer. Here, a hybrid deposition system that
combines thermal evaporation and atomic layer deposition (ALD) was utilized to prepare
metalloporphyrin layers as a seeding promoter. The doping effect of the promoter was verified
by X-ray photoelectron spectroscopy and Raman spectroscopy. In addition, the carrier density of
the MoS, nanosheets was manipulated by adjusting the thickness of the metalloporphyrin
promoter layers, which allowed the electrical conductivity in MoS, to be manipulated.
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Metamaterial based electromagnetic-wave manipulation technology
in subwavelength region
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One step generation of controllable complex emulsions from a single
emulsion via phase separation

Chang-Hyung Choi', Jongmin Kim? Chang-Soo Lee®"
IDivision of Cosmetic Science and Technology, Daegu Haany University,
’Department of Chemical Engineering and Applied Chemistry, Chungnam National University

Complex emulsions with well controlled geometries have remarkably been highlighted due to their
significant potential in broad ranges including foods, pharmaceuticals, cosmetics, materials, and
chemical separations. However, the previous approaches for preparations of the complex
emulsion are limited because of multi-step emulsification, hydrodynamic and physiochemical
heterogeneities of fluids.

Herein, we present a one-step method for generating complex emulsions via phase separation
of a single emulsion in microfluidic devices [1]. Upon the diffusion of the separating agent into
the single emulsions, the phase separation is induced allowing generation of the complex
emulsions such as double, triple, quadruple and Janus emulsions with monodisperse size. The
generated complex emulsions can be used as microcarriers with simultaneous encapsulating
capability of active ingredients into desired position such as hydrophilic and hydrophobic
compounds with selective compartmentalization in a one-step process. Furthermore, the complex
emulsions can be used as useful templates for the synthesis of new functional materials, such as
microcapsules, hemispheres, Janus particles.

The approach suggests the first demonstration of straightforward preparation of stable complex
emulsions with controllable interior in a one-step manner. Also, the approach provides a versatile
route of new material platforms for synthesis of anisotropic particles and functional emulsions.
Finally, the approach can be utilized to develop novel encapsulation methods and to understand
releasing kinetics of active components used for therapeutics and nutrients. These advantages
extend the applications of the complex emulsions in a wide ranges, including pharmaceuticals,
multi-drug chemotherapies, and cosmetics.

Reference

1. Choi, C.-H., Weitz, D.A., Lee, C.-S., “One Step Formation of Controllable Complex Emulsions: From
Functional Particles to Simultaneous Encapsulation of Hydrophilic and Hydrophobic Agents into
Desired Position,” Adv. Mater., 25(18), 2536-2541 (2013).
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High Polarization Ratio of Electrospun Nanofibers

Sangcheol Yoon!, Inchan Hwang!”
Department of Electronic Materials Engineering, Kwangwoon University

We investigate the photophysical properties of nanofibers based on
poly[2-methoxy-5-(2-ethylhexyloxy)-1,4-phenylenevinylenel/poly(ethylene oxide) blends both with
and without postsolvent treatments. Two different solvents were sequentially used in an attempt
to extract the insulating electrospinnable polymer and increase the polarization ratio of the
nanofiber meshes by molecular reorganization. The polarization ratio of emission from the
nanofiber meshes treated with N,N-dimethylformamide (DMF) following treatment with acetonitrile
solvents was found to be increased. An increase in the 0-0 emission vibronic intensity relative to
that of the 0-1 peak and a reduction in the photoluminescence (PL) bandwidth were found. In
addition, the PL decays faster and the parallel component along the nanofiber axis increases
after the DMF treatment, indicating that the radiative recombination process becomes faster. Our
results consistently show that postsolvent treatment promotes stronger J-aggregate character,
with longer coherence lengths of the exciton along the long axis of the nanofibers, due to
enhanced intrachain order.
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Silver Nanoplates with Controlled Shapes: Green Synthesis and
Applications

Mun Ho Kim!"
Department of Polymer Engineering, Pukyong National University

Silver (Ag) nanoplates display fascinating plasmonic properties, including intense quadrupole
resonance peaks, and have been used in biological and chemical sensing applications. However,
the production of Ag nanoplates with a controlled shape (e.g., size and aspect ratio) remains a
significant challenge. In this talk, facile approaches to the synthesis of Ag nanoplates with
controlled shapes by reducing silver nitrate (AgNO3) with poly(vinyl pyrrolidone) will be reported.
The unique shape and crystalline structure of Ag nanoplates provide an interesting model system
for investigating the roles of capping agents. By introducing halide ions or a ligand material to
form complexes with the Ag" ions, Ag nanoplates with tunable sizes and shapes could be formed
in a single-step step. The morphological transformations enabled us to finely tune the LSPR
peaks of the Ag nanostructures from the visible to the near-IR region of the spectrum. One of
our new synthetic methods specifically enabled the formation of Ag nanoplates with lateral
dimensions exceeding 1 xm and with thickness values of approximately 30 nm. These Ag
nanoplates were found to show electrical percolation in a short sintering time and high electrical
conductivity when they were directly used as metal inks to produce conductive patterns for
printed electronics.
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A clean fabrication process for selective emitter of
thermophotovoltaic system

KeumHwan Park’, Jong-Moo Kim'?, Da-Som Kim?® Sun Kyung Kim®, Young-Seok Kim'
Korea Electronics Technology Institute,
2Department of Electrical Engineering, Korea University,
3Department of Applied Physics, Kyunghee University

Thermophotovoltaic (TPV) is a novel concept of power generation system which can directly
converts the radiant energy produced by the combustion of the hydrocarbon fuel into electrical
energy. However it has fundamental limits of conversion efficiency due to the broadband
distribution of radiant spectrum. The ideal radiation for the PV cell is monochromatic illumination
at the bandgap. In order to improve the radiative efficiency, several selective emitter
technologies have been investigated including fabrication of photonic crystal structures which can
allow for tailoring of thermal emission bandwidth.

In this work, we present some design rules based on finite difference time domain(FDTD)
simulation results for 2D tungsten selective emitter. The tungsten 2D photonic crystal(PhC) was
fabricated by clean and simple nano-imprinting lithography(NIL), and inductive coupled plasma
reactive ion etching(ICP-RIE) with anisotropic etching process, the benefits and parameters of
which are presented. The fabricated PhCs emitted selective near infrared wavelength and optical
properties of those were varied depending on their size of the micro pattern. Measured results
of the fabricated prototype structure correspond well to the simulated values.

[Structures of Tungsten selective emitter which are fabricated by nano-imprinting process]
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A Study on the Characteristics of Polyurethane Seat Foam
Using Bio Polyol
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Korea Automotive Technology Institute, *CMTech
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Fast Pyrolysis of Anaerobic Fermented Saccharina japonica in a
Bubbling Fluidized-bed Reactor

Jae Hyung Choi'?, Hee Chul Woo*", Jinsoo Kim?, 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

The pyrolysis characteristics of anaerobic fermented Saccharina japonica (AFS]) were systematically
investigated using a thermogravimetric analyzer and a bubbling fluidized-bed reactor [1,2]. The
pretreated S. japonica samples (AFSJ-1d, AFSJ-2d, AFSJ-4d and AFSJ-6d) were prepared by
anaerobic fermentation for 1-6 days. The ash content of increased fermentation days decreased
from 24.42 to 21.22 wt%, whereas the carbon content increased from 29.58 to 34.25 wt%. The
fermented S japonica samples was decomposed in temperature range of 200 ° C and 500 ° C at
different heating rates of 5-20 ° C/min. The calculated activation energy of fermented S. japonica
sample decreased with increased fermentation period. It is attributed to decreased minerals during
fermentation. The yields of pyrolysis product such as bio-char, bio-char, and gas were significantly
influenced in the conditions of different fermentation period. The yield of bio-oil from AFSJ-6d
sample was maximal 40.12 wt% at 375 ° C and 4.0 Uy in a bubbling fluidized-bed reactor, and the
HHV of organic bio-oil was 28.61 MJ/kg. Carbon number distribution of bio-oils from AFSJ samples
was determined through simulated distillation by TGA [2], and the gasoline fraction in the bio-oils
decreased from 26.72 to 22.60 wt% with increasing fermentation day (1 to 6 days), whereas the
kerosene, gas oil and heavy oil fractions increased.
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Investigation of Characterization and Production of Thermal Degradation
Oil with Operation Conditions and Resource Properties in Macroalgae
Biomass Pyrolysis
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Encapsulation of bioactive compounds from brown seaweed hydrolysate

Byung-Soo Chun'’, Hee-Chul Woo? P. S. Saravana!
Department of Food Science and Technology, Pukyong National University,
Department of Chemical Engineering, Pukyong National University

Brown seaweed consists of about 2000 species, making it the second most abundant group of marine
algae. In addition to its long-sanding uses in alginate and fertilizer production, in seaweed meal for
animal and human consumption, focus on the utilization of seaweed has been growing in the recent
years due to the bioactive compounds it contains, which can be potentially used as pharmaceuticals
and nutraceuticals. Fucoidan is a sulfated polysaccharide and it has been shown to have diverse
biological activities including anticoagulant, antitrombotic, antiinflammatory, antitumoral, contraceptive,
antiviral and antioxidant. To extract bioactive compounds, organic solvent extraction was used, but it
is harmful to the environment. Also, it has several drawbacks such as long extraction time, high
energy consumption and solvent residual will be remained in the extract. In this study, pressurized
solvent extraction (PSE) will be use to recover bioactive compounds from S japonica. In PSE
process, water in subcritical phase modifies the dielectric constant and changes its polarity.
Therefore, the PSE can be classified as clean technology in that water is used as a solvent and has
advantage with a short extraction time. Some bioactive compounds are unstable so a stabilization
process is required. The objective of this study is to stabilize the extract of S japonica obtained
from PSE with dextrin and the key compounds are encapsulated using spray drying technique. The
PSE will be done with a temperature of 127 C and with a pressure of 80 bar. The S. japonica
encapsulated powder will be characterized for it particle size analysis, antioxidant activity, FT-IR,
SEM, UV-VIS and color.
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Process Design, Simulation and Techno Economical Assessment of
Industrial Scale Biofuel Production via Pyrolysis of Saccharina japonica
Macroalgae

Jay Liu*, Hee-Chul Woo!, Boris Brigljevict
Department of Chemical Engineering, Pukyong National University

Process design for industrial scale pyrolysis of Saccharina japonica is assessed for a scale of 380,000
tons/year of dry algae. The necessary steps for autonomous biofuel production include (1)
Pretreatment, (2) Pyrolysis, (3) Heat and power generation, (4) Phase separation, (5) Upgrading, and
(6) Hydrogen generation. In the technoeconomical assessment, it was found that hydrogen generation
step makes up for almost 33% of the capital cost investment. In this study 2 process design
alternatives will be compared with the original design including: purchasing the hydrogen from the
market with and without recycling using pressure swing adsorption (PSA). The initial results indicate
that the process without hydrogen production but with PSA is the most economically feasible
between compared process designs.
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Mathematical Modelling of High Efficiency Combustion of High Energy
Material ZrKClO, Due to Oxidation-Reduction Reaction

Tae Yeon Kong!, Do Jin Im"’
Department of Chemical Engineering, Pukyong National University
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Optimization of Microfluidic Electroporation Method to
Obtain Permanently Transformed Microalgae

Yeong Hun Kim'!, Sung Jin Park!, Do Jin Im""
Department of Chemical Engineering, Pukyoung National University
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A Study on the Engine Flow Characteristics by

Intake Manifold Type

BAMBANG WAHONO!, OCKTAECK LIM?"
!Graduate School of Mechanical Engineering, University of Ulsan

“School of Mechanical Engineering, University of Ulsan
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Design and Simulation of Industrial Biofuel Production via
Pyrolysis of Brown Macroalgae

Boris Brigljevic!, Jay Liu"
Department of Chemical Engineering, Pukyong National University

In recent years, thermochemical conversion processes such as pyrolysis have been greatly studied for
biofuel production. Traditional feedstocks which were considered in this research include various kinds
of terrestrial biomaterials such as food crops or 1st generation biofuels and woody biomass or 2nd
generation biofuels. However, pyrolysis of 3rd generation biomass i.e. microalgae and macroalgae has
only been recently studied. In this study, production of biodiesel from the pyrolysis of brown
macroalgae was simulated using Aspen Plus software and bench scale experimental data. Special
attention within process design is given to compositional distinctions of macroalgae when compared to
terrestrial biomass. Techno-economical assessment for the dry feedstock value of 380,000 tons per
year was performed and a Minimum Diesel Selling Price range of 2.51 USD - 4.12 USD was estimated.
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A Study About the Effects of Wall Impingement on
Deposit Formation in SCR Systems

G M Hasan Shahariar!, Muhammad Khristamto Aditya Wardana', Ocktaeck Lim*"
IGraduate School of Mechanical Engineering, University of Ulsan,
2School of Mechanical Engineering, University of Ulsan

The effects of wall impingement on deposit formation in SCR systems was numerically investigated in a
constant volume chamber using Star CCM+ CFD code. The turbulence flow was modelled by realizable
k- ¢ two-layer model together with standard wall function and all y+ treatment was applied along with
two-layer approach. The Eulerian-Lagrangian approach was used for the modelling of two-phase flow.
Urea water solution (UWS) was injected onto the heated wall for a wall temperature of 338 K and 573 K
at atmospheric pressure. Spray development after impacting on the heated wall was visualised and
compared with the similar experiment results available. Droplet size distribution and droplet evaporation
rate were also measured, which are vital parameters for the system performance but still not well
researched. The investigation reveals that wall temperature has a great impact on spray development,
droplet size distribution and evaporation. Increasing the wall temperature leads to longer spray front
projection length, smaller droplet size and faster droplet evaporation, which are preconditions for urea
crystallisation reduction.

Keywords: CFD, SCR, Urea deposits, Wall impingement, Urea evaporation
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A Study About the Effects of Injection Pressure and Wall Temperature
to Prediction Decomposition of NHs in SCR System

Muhammad Khristamto Aditya Wardana!, G M Hasan Shahariar!, Ocktaeck Lim?>"
IGraduate School of Mechanical Engineering, University of Ulsan,
°School of Mechanical Engineering, University of Ulsan

Diesel engines are commonly used for public transportation at road and off road applications. Growth
production of the diesel engine is very significantly from year to year. Nitride Oxide (NOx) from diesel
engine was the one of the major sources of the air pollution. Selective Catalytic Reduction (SCR) with
Ammonia (NH3) has been successfully used to remove NOx from diesel engine with chemical reaction
become steam (H20) and Nitrogen (N2). However ammonia decomposition process is usually incomplete
and difficult to mixing with NOx. This study presents about simulation and systematic study of the
impact of the turbulent phenomena and the numerical spatial discretization scheme to predict ammonia
homogenization and decomposition at SCR system using STAR CCM+. The simulation studies conducts
under different pressure (4 to 6 bars), injection rate (0.04 g/s) and temperature (538 K - 553 K) and
the simulations are carried out for an exhaust system with high pressure and high velocity magnitude
creates turbulent swirl flow in the Optical Box. Numerical results validated using back pressure at the
mixer and the spatial distribution of reduced NOx concentration at the catalyst outlet.

Keywords: Urea deposits, temperature, urea injection, selective catalytic reduction, wall impingement,
Urea Water Solution (UWS)
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Extraction of Phenolic Compounds from Saccharina Japonica Using
Pressurized Hot Water Extraction and Solid-Liquid Extraction

Tri Dinh Vo!, Hee-Chul Woo? Byung-Soo Chun'’
'Department of Food Science and Technology, Pukyong National University,
’Department of Chemical Engineering, Pukyong National University

Saccharina japonica, also known as Wakame, is a familiar brown seaweed commonly cultivated in
Korea, Japan, China and many other Asian countries. For over decades, it has been highly consumed
as a nutritive nourishment not only in Asia but spreadly worldwide. Saccharina japonica, in particular,
and brown seaweeds, in general, are reported as rich sources of carotenoids, vitamins, polysaccharides,
fiber and phenolics thus attracted plural studies aiming to recover these compounds. Among different
valuable substances, phenolic compounds are currently concluded rich in algae as compared to
terrestrial plants. With various bioactivities such as antioxidant, anti-cancer, anti-tumor, anti-obesity,
phenolics always reached high demands in functional food and pharmaceutical industries . Pressurized
Hot Water Extraction (PHWE) has recently been applied in extracting natural metabolites, based on its
green properties such as environmental eco-friendly process, quick reaction time, less of harmful
solvents and high productivity. Under subcritical conditions, water can penetrate deeply inside the
target matrix and thus improve its extraction ability. In this study, the strengths of PHWE were applied
to extract phenolic substances from Saccharina japonica. A wide range of temperature was provided
from 100C to 250C and a high pressure of 50 bars was maintained constantly to create subcritical
environments for the reaction of seaweed and water with a mixing ratio of 5g/ 160 mL. In addition,
conventional extraction method with solvents at different polarities was endorsed as comparative
measurements for PHWE results. Water, ethanol, acetone, dichloromethane and diethyl ether were
brought into reaction with seaweed samples at a corresponding ratio as PHWE and kept stirring at
ambient condition for 12 hours before the received mixtures were filtered and stored at -4°C prior
analysis. Total phenolic content (TPC) from all extracts was investigated following Folin-Ciocalteau
procedure. High-Performance Liquid Chromatography was applied to check individual phenolic
compounds in each extract. Antioxidant activity analysis was investigated in order to check potential
values of extracted products. The extracting capacity of PHWE on phenolics was significantly higher
than normal solvent extraction. In consideration of all green properties as well as a strong capacity in
extracting bioactive compounds, PHWE can probably be an alternative approach for the recovery of
functional materials in the future.
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Kinetic Promotion and Inhibition of Methane Hydrate Formation by
Molten Salt

Myeong-jin Kim!, Ki-Sub Kim""

Department of Chemical and Biological Engineering, Korea National University of Transportation

Ionic liquids of 1-hydroxyethyl-1-methylmorpholinium trifluoromethyl sulfonyl imide (HEMM-TFSD was
synthesized to investigate the different effects of anions in the ionic liquids on the methane hydrate
formation kinetics. HEMM-TFSI acted as the kinetic hydrate promoter and inhibitor, respectively. The
induction time of HEMM-TFSI solutions increased in proportion to the HEMM-TFSI concentration, and
this ionic liquids showed thermodynamic hydrate inhibition effect on methane hydrate formation. The
X-ray diffraction pattern of hydrates formed in the presence of this ionic liquid showed that there
was no influence on, and no incorporation of ionic liquids into, the crystal structure. And the kinetic
hydrate inhibition behavior of HEMM-TFSI might be attributed to the hypothesis that TFSI could act as
a mobile pseudo-guest because the anion cannot be the guest of the hydrate cage owing to the
charge imbalance even though it could fit into the structure I hydrate cages.

This was supported by Korea National University of Transportation in 2017.
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Study of Particulate Matter and CO, emission Characteristics from 2.0L
Turbo-Charged LPG Direct Injection Engine Under
Fully Warmed-Up Condition

Seonghoon Kim'!, Jaeho Cho!, Chalee Myung', Simsoo Park!”
Korea University
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Recarbonization of Limestones Under Oxy-CFB Boiler Conditions

Ye Bin Kim!, In Seop Gwak!, You Ra Gwak!, Sang man Kim!, See Hoon Lee'”
Mineral Resources and Energy Engineering, Chonbuk University

Oxy-CFB(Circulating fluidized bed) boiler have been recognized as an eco-friendly technology because
it can economically recover high concentration of CO,. However, there are some issues about
reactivity and corrosion when pure oxygen is used. To solve this problem, research is being conducted
using recovered CO,. Desulphurization efficiency of uncalcined limestone might decrease when CO,
from flue gas will be reinjected into boiler. To study desulfurization behavior in Oxy-CFB bailers,
recarbonization of limestones should be analyzed. Therefore, domestic limestones were used for
determining recarbonization behavior in a thermogravimetric analyzer(TGA). The effects of CO,
concentration (60-95%), temperature, and CaCOs; concentration on recarbonization characteristics were
analyzed.
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A Study on Spray Characteristics of Gasoline Injector for Motorcycle
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Microtexture Features of De- and Sulfur-Functionalized Porous Carbons
and Their Effect on Elemental Mercury Adsorption

Joung Ho Park!, Moon Hyeon Kim!*, Yong-Seok Hong!
'Department of Environmental Engineering, Daegu University

Microporous activated carbons contain a variety of surface functionalities, such as carboxylic, lactone,
phenol, carbonyl, ether, and quinone, and these oxygen-containing groups can decompose into gaseous
components at different temperatures when exposed to thermal excursion. On the other hand, the
sulfur functionalization of carbon surfaces can greatly enhance the extent of elemental mercury
adsorption. A combination of this surface chemistry may offer us a good vehicle to understand which
surface sites play a critical role in strongly accommodating the mercury on carbonaceous materials.
The surface of an activated carbon (AC) was modified by thermal decompositions at 500, 800, and
1100°C, referred to as ACb, AC8 and ACI11, respectively. Sulfur functionalization of the carbons was
conducted by treating a mechanical mixture of an elemental sulfur (S) powder (S/AC = 3) at 600°C for
3 h in flowing N, with a flow rate of 100 cm®min, designated to ACn-MS. Liguid nitrogen sorption
isotherms were collected using a Micromeritics 3 Flex adsorption system and their microtextural
properties, BET surface area (Sger), and micro- and mesopore sizes and volumes, were determined
using the sorption data with appropriate pore models. Elemental mercury was generated by flowing 150
cm® Ar/min in a mercury permeation tube controlled precisely at 50 =+ 0.1°C, corresponding to ca. 460
mg/m®, and was adsorbed on each sample diluted in a high purity quartz sand that had been placed in
a U-shaped quartz cell. A Brooks Rand Model Il CVAF detecter was employed for directly measuring
the breakthrough behavior in the mercury adsorption at chosen temperatures, 25 and 135C.
The surface groups decomposed to CO, H,O and CO, depending on temperature. Peaks by CO, at
temperatures < 500C could be assigned to carboxylic and lactone groups. CO peaks appeared at
temperatures > 600C and mainly came from surface phenol, carbonyl, ether, and quinone groups.
Carboxylic anhydrides could give all of CO, and CO at an intermediate temperature range (550 —
650C).

Table 1. Microtextural properties of de- and sulfur-functionalized carbons

Adsorbent Sulfur content® SgET Average pore size (A)

(%) (m’/g) dine” dins’”
AC 0.41 986 6.84 38.8
AC5 - 1068 8.31 30.3
AC8 0.61 1089 8.38 30.2
ACl11 - 905 8.46 32.8
AC1-MS 7.76 995 8.26 31.8
AC5-MS 7.75 994 8.32 322
AC8-MS 7.52 1011 8.34 31.5
AC11-MS 5.24 1036 8.36 31.5
Note. “-”: not measured; Sggr: specific BET surface area; dmc: micropore size; dms: mesopore size.

* By a C/S/N analyzer.
® Using the Horvath-Kawazoe model with a slit-pore geometry.
¢ Using the BJH pore model.

The thermal decomposition created different microtextural features, compared to those indicated for
the original carbon (Table 1). A better mercury adsorption at 135°C was indicated for the sulfur
functionalized ACs, depending on thermal decomposition temperature. A faster Kkinetic behavior in
mercury adsorption breakthrough may be associated with the increase, by 1.5 A, in the dn. value after
defunctionalization.
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The Influence of Electrostatic Effects on +, - Charging of
a Water Droplet in the Contact Charging Phenomenon

Seok Hwan Yang' and Do Jin Im"
'Department of Chemical Engineering, Pukyong National University

A droplet contact charging phenomenon has been studied as novel microfluidics research subject. The
droplet contact charging phenomenon is already being applied to microfluidic digital electroporation and
this digital electroporation technology can be utilized in the microalgae transformation as clean
bio-energy factory. However, the fundamental charge transfer mechanism of this interesting
phenomenon is still illusive. Most of all, positive and negative charging behavior on the droplet contact
charging phenomenon and related electrostatic effects are not studied well. In this work, we
investigate how electrostatic effects affect a charge on the droplet contact charging. Precise charge
measurements and analysis were performed under various power voltages and electric fields. For more
accurate charge measurements, special experimental setups (Two power sources, Faraday cage, etc)
were designed and performed. These experimental setups will exclude electrostatic effects existing in
our system. Throughout these systematic studies, we have investigated minute change of positive and
negative charge on droplet contact charging more rigorously and we found that the charging
difference is affected by electrostatic environment. The results provide fundamental understanding
about droplet contact charging in electrochemical aspects.
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Computational Study on the Noncovalent Intermolecular Interactions as
a Driving Force in Supramolecular Assembly

Jihun Oh!, Ki-Whan Chi'’, Jaehoon Jung"’
Department of Chemistry, University of Ulsan

The supramolecular architectures, such as catenanes, trefoil, and pentafoil knots, Solomon links, and
Borromean rings, are potential materials for host-guest chemistry, selective sensing, drug delivery, and
anticancer studies. Recently, Solomon links [1] and Borromean rings [2] with novel architectures were
successfully synthesized in the research group of professor Ki-Whan Chi in Department of Chemistry,
University of Ulsan, which are composed of the tetracene-Ru(l) acceptor and carbazole-functionalized
donor, and ditopic pyridyl donor, respectively. We carried out the computational study based on density
functional theory to investigate the driving force, i.e., noncovalent intermolecular interactions, for the
formation of supramolecular complexes. We used three different hybrid functionals, «B97X-D, M06-2X,
and PBEO. Whereas PBEO cannot describe vdW interaction, both «B97X-D and M06-2X were designed
to effectively deal with the weakly interacting systems. Therefore, we could effectively explore the
main intermolecular interactions, i.e., intermolecular dispersion forces, by comparing the interaction
energies obtained with three different kinds of density functional methods. Our computational results
provide a fundamental insight into the formation of supramolecular complexes, the newly synthesized
Solomon links and Borromean rings.
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DMC Synthetic Reaction of the Zeolite-Based Catalysts According to
the Catalyst Preparation Method

Je Min Woo'?, Dong-Ho Lee?, Jung Yoon Seo?, Young Cheol Park? Hyunuk Kim? Jong-Seop Lee!,
Yeong Seong Park!, Jong-Ho Moon*"
Daejeon University, “Korea Institute of Energy Research

DMC(dimethyl carbonate, (CH;0),CO)= ZF2X.d”](carbonyl group)ell w &A]=(methoxide, CH;-O-)7}
270 Bode FERE FHoJow, ExFMolecular Weight) 90.08 g/mol, ® =(Density) 1.069 ~ 1.073
g/mL, =4 (Melting point) 2 ~ 4 €, ¥ (Boiling point) 90 Colt}. o]# 3 DMCE =A4o] gl 34
AskAl sistEAEA aFIPERY AAYW frIEEE 4R 2 o =3 f7]8H,
ZY7tEY ol E ATAH, ARHTFAolZHA Y Haid 2 FLsst AFe FIA FoE AWEHIL
RNow 1 FeFo] g5 = FAlolth

DMC Az WHE =z, weS4siy, WegELY, Jdz"Hz2 wdysol fdow oF
HeSAs 2 AdHIY IR Yes ¢ don, WesY syl o3 DMC A4
O3 2

2CH30H + CO +1/20, — (CH30),CO + H,O

B AFoAE Cu 452 H-Y Zeoliteo] g3shs Mo s Axste] batch gtut-g7|oA Fel & &
o] &g HuE7LREY o] EMDMMC) FAdol thste] A3ttt DMCE wle-&S Yibsiebais) 4Abas A
Aeg FhE RS et FA AT Sl Aol ud WHo R guje FR{HE(Water, Methanol,
Ethanol, Aqueous Ammonia), °]2w3 WHReflux, Microwave, Ultrasonic), Cu ¢ ZF/F(CuCl,
CuCly+2H,0, Cu(NO3)223H,0, Cu(CO;CHy)y), Cu &3 F & HIFE Fof o HF5E SFAZT.

Zu) 54 £4& BET, TPD, SEM-EDX &< o]&3%th. DMC @/4drkg2 batch 14WHE71E
AbgstR o Wged FuE ¥ & MFCE o] &3ty FY712=(CO, Oy N)&  ®ES7]o| F3to
30bar, 130C&E AUt ¥ F AHYES 2 ZEHE A3t GCEIDE o] &3] EAstAuth
WA E, o, AbS A FA & SujAlz e i WAl et AT
DMC @4dwkg A3, Cu A4 5 CuCly - 2H,07F 7F¢ #Hold wheAS ®Hevh 1= <dsf Cu 30
wt%E gERUYols gujol] o Microwaveo] Al&efo]ES} o] o] 2u sk A AFUS W wehE M-S
16.7 %, DMC A8 = 483 %= 714 Hold 45 FuE 4 F A
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Properties of CdTe Nanowires Based on Various Stabilizers
Seock-Jin Yoon!, Ki-Sub Kim""

Department of Chemical and Biological Engineering, Korea National University of Transportation

Nanomaterials (NMs) that consist of Nanoparticles (NPs) have a lot of research areas because they
have unique chemical and physical properties such as optic properties in Cadmium Telluride (CdTe)
nanoparticles that are treated in this study. These properties vary by types and concentrations of
stabilizers because their sizes and shapes determine optic properties after synthesis at respective
conditions. We have synthesized CdTe nanowires (NWs) via self-assembly from Nanoparticles and these
Nanoparticles were synthesized by ratio of stabilizer-to-Cd ion is 1.0 ~ 2.3. L-cysteine, 1-Thioglycerol,
etc. were used as stabilizers. In this study, we have compared these synthesized nanowires respectively
by analyzing their properties. Transmission electron microscopy and scanning electron microscopy
were performed to characterize the synthesized nanowires.

This was supported by Korea National University of Transportation in 2017.
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Improved Redox Characteristics in Ni-Nb-0O/CeyZr;-<O; for
Oxidative Dehydrogenation of Ethane

Minzae Lee!, Yang Sik Yun', Jongbaek Sung', Chyan Kyung Song!, Joongwon Lee?,
Young-Jong Seo? In Kyu Song!, Jongheop Yi"
ISchool of Chemical and Biological Engineering, Seoul National University,
“Lotte Chemical Corporation

a2 oe] ARIIVIA A F3eHAE A4tel] dE] AHEEHE T8 dAISEE dEA Ao HT 9,
g4 2 AguUA AL A gdEY e dgd YAGIIE BRT 5 Qs VEEA e Ao
Zujdls-S &3 og#d AshA(oxidative  dehydrogenation of ethane, ODHE)o] Z+331 Qith
QEo] =3" YyAMSE (Ni-Nb-O)= 420C ©]|3t2] ODHE WHs-2%= ZZoA e w2
AEEE AT ¢ o A ok SARE ddHoE w2 ogt Hd3E(30~35%)2> g
S "olmygle @907 ZAgIgE IAHEE AL AT e dudl £go] FAF
Qele AfA 129 "o odBHAl Mewrt FE45A4 FaHo CO CHF 2o BAEE
FA3sH7] W&ol
Ni-Nb-OZ%uw|E& %3 ODHERH$& Mars-van Krevelen #lAUYZSE w2tz ¢34 dth. =94
AR 7 A H oz il Ao s, W Ax4bAel AElE WSEER FUHEH LAV
A F= Aot FAkEo] FAH= WAUSFTS A F /HAE, FAE ogde] FrHo=E
AHERES HE A ogte] AFA R (x4kE He Ao 7|QIdTh dee] & ARsiREE2 )
g AFhHz WSEZ FUH AR EAVE HEgEld 08 Ak, O7F 9Al dE EAE
A 7)E e AEE WETE o3 o237 WAL utew, AtiA LA odd Meuxe
AAashe YA Ni-Nb-Ouf dg#d Ao Fosts SdARATE EF53H7] WEolgtes A4S 58
F JA aFTh WA, Ni-Nb-OW A AAASY HAEsdEo] Aol Zuju 2kssidoe] =Bt}
&3 2 F duH, T2oAE BAME AAAS AATH Al oet HI}ES FUIFOEHA JdqEA
FE&o F7HE 7IUE 4 Ak
o] AFAE AALIARS AF 9 dEege] gty ¢ERl CeZnO.E =Yt Ni-Nb-0¢
ARE St 5 E S FGAA| 7] A Ni-Nb-0O/CeyZri O, &u|E /E3ta, ODHEWFS-o] tist XH%s HI7FE
AYstA T 420C o]de] WHE2EQl 450TC oA g oE8d HdEx FU7HE BRI, o
HAgkgo] oF 55%7HA FFHo =M oEd F&o] oF 6H] FHHS FASAT I EAEAH R,
A7t 52 E3 o33 AHASMAE Ni-Nb-O/CeyZri 0,9 d4H A3k 5dHo] 7|3t
A& SHA
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Hydroprocessing of Vegetable Oil using
Commercial Ni/SiO,-Al,03 Catalyst

Seong Chan Lee!, Hao Zuo', Kyung Mi Bhin?, Hee Chul Woo""
Department of Chemical Engineering, Pukyong National University,
’The Institute of Cleaner Production, Pukyong National University
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EE
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8 | o3 EFdE 9S ZrldE wSenrl =S54E2 HY o 80% AR ERES

BHAAR 24 Zto] Tl RE ZAAA ¢ 50%2 HI ELS HYT IUEEE FIESFE

& 3, E3] 75~10 h' ¥WolA E&o] 69.2%H 32.2%2 & Zo=w

5 hlelstz Z4E a8 S/8AT & Hole UA g e st

wrebA] WEE9EE 10 bar, ¥ 120 C 18l1 FXHEE 75 hlolA 438 ¥H-E G800 £ Ao
ek oh
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Nitrogen and Phosphorus Flow Analysis to Evaluate
the Applicability of Grasshopper

A-Ra Cho!, Seong-Rin Lim""
'Department of Environmental Engineering, Kangwon National University

A A2 FEe Y 7] HFAO: United Nations Food and Agriculture Organization): 20501 d, A A|A
ATF77F oF 9090 ol& Zo=R AFsAnt o9 ZE QAT FUle AF FF E RS 715Ws
Ad1zd 5 Ay BAES o & Atk = AF 9 oduAd AAAAAA AAAd HJo 2
HiEEE da, e EG S 3 YY) 59 SAHAEAE S 7 Utk oldd i Ao =w
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o)§ HEHLe FRIATGL EF FTE olu] WE/E HAE L ATHEFDE AT AUtk
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Antihypertensive and Free Radical Scavenging Properties of
Oyster Hydrolysate Obtained from Subcritical Water Hydrolysis

Yong-Nam Cho!, Hee-Jung Lee'?, Periaswamy Sivagnanam Saravana', Sol-ji Chae', Yeon-Jin Cho!,
Byung-Soo Chun'’
Department of Food Science and Technology, Pukyong National University,
Department of Life Science, Silla University

Seafoods contain an array of bioactive compounds that are actively being researched for their
healthcare potential. The Pacific oyster (Genus: Crassostrea Species: gigas) is a marine invertebrate
belonging to the family Ostreidae (Phylum: Mollusca, Class: Bivalvia) with worldwide distribution.
Although the microbial communities associated with healthy oysters remain poorly studied, they were
shown to be abundant and vary with environmental conditions. Shellfish sauce are widely used in
southeast and east Asian countries. In Korea, the production of oyster was estimated to be 342,480 ton
in 2015, and only a few fish and shellfish sauces have survived in local areas in Korea. The medicinal
properties of oyster have been claimed for years and some of them have been demonstrated
scientifically and experimentally, medicinally active components are believed to include polysaccharides,
polypeptides, polyphenols and taurine. However, fish and shellfish sauces have recently been
rediscovered because of increased consumer interest in their taste and flavor. In recent trends of food
processing, the extraction methods employing ‘green technology’ have been preferred these
technologies allow for the extraction of natural ingredients without the need of toxic or chemical
solvents in food industry. In this regard, Subcritical water hydrolysis (SWH) is an excellent choice for
the production of extract with functional activity from oyster. Therefore, the SWH as green technology
can be used for the extraction of oyster functional compounds from oyster for safe and rapid
methodology. The objectives of this study were to optimize the process of SWH to increase extraction
yields of functional compounds, such as antioxidant properties, protein and amino acid from oyster. We
expect high content of protein including rich antioxidant and antihypertensive activities from the oyster
hydrolysate. We assume that obtained results will have an important implication in the food industry to
produce oyster hydrolysate using SWH enriched with bioactive compounds.
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Investigations of High Temperature Corrosion by
Pre-Treatment of Pulverized Coal Boiler Tube
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Gtd g Mee 53 9 ZByolAoloa 100% FY o &5 o, Y 17 AVMNE o8
I 3B FfFFo] 2 AEFS Heo] A FL&EHT Yot HE dix F AAXIE A& vt=e
A8 & 5
& e
%)

S

T h

AB RS S ¥ ofe} 3o 23E wudgdiEe] R Wi 733 E FHA
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Development of CdTe Nanowires Using 1-Thioglycerol Under
Visible Light

Yong-Hyuk Choi!, Ki-Sub Kim"*

Department of Chemical and Biological Engineering, Korea National University of Transportation

Nanomaterials (NMs) have unique optic properties according to their size and shape. Then nanowires
(NWs) are formed in these respective conditions. One kind of example is Cadmium Telluride (CdTe)
Nanoparticles that treated in this study, and they are self-assembled to nanowires. We have
synthesized CdTe nanoparticles using 1-Thioglycerol as stabilizer and assembled nanowires. After
forming nanowires, we have controlled size and shape of nanowires using light. By controlled size and
shape, we expect that we regulate nanowire’ s properties. For this process, Transmission electron
microscopy and scanning electron microscopy were performed to characterize the synthesized
nanowires.

This was supported by Korea National University of Transportation in 2017
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Nitrogen Use Efficiency of Silkworm-Based Material Cycle Pathways
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Catalytic Performance of Metal Oxide Catalysts on
Oxidative Desulfurization of Marine Diesel with Hydrogen Peroxide

Hyeonwoo Oh', Ji Man Kim? Hee Chul Woo"
Department of Chemical Engineering, Pukyong National University,
’Department of Chemistry, Sungkyunkwan University
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Greenhouse Gas Emissions and Material Circulation Efficiency of
Lignin- and Cellulose-Fed Termite Used for Oil, Feed, and Food

Hye-Jin Ahn!, Seong-Rin Lim""
'Department of Environmental Engineering, Kangwon National University

A A4 FE 7] F(FAO, United Nations Food and Agriculture Organization)e] RHilxjo] w=m
21A171 A AAY IR 20501 oF 90 2 Ao ® AFHM, o3 ATFBFOoE T HFH=
L ARFTEY A AL A oplEE g4, AL, 1Y EAE QIR Adnd g S Gl dig
THe A A AAY F AR SFFEHJAT. =3, AFLE] diF, §3, FS o8& =4
ol o d o] e Fgo]l B AfAdes tAY H$A dduAdelzt= ARle
AFAES AqUAAER &3 wEt MRS AFES EAVF AsEHe G aHAE ok
olg % ATIALS 7L AW HFAN ZAFES A7 fs A AAFeE MEE vdAded gk
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FAE ATeE ZAVE ATk B2 5o e U A ggstE gloy o
ALY A= vET AAoln. By oiyg, T #Eo] FAZFoR ouwdt FH - FAF
olo]& F=T 4 ALSA dsl AFsd AT I HFsth
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Ao g s|For AAX g B ExdEY EES AT S/RY BA 23 s

o] AF7F Wol MgHolgke ¥ FE8ALOEAL fJfu| o A Ho] g AAA AU W FI
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Recently, direction of research conducted by leading aviation
companies indicates that hydrocarbon biocomponents will be
main biofuel used as aviation turbine fuel [1,2]. Recent . . O
advances in conversion of biomass to bio-butanol have added f
impetus towards development of processes for conversion of 7 II
bio-butanol into hydrocarbons and synthetic chemicals.

Butene’ s which are readily produced by dehydration of

butanol could serve as ideal building blocks for production of e e
jet fuels via oligomerization reactions [3]. In this study,

synthesis ~ of  aviation-fuel ~ through  butene  mixture R L o ]
oligomerization was studied to demonstrate the potential - L I
advantages of zeolite catalysts. N = S o

ZSM-5 with the different SiO,/Al,O; ratio were purchased from
Zeolyst. Prior to the reaction, the catalysts were calcined in a
muffle furnace at 550C for 3 h to convert ammonium forms Figure 1. Scheme of the reaction system for
into protonated forms. BET, NHs;-TPD and pyridine-IR were the oligomerization of the butene mixture
used to study the structural properties of ZSM-5 cataylsts with the different SiO,/Al,O5 ratio. A catalyst
(0.5 g) was placed in a fixed-bed reactor. In our previous study on butanol dehydration [4], a butene
mixture (1-butene:2-butene = 1.0:1.3) could be obtained through 2-butanol dehydration over a
mesoporous aluminosilica catalyst. Accordingly, a butene mixture composed of 43.5% of 1-butene (99%,
Rigas Korea) and 56.5% 2-butene (99%, Rigas Korea) was used as a model reactant for oligomerization
reaction. Oligomerization of mixed butene was carried out in a fixed bed continuous flow reactor
equipped with a back pressure regulator (Fig. 1). The reaction temperature and pressure of the
reaction were 350C and 15bar.

Four ZSM-5 zeolites were compared in oligomerization of butene mixure under selected conditions
(350°C, 1.5 MPa and WHSV = 10 h™). The ZSM-5 catalysts in the present study showed good catalytic
activity, selectivity to jet-fuel(Fig. 1). ZSM-5(50) shows the best performance of quantitative conversion
and yield for jet-fuel up to 6 h. It is noticeable that the ratio of branched/linear hydrocarbon reached
8.7 over the ZSM-5(50) catalyst. Because branched hydrocarbons have lower freezing points than those
of linear hydrocarbons, the higher ratio of branched/linear hydrocarbon is beneficial for improvement
of cold properties of jet-fuel. In consideration of stability during the oligomerization of butene mixture,
ZSM-5(50) is one of the potential catalysts for the jet fuel synthesis through oligomerization of butene
mixture exhibiting high stability and high vyield.

This research was supported by Basic Science Research Program through the National Research
Foundation of KoreaONRF) funded by the Ministry of Education(grant number 2015R1D1A1A01058354).
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Removal of HFC-134a from Brackish Water Using
Semi Batch Jet Loop Reactor

Devi Marietta Siregar!, Yong Sun Won!, Tae Yoon Lee? Jae Keun Lee? and Jun Heok Lim!
Department of Applied Chemical Engineering, Graduate School, Pukyong National University,
*Department of Environmental Engineering, Pukyong National University

HFC-134a usually exist as mixtures after use as refrigerants or foaming agents in hydrate formation
method in producing treated water, it is necessary to separate because its potential harm. It was
verified that more than 99 mol % HFC-134a could be obtained from gas mixtures after hydrate
formation and subsequent dissociation processes. This study focuses on the safe and complete removal
of HFC-134a gas from the brackish water obtained by hydrates formation using a jet loop reactor and
additional air bubbling stone. Jet loop reactors has simple installation and operation, low investment
and operating cost, low energy requirement than classical systems, can provide a very good gas
dispersion, homogenous concentration and temperatures profile, has a high a performance at mixing
and mass transfer. In this study, through gas chromatography, the overall HFC-134a was calculated
with various parameters.

Keywords: HFC-134a, jet loop reactor, gas hydrate formation, brackish water.
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Simulation of Tri-Generation System Powered by Seaweed Biogas

Ivannie V. Effendi!, Jay Liu'’
Department of Chemical Engineering, Pukyong National University

Over the last fifteen decades, human activities have produced greenhouse gases which led to global
warming. The largest source of these greenhouse gas emissions are from utilization of fossil fuels for
heat, electricity, and transportation. One of the solutions for these problems is cogeneration of heat,
electricity, and hydrogen using combined heat, hydrogen, and power (CHHP) system. Using biogas from
brown algae (Saccharina japonica) as fuel, the system can reduce the greenhouse gas emissions. In this
work, CHHP process with biogas as a fuel was simulated and optimized using Aspen Plus. The 3 MW
system consisted of a solid oxide fuel cell (SOFC) and organic rankine cycle (ORC). By using water-gas
shift reactor, the system will co-produce hydrogen.
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Non-Catalyst Process of Furfural Synthesis from
Xylose Under Biphasic Condition

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

Nowadays, as the need of replacing the petroleum-based chemicals with bio-based ones, the
conversion of xylose to furfural which is a high-value chemical derived from biomass. Currently,
furfural from xylose has been produced via the utilization of highly corrosive and environmentally toxic
mineral acids such as sulfuric acid or chloric acid, also heterogenous catalysts. From the standpoint of
ecofriendly and benign approach, a non-catalyst process for the dehydration of xylose into furfural in
the support of biphasic system was investigated. In this study, xylose as starting material was placed
into a high pressure reactor under biphasic condition consisting of H20:CHCI3(1:1). The results showed
that xylose was completely converted and over 60% yield of furfural was achieved within 3 hours at
150°C. This greener protocol provides highly selective conversion of biomass to furfural as well as
continuous extraction of product from the reaction mixture.

Keywords: Xylose, Furfural, Biphasic system, non-catalyst
Reference
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Preliminary Effect Evaluations of Furandicarboxylate and
Isosorbide Esters as Plasticizers, on Commercial Poly(vinylchloride)

TanPhat Nguyen?, Bora Kim?, Seok-Kyu Park? Hong-shik Lee? Jin Ku Cho'*’

Wniversity of Science and Technology (UST),
*Korea Institute of Industrial Technology (KITECH)

2,5- and 2,3-Furandicarboxylates and isosorbide diesters, which are bio-based and have great potentials
to replace health-harmful and eco-unfriendly phthalate ester plasticizers, were synthesized and their
plasticizing properties on commercial poly(vinyl chloride) (PVC) matrix were investigated. Fourier
transform infrared spectroscopy (FTIR), scanning electron microscopy (SEM), differential scanning
calorimetry (DSC) and thermogravimetric analysis (TGA) were methods to preliminarily evaluate the
properties of THF solution-cast mixture of PVC powder and plasticizer. As a result, the morphology by
SEM, and the absorption band shift of carbonyl C=O by ATR-FTIR denoted the good compatibility with
PVC. In addition, by DSC the effects of lowering transition glass temperature when compared to pure
commercial PVC could be observed. TGA revealed that the thermal degradation of plasticizer-polymer
systems occurred in many stages and that all of them were stable up to about 180 ©C. More
mechanical methods are in need to perform in near future to draw comprehensive evaluations of the
properties of these potential bio-based plasticizers on PVC matrix.

Keywords:  bio-based,  plasticizer, plasticizing  effects, furan-2,3-dicarboxylic = acid ester,
furan-2,5-dicarboxylic acid ester, isosorbide ester, galactaric acid, dehydration, esterification, evaluation



Isothermal Vapor-Liquid Equilibrium and Flash Points for
Binary Systems of Electrolyte Solutions of the Li-Ion Battery

Ji-Eun Gu!, Ha-Young Oh', So-Jin Park!”
Department of Chemical Engineering, Chungnam National University

Since the 1980s, the research on the field of secondary batteries based on lithium-ion battery has
been received attention, because it used in various fields such as power source for electric vehicles
and electric energy storage from solar and wind energy sources. Recently, lithium-ion batteries have
been developed lightweight, high energy density as large-scale energy storage and have demonstrated
advantageously long to use. Electrolytes are the important elements of lithium-ion battery and some
characteristics of lithium-ion battery, such as life time, specific power and good performance at low
and high temperature are largely dependent on the electrolyte, ie., the combination of the
electrolytes. Therefore it is important to know characteristics of electrolytes and the mixture of
electrolyte and additives. The aim of this study is to determine thermodynamic equilibrium data of
binary mixtures for organic solvents of electrolytes. In detail, the isothermal binary vapor-liquid
equilibrium data of dimethyl carbonate (DMC), diethyl carbonate (DEC), -y-butyrolactone (GBL) and
propylene carbonate (PC) mixtures were reported by headspace gas chromatography (HSGC). The
experimental VLE data were correlated with the Wilson, NRTL and UNIQUAC activity coefficient
model. In addition, flash point for the same binary systems were determined and correlated.



PA-39

Wz YA-4t AsES o] &3 FAErs £33

ANE, AH7)", ol &g

'veidista stFA Y e,
‘uddsty adaF s

[e)

2 |
touloleaE AASY] 9% Bw 2ARAC el B0l
to, dga SAo|=e} 2e g et Wy 2ol Hale] tHaH wolds P vy =
AR AL Ak BABFE DF AxPe AAFE 3718, AR, Y ARsFE AA
$gow FAHY HuEA AA BAL okl FEI 1 ppm olaAA Rk sk
WAlolth. o] WAL AA B Azde] A F e WFS AXSHL A7) wEel BuEFL A7
Ne BEAA "F AxRY BES Folt e Fasy olF st BuBFL 3| Hve
Aol @ g sy,

Hol 4 AREE TR HHFE A 5 Y] wEe] Fasrs BI BYS 4 5 gon
59 B3 4Ee tEA o Fuolt YuHow ke e a4 AHE AA $4E P

N

AstEe wEAZo]l 10 m¥g olste Fe FS A "R Zu] B4 FHE YAE
AR FEHZA ] W3t AEE En FAo] Aot = HEZFolE (Y 7 AE)E SBA-15 KIT-6¢
Ze HzIxyx HAYtE HEYoER sl WEzEHx FE5 JEES FASE WHoE o E
4%&d-ﬂﬁﬂ¢i%%ﬂéﬂiﬂqﬂ$z%EHMEE~%%ﬂ”W?4ﬂ%N‘ﬁ%ﬁﬂ}%ﬂm.ﬁﬂ
O|FEA & AstEo] dYd 5 4bgE wlgte HAAL o]F Aol FUbsted FHAksA FaE v
o] o Ay Ba HYoH

mha] B AFqAME StE HEYolE WHHES o83 WEzExzx YyA-E13F AEES FASHY
HarslgA B whgo] A &3taxt doh YA[/zke] v E-S 2-IYEES v iR e 34
st EA BEHS Fdlo YA/YIte] Hlgo] Fu] EAd tXes 9 =L Hsiesk E

B3 E4olo] ABAS FHEE AL TR )

FaEH
1. Jin, M. et al., J Porous Mater., 20, 989-995 (2013)
2. Hasan, M. et al., Appl Catal A: Gen., 181, 171-179 (1999)



PA-40

Pb Nanoparticles on Mesoporous Carbon for
Advandced Lead-Acid Battery

Bo-Rim Kim!, Ji-Hyun Jung!, T.Sadhasivam!, Ho-Young Jung"’
'Department of Environment & Energy Engineering, Chonnam National University

Reducing crystallization of PbSO4 in negative electrode during unit cell operation, Lead nanoparticles
were combined on mesoporous carbon (MPC) using chemical reduction process for advanced lead acid
battery (Ad-LAB) systems. By X-ray diffraction analysis, the structural analysis of Pb, MPC, and Pb on
MPC have been verified. The specific surface area (SSA) and pore size distribution of MPC and Pb on
MPC has been obtained through Brunauer-Emmett-Teller measurements. The SSA of MPC and Pb on
MPC is 245.38 and 32.42 m® g !, respectively. In Addition, the incorporation of Pb on MPC has been
verified by the microstructural analysis of high resolution transmission electron microscopy. The
obtained particle sizes of the Pb nanoparticles are ~5 nm. Based on the structural, microstructural and
cyclic voltammetry analysis, we suggest that Pb on MPC can be an efficient active material for
negative electrode in Ad-LAB systems.

Referrce

1. M. Hook, X. Tang, Energy Policy, 52, 797-809 (2013).

2. T. Sadhasivam, K. Gurunathan, Adv. Sci Eng Med, 7, 1-12 (2015).

3. X. Zou, Z. Kang, D. Shu, Y. Liao, Y. Gong, C. He, J. Hao, Y. Zhong, Electrochim. Acta., 151, 89-98
(2015).

. A. Khaligh, Z. Li, IEEE T. Veh. Technol., 59, 2806 (2010).

. J. Aghaei, AE. Nezhad, A. Rabiee, E. Rahimi, Renew. Sust. Energy Rev., 59, 450-458 (2016).

. R.D. Kumar, Y. Andou, M. Sathish, S. Karuppuchamy, J. Mater. Sci. Mater. Electron., 27, 2926-2932
(2016).

O O1 &~



PA-41

Furfuryl alchol A4+ 9|3 Reactive Distillation

A3, grteyd!, FAg!, ol g
:hzas i

Reactive Distillation Process for the Production of Furfuryl Alcohol

Jonghwan Kim!, Le Cao Nhien', Van Duc Long', Moonyong Lee!
ISchool of Chemical Engineering, Yeungnam University

Furfuryl alcohol (FUROL) plays a vital role in the production of foundry sand binders, extensively used
to produce cores and molds for metal casting. It is manufactured industrially from furfural, which is
produced from agricultural materials, therefore FUROL can be considered a green chemical. FUROL is
generated by furfural hydrogenation in a gas phase packed bed reactor with high selectivity and
conversion. Subsequently, it is separated from furfural and by-products in a distillation column. In this
study, a continuous reactive distillation process using copper chromite catalysts to produce FUROL from
furfural was proposed. Compared with the conventional reactor process, the novel reactive distillation
process is a better process alternative, requiring simpler units and much less energy requirements.

This work was supported by the National Research Council of Science & Technology (NST) grant by
the Korea government (MSIP) (No. CAP-11-04-KIST).
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Performance of Pb/C Battery with
Graphite Sheets on Negative Electrode

Mi-Jung Park!, Ho-Young Jung"’
'Department of Environment & Energy Engineering, Chonnam National University

The performance of Pb/C battery are evaluated and the stability of graphite sheets for negative
electrode are confirmed . The crystallinity and surface morphology of graphite sheets are confirmed by
XRD and SEM analysis before and after the operation of Pb/C battery. Also, The cell performance are
confirmed by cell test and impedence analysis. Pb / C battery with graphite sheets for negative
electrode can be successfully operated at constant discharge voltage. This is because amorphous
activated carbon layer on the surface of graphite sheet enhance adsoption/desorption reactions of
hydrogen. This can also lead the superiority of charge acceptance compared with conventional Pb/C
battery. As a result, it can be concluded that graphite sheets can be applied to Pb / C battery for the
higher power and better charge acceptance.
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Characteristics of Solution-Processed Flexible Transparent Heater by
Using Reused ITO Nanoparticles

Chaewon Kim!, Mijung Lee?, Jae Yong Lee®, Sung-jei Hong!
Korea Electronics Technology Institute (KETD, *Kookmin University, *Hanchung RF Co. Ltd.

FHAFoE b gy ARgEHE [TOv & RS @& A EA4S 7 Utk shAT
Indiume] 7FAo] HH Aol wabA IT gAg M2 4 37 AT oot d@sol
AP Aok 8 AdPoAe AEE diA 225 VRO E & #AHNA AESE ITO 23S
AR ¢ Jde o 2d8e wEAY. 28 QA ITO Y=Y A+ silver nanowires (Ag NWs)$}
stA AF 722 AZsle] hybrid FHA=E THEAYh 1 layer (Ag NWs), 2 layer (Ag NWs/ITO-NPs,
ITO- NPS/Ag NWs), 3 layer (ITO-NPs/Ag NWs/ITO-NPs)e] %= hybrid FHAS<& AZstA, 7+
AMEo] A71H B4 9 3sd B4, a8a sy §EAS AT o] FoA s EAMdol & 3
layer &7 52 NOA63S o] &3t AR L, ol & a3 < FHATS HEAH. NOAG3S Fai
AR Fd FHEASE 365149 ohm/sqe] WA o] IHACH, 86.6%2] ‘I‘J’]'E:—ﬂ' FAF A
T3, bending cycle 1003 A3} 32 A gko] 7%«] Hako]l gle S st A FHAFToZNY
ZS) Qrf?} EA4S 7HE As Fsdnh 3" 54 QUtstes Al ot s 2571 STkt
SFlstR L, el Wt x5 2EY F Ue £ st =3 15 Voﬂfﬂ °F 90%= 9]
£ Ut e o= wearable electronics 52 Thet #okll 282 F e SHo=E dddn

O
i

rlo it J
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B dTe 2049 APEEALT Adorg d=m4rledriagdKEDY Ade ol 3%
AT HAJdU T (No. 10048248).
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Enhancement of Balance Point Temperature for
Diesel Particulate Filter System of a 3 Liter Passenger Diesel Vehicle

Ahyun Ko', Youngmin Woo'", Jinyoung Jang', Yongjin Jung', Jongsoo Park!, Young Jae Lee!
Korea Institute of Energy Research

g2kl Al wiEHE wids Astr] A w7k JFACE A AsE me H2E AR
R dAzsats ARG E F2sta Aot shA|RE, Eurod #AIZE A" 20099 o] 9
OAAEAE & dqFZXE F2etn dov, I ol qAIGA A AikdE AsAke] A
fAAHAAXE Fasta QA o, Axo] Aol =33 HY ¢ = JAGELS &3
Ae Ao=Z dEAd Ak A vuAHHA S fEliAe vtEAl =5stE gAzbEFe] oigt
Aol Rbo] HQdtA R, wjAoyAx ol A (Regeneration) S A3 Fr7HHQA 7]&s) o)
ok AAolth. wjAAHAZX I AEE AAEE AFAY AS, A5 FEA J]ES o] 83h
AA ARG W A FF dAGED] ZRHAS wetth Aol JhssiAINE oln] gAkdE T)E
Aol A FEAME B3 AAAA o] B ERE v 7|7t a5 o7k ARt o E3fjof st
Aot 53], A& +PHEES 7F gAAFaY] A wdq A x o] "o o)
MXAA ngeg ojojd & orE=E H& Fositl & F o, 32 AJAFILEE VA=
fAAHRLXE Aol HEE AP, AAAS AT A5 FEA HEE EFo=2H AAFF WA

VEaLRHES YFe o 523 70 g 5 o

o
N
Lo

W 23 e YASEADY FHFo] A FAEHE AA
717k = WR7HA] @EFE Zleo] Fasitdy ¥ 4 ioh Sl 5

gAde A TAHGAA W FY=E= w717t FUEE =9F7] 9% Mixero] gt 45435 4
o)A ksl Zuf(Diesel Oxidation Catalysh)@} wjdA 74X EAo]

w717k AzE BEAe @t Afstdnh =3, FAHAAE
LS 4= Qe wigdel 9% AXAHFGIFRES BFEEY] fEty FrGHAs, dEs4anHFAs)
#He4art. A7 AT MixerE AX¥ A9, DPFE §45E YAEAe #9571 Hold © 4
HA A YAGED Y Aol HASE AR FAHY, I AAERR ANFILEIL Tadte
E4e AT PAdAESFA(THO 2 YAaksteba(CO)e) A& Mixere] EA|f-Fo #A Gl

ot
il
FIE ?}o
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e
=
2
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F55FoE yeyton, migdEsle 93 drarg WHilE o)t gle Aoz Al Th
2 A= A F Global-Top Project XA AFA7| &N EALIG TS Aol 93] FPEHAoH o]
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A, ARV, AAF, AR, o), He, g
'157)EATY ALAFTHAE, (FANIN, *HA US4 AaA)F I

A Study on the Oxidation Process for the Etching Solution Regeneration of
Ferric Chloride Using Liquid and Solid Oxidizing Agent

Dae-Weon Kim!, II-Jeong Park'’, Geon-Hong Kim!, Byung-man Chae? Sang-Woo Lee’,
Hee-Lack Choi®, Hang-Chul Jung’
'Advanced Materials and Processing Center, Institute for Advanced Engineering(AE),
’KMC CO., LTD., Department of Materials System Eng., Pukyong University

A, 7, ¢FvgE, UH Y 555 AdAFS7] A% AR =E FeCly §Ho] AHEHH, o A oA
Fe*7} Fe*Z S5 A 01178’9533 AstA 7], ol & &) ASA Hoh T o F YAt
Azl dAHAe AH, AAFeRE FAE AYr] wiEed NS A AAE & davt
gt B AFoM= FeCl, &9 HCIE 713 &, A3tA 2 H0, NaClO;E 71t &9 ) Fe*'s
iAo, kst oA 4Esh-3Hd M 9{(ORP)9F 4FstExte] BAE  ZAIATE ORP&= H0.9F
NaClOze] %7} F7H5hol wet F7ietlor, 4Absirl P HA dA Haste 487t d5E S
U3 ORPE FAetATH Nernst 23 HdX|st= ZAE BITh =3I FES 49 HC 2 HO,,
NaClOsE AH7Fst<= 25, oF 99% o4 4Hsl7) o] RS & + AT

B d7e 201695 AT 3ALdTe] Adoer FxodA71eH7FAKETEP)] Ad& wol =33
A7 ZA Y HNo. 20165020301150).

A )
Lee, H. M. et al.,, Korean Chem. Eng. Res., 50(2), 211-216 (2012).

Allen, D. M., and Ler, L. T., J. Environ. Monit., 1, 103-108 (1999).

Lee, H., et al.,, Appl Chem. Eng., 24(1), 67-71 (2013).

Ler, L. T., MS Dissertation, Cranfield Institute of Technology, Bedford (1993).

. Allen, D. M., and Ler, L. T., PCMI Journal, 59, 3-7 (1995).

. Ler, L. T., Ph.D. Dissertation, Cranfield Institute of Technology, Bedford (1998).

@w%.w.w.wu;g



UAS e olA-A 38 23 HNA YA S0l tigk dF

(A, RS A 4

o]
o

)=}
T

A, 4?‘%7@1 ol &2, HalE
1,

A Study on Nickel Recovery in Secondary Battery Process Scraps
Containing Nickel

Dae-Weon Kim', Hang-Chul Jung', Dae-Hoon Yang? Hee-Lack Choi®
!Advanced Materials and Processing Center, Institute for Advanced Engineering(AE),
’GM-Tech CO., LTD., *Department of Materials System Eng., Pukyong University

F7hE&0 UA 9 IHEV i3 oA F4H 239 xH%% Ao 3o 2A Fa4 H A
gt A Egk  Ni-Co-Mn 4HHEd e st frias<s 3o 2837 fstd o8 W& OI%ﬁP
%u FZ ATE AASAY. W yAel H (Mn/N)7F =L Agode ZLES Wit o
YA S <10 olstz ZES YAl Ryl d&stA o] Fojx A &t I Y 7W§}xﬂ°l
G4z E D ol AaE AMEslY WS of AAS £H (Mn/Ni=5% ©]st &H)S o] 831
SjFES A A 30vol%4 D2EHPAE o] &3l 53 A FEL 5319 U&ﬂ% 719
zﬂﬂﬂ om, FLE W YALE FEEL 10-20%= e adga Bk

LA A= 15% Cyanex272% o] &3l O/A=2, %7 pH =5.59] XA ILEE A FEEHJoH,
yAe oF 7% vfto 2 FEFo YAy IHEV a8&H0F BFHAT

F

ATE 20169% HEFAAR] AYoR FF| U7 B AKETEP)S] AU wol Fadt
AT FAJYTNo. 2016502101280)

. Jung et al., J Korean Powder Metallurgy Institute, 17(3) 175-189 (2010)

. Park, J Korean Electrochem. Soc., 11(3), 197-210 (2008)

. Hong et al., Trend in Metals & Materials Engineering, 24(1), 26-32 (2011)
. Shim, 7rend in Metals & Materials Engineering, 24(6), 49-64 (2011)
Zhang et al., Hydrometallurgy, 47, pp. 259-271 (1998)
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S, ARV, AFE, 2R, 9AY
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Development of Zero-Emission Electric Air Heater for Vehicle

Youngmin Woo?, Jinyoung Jang'’, Gangchul Kim!, Chongpyo Cho!, Jaewan Lim?
Korea Institute of Energy Research, “Ecoplus

FAIE SlHE Asdd ade] i@ AIE AAEe A AFUREY e flEA AbEE =
AOR, ANEFe Ao FH=E WA4Fe 2715 ol&ste] aAFdlie] e st Ae &RlEe
Ag9 o] BTh ole e EAY 233 FolUARE WME A7IE Aol ofvg dEE ZAAQ
AHAZ AREE I dF= W72 WE A7 dEoln.

AZelA  FFH oA 34~45%7F Z1AAQ] A2 AREEHI, 30~40%7F Hi7I7EEE W E AL,
15~20%7F Wz, Axed, ¥d S5 S WHEHAA "Hu. olF WdasER wWEAs dduAE
Abgete] Ao 718 WSl A AAFE Aol AsAellA sE e qden

etA SR Tl Wase 2EE FAAZIEA dHE duE 80%0lde duAE HEs
HEEAR] ot matA dol|yAE 70%°18 AT F e FAIT slEHe ZARE Aasks
b Aol

off
S
2
Bl
fr ko
ok

3} 2 Soa, AgeluA ZReAs
ARALGPAT A/AGFHOR U 5 U Zolth WAE AGge FAE FHHE o gl

. ARA AFdFL e 2e BAow AgHth
At AT ASEE Aow AWne BAE st wBAE

FAIE SIE § AsARERA R ARE ARSSHY ETIE VHEEAY WaeE UHEste AolE=
w71 7k2=7b B E 7] mpdolth HiZ)7Fze] ¢fo] Qe FRIVIHE dste A Hos AARE
s dAFo] MEHA o

uetA & AT w7k A 2ASA e A4 FAE SIHE ARsts Aot x4
FAE SlEe A8 e aEw 2oy, M W 2L Uk 0C, AHeE 25C frA ot
714 FAE slE e ddor kW A=o] wiEErl 28T Zos Holw, wiEZ|et Wi &
o] &3t &3 T A AAsEE AR Hol 0% ¢ AW 2=E 25CTE FAE F UTh

B AT7e Ta7I9A AddHAA L] Aol &) FyHNeH o] FAA=HUT
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Development of Engine Performance for RE-EV to
Reduce Greenhouse Gas

Jinyoung Jang', Youngmin Woo®", Gangchul Kim!, Chongpyo Cho', Youngjin Jung!, Myunghoon Han?
Seungcheol Lee?
Korea Institute of Energy Research, Blueplanet

AE At A HiEEE 24A7I2E A fdte WAriHE ZIRteEstE abEolA EEHeE
W7 #E AHgshe dtolBEE AsArt SRS AL, HIZde WdrIEEs &3 wiAg driAke
BgE gdstele =88 st Atk sHARE viEHE &2 FAE tiREEe AV|Ae FRUbs
A7} 150 km wiejolth. Eg AFH oo AEA, AEFH SlE AEAlYde= FAVHE AR O
oAl TAE 7HAZ Utk " 508EY dAsE A FIYste JtEYU AFH 55 FEe
FYPAYE A7l A doEd viE g FATE 600~1000 kg o o]27] wjiEol] Ar|xte] FHAYS
g fte g2 =8e Ade A7 Aok webA oy FiES it FAALE 52 F IEF
ko] APLHTE GAZ Aol 7H‘ﬂ£ﬂ°1 A712ke] FAF wiE g FHFo] € FEoldE
o= A5 WEHEE AsHdsd Fh& ASKE ‘il‘:i Hzslal lew, o]& RE-EVetal st
ATk RE-EV & AFLHA7V|=2& AR %ZMQ} ERl HAVE AHEE 5 M‘Rur EE 7HEd 4394
Azl BH7E Aty ok oA Azl 23A °ﬂ?< a8a 2EE AR AS HiEvt: 7|ES
gx7] ofga, Rl Hre] A Hé«l FHo=® Qs AHgStA & UTh RE EV% A zl& NVH
7V F838t7] Wil 7hestd A&o 2 xske Aol FasioHll A T 0111194 =92 AFAF7}
ESTE AAE APl AV wEd AHeRE HEHA FAZ 2HE wEV] HsAe 71E9
ARHEG © & &F] AFE ALgdord Hart o

2 AFdAE 271F 06 L 7FEA dxoA AL X FIrelAel &= Fdo] Thedt
Aeds %Zﬂii st flem, olF st Fr] WH EeolW WA, F

U= FAHRAES st AF 27 F7] 2H ¥R golds AAd A¢

e BRor, F71% Zo] WAL A7t vt wir] WiyEE FAWAELS A HAFITAA
2ES By

l"

l

¥ A= @74 Global-Top Project JI&AQA-sa7l /W EA AT Aol ofsf Ao o]
Z

FugEdH
1. Bassett, M. et al., “Design of a Dedicated Range Extender Engine,“ SAE Technical Paper 2011-01-0862,
2011, doi:10.4271/2011-01-0862
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Emission Regulations for Motorcycles

Yongijin Jung"’, Gangchul Kim!, Chong Pyo Cho', Young Dug Pyo', Ahyun Ko', Hae Kwang Kim?
Korea Institue of Energy Research, “Chungbuk National University

ol & A& & Motorcycle)x= AHEAFE Ml BIE F& EEAAY o]Fo] &oldta, ds H FARF
gk H]go] o} HjE g, FEHIEOE FE ol&HY. Il olFAFAY FF tige 2003d of
1735k ol A 2015 oF 216WHH &2 F71ste FAl6l dom, &4 nE FHox 333 st
AT [11. 53] w71 50 cc 7|9k ApF2 Zra FAQ1 §EA, 50 cc o] A& AL F7F FA
Aol olFAEAIANA WA stE & LdEZ Wi #AYrE 83 AAHolm ol wid #A=E
EokA L ot

39 4% Regulation (EU) No 168/20132] Article 42} Annex IoAl ol&F/AFE/AFEAFTAES
L-Category= #783tal glom, utq<, wirlEd, Hu45Y, =9 9 J|g AS 7|02 AFFHe=
B3 At o] EFE vi® S 2, Annex VIolA & wlEE  7]&(Pollutant emission limit values),
A1 A FA=] 9 %] (On-board diagnostics thresholds) 2 42 7]¥ (sound-level limit)E ™ Alskal Ath
A HEEEE Y4EA, 838laa, AAMslE Oy YA E4 Sl dew, dA) Euro 4
&S Agste] ALsta vk Euro 4 71F9] A, 3719 &7l wEk Test cyclee] ©h2m, ECE
(Economic Commision for Europe) R47, WMTC (World harmonised Motorcycle Test Cycle) stage 2, ECR
R40& vlgo 2 31, o= LAl HEel B HE < COMMISSION DELEGATED REGULATION (EU) No
134/2014¢] Annex II¢} Appendix 6o 2 ueb} ot A, 2020d FE = Test cycles WMTC stage 3
(revised WMTCO)Z 53}al, Euro 5 ¥i7|¥l&E 7|&=<& &34 ok

SHuete]l A 7S ARAY AW FF A2z EE 179 AZRAH|EE LI|E HAE U=
20173 Euro 4° A83ste= 7l¥€E Adstd HEstn Jom, Hir|®g ¥ HIEEE V|FSoE
dikstebs gl 73 T, S ), AagbEE 5o A Atk S e A UA
f# 2 ECE R40, ECR R47, WMTCZ A+&3th 2020 5B = Euro 5 #j7|M|&E A4 7]1Fo] &=
dAolr, ddste wWiyhlEE 7124 548 PHWMTOS AHE-gho.

flo oft

B A7E #4% Global-Top Project AHAASA/ &M ATe] Aol os) FPHom oo
A=Y

IFEH

2016 TEAEEAAR, FELER p. 760

ol )
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Development of Intake/Exhaust System for RE-EV Engines to
Reduce Greenhouse Gases

Youngin Jung', Jinyoung Jang"’, Youngmin Woo', Gangchul Kim', Chongpyo Cho', Myunghoon Han?
Seungcheol Lee?
Korea Institute of Energy Research, Blueplanet

Az1ake] 13 3" F37Fs Ade e @9 FA 2 Ry 29 Az s 7=
Wdzld Azt 8ostolBg e AFate] Hls| dAE] "ojxi Ut ol 3 HAFC] ZAE
FHe AT A5 FUIH o2 S-S sloF ol FAARE]l L AYe 5 MAERF I A
=01 5% 271 2 FAE 7H AFelA S0ElE e ARE VH UhE™ AsAe 22 FHAYE
271 A= A7 AsAE wiE e FAZE Ao 600 kg 7HA] 7R T

ol# g ArAEAre] FRHA A F EAHe SHSHZ] st 2AF WFolA wiEHgE FAYE F

AEF &£ LHVE EAsts 7ol AT FolH, o8 FdAE A% A7|A-5*HRE-EV; Range
Extended - Electric Vehicles)oll gt #Alo] Foi=a Aot RE-EVels BEHY &9 9 uig g &
mzk 10 ~ 25 kW 59 gudd 28 Hele L7 7F gAEn. 2|2 F2 475 7HEE Rl
o] ALgE T o, 284 A = gA A, Jgla BHEl A wE7ts A e ojE g %
71 FAZ QA& WA= = AA ol

s A =], RE-EVE 93 218 d3e &4 F#7e dd Mool HAHI}E 4 7]
fEo] 528 Sue AAHY /e AES AT doh wEkA B A= 27]1% 06 L 7EH e
vl o 2 Fj7] Al2ES HAg et B g FuUE & 4 s W uid AGE Yy
E7] iy Z=9 HUE ZA 39S W, A A5} =& 1Y T ol vERgT. w7l
U ZE A4S MAstY 7150 S Fola SHEES

uv)

B A3E= 343 Global-Top Project 873 A% =17 <70 ALY
ZA=EH YT

o] gl 23 YW o]
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Fabrication and Characterization of Hazardous Materials Shielding
Fabrics with Flame Retardant Properties

Eun Ji Kim!, In Kyu Paik!, Sung Yong Yang® Jae Hyung Park'
Korea Institute of Footwear & Leather Technology, ?Yong Pong Coating & Textile Co., LTD.

o Bk HrEs #Yste] 2011d 2 FFAI0E AL, 20129 7] =4 TbA e ARl 59
fraflstst 2o Aol A AAHCRE NidsHA TAHIL Jlom Iu dd Ao S IHA
AA=E Qs 712 9 AA 2 3 SoA TAHE AdHrIEe] Age *F, A, B Sl
g7l A% 24 &7] AFe el s7HI AT A WAs FH FAl HIE FEE AF
FU e FES AYEY ZEA)] 7SAEEFA, AFE 9) AR B AFE &F FFESL
de dHer dd 54 9 1 MisAHe F Feled S AEo Jde] Fasiy. webA
B dFdMs BARE A Zee 7HAE A dd S4E Foste 3l 549 feled AH
Aze Axstal O 54 A¥HRIA 3T

e 'Il-.i-r-l- - =i=;

<Flexible Intermediate Bulk Container(FIBC)>

A g

g 54 e el AW e HEe) A=E 8 WA 148 PET A5 TPU Amge
sl 3AY IHAE Az olF B AEBR AZse] Uve Azst; 1 9ol WAL o)
Ne AAE 54 PABREAE, waRs $o] WdH PU FAE kiife over-roll $AOoE
2HE e U SHS AL 893 PU FAS Axshel wot 290w AT AFS At

*<=— TPU Film
e L AE FLx & Knife over-roll 28 2D

/N
n
re
A
ox
1o
Jo
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HlolQu A B2 $Z7] Ao A ZujA =¥}
zZ1] (Ce, Dy) &3}

AE kel o Agl gl Agdl Be gl o)A
G2 7EdTY AFABATAY, BZAYA 7 <A 7Y FEPEEA T

Ho

The Effect of Preparation Method and Promotor (Ce, Dy)
on Steam Reforming of Biomass Tar

Sang Jun Yoon", Seo Yun Park!, Gunung Oh', Ho Won Ra!, Myung Won Seo!, Tae Young Mun!,
Jae Goo Lee?
IClean Fuel Research Laboratory, Korea Institute of Energy Research,
Future Energy Plant Convergence Research Center, Korea Institute of Energy Research

Hio] Quj 2~ ¢f 7}28) FAANA AEE FA7t2e &S HslAe FE7e A AP E = BEY
AAZF Aoy, Fasith B AFodAE vloloux 29 fEEHR EFAS Ao E SuE
g3 357 MEANS AES ST Sue FHHY gadHAHEoRE ARIPoH, ZHE
JEF Ua(Ce, Dy)E Ni/Alol H7lste] vlastdth. AxH FHue HE25400-800C, FHEE
10000hr™, steam/toluene ratio 25¢] ZZAoNA AFd Syt HAF Az gdIdHHow Az
Zuj7F FAHOE A xg FulHth A2 A 52 EFQ A¥EF Hy © CO9 AAAZFS Bt
olgidt Ay ud FHHOE Az Fulyt FHue EHE Fv 2FU EHAS 2AFHo=
A7 v FFHoE GAF FujRT v ZHd 45 HAUFeE ¥ wWol =y
ONE S A4S HoFE Aow dAdHt XRD BXZA, 2E2w2 HU3 I EF F59 dAbEo)
22 FE Niol A =717F AFh SEM E4435 53l A0S & Fre Cerl 252 H7d
A O Be g9 vgi AFoz Auydoz wmeE nFPE 53 Hoz BAH
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Results of Coal Syngas Application Test of Cr Coated
5-Layer Pressed/Sintered Metal Filter

Seok Woo Chung!’, Ki Jin Jeong!, Sung Pill Yoon!, Sang Oh Ryu', Ji Eun Lee!,
Min Jung Kim?
nstitute for Advanced Engineering, Sungkyunkwan University

Aeol g EoF A2 @A AR7IE < v 2o lY Adee Edste v &8 TES
A&How FAE dAdolar, medl AAHE gt IGCC 4 E
o dEd WMEFe] VI AHE sHEdidd v =
7t ERES] A SAA Al wE e e SFEI] diddtew Fzd < Ao
ZlgiAh dA el A9 eickel] 300MWE IGCC AFEZWESL FoFo 509HEH SNG FHE o
guEHy AFGE AT AHE Aol JAYHe AFHolEE, VI2FEHENA ARHE F
HEAvle] I4tstE 29ete] RBxd Vt2sEWE #d AW 28 SdEE % AA4Y
aea AdtE s dA7EE 28 Fdidte SRCA e Zle g Fxo] ey & 4 Ao
webA B Aol olH T Th2tEHE A4 FF/AAHY =4tks Ve A 8o >
207 FHEE 73] AR VM Tl 23 EXE AAGY] AT HEAAE F53EH V)
MEE FAeAT. 22a olE st 53 dF/EZE F5dE sheete] =4bst Az Jle AN,
Ao Aty Z"He T3 5 dFA/EZE S5EHY yRA4d FE e g, A=Y =" A5
w5EE Y 47 AVtx 8w RTt 2he SN Ve Ade JFsAT. B ATl A
ALY E3AA A 2 WEAgo td AeB7HE fste 287 HAIZHE =T T e
ol-&ste] 54 WA FEIE O Cr ZHe AP HAFES} A" S APshA @2 JANLEDE
2EIYw Autzsty] Az"l 2 20E/¢F Test-bedo]l &3t Exleol ZIHE Me FAHst~
A7b2zo ZAAE HEAZIEA AP s DY Y F5 F H' 7Rz HESE ZE
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Catalytic Fast Pyrolysis of the Pre-Treated Macro-Algae Saccharina
Japonica in a Bubbling Fluidized-Bed Reactor

Hoang Vu Ly, Seung-Soo Kim'!, Jinsoo Kim? Hee Chul Woo®
Kangwon National University, Kyung Hee University, *Pukyong National University

Catalytic fast pyrolysis has attracted a lot of attention as a promising method for producing high
quality bio-oil from biomass feedstocks [1, 2]. In this research, Saccharina japonica macroalgae was
pre-treated with diluted acid solution at different concentrations to remove inorganic species. The
catalytic pyrolysis of pre-treated macroalgae using both of zeolite and metal catalysts was investigated
in a bubbling fluidized-bed reactor at atmosphere pressure and different temperature. The bio-oil
yields between 34.76 wt% and 45.36 wt% under the investigated pyrolysis conditions, the gas yields
were slightly increased from 31.68 wt% to 40.46 wt%. The gas products include CO, CO,, hydrocarbon
(C;~Cy) were similar for all reaction conditions, but the selectivity of gas composition varied with
conditions. Using catalyst in pyrolysis of pre-treated S japomica macroalgae resulted in a reduction of
dianhydromannitol and levoglucosan, but resulted in formation of ketone and aromatic compounds. The
aromatic compounds were found to be higher than those from fast pyrolysis in the absence of
catalysts for pre-treated and non-treated biomass.

Reference

1. Agblevor, F. A., Beis, S., Mante, O., Abdoulmoumine, N., Ind  Eng. Chem. Res., 49(8), 3533-3538
(2010)

2. Graga, 1, Lopes, J. M., Cerqueira, H. S., Ribeiro, M. F., Ind Eng. Chem. Res., 52(1), 275-287 (2013)
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Study of Torrefaction Characteristics of PKS/wood Pellet

Sangdo Kim!", Sihyun Lee!, Hokyung Choi!, Donghyuk Chun!, Jiho Yoo!, Youngjon Lim!,
Jeonghwan Lim!, Jeongbae Lee', Munjun Kim? Jaehun Shim?
Korea Institute of Energy Research, Clean Fuel Laboratory,
’SMK Energy

UGS 02 9 O WE ALE AT AL vl eu Fgo] FAIA B sin. a2y
Woleuj At 4Reeel wu, Aol wom, ARAelr] WEe] 71 A mel golsa ek
o AE A5 Hom At HuE 2ANA ASFHOE Aste st 7] &Sol
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o Ak t‘o”ﬂii dadng, Al Ao BEHE 9 e oUAZ £2RFHAN, Aoz Axd
Hlojomjxo] A ARY] HE FolHy] wiEd wersiA diFg e 2@ AYiko] shesith ek
Hlo] o~ 5 B, dtgtsl & dAY oz AT AHeoes D=7 3] "ol s AYite] of A x=3
IS TE7] M FETF] 10wtw HE dojoF st=d, WwEs Fos FETEFHo] 1wtn=
o] w7] wjEe] "l AZFo] oFgol Aok wEtA B AFdAE Tl AitEE f=HEE

TYste] REst ARE Axste ATE FIENRIA o =S JAEUAolA fFdd Bl
AA7F 2 PKS(Palm Kernel ShelDell tisiA= dHigrsl AdS AAStY Bkt 4A¥LS batch typedl
AY kﬂnoﬂlﬂ APstA). 13 AFA 200gS Y AFS AAFH. @%%E‘C 280 7 320C ol A

ARG, AFT LmolA AR AFAZES 107308 ANHAT wers B Aol wislA
TARA, VAT B4, 2] UEE Aungith AF Ane] @ o2 PKSE Avuw wesel
FEFF) 0T Wah Tt Iw%E FAHAT HELE Z7bo] mek AWYB A it

A Faste As A F UG B AFE 5T é@.ﬁﬂr*‘é—% ol At A=
COMBPy(counter flOw Multi Baffle Pyrolyzenol #-&3l7] 93 7| EA85 2 &83tuA o).
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Research on CO, Sorption-Desorption Behavior of Silica-PEI Sorbent by
Bubbling Batch Cycle Test

Jae-Young Kim!, Jung Yoon Seo!, Jong-Ho Moon!, Hyunuk Kim!, Sung-Ho Jo', Seung-Yong Lee!,
Chang-Keun Yi!, Young Cheol Park'’, Colin E. Snape®
Korea Institute of Energy Research, 2University of Nottingham

In this study, the BBC (Bubbling Batch Cycle) equipment (Fig. 1) has been used in order to evaluate
the CO, capture performance of the silica-PEI sorbents (Univ. of Nottingham, UK.) [1]. The CO
sorption and desorption (regeneration) behaviors of silica-PEI sorbent were studied in a fluidized-bed
reactor (90 cm tall bed with 0.5 cm i.d.). Experiments was first carried out by changing sorption
temperature (50-75° C) in order to find out the optimal sorption temperature. After evaluating the
sorption characteristics of CO, on the silica-PEI according to the sorption temperature, the consecutive
cyclic test (5 times of sorption step and 5 times of desorption step) was carried out based on the optimal
operating conditions. At the sorption step, working temperature of carbonator was 65 to 70° C, CO;
concentration at the feed gas was 15 vol.%, and total inlet flow rate was 4.0 L/min (CO+N,). At the
desortion step, temperature of regenerator was 115 to 120° and total inlet flow rate was 3.5 L/min (Ny).
In addition, the physical and chemical characteristics of silica-PEI sorbents were analyzed using PSA
(particle size analyzer), BET and TGA before and after consecutive cyclic tests.

Bubbling
Fluidized-bed :
Reactor Cooling
Jacket

Electric
Furnace

On-line CO,
Analyzer

e Il
Bubbler for water
vapor injection

[Fig. 1] Bubbling Batch Cycle System.

This work was supported by the Korea Institute of Energy Technology Evaluation and Planning(KETEP)
and the Ministry of Trade, Industry & Energy(MOTIE) of the Republic of Korea (No. 20158510011280).

Fugd
1. Wenbin Zhang, Hao Liu, Chenggong Sun, Trevor C. Drage, and Colin E. Snape, Chemical
Engineering Journal, 251, 293-303 (2014).
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CO, Separation Using Mixed Matrix Membranes Based on
Polymer and MOPs

Hyunuk Kim!, Yang No Yun'?, Muhammad Sohail'?, Tae Woo Kim!, Young Cheol Park’,
Jong-Ho Moon*"
Korea Institute of Energy Research, Chungnam National University,
3University of Science and Technology, Republic of Korea

=4-F7] oaA (Metal—Organic Polyhedral= =43 F7]12t=9 2}7]7\ oz IFyAH"E 0x4Y
Aot ol#d F4-f7] BHEAE YwrlE 2719 71EFE JHAA Ao WA Aed E2E A4
Sl gsi=ol SR EAN SHA=ES HAT £ Sl Fﬂrﬂ}/ﬂ :L’k -7 aHEAlE FAske
f71etee] A4 28718 =Yt A58 1A 124 & “\171 ojststerA R &
T Atk B dAFdAE EYddEdS /‘Pol‘: 3}%71 ZHA I e FE5-7] OdHAE FAs
42 g 2F A2 EPeR O FEE AAFEAA AHstAT ®=I, IAF8 25-F71

OHAdE S A SAel= 7Rk R} x%;txﬂoﬂ BT guz 2L =3
FAE 7H BEE AxEFAT olFA Axd EFVIARYLES F5-77] GEAN
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-H. Chen et al., J Am. Chem. Soc., 138, 9646-9654 (2016).

Za
1. H. Furukawa et al.,, J Am. Chem. Soc., 128, 8398-8399 (2006).
2. T.
3. L. Haiqing et al., Science, 311, 639-642 (2006).
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Process Simulation of Biogas Upgrading Using
a Commercial Simulator Updated with CO; Solubility in MEA Solution

Young Cheol Park!, Dong Hyuk Chun', Jong-Ho Moon!, Jong-Seop Lee!, Byoung-Moo Min",
Dong-Min Shim? Hyun-Je Sung®
Korea Institute of Energy Research, “Hansol EME

A7 2HCAM #F71€ Eeil2 Dol molertae CO, 2e8E MA & S F&E rvojevgo=
Ag A5EBE ARGl JhestAl HeH, Holerts & CO; EE= TR ol EAsHARE
2gol muA Fol3t F4 ol FAel mHHI Utk E AFM= MEA §9& o83
Hol 27k F COE Ed8he 345 EAEAR. ol& f&i, 94 (19 119 F+98 4 A=
ol-&st] MEA &9 sxo] wmE CO; &8l HOIHE =&sAoH, olE F8&EAI 2 &3tAt
APEolElE o] g3t CO, =7t BAE HEEAZ|E o]&3te] 10,000 Nm’/day % Hlo]Q7bx
d1dold sAHY FHBRAE FHAT. 7Tl FEEATINA AFE MEA 719k CO, 5 tlolH
71 A [1]ek APHIHE ol &3t HATD Aol thste] W, AES FdsAT. FF MEA &9
o= AMPe} 22 dAZNolRlE o2 E FAHEAS IFT A gt

Motor

Mixed Gas N2 L Vent(Liquid)

(2% 1] & 7248 §59F 29 33

This work was supported by the Korea Institute of Energy Technology Evaluation and Planning(KETEP)
and the Ministry of Trade, Industry & Energy(MOTIE) of the Republic of Korea (No. 20152020201130).
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1. Park, Y.C., Lee J.S., Moon, J.H., Min, BM, Shim, D.M., and Sung, H.J., Korean J Chem. Eng., in-press
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Influence of Calcination Condition on the Performance of
CeO, Catalysts for the Synthesis of Dimethyl Carbonate

Jung Yoon Seo', Je-Min Woo!, Dong-Ho Lee!, Young Cheol Park!, Hyunuk Kim? Jong-Seop Lee',
Jong-Ho Moon*”"
IGreenhouse Gas Laboratory, Korea Institute of Energy Research,
’Energy Materials Laboratory, Korea Institute of Energy Research

Mz Z1FAA7E 2SS FA, 247F2 £ 9 F7s0l i A= A AAHeE 3473
S7kske FAlolth olatERtARRY  IRIVIEA FStEde WEe A7 FolA vEeH
ojttgtetAE o] &3 HHld FlEUCIE A AT dyA FASHAAN fFEsty] WEol A3
A woF T stutolrt. R Hud JMHUYC|Ex ZTIEUCIE MFA, ZEol2dAe] Had,
718 o2 ol&H™ FEIVIAIF ETh UHE FHEUCIE FAS 93 FuwlE= CeO, ZrO,
V505, TiOz, SnO; Fol Hig up k. AFSA F(Ce0) 53 AT H S 7HAY, 7 353
JER 5 A== AFak w7t AHEE HES oy S &8 Foll A a2l AREEAL =
Zmjoltt. & AFM= AFAESWE Azl o, 2AELAVIE -] 24977

N
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ui et al., Korean J. Chem. Eng., 34(1), 29-36 (2017).

al
T. Montini et al., Chem. Rev., 116, 5987-6041 (2016).
Z
V. Perrichon et al., Appl Catal A, 129, 69-82 (1995).
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Development and Characteristics of Woody Biomass
Upgrading Fuel Manufacturing Technologies

Jaehoon Shim!’, Moonjun Kim!, Yoonho Kim? Junho Shin?, Sihyun Lee®, Sangdo Kim®
ISMK Energy Co., Ltd
’Samyang Econergy Co., Ltd
%Korea Institute of Energy Research, Clean Fuel Laboratory

A AMAHSRE 247t ZHE5S A% AfoiAl ALo2A 2EA P FHA vlo]lomfz Ao digh
HAF Fav ALKHoRE Frteta Utk a2y Sddlxles vlol e Aol FRSEA] got
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HE5E tF WP e riee SZ4A ulo]ui 2Tk oflgt o2 FEHo YRE Wt
9 AEE ASlE ZlEolth o] Ve 1 vt AR s EY A HEFSA 1z ¥
StE] = Zo® HFHz7] E FADANAE A2 FUE v difFed o8 dxUt o] FojA 1,
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'ag&A west FA s 98t A% dne Rieks 54O
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Efficient Production of 1,3-Propanediol from Crude Glycerol
Using Lactobacillus Reuteri CH53

Sun-Yeon Heo!, Baek-rock Oh', Jung-Hyun Ju!, Jeong-Woo Seo!, Chul Ho Kim"
Microbial Biotechnology Research Center, Korea Research Institute of Bioscience and Biotechnology

1,3-propanediol(1,3-PDO) has numerous applications for the production of polymers, cosmetics, foods
and medicines. Lactobacillus sp. is a potential strain for the production of 1,3-PDO and lactate due to
its good safety. Lactobacillus sp. do not grow in medium with glycerol as sole carbon source.
Co-fermentation of glycerol-glucose by Lactobacillus sp. ia an effective way for the production of
1,3-PDO and lactate during fermentation, in high conversion of glycerol to 1,3-PDO could be expected.
A novel Lactobacillus reuteri CH53 isolate was found to be capable of converting glycerol to 1,3-PDO.
Batch fermentation with glycerol-glucose co-fermentation was carried out to evaluate the production of
1,3-PDO and other by-products. At the optimized condition, 57.5 g/L. 1,3-PDO was obtained under
fed-batch fermentation.

This subjected was supported by Korea Ministry of Environment as “Commercialization Project for
Promising Technologies” .
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Steam Reforming of Methanol Using Low Rank Coal
Supported Metal Catalysts

Jiho Yoo", Lia Priscilla®, Paul Victor?, Soohyun Kim', Youngjoon Rhim!, Sangdo Kim', Sihyun Lee'
Korea Institute of Energy Research, 2Chungnam National University
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Membrane Filter Application 150 m?hr Pilot Test Device Design
for Removal of Fine Particle

Sung Pill Yun!, Sang Oh Ryu!, Jae Man Lee!, Sang Yeon Hwang!, Seok Woo Chung!,
Myung Jo Seo’, Seung Woo Lee?
Institute for Advanced Engineering, *Micro-one. Inc, *Yeungnam University

g AAA HADR daw WEEE 4o M4%E AASE A 2 G Wy
MAgsledde 1 F b 2 HES AASL Jn 13 JUANTIFE F 29%E AAsL Aok
8y, AEsteEdd i HWEEHE 2,152 2 AA Wi ¢F 34%E AA|sta
slov, AatsE B0 olwlgE 37 F Adue B 2% 44 EUAUAE @E
gNHozE Brleqdel WAL G FEauel ok Fuel A$ 201595 E 20249747 A23
FEd 078 ARALl AYHlel Smd Aol zldwA AgdAel A% Aol

Ir

0219704 417 Akt dss 248 @A 2@ S 2 FRE DA Aol vAmAR
A% T vrledel AAPelE Bretn MEUE A4 AA RIS L I
el Sl Ageld Sof, AABAZGelN el WA BRI 2 1780 24w

171908 AAT AR S wAEAe] T wE fY4e] e Aom Ehion, FPuys
AF A3 vAMA FEr} 10 g/ F7HE duick 654 o ¢ w9l 5 tylede] naw HAwel
ABEE 04%4 FSHE Zow seigorh =W, MARA st 4A@E7)87]HOED) Fa
A9 ol Ha 207t B Aew veton mAWA R zEAWAC og AU - %7}
Aol Zu7t AFHE Adol ven glomz, Aug nEEY nAUA AAS FH &g
Awstaz @ok oo, B AL WHL % ALAM U WE7ks U WAWA AAS PTFE
gudel @y e A% sz SHAYS AWsrIel 150 mUhrF pilot AYFA AR
Agstgon FF, TR zAdMel PTFE @udd @H AA AASH Y, 2
FEEANME ogs 4F, AN 4§ of3hw g PTFE 9udel ee 24 54 % A% vu
A9 AW A olo,

_oﬁo

B dTe 20169% AR Adoz d=movdA 71eH7HKEPTEP) A4S ol 33
AT A JU o (No.20161120200170)
Fi1Ed

L =3, “mARA B 7% 5%, FARAFRAE 2016-1125
2. =71 AR RAE, “odFR7]|e HT FAFE 7]1& 5, Konetic Report, 2015-353, 2015
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S0l ARAITE W% H)olm], Feka U= wAlel (48 gmyol 115 Milliter, 3} 44 8.49
MJfliter) tEUob= Faot vlaste] A B.57]% A2:qAl) Bl ojFo]l golstth. AAHoR A7t 2
o] o] FEUYort A4k - &vsta glo] dRUo} o]Fe] Fwke o]v] Zk3m Stk A dERYol=
AA7tx == ey A4S Y8R 3hH-Hp(Haber-Bosch) &4& %3t AT slH-HF
T2 12 2% {Eg (150-250 bar, 300-55000)0.2 -2 AUAE AESHI(30G)/ton NH3 o],
A7tz = A HEdE 53 T4 AxE O 247k29 CO, MiE3sh™ (2.16 kg CO/kg NHy),
Be 7lE MEds BFEta ofA7bA] v okRyol AE-E (10-15%)E& Holi Sl

ol¢} 2 sH-Ea FAHY dHE HAT F Ue VIeER, =% dLEREH AUgstHe=
dEUotE FAgsts ol ATt Uk B AAE 98E AU|EHoR dRUotE FAPde
HHE i wfjEol gl A A2AA AdUA Aulgor fgryol FAo] Jhsdits Aol
Atk A FF e B HAE HEE Fn, AAAUA A AzkE HVIE AHEEHSY
dEUoE §4 Al AAAeUA e TdEA g A 93 dAY ZAE A2 = 9o AAAAA
Agel/A%d 9d= FPL F Aok =Z, GdRYoles 71E oA A=’ Asa, 945 A4, 7hs
EjRl Soll vt2 H& Jhsdirh B ExoAs O T FFAUAIEdTdAN Fl% FRYo}
T4 71E AT B g Aol disiA st doh el dRUet FEES Bl £43 R,
dEYol FHES Eol7] AT M Wk AAsA Pt
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Effect of High Temperature and High Pressure on
Attrition Characteristics of Dry Sorbent for Pre-Combustion
CO, Capture Process in Bubbling Fluidized Bed

Dong-Ho Lee!, Ho-Jung Ryu!, Young Chel Park!, Byoung-Moo Min', Jong-Seop Lee!, Sung-Ho Jo!,
Gyoung Tae Jin!, Jong-Ho Moon""
Korea Institute of Energy Research

da F CO, 23 TAHE A% 12 F57A4A PKMI-SU dAHe] v EAS 4 AA9 FEo], 2%,
&8, 71A 7, S5 dstel BE dFS SAsAT. PKMI-SU A9 }E 549 va e re
FCC (fluid catalytic cracking) 4#+& A3t F IS vwwsrh. £ AFodAs B3] AE
Zhzol o8l dojup= v 545 %7}5171 flell A ASTM D5757-95 wi= =4 ¢} 12 19k 7|
F55 ZFAE AHESATh YAE (PKM1-SU, FCC catalyst)e] mtR& (vlR £5)& 48, 714 f%0
S7tEs Sbekan 28u, Sxol, 257 S Aol dAE “}E%E a3k FCC
dAe] A mESAL S50 I9Fe WA Fort PKMA-SU dA= s Wgle] we viw
5730l

WSStk PKMISU Q14el mhmdss 26470 Beke] s &ent 27 14 5o
e %571 9wz uehgth 1eE® Qe mE S4E stefstr] SislAE AlG) e ohue
CAIG)= 33| e = ojok gk,

FnEd

1. Werther, J., and Reppenhagen, J., AIChE. J, 45, 2001-2010 (1999).

2. Choi, J.-H., Moon, Y.-S., Yi, C.-K., and Kim, S. D., Journal of the Taiwan Institute of Chemical
Engineers, 41, 656-660 (2010).

3. Bemrose, C. R., and Bridgwater, J., Powder Technology, 49, 97-126 (1987).
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Sequential Reaction for Dimethyl Carbonate Synthesis
over Cu/Fe/Al,O3 Catalysts

Dong-Ho Lee!, Jiin You', Je-Min Woo', Jung Yoon Seo', Young Chel Park!, Hyun-Uk Kim’,
Yuntae Hwang', Jong-Ho Moon""
Korea Institute of Energy Research

& 710l A W%%Q&@D YA A(CO), A2 (O)E WHEEERE  AFE3te] DMC (dimethyl
m@ sk Tﬂ B AEA AtstAch. DMC #4& A &x ¥3e] A WHA
= AFA(0)9} ¥Hesl= 4Fsuk-S(oxidation)o] M3 EH I F WHA wEolAE JAkEEFA(CO)}
Ft2 R d g o] A (carbonylation) ¥H-s-o] AT <=2} Wkgo] ALEE Cu/Fe/ALO; ErE &4
13&@ AzATH AzdH Fue Fe 25 FdoA g AHHS AT A3 F
7FA 3 Qo A& W%N[MC§V4EN Hk-g-o] 79 DMC #4 <Ak v-&9 A&

3} uw,] A7t weEE AKXy S 114% 4 A2 4 A0 DMC
A =Spo) = 10% S7F A2 & Ao E>@?ﬂﬁlﬁm‘Qéﬁﬁ?%%&lﬁ%-éﬁﬂ 130 €, 15
bar o ] Ao} ks ASEE 228% DMC MUEL 85%E LEnSlT
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1. Pacheco, M.A. and C.L. Marshall, R, Energy & Fuels, 11(1), 2-29 (1997).

2. Nam, J.-K., et al., Journal of Molecular Catalysis A: Chemical, 370, 7-13 (2013).
3. Engeldinger, J., et al., Applied Catalysis A: General, 382, 303-311 (2010).
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Characteristics of Mixed Fuel According to
Mixing Ratio of Coal and Biomass

Dong Hyuk Chun!, Daru Setyawan!, Young Joon Rhim!, Sang Do Kim!, Jiho Yoo!, Hokyung Choi,
Jeong Hwan Lim!, Sihyun Lee!
IClean Fuel Laboratory, Korea Institute of Energy Research

T oA Aeo] AAGE BT 6%E AHE] =2 EEE FASL Aok He 33Y T
oj4talels HWjEH-E 991 g/kWhE EF AFo) Bls) 714 E& FXE Holx 9o St 47t~
AEERE DA AsiAde A B BlFES Sole Zlol Algstth 7 dAZQ ke Ae
st sl wlolemAE ESete] TAsts Aot SHAY, Hlolevizs EHEVE ol T|E
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Optimum Conditions for Minimization of Bergapten Content and
Antimicrobial Activity of Oils Obtained by
a Co-Extraction of Citrus By-Products Using Supercritical Carbon
Dioxide
John Ndayishimiye!, Deok Jum Lim? Byung Soo Chun'”

Department of Food Science and Technology, Pukyong National University,
Y.G Company

The citrus oils obtained from citrus by-products have been used in many areas because of their
bioactive compounds. However, their use in products has been restricted due to the phototoxicity and
other health problems of some of their non-volatile compounds, especially bergapten. This work aimed
to study the effect of supercritical carbon dioxide (SC-CO,) extraction conditions (pressure, temperature
and CO, flow rate) on the minimization of bergapten content for the oils obtained from a combination
of citrus peels and seeds. Moreover, the role of combining those citrus by-products on the
antimicrobial activity and other quality characteristics was studied; so that those by-products can be
valorized effectively. A second-order polynomial model showed a suitable fitting of the experimental
value for the bergapten content (R, = 0.977, p < 0.05). The optimization (minimization of bergapten
content) and validation study were performed, and the optimum extraction conditions were 200.54 bar,
46.28C and 34.98 g/min for pressure, temperature and flow rate, respectively. The corresponding
predicted value was 37.82 ugl/g oil and it was in good agreement with the experimental value
(38.36+0.44 pglg oi), thus affirming the adequacy and validity of the predicted model. For
antimicrobial activity, the oils showed higher activity and the oils were less susceptible for fungi than
bacteria. Overall, the SC-CO? extraction of a mixture of citrus by-products could give the oils with low
bergapten content and higher bio-potentiality to be used in many applications.
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Potential Performance Enhancement of Electrochromic Device Based on
Reduced Graphene Oxide/WOs; Nanosheets Composite Materials

Van-Tam Nguyen'?, Choon-Gi Choi“**
!Graphene Research Lab. Electronic and Telecommunication Research Institute(ETRD),
2University of Science and Technology(UST)

Reducing energy consumption for heating and cooling in buildings has attracted many attentions in the
context of a steady growing energy need. One of the solutions is electrochromic smart windows, able
to control the amount of light and solar energy into buildings through the application of an electric
field. This approach would provide energy efficiency as well as indoor comfort and privacy. Tungsten
oxide has been extensively studied as electrochromic materials due to their good electrochemical
stability, long life time and low working voltage. However, it still has disadvantages such as lack of
mechanical flexibility, long electrochromic response time, low optical density and coloration efficiency.
We believe that graphene with its extraordinary properties including high flexibility, mobility and
transparency, could play a role as a conductive channel in combination with tungsten oxide to
transport charges rapidly and easily during electrochromic process. In this report, we successfully
synthesized reduced graphene oxide/tungsten oxide composite by chemical method. Preliminary results
showed encouraging potential of this material for enhancing the performance of electrochromic
devices.
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Atmospheric Hydrotreating of Macroalgal Bio-Oil over
Cobalt Molybdenum Phosphide Catalyst

Jae Hyung Choi'?, Jae Wook Sim!, Jeong Woo Park!, Hee Chul Woo®, Seung-Soo Kim!
"Department of Chemical Engineering, Kangwon National University,
’Institute of Cleaner Production Technology, Pukyong National University,
SDepartment of Chemical Engineering, Pukyong National University

Recently, macroalgal biomass conversion to commodity fuels and chemicals has been a burgeoning
research field [1-2]. Crude bio-oil derived from macroalgal Saccharina japonica cannot directly be used
as biofuel because of high oxygen, sulfur and nitrogen content of bio-oil [3-4]. In this study,
atmospheric hydrotreating of macroalgal (S. japonica) bio-oil over cobalt molybdenum catalysts with
different mole ratio of phosphide to metal (P/CoMo=0.5, 1, 1.5, and 2) was investigated. The
physicochemical properties of the catalysts were characterized by XRD, Hy-TPR and NHs;-TPD. The
catalytic activities were evaluated in a continuous fixed-bed reactor at 375 under atmospheric pressure.
The phosphorous contents affected both the active phase compositions (MoP, CoP and CoMoP) and
catalytic performances. The P-rich catalysts exhibited low liquid yield with increasing gas yield. Carbon
number distribution of liquid products over cobalt molybdenum phosphide catalysts was determined
through simulated distillation by TGA. The P/CoMo=1 catalyst exhibited the highest gasoline fraction
(51.77 wt%) in the liquid product compared to that of bio-oil feedstock (31.28 wt%).

This work was supported by Ministry of Oceans and Fisheries, Republic of Korea (Project No.
20140559).
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Hydroprocessing of Macroalgal Bio-Oil in Non-Edible Vegetable Oil over
Pd/C Catalyst

Jae Hyung Choi', Seong Chan Lee?, Wei Zhang®, Hao Zuo?, Hee Chul Woo*"
Institute of Cleaner Production Technology, Pukyong National University,
’Department of Chemical Engineering, Pukyong National University

Macroalgal biomass for biofuel production can be converted into bio-oil by fast pyrolysis [1].
However, the crude bio-oil produced from the macroalgae cannot directly be used as biofuel because
of high oxygen, sulfur and nitrogen content in bio-oil [2,3]. The aim of this study is to hydrotreat the
crude bio-oil mixed with non-edible vegetable oil as a co-biofuel resource for bio-heavy fuel oil
production. The hydroprocessing of macroalgal (S. japonica) bio-oil over 5wt% Pd/C catalyst at liquid
hourly space velocity (LHSV) 1.5 h' was investigated in a continuous fixed-bed reactor. The
physicochemical properties of the catalysts were characterized by XRD, Hy-TPR and NHs;-TPD. The
catalytic activities were evaluated by iodine (IV) and acid (AV) values under different temperature and
pressure. The 5wt% Pd/C catalysts exhibited in range of [V 130-160 and AV 6-8 compared to initial IV
220 and AV 19 of the feedstock. The decreased IV and AV of the product indicated to reduce
unsaturated double bond and carboxylic acid, respectively.

This work was supported by Ministry of Oceans and Fisheries, Republic of Korea (Project No.
20140559).
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Analysis of Syngas Cost by Coal Gasification Technology for
Assessing Hydrogen Production Cost Based on
Biological Water-Gas Shift Process Application

Suhyun Kim!*, Youngdon Yoo!, Sungkyun Kang?
nstitute for Advanced Engineering, *Korea Institute of Ocean Science & Technology
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Characteristic of Molten Slag from IGCC Demonstration Plant

Kwon Ingoo!, Jeong Dong Hwan!, Lee Jaeman!, Yoon Sungpill', Jung Woohyun', Kim Yong Teak?
Plant Engineering Division of Institute for Advanced Engineering, *Korea Western Power co.,Ltd.

71E9 Mg gEHEH = Mg x3qE EAEC UEE da F HAEJ #EA(Bottom Ash)<}t
HIAEA(Fly AshE2 H$Eo wiEd. old JAES AHstz] AdiAe o8 EHA ZAE
sjAsfoF slEE, oo I A WHoE IGCC(HE FA3IES ) J]&o] FEura Qith
7t238l71e S o] &3 IGCC AuldlA= Mete] FHo] 1oA &850 EH1Z W&l &=
W=7} vty BlakR o] BlEle] Y584 ZuE Ruyl 2ol Biolu uldy So] gyl fo)sid,
et R 3tE FFE EFE0] £ 1o HAFA A Jdoermw &F $EHF o =3
IGCC 71+ A% 71€ sigdde nvs] ¢ Hold BHEES 4L F JoH, drld@dA
SATNRAG xR SHoA Aol Joerr FE XEHH Au FU dddEn. wehA
IGCCANe] & F3l FAH= FHAFENE] &5&Eda9 84 d &89y Jde] Aol
SO Ao

A57edTFHNE E8EUIE AeZgrR e HEsto A L3= 7E MNE 975 st
glom, 300MW AZ=ZHMEOA Whitchaven¥(&3F), CARBO-one¥H(#AlophS Alg3te] A3
Sg€d 1 E83 5L It 18l AeZYHRe HAS 3 EAE U1 EAF
28 g3 dx Fog {3t FFAE ol &% ARYUE JYst FEEHoA wEHH
19 818 FHES vt Bkt

=
(e]

X

o

B odA7E A5 AYRMOTIES #2dux7] &% /FIKETEP)S] AU ol 43
A Y Yt (No. 20153030050080)

A7

Keyworlds : Coal Gasification, IGCC, molten slag, Geo-polymer



PB-34

AL F5A SHL THW olMes F5 WY =27 AW

EF3, o4, i, A R E ,
AN EATY, ARy Ehstn g3y S

Model Development of CO, Absorption Equilibrium
in Various Amine Aqueous Solutions

Jong-Ho Moon', Jong-Seop Lee!, Young Cheol Park!, Dong-Hyuk Chun!,
Jong-Ki Park!, Hun Yong Shin?, Byoung-Moo Min""
Korea Institute of Energy Research, “Seoul National University of Science & Technology

The removal of carbon dioxide from exhausted flue gas using amine based solvents continues to be of
interest. In this study, MEA (primary) and AMP (Steric hindrance) were chosen. Those amines are
representative amines and also are thermodynamically and kinetically selective for CO,. The solubility
of CO; has been measured from 40 to 120°C by the static method. In order to overcome non-ideality,
activity coefficients and fugacity coefficients were introduced. The activity coefficient models, such as
Debye Huckel and Electrolyte NRTL models, take into account interaction between solute species in
the liquid phase. Also, Kent Eisenburgh model without considering non-ideality (activity) was compared
with both of two models. All the solubility calculations and optimizations (parameter estimations) were
executed by using MATLAB® 2015b version.

Reference
1. Deshukh R. D., and Mather A. E., Chemical Engineering Science, 36, 355-362 (1981).
2. Austgen D. M., Rochelle G. T., Peng X, Chen, C-C., Ind Eng. Chem. Res, 28, 1060-1073 (1989).

Figure 9. (L) Simulation results of MEA, (R) deviations between experimental and simulated results.
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Production of Syn-Gas by VOC Reforming for Reduction of Fine Dust

No-Kuk Park!, Yong Han Jung', Tae Jin Lee!, Suk Hwan Kang®, Bumui Hong?, Ho Kim?
Yeungnam University, ’Institute for Advanced Engineering
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Effect of Water Content on Product Properties and Reaction
Characteristics in Bench-Scale Macroalgae Biomass Pyrolysis Process

Woo Jin Shin!, Jung Hee Jang', Hee Young Choi', Gi Bo Han'
Plant Engineering Center, Institute for Advanced Engineering
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Energy Consumption Calculation of FO/Crystallization/RO Hybrid Process
with Waste Heat Utilization for Seawater Desalination

Kiho Park!, Do Yeon Kim!, Dae Ryook Yang"’
Department of Chemical and Biological Engineering, Korea University

As the human population has been increased worldwide, water scarcity problem is considered as one of
the most serious problem in future [1]. Considering that more than 97 percent of water in Earth exists
as seawater, there is no doubt that the seawater desalination can be the ultimate solution of the
water scarcity problem [2]. Today, a seawater reverse osmosis (SWRO) process has been regarded as
the most energy-efficient technology for seawater desalination [3]. The energy requirement of the
SWRO process has been decreased below 2 kWh/m® [1] and the water production cost has become
lower than $0.7/m® at medium size systems (12,000 ~ 60,000 m®day) [4]. However, an inevitable
utilization of high pressure pump in SWRO process arises many problems such as high irreversible
fouling at the surface of RO membrane and large membrane replacement cost [5]. In addition, the
theoretical minimum amount of energy required to separate fresh water from 35 g/L seawater is 1.06
kWh/m® at 50% recovery [1]. It reveals that there is a possibility to improve the energy efficiency for
seawater desalination process if any novel processes could be found.

This paper presents a comprehensive analysis of forward (FO)/crystallization/reverse osmosis (RO)
hybrid process with high temperature operating condition to assess the feasibility as desalination
technology. In this paper, a process configuration and draw solute candidates were suggested. A
mathematical model was developed to describe transport phenomena at the operating condition and an
experimental study was conducted to investigate the amount of water and reverse salt fluxes and to
validate the developed model. From the experimental data, suitable membrane parameters for each
process were estimated and the applicability of the operating condition was confirmed. An energy
consumption model for the hybrid process was also developed and a comparative study with the
conventional seawater reverse osmosis (SWRO) process was conducted. The overall energy consumption
in the hybrid process is around 25~45 kWh/m® without considering heat-electricity energy cost
conversion. However, the most of the energy was attributed to the heating at the feed and draw
solution streams at a relatively low temperature. If some type of waste heat energy could be used
almost for free, the energy consumption of the hybrid process would be in the range of 0.5~1.5
kWh/m®, which is lower significantly than the conventional SWRO process.

Reference
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Adsorption Characteristics of Dimetridazole Antibiotics by
Activated Carbon Prepared from Agricultural Waste Citrus Peel

Chang-Han Lee?, Sang-Kyu Kam?®, Min-Gyu Lee!
'Department of Chemical Engineering, Pukyong National University,
’Department of Environmental Adminstration, Catholic University of Pusan,
SDepartment of Environmental Engineering, Jeju National University

HEo]l @i wEste AAHE 24-HFEEZH=0Q4-DCPH e FEEHE
s, AFA 9 8 FUHAE FHELASA ALHI JoH, oHF =HE
78S et &A4A YA tol &4 AFEHAE dHA Uil HZde &
st v A=Y ZE AHI ASSHERYH GAHYRES A xSt ARESH
2 TH2]. Namasivayam and Kavitha [3]1= ZZY -/ A& (coir pithhZFE A Z3 &A &, Shaarani and
Hameed [4]&= 7]1& okAtuE 3Hoil palm empty fruit bunch)ZHE A %3 FAGHS
TE&AoEZRE 24-DCPE AAsteE dAFE Atk £ dAFddAes =W AFAGANAN &
oF HAst 1 e HdE gES AREste] Az GAeE FEARE At 2,4-DCPe E
HAESGT. =S HAFAGHS st FFol mAle AR s EAsty HAHo =
o 38} A .

ATE HAZEHoRE Az GHYHWCAOES ol&std %< 24-Dichlorophenole] F243 &
B0 g gttt Box-Behnken H#@A W& o] &3t Z7|§%, pH, F2AY & HIAIXL
< AR YT FFS Ldoprton, FAAFAFAC Ui FH £ T FF =
s ’3H e 2 2ES 45 F At 7 43 2HoA dL 24-DCP F&F9 H4¥84d%4+=
A mg/g°ﬂ/‘1 A 6364 mg/g } A & WEE Bon, Add® WHESd o3 AA IFE
= mdeo AARAS R7F 099218 AdAF} o =43
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1. Rappe, C., O. Hutzinger, Ed. : Springer-Verlag : Berlin, 3, Part A (1980).

2. loannidou, O., and Zabaniotou, A., Renew. Sust. Energy Rev., 11, 1966-2005 (2007).
3. Namasivayam, C., and Kavitha, D., Sep. Sci Technol., 39, 1407-1425 (2004).

4. Shaarani, F. W., and Hameed, B. H., Desalination, 255, 159-164 (2010).
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Adsorption Characteristics of Dimetridazole Antibiotics by
Activated Carbon Prepared from Agricultural Waste Citrus Peel

Chang-Han Lee!, Sang-Kyu Kam? Min-Gyu Lee!
Department of Chemical Engineering, Pukyong National University,
Department of Environmental Adminstration, Catholic University of Pusan,
SDepartment of Environmental Engineering, Jeju National University

FREFAHAA 71 de ASEHe A 249 oE Yy BHF, uA JETE, 52 SFEES
ZFA I dol mEF flEdE AAS=E EFHHo|vHll FAHES ol &3 JEZe FEAA
ATZE= Son et al [2]9] 9]¢k sulfonamideA] A EZ A A, Rivera-Utrilla et al. [3]o] 2]g+
nitroimidazoles#Al @A A A A, Korzh et al. [4]9] ©]3 sulfanilamide, sulfathiazole, procaine, levamisole
ey caffeinee] {2 A7, 18]al Chang et al. [ble] <]k diclofenac, acetaminophen, &]iL
sulfamethoxazole®] &2 AT To] Yoy F2 AUEL FAHES AL Atk B AFoAAE= FU
AFAY Ee] AHdE Az eSS FAAUVAOR o] &3t DMZe AAATE FTHsAL
AT AR AAZY], 849 xV|EE, pH I, Alztel mE JFS HESAH. AdEAAE
AP 1A £33 {FAF 220 S22 O8] |REIAREAE 2o A &St £x M-S shal,
ﬂ%i/“ 3 ﬁJJrE Langmuir, Freundlich, Redlich -Perterson, Dubinin-Radushkevich & 252

ted s
ATE %0421]7] J HAEW R Az FAHVUACS o83t FA4AIQ dimetridazole (DMZ)&
A dTAAE 1/}5}14121‘:}. e dAe A77F HepdaeE AAE H
Fol F7teRen, FFA FAdFol FUETFF AALL SV FRAFES AasAH
A 27 2027HA = F&ol mEA dojyt 37<"“‘:7} w2 2] gk /\]7}0] ARGEE F2 £57)
stoh7b 402 ol FollAd HPol =Lsisitt. JACe 23k DMZe A IAET = A 23
2do] o & RSttt JACO o3k DMZe| F&Fe %7]9 oM dAk WF
of o3 HA] FAHo=2 dojuwn, AR uF ko] wE AR T2
A4 7+ Redlich-Peterson &2-522o 74 2 FIsi@ow, Langmuir 22025
DMZe] Hoj F2=F2 293, 313, 333 KollA Z+2} 263.58, 266.62, 267.83 mg/ge] ATH.
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1. Martucci, A., Pasti, L., Marchetti, N., Cavazzini, A., Dondi, F., and Alberti, A., Microporous
Mesoporous Mater., 148(1), 174-183 (2012).

2. Son, H.-J., Jung, J.-M., Roh, J.-S., and Yoo, P.-]., . Kor. Soc. Environ. Eng., 30(4), 401-408 (2008).

3. Rivera-Utrilla, J., Prados-Joya, G., Sanchez-Polo, M., Ferro-Garcia, M. A., and Bautista-Toledo, 1., J
Hazard, Mater., 170, 298-305 (2009).

4. Korzh, E. A., Smolin, S. K., and Klymenko, N. A., J Water Chem. Technol., 38(4), 187-193 (2016)

5. Chang, E. E., Wan, J.-C., Kim, H. O., Liang, C. H., Dai, Y. D., and Chiang, P. C., The Scientific
World Journal, 2015, 11-18 (2015).
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Application of Response Surface Methodology (RSM) on Adsorption of Cs
Ion in Aqueous Solution with Zeolite X Synthesized from Coal Fly Ash

Chang-Han Lee?, Sang-Kyu Kam?®, Min-Gyu Lee!
'Department of Chemical Engineering, Pukyong National University,
Department of Environmental Adminstration, Catholic University of Pusan,
SDepartment of Environmental Engineering, Jeju National University

A e
Remenarova et al. [1]2 &Zn}7]o} W Lo A WA= Aeks](coal fly ashhZ T ASTolE
ZM13} ZM3ell 93 Cs o] 29 &F&gko] 15949 2 178.23 mg/geldthar &4sdom, El-Dessouky et al.
(2] olRES 7lo]® FHdbxdiolA TAstE HE32 AT NaA-X & ASTolEE AHE-3H
Cse} Sr o] 29 #A|A AFolA F2eFo] 207.47 mg/gelAthar Pt B AFAELS I &4F Yo
Al il EE e AEIE A SYolE AE FA4st St F Cs o] A A thal At em3], T3 =
Y LA EEHE HE3E Na-A Al&eho] E[4]9F Na-X Al&golEB]IE &Adste] S o] =
o] AAEAA dis] dAFsATh B dAFodAE Sl Y FEddLoA wEEHe AE3E g
EAE dotry] 9t AFAYY F SHSEHEAHS o] &3}
o AFE FASAT &2 HFE T3l Ate] mE FEWHS A5E di £E243 T2 HE

shof Hlals} 3t

2% 5 a3

€ A7 vdAR AT AeefolE XE o8&t Cs ol AA 54 dohir] flste] whgE
AEANE o] 8T 24 4FS s FAGH EA o) =Ed R4 44 243 B
= A+ EAg wddo] o fofd om vegton, AAA T 96.4% 4 ARATE 931%
2 AT 23 wende] AR Auel] ofstdl Hatd, g, SHA i AgEe B
T owhSetel wdo] A  AoR ettt mdde] Fa3} xk= pH, Cs ©] &9 Fk, 123 &
R0 $O0R FIU} HopAE Aoz AT E A7 HAH wexze Cs ol w&E 300

mgll, &5 60C, pH 7.70.2 S5y o dss FHFE 182 mglg oItk ¥4 AP Avhe] o3t
FAEEE R 23 SE4d A wEsgon, S FAUFARE  GUBIFH

Redlich-Perterson 5 &2jo Z &3} Th Langmuir 5&2)o 9|3 Aol F2HaFe 151.52mg/g it

1. Remendrova, L., Pipiska, M., Florkova, E., Augustin, J.,, Rozloznik, M., Hostin, S, Hornik, M., “Radiocesium
adsorption by zeolitic materials synthesized from coal fly ash”, Nova Biotechnologica et Chimica, 13, 57-72 (2014).
2. El-Dessouky, M. I, El-Naggar, M. R, El-Rahman, K. M. A, El-Kamash, A. M., “Thermodynamic and fixed bed

studies for the removal of Cs+ and Sr2+ ions from aqueous solutions using fly ash based Na A-X zeolite blend”,
Interna. ]. Environ. Eng. Sci,, 2(1), 117-134 (2011).
3. Lee, C. H, Park, J. M., Lee, M. G., “Adsorption characteristics of Sr(Il) and Cs(I) ions by zeolite synthesized from



coal fly ash”, J. Enwviron. Sci. Intern., 23(12), 1987-1998 (2014).

4. Lee, C. H, Kam, S. K, Lee, M. G,, “Removal characteristics of Sr ion by Na-A zeolite synthesized from coal fly
ash generated from thermal power plant”, J. Enwviron. Sci. Intern., submitted (2017).

5. Lee, C. H, Kam, S. K, Lee, M. G,, “Adsorption characteristics of Sr ions by coal flyash-based-zeolite X using
response surface modeling approach”, . Environ. Sci. Intern., submitted (2017).
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CO, Absorption Equilibrium Characteristics of Primary, Secondary,
Tertiary, and Steric Hindrance Amines

Jong-Seop Lee, Jong-Ho Moon, Young Cheol Park, and Byoung-Moo Min"
Korea Institute of Energy Research

Amine based solvents for carbon dioxide removal continue to be of great interest because they are
thermodynamically and kinetically selective for CO,. A CO, absorption solvent can be defined as
chemical solvents (primary, secondary, tertiary and steric hindrance) and physical solvents. In this
study, MEA (primary), DIPA (secondary), MDEA (tertiary), AMP (Steric hindrance) and their mixtures
were chosen as chemical solvents. The solubility of CO, has been measured from 40 to 120C in a
various mixing combination of solvents by the static method. Results were correlated by Kent
Eisenburgh, Debye Huckel, and Electrolyte NRTL models.

Reference
1. Deshukh R. D., and Mather A. E., Chemical Engineering Science, 36, 355-362 (1981).
2. Austgen D. M., Rochelle G. T., Peng X, Chen, C-C., [nd Eng. Chem. Res, 28, 1060-1073 (1989).
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Figure 1. Schematic diagram of experimental apparatus : (A) for single amines, (B) for mixed

amines



PC-02

Mupe] wi7bs W QAR AN 2 A
ZEAA NO 488 9% A4 Axg ZuTRe 28

LA ol
1157279 SAEAA Y)Y HE

Application of Catalytic Dry Oxidizing Agent Production Process
for Efficient NO Oxidation in Pollutant Treatment System of
Ship Exhaust Gas

Jung Hee Jang!, Hee Young Choi!, Woo Jin Shin!, Gi Bo Han'"
'Plant Engineering Center, Institute for Advanced Engineering

71E AFNA Ful S Fot] AGH AANSAE o]l &ste] AFAFE EAF w772~ W NOo|
g AsEES Fdsigen, I A3 NOrE 4Abstgs SISk older o3RS
2AL-Fote] Aol A&sHr] A= AA wirIvbze] £238H, b 2 AR LdEZH] v
AL Tt A" AAAEA ] A= IS st of vk B Aol AR divia Y
LHE=dE AAE AT Ay A="HY ZEZA NO 4HgE sty AdA4bsA Axg S 9
A4S Hrrskgdeh olE skl 1 ~ 10 mmine] FFE Agsts o Fad ANsA Az
S RES A 2HS AFetdon, Ao ZHEEH dAstE HiZixY dREE FHul wEgTdA AAdH
AxqkstA e} w3 F =g AsEFAol FAHUTE o] wf A ZuiRkSAI~®El A ke
=AZAAA LA o] =Y, w7t 25, NO F5, <zl RahEhe] 2dox dojzl wjrtx 2
2t 852 NOx A& g 4AstgA oA NO A&EA o] ZAE o

FugEd

1. J. H. Jang, H. Y. Choi, G. B. Han, Clean Technology, 21(2), 130-139 (2015).
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Optimization of Washing Process for Alkali Metal Recovery
in Surface Modified Activated Carbon

Hee Suk Jung', Gi Bbum Lee!, Seok hwi Kim!, Ho Kim!, Bum Ui Hong""
'Plant Engineering Division, Institute for Advanced Engineering

AN TS E LE = VOCss A de3dd AHrlez " 243 AHL8F0
tE Aol A FHS Itz o= 400~2,000 ppmv, A&L=S 5000 ppmv o]l A L=t
ALgHFS WAAAES HH 2 FH|Lo] Ege @HoZ A Iu OiEEe VOCs wE
AL e A S %7‘5}71%% Agsta Aok A g dEES FaAFE A A VOCs AHE+=
Hwa 7}Ao] HHg Agete] AM&ET Q. g 93 FA Y WHe f—iilmﬂ ] st
=k A= b ﬁo]fﬂ AHE 7HAT AT, FHAE AEEsr] A ANe=r =3 A"

gapel el WAL 5o AALS) B BAUE Bw Ak oD TGl AALE ol
s AT MEAHE FAAA] A8 muAY 3 wuAd 470 AP glor] wUALL
sl el FHKOHe| th ASHTh BHve] ER AL B FASS /e ATE Bol
Ao} g, Aol AgH A FHo e A5U Ao U@ ATE A ATk we
gage FEAL ASHE IBYITELS Hestel AoFFOoEH BT FAHon ARFH
FAL THIHLA sl olE 9l =AY AdE BHGS AR, A W oF FRE
ddelFEHe T v F5sha drh £ AFolE wwWAR A B BHY vl 2
BhE a0 ol AAFAE AAGG0A Seir wAld W BARe FRel Adsgon,
R omEEE, AHS & ARG B 20 st AHELS va Bl
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Study on Improvement of Durability of Semiconductor Scrubber Chamber
Using Thermal Spray Coating

Hee Suk Jung™’, Doo Young Oh!, Hyungun Song'
'Plant Engineering Division, Institute for Advanced Engineering

WA AzFAolA Abgste 232H WY AWe WAAde 88ty oo did we dTEel
ojFojx 1 St 1y WAl Hold &AE FF AAE wAsHr|ds 7 AR] HellA FAH ol
oA 7] ol BAjo] ZEolv FYFE ol &ste] WFAEE FFAI7] AT wHo] A&EHI 3

&AbH(thermal spray process)2 FA¢ ®H wWE £x= dste VTS 7H ZAES A
AT FENe BHeE, $F - FF, AFA, A Y udw AdEokd dy AE{HT
ATH-3). EAMR o= B3t 38 TE] on, o] FAMFEo] A B4 B2 dFe vHH
wetA G AEES A7) AsiAe FAHAHTTE A-EA A rA = Gl tig HaEA o] ZasiH,
o] &4 AF}E Wy OoE IHHZHIAY EZFo] Jhssith wtA B AFdAE FEFY A8 H
FHE FEA7I7] fE SAAER S HEe ZRAES FAMT g ARSI 54 vla 3t
st o, 13 HF7b=9 53 87 stoll A y748e Bristaa #A7&Edds Fdsdrh. w3
BAIEZE S A& AWNE At Ri=A] Hrbe A A FAAEE SAHstL AIEHE AF

Ao RAAEE W@ BrE AT

1. K. Ghosh, T. Troczynski and A. C. D. Chaklader, /. of Thermal Spray Technology, 7, 78-86 (1998).
2. Kavian Cooke et al., Surface & Coatings Technology, 202, 185-188 (2007).
3. K.T. Kim and Y.S. Kim., J Korean Soc Power Syst Eng., 16(2), 54-59 (2012).
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NOx Conversion with the Amount of a Liquid-Phase Reactant Injected
into the Catalytic Dry Oxidizing Agent Production Process for
NO Oxidation

Hee Young Choi', Jung Hee Jang!, Woo Jin Shin', Gi Bo Han""
Plant Engineering Center, Institute for Advanced Engineering

AL Ee 3 220, 025 vy 2 abgdn)e] dle] =Y, o33 EAE Ay 95k NOx
HZo] g SAAAV JAA AsEHn Jdoh. 53], FANAZIFAMO)NA FAs= w71 7F2=(S0x,
NOx) ¥i&E& FAI7E Zst=lo], Aut wj7tay A& A 7leMde] ool dF =i
B AFoA e Auk w7zl Ul NOstE g ZFulggole] Akt 3o w2 NOx ghgo
sl AFstAch Fo wgriet AZE 4HshNkEr] AFHE NO9 FEE A fdsm W ol
el NOxo e Wiyl 32 Hod. 4shikgr|2 fdss Ad wiztas of 310 €9 2&2=2
FAReH, FFS 10 Nm’2 2450t 4hahibgr] i &5& 500 C2 =dEglen, 20, 30,
40, 50 mL/min®] fFoZ HASIAVE FHHAG. T AF, FuFHoER FYHE AASHA
fFol] wel NO9o| %7} %7] 950 ppmol Al 546, 496, 450, 414 ppmo.& ZHAStETh A 4kshA) o)
frego]l 20, 30, 40, 50 mL/min 22 %4 HAL o, NOx #g&o] 43, 48, 53, 56%= =l HUh.
webA], 40 mL/min ©]4Fe] A3 A 7 FAERE w, Auk wjriaug) NO 4kshe] 2]dF NOx 1 8hgo)
53% o]’F o2 FAE ULt

ot ol
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A Study on the Corrosion Inhibition Behavior by
Dissolved Oxygen Elimination

Semi Han!, Baek-Jin Kim""
Korea Institute of Industrial Technology(KITECH)

Corrosion of oil pipeline surface result in causing significantly environmental pollutant such as CO2,
H2S and then it decrease oil purity and gradually happen to pipeline leakage. Several methods of the
most effective corrosion prevention were considered using the corrosion inhibitors (CI such as
polyaniline, polypyrrole amine type chemicals etc. Generally speaking, polymer (or organic materials)
have elements whicha havev cwith highly election density are recommended useful for oil field. In our
study we chose some CI comprising highly election density and measured their corrosion speed, degree
of corrosion. Finally we will observed the effective of corrosion inhibitors by dissolved oxygen
elimination in 13wt% NaCl solution.
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Effect on Polyolefin Mixtures on Adhesion Strength
Between Aluminum Deposited PET Film and VCM

Semi Han', Dong Wook Kim? Youngkwan Lee? Baek-Jin Kim!*
Korea Institute of Industrial Technology(KITECH),
’Department of Chemical engineering, Sungkyunkwan University

Polyvinyl chloride(PVC) is used in various industries such as like artificial leather, records, packaging
materials, pipes. However the use of plasticizer such as phthalates has caused environmental problem
and then the amount of PVC consumption gradually decreased. In this study to develop alternative to
PVC film a trying to respond to environmental regulations. We blended polyolefin mixture using
HAAKE Rheomix internal mixer by various material ratio. Also we examined the thermal behavior of
polyolefin mixtures by Dynamic mechanical analysis (DMA) to know glass transition temperature (Tg).
Also we measured of their tensile strength and adhesion via UTM and Erichsen test machine
respectively. It was found that Polyolefin mixture with tackifier and acrylic acid have tensile strength
up to 4~5N and get the good adhesion result between aluminum deposited PET film and VCM.
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Study on the Antimicrobial Properties of Electrolyzed Water Using
a Electrolysis Tank

Kwangsun Huh!*, KyoPil Ku?
'Department of Advanced Materials and Chemical Engineering,

Kyungnam College of Information and Technology,
’Toelect Corp.

Az dgE olgstd FaF AFEERFEH ASAE Adete £A5V|ed davise
@8l A AT ﬁ’l«l*, 7t &olstthe HoA 4 dAS & e 7I<l§l7é A2 Bt
Wy ok B AFeA = W ‘j‘%f’- W ol A 7‘471—r°Hf“€ Fot] WI|ES AR HETFOEHN
HW7lEs Adste dlFE MEstaa o AgES FAY ARz dEEFE, AR,
HEZA|ZFe] FEFE 47]-r5H°ﬂ ogt Azxg Al FNaOChol gk d+5o BrIstAoh 2 dafia9
gdsS U3y #3te ASTM E 2315-169] wel E. coli (Gram negative) % S. aureus (Gram
positive)E Al 5o HFste WA CE APSATE AR AP@HRS HEFS A2 22 £ 2) ClollA
1023 WA &, AHFFE SASA 72 dol st Ad748S AdFA7 daf 0.6% tHat 10+
%9] log reduction g2 E. coli ¥ S. aureusol thste] 2442 > 54 2L > 522 e
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Study on the Antimicrobial Properties of Electrolyzed Water Using
a Electrolysis Tank

Kwangsun Huh!®, Younghan Bae?
Department of Advanced Materials and Chemical Engineering,
Kyungnam College of Information and Technology,
’Hansung E.G.Tech.Co.,LTD.

>3 A (Screen printing)= Z+E Fuig HE/m|tio] 7]7], OLED, Bj¥AA @ ZdAE 422 5
oFet Zoko] AxHAAFoA dY E8EHE T HIT AT AAAFEY AE @4Ld He
FA e F&3tr] 98l AF AL ol&HE A riEe unFPASet HA | At 9=
doemn, ole 7IEY HYE IAHES AaFseted oHes FESIL AY vA HZ(bump)d FA
Z1e/MEd A8d gRdgs F83% FAE 2 I

23814 Foprl 4kge] o] Fudd uwet %j—ZrE%(Electroforming)/l 71&e =oAL F2A3)
71A 3. 91t} Photolithography 1< ¥ ZA3$te Electroforming 71&-2 ZE AHE AdEoke] 344 7e=z
28] &1 9ok Screen Micro Mesh= 71a s81S AU ke tHmembrane) 0. 24 =& 1zt d=
®H 9l Screen Micro Mesh & ¢lal &2-8 S2A|7]™ Screen Mlcro Meshel] Beold 7ftujelo] T
A= HArET. Shadow Mask & AH&3stH ©YFBoE dste S AL + 1, #HEE st =
9 9o AH FFAE 5o 1‘?—7}7‘401 27y F o] FQstA ¥om, T Photoresist 7} 8 fith
2] ar Screen Micro Mesh & RFgFA0E AHE & & Adoke Aol

B A= Photo lithography 7]1<3 Z3tE Electroforming 7]&€ & Screen Micro MeshE HAFZ=+&
o]-&sl A xdt= FAHES NESATH
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Hard Chromium Plating Properties for Improving Corrosion
Resistance of 5-layer Pressed/Sintered Metal Filter

Sang Yeon Hwang', Seok Woo Chung!, Min Jung Kim? Dong Bok Lee?
IInstitute for Advanced Engineering, Sungkyunkwan University

= Ategt WREAIA Fae dAstgAaRE FARSE e
8= AA A7tz FARRE FELR AAT F 7F2=EHoIY
571 Rl oz AVE Adste 13 1E5s TAVeRA HF A4 el vs) 244Vt A=
2 AZIEAAANA el A2 F8UAS AT F e A Y F8IEolt AR
AR AFHE CO, A 870 ¥83te] 300 MWH IGCC ZHEZF AAME A& Fo ok
gy Mevtsst BEddel A Fd 72 Edol=e] REE fjd Vb Foll £FE S5
ool EXUAE 10 ppm o|at7kA] AAs o Hew ATz 2FE FAA 7F2Q) HS Foll o
dH 9o FHeo] dEHe EAXS 7L Atk EZ IolAE AEH Jleo] 4&3HA Xt
sl AakE= 3ol Aty 28 S& A&sta ou, BH AF 544 71AF, 94 T4
ofst g EHo] AX IR FARE AEHH Wejadloew FALT F Jdom, tAFol
MEE A Fop FF AEKHoR FUAFS AHEEoF st AAcnE VAA F= 2 44, 3eF
WrAel A3 54588 Zle e Tl AT A A0] THed Ao AdHEY. o, &
AToM = F4kE Zez A

A48 57 4HsE FEHUEE UFOR A/ EFES 2 8skel SUS 316L
Ade] "H AAA EW] WrtEy, WS G4 AQ F dE AWAF =HS AP SEM,
EDX ¥4 5¢ Fahol W44 F4= 3 28 542 sefsgok

B dTe 20169 x A3t Adoz d=movdA 71eH7HKEPTEP) A4S ol 33
A7 FAA YT (No.20143030050070)

A1E3

1 AAS, “Aed A7t AxFH FL&S A3 yEAA FH5IY F4s 7)s A
71 A8 EAsed s =54, 2015

2. o]FY, “¥H BEAMHES o83 AF ) IAF =5 FH Hey I AEE B SuUEes)

3 HMERl, “BAEESS ol8% AdAE B d=RuEes] e ==3, 2003
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in-situ DRIFTS Study of Steam-caused Deactivation of
the Fe-BEA Catalyst for N;O/NO, Simultaneous Reduction Reaction

JeongHun Baek, JiHye Park', RaHyun Hwang!, KwangBok Yi*"
!Graduate School of Energy Science and Technology, Chungnam National University,
’Department of Chemical Engineering Education, Chungnam National University

NOE IPCCF A4 6] e47kx 3 shpE Afedst] mAs 9ol COel W) 310w
SeTh EE NOE NO, NS e HAUSENO) B WAHH he AsusiEol Hs uF
Egstel Tyl FlA o 1204 B AFSM AT} A 0EFL HAstE U TR
oA Atk NOsk NOE Agsts 34 gEUcht uread HAA Agsts Hdd Zu) g
T4 NOE AASRT Zo) 2a) TN NOB AAsf: 3ol A%zoE APdrh A%
BA0l % @Az FAdel St o gl g0 B exdd AdsE de ge iAE
Kulsjorste BAE AT Ak o8 shdst) Slsh NOSH NOE FAe Agse sl T8
WA AT Wbz ol EASE £371, FUAFER 2 BEE B0 N0 ABEol AsHE
Ayl wAsel olF s@sty] AW wo] Wasith B AFeIAE NOS NOF A Agse
e-BEA Zul7h %70l olsl @Al Asts: WS W HAWe Ba FAstgon, Zvel
244014 NOsk NOS| 39l 43 o] So] HAAWA 258 ZulE thA BUSE FPS 53717
£ 243 e 2dow ol & Hgola o) swwe) A¢7) WIS in-situ DRIFTSE: o] &3]

Yajgeh. £44%E EWE SCC-DFTB WHOoE ZFE =ude B3 +uspl/t 33@
AgeolE F2E ARl AN of Frol NOS NOFF FAHE FF UAR Austol
smetach. 9 AE FRHOT Bl Fe-BEA Zulel S3vlel 9@ wAs WAL
A A sk,
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Study on Solvent Extraction Behavior of Low Concentration
Rare Earth Solution by PC88A

Kyung-Soo Park’, Nak Kyoon Ahn!, Basudev Swain!, Chan Gi Lee!
Institute for Advanced Engineering(AE), Advanced Materials & Processing Center

3] Ef(Rare Earth Elements)= 94715 5THFE 718702 9 ©epdA 4 15719 21 2=2+E(S0)
23 39RO lEF(NY) T F 17 dAE FAIT olHd IEFE FFH o mlg HAsta F
Z AEste 5Ao fdow HAude=m gYd sstd,. [ d, AA4F, w3y AHE e
AASlo A I ERE A7l B slolBElE A, FTEEH, HEFE T T 2147 AgAs
S Al A Al & Qg EHoly I ERIF iAEHANE FAbS
1 9= mujd Aejolth. S|ER AAEF] 97 %7t T=olA o] Fojx = 20103 R T

I EF AYFS Aty FE2FS IS8t I EF FHste Aas dF Adete 5 Ad5F71s
ste e EES Ui ok g AS SERE Aol vl g oEsta ol JERF A
stE 9 A riso] Bag AA ot

kA B AFdAE Av: JERF SAoEHE JEFE EH/3Fste A4 Jles NEetaA
3th, JEFE FE37] Y3 FEAZE phosphoric acidAl ¢l PC88AS AH&3la 34 A= ESCAID
110Exxol D 80)= ol&3te FE2A9 T=& Z=H3Ath ¥¥ pHA @WE F= AT IJEFIY
FHATE HusRon FEA v WSl g JERY FE= AT ATE FH&AT FF=
FE0/A) AFE FlAe IEFY FFAAE sy = ¥ A3 Datag HIROE S
McCabe-Thiele diagram< 2Z=3ty F&= ¢ AAFSFITG. 249 MEZS  Inductively Coupled
Plasma-Mass Spectrometer(ICP-MS)& Al-&3t FEFE EA3H T
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Pressure Difference Characteristics of Coating Metal Filter
Applied to 20 TPD Coal Gasifier Filter System

Dong-hwan Jeon!, Jae-man Lee!, Hyo-sik Kim!, Ki-jin Jeong!, Seok-woo Chung"’
UInstitute for Advanced Engineering

Aqet7t2sly] E2FE Fi3 ol$EHE FAVIzdE JEY 2 AR 2dE -l Egd A
WEF Y, o]lgd FA7IAE THE 7I2EHE AR Z AFESH] feiAe dAY 29 EH

FF olstE Ao stmZ 1E & FXAXA HEo]l Hasig A FoolA +HH
Aet7tast 48 FWENA = 7ty e JAAR A Mgy HErE 2 AFEET 1o,
ZWENAM = FEIEI AREHT doh Mg e AHfoe oA ARge] JMEsta F
Zh2eo tig B2 EAVE lohs Aol AT AR SHAAAHAA G JAVIA FF
434 9 7AAE FAErt Gol &4EE B e AoE dEA Ut Hide] F45IH
A =7t 53 Ade AT A7) FHE CO, Hy, H)S 2 R4 7h2of 93}
7 45 e ddo] e AoE ¢4HA doh

o & 1o > a8 30 1o
e ok o Hz i o

-z ot
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>

B ATNNE FRG FEE e AW FEBE wPOE Y ¥ RAS Has
Broz yRA4 FEHUY o JleAte Adst gov, ogd seMde] JBow B
A7E B AR UEAY FHUEHE 20 EAF Hurasy] e P33 FARA 24X
F AE4 B FAstzel oF %@ od¥HE HAsEt. adn AE dd Hartas
eABRANA A AN oo ME PYANBE AGWBE J)Eol ASHUAN FLHPH 2
Aol molx @eg HAstPon, oo F/E Nustzs £R FR F A FHTE

SE:
A Hageel UE BAe ARstnh
=

= AASEALFMOTIE)S =i A71eB7HIKETEP) S ALS ol 33k AT
. (No. 20143030050070)



NrErsl &4 QA A3A AxA L7t s=Ed A #d AT

Loaedl e, ol a4l
l@eju e 71&AT 4, 2A 3 etn 37 <8753

A Study on the Storage of Alkaline Aqueous Solutions in
the Preparation of Cured material connected with Desalination Process

Byung Hyun Park'’, Hae Gi Kim!, Ju Yeol Lee', Jin Sic Choi'?
"Technology Insitute, ANYTECH Co., Ltd.,
’Dept. of Applied Environmental Science, Kyung Hee University
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B AN sEea g $E5E Avdse e 9dY e
dael AEE 8 ATAE AT GE A7 A4 5ol B8 AEE Sud A
AW Azl B golt £ AL Fa AEHow ALl @4 28 shus
YL B WL ol §F Ao AXFAE WA B2 So| FoA A=FAAA wAd
A% AN B2 AGSE A% Fel AYRAE FAFFHL o5 AFHL AHgtelo}
o] ddel FEAL AGHA B, oE As) FA/E BPABY FEAclY wmFe] BE
b7} ol AR,
TA e, dde B A AZFTHANA BrHOE A He kel BH £ FYol wE
FRAA W RPAu Fao] et HE, E, 947 xF A Yol wEo Akt 3o
=2 A5AEe 5o AESuA Sk

g
Z4
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ox N, 1o [ tlo Lo

|
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1. S.S. Park and S.G. Choi, J Korean Geotechnical Soc., 29(4) 45-56 (2013).

2. J. W. We, Master’ s Thesis, Konkuk University (2010).

3. G. H. Yang, J. G. Song, The Properties and Applications of Alkali-Activated Concrete with No
Cement, Magazine of the Korea Concrete Institute, March (2007).



PC-15

20 E/QF Hertas gAML &8 54

&
oo
3
o
o
o
o
of
o

2
=

o
2
2

El
=

Characteristics of 20 Ton/Day Coal Gasification
Operating Control Systems

Byun yong soo’, Jung woo hyun'’, Lee seung jong’, Jung seok woo', Lee jae man'
1Plant engineering d1v1s1on, Institute for Advanced engineering

IGCC(Integrated Gasification Combined Cycle, X &7}~3 B3dA) 7|&e Aerl~sA A" COY
HyE o] &3t x71E Adete 7=, 7F2ERlCA 13 28, 2711513101]/\1 P L )
A wAeg JE v EE sEEHY v =2 ddEEs ¥ F dth IGCC Ve 7t
grgo g2 Qlal Mgk HE FOF HANE  F3 i(HZS)Q]' %UHO}(NHg)i Hj &3}
AAFAAA AAZE GolstARE, T2/ 9F W7 WRAA Tt 9 & @AEE wAEX 9

& Tas BEE S9N 3% dds =Y &=

AAZE d&sHA &e 45 FE AATEe 28
AT,

2 AT = IGCC =9
FRE fste, 7] —?%—%
gietsleo] 20 E/YF Agk
TF3t] IGCC AFZHE %

rr

TSt e T4 T IAITAEA Hevbxs
|9 = /\-11;}7]_/\3;]_ A 28"l AHx=3ka 9 ] %
23} FHAAA2EY] FA4 W A F
&9 trouble shooting At5 2 &S

“"—HI‘HTIN{

B A7 AAS3ALFMOTE)S d=o|qA71EH 7HAKETEP) 9] A& wo} £33 AT
FA Yyt (No. 2011951010001B)

Keywords : A &t7}23l, §A712, @A oA 28l &7 database, Test-bed
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S BF BT 24 54 sote AYstgon, olF EHE UEARE FYIF /2L A el

database3}st= 2Hd7bA G35 At

+X A% databasest e AHerixst A3 F8 AW inspection HAS FIAM HIE EE
AZAEE A 7o g st ARvlast A3 d de 9 nEge BAAE, 7tast 4d F
+AAE, 7t2st AP F Fe AE 3 AR EHAE T % 3 BESE o] databased)
AT ES HATE ASAEE @30 uEk 9 @ uEge] BEAZ Aol & 2 wE
A7l 2 WE X F U A= AN Wik 28 gol3A mors & grE

Aar gl B4 FAE FHT AR tE] A=A, FHEA, A48, ddEFEY, IJE&8H

4, XRF, SEM & AAlstAth

B A7 AAS3ALFMOTE)SE = A71EH 7HAKETEP)S] A& wo} £33 AT
FA Yyt (No. 2011951010001B)
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Analysis of Redox Characterization of CaSnOs; Oxygen Carrier

Eun Nam Son!, Roosse Lee?, Soo Hyun Kim? Jeom In Baek®, Ho Jung Ryu*, Jung Min Sohn*’
Department of Energy Storage & Conversion Engineering, Chonbuk National University,
’Department of Mineral Resources & Energy Engineering, Chonbuk National University,

5Korea Electric Power Corporation Research Institute,
“Korea Institute of Energy Research

AT AAAZHZ AFLUEs EAZE AZsith olgd EAE Ay sl COE Ao
o] A&EFHI Atk Ay w4 23] J)EFolA ol A=3A A (Chemical Looping Combustion)”] -2
HH g 188 VR Be FES vy o 53], wjA &3 A (Chemical Looping Combustion)el] A 2]
RGP Ae] FEge ul§ FasTh ARG EFo] I, AxAEERIE mESFES FL2
G AgT & F k. o AFdAME ARFIUARZA CaSn05e] EAE EAFIATH
CaSnOy7}  AFAAEAAEA  HAHIJAE  ATstr]  9dsted TGAE o] &3ste A E54E
24319 o, TPRE ol§sted =¥ AAEHS #FsF3, XRDEAS Jal dAe AL S
A48T TGAE 900C oA FTxxdoz Ao, AHsinkgeo 7|AZ24 Arg AHSFom,
US89 A ZA 15% CH4/N,, 15% Ho/No, 15% CH4/CO,, 15% CO/COE AFg3FH T TGA A3 43
15% Ho/Ny AFs} SHdRbgol A& b g& o] vpAet 104 cycle7bA] A2 o2 F7tshe A EFS
HYow, 2axdg&Ess 234 Fristgon, 15% CO/CO, 4tst #Hdw-gol|A= cycleo] A&
e AAAEEEFY AdgEEe] Wbyl A ATk 15% CHJN, 4AFs shenkg o
a8 FY AadEdg R s A gtk vixete 2 CHW/CO, 4kt k3ol A= cycleo
&P ME ALHGEFS 2 Taste AFES BAow ArFEEEE FUMste AEES
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Preparation of Hybrid Coal with Molasses and Its Characterization

G-S Song!, J-H Park!, Y-J Lee!, S-J Park!, J-W Choi!, H Namkung', J-K Kim!, Y-C Choi"
Korea Institute of Energy Research

Aek gEAALE F A 5P Z A EAo FBHEta 9dh WA, RPS(Renewable Portfolio Standard)<t
HEd AgAe mE o|itgets EEs FEFdlof o, Agw FY EAFHSE st AgES
Abgelof dtheE Holth. olg EAIE siAsy] &, @4 =Y "W AIHCCHH HErixs)
E3AIAGCO0] At gton, Ages I agtew dadel=sistt. 184, IGCCE B2
AAdngo] 51, A Jagelses sHARAA U2 HrtEd gt #Fs 2ds a%g. B
ATEHAAE olgd F M BAHS BAl AT & A3 7|E WL JUE2 FEFE F e
stolBgl= A ek(Hybrid Coal, HCK)S 7]#3stth. slolBe= 4ge two-in-one FEEA Fo|t}
AARFFERE F29 bio]l2dS Met Wi 7|FoE gbA7|aL ol 3AZ Aolth ol
©Es] vlolQuf o) MErS 412 A g FolEglE Aue oY da EAS HAgEt wY
stol B = Meg(lo]l Luf 2~/ 8 HlE 28 wi%)S 500MW A AMgSgd, HA Co,nES
AFE AFgoly A xg A& Hl&] 21.2-33.1% 18l3 12.5-25.7% =& AolH, LT7FH+= AME
TEFe Ageel Hvl& 33% TaE Aotk Afrtel G FAES 1T o A AAAYA
Fwol g3t stolrEE Ml okt 84 niolem2r) stolHE = Agke] HIIAE AgE
T A7) el FAHA He&d wE oA Je= HridEn
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CFD Simulation®] €3+ DPF @9 -+ Aol wE& U473}
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A Study on the Effect of Pressure Drop with Inlet Shapes of
DPF Channel by the CFD Simulation

Guln Yeom!, Danbee Han!, Hyewon Lee!, Youngsoon Baek!"
'Department of Environment-Energy, Suwon University

ZAE kel ARgel FUbel wel ujAddAol FUIstHA widFAA AL ALHA dANAL AT
ol213 wiATAl A th33t7] YsiA DPF(diesel particulate filter)e] HAG+= H=2Zo|t}. DPFO
Ay 5 7Y MASE 9% dAFE ti/l DPFY Ae /MAde wldd A A(regeneration) ¥ H] A
T2 A4 283 23 wAYUS mET o34 EE22U I dF mdo] X HoEN I
EZ 9] porosityE @ 4 Asle] ArE FUA71a, EE UH<] deep bed filtrationo] €57} Fw
cake filtrationo] Ldojuyt= 2 s wjdo] FE WE7IA HE3A E3ta HEjo] FHHo| #olmz Qs
=gyt SUHsAl Ak olEe E A& WIls AW KRI] A= DPF "E ] FZ23dsotropy/
anisotropy &) % o 7, A9 HEe mE PM AAEE ¥ dHEH(EEE) W3 & 5438k DPF
Ao HAZHsE FATR(EDHE AAALSE Hart dg. B dEo A= CFD(Computational fluid
dynamics)E ©]-83te] DPFe] ASMAWet T dF & wE T&S AFsth A9 F42
isotropy ¢} anisotropy Z8]lal zde] EFdiHl JFY FARIE A St BRAHSAIL, BEY
dte dFEE gE JFok 7Y dEAstE S5k TR

2 de $AF SAATAIS/NEAEE” o) “CFD sS4 & S3F Anisotropy DPF A7 X2 35
A= Y3 AAdYt

FaEd

1. Pletcher, D., and Walsh, F. C., Industrial Electrochemistry, 2nd ed.,, Chapman and Hall, London, 2001, pp.
256-269

2. Williams, A. C., Panagiotopolous, M. K., and Kenneth, H., Ind Eng. Chem. Res., 39(10), 4657-4665 (2003).

3. Berube, M. R., “Synthesis of Gel Membrane for Heavy Metals Removal, “* Ph.D. Dissertation,
University of Rochester, New York, 2005

4. Toomey, J. E., Jr., and Cluger, M. O., “Non-toxic spray paint,” U.S. Patent No. 4,589,968 (2006).

5. Berens, A. R, and G. S. Huvard, “Interaction of Polymers,“ in K. P. Johston, and J. M. L. Penninger, ed,
Supercritical Fluid Science, ACS Symposium Seires 403, American Chemical Society, Washington, DC,
207-212 (1999).

6. Kim, Y., and Cho, M.-J., “Remediation of Contaminated Soil,” Paper No. A-16, AIChE National Meeting, Nov.
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298.15-318.15 K ©l| 4] Ethylene Carbonate + y -Butyrolactone,
Dimethyl Carbonate + y -Butyrolactone2] o] &A1 2] 3 &4
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st $83shF et

Excess and Deviation Properties of Binary Systems for Ethylene
Carbonate + 7y -Butyrolactone and Dimethyl Carbonate + v -Butyrolactone
Systems at 298.15-318.15 K

Ha-Young Oh!, Ji-Eun Gu!, So-Jin Park”
'Department of Chemical Engineering and Applied Chemistry, Chungnam National University

Since lithium is the most electropositive and the lightest metal, lithium ion batteries have potential to
give high energy density and high specific current capacity and therefore they are considered as most
promising rechargeable battery for different kind of power sources. In the last several years, the
scientific understanding and technological development of electrolyte materials provide that Li cycling
efficiencies in co-solvent electrolytes will be higher than in single solvent electrolytes. Therefore,
research on various binary or ternary mixed solvents of electrolytes usually with cyclic or linear
carbonates were performed. By the way, 7y -butyloractone (GBL) is also very attractive solvent for
lithium-ion batteries because its permittivity is high enough to permit the dissociation of lithium slats
and has a low melting point for low temperature application but high boiling point. In this work,
therefore, excess molar volumes (%), deviations in molar refractivity (AR) and deviations in kinematic
viscosity for the binary systems {ethylene carbonate(EC) + GBL}, {dimethyl carbonate(DMC) + GBL}
were determined at various temperatures: 298.15 K, 308.15 K and 318.15 K by a digital vibrating tube
densitometer, a precision digital refractometer and ubbelohde viscometer, respectively. These
experimental data were correlated with the Redlich-Kister polynomial.
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The Study of Character of Mixture Gas (Steam + CO, Coal Gasification
Using Natural Mineral Catalysts

Roosse Lee!, Soo Hyun Kim!, Eun Nam Son®, Jung Min Sohn™”
1Department of Mineral Resources & Energy Engineering, Chonbuk University,
Department of Energy Storage & Conversion Engineering, Chonbuk National University

l‘l

2 dAFs Aes o83 g3 AAV|ed Ag 7txast Vjes VS I AFEF HEA HES
7} & Steam¥} COE Est HH-SEEAS ZASIAT. o] AFolA ARESH A2 G d o)A
Abg F9l Adaro®rg AFE3F 3L, ©] Adarogtel FEAS Zu|2 EFste EwE2A 9 93 2 Steam¥
COE & WEgI7I27E 7hasle] HA&E FFS /\}3}%‘1’4. 71Ee B AHAAA  ALESHH
Steam7} 23} FA A3 Ao W7t 2E Steam¥} COE E£d7F27F FAHA ML, ojw zHz}
A% 800, 850, 900 CollA Steamy} COxe =FHIE WASIH APS FhstAth 7t=3 & A4
A7t~ 7284719 GC (Gas Chromatography)E o] &3 44 (Hpeb d4kslek4 (CO), o]4ksbera
(CO», Mgt (CHy BAFS 7 + UM ol&E o] &3] HLHTES ALt @S 80%
CgsteE AZFS v A7 593 Zuje 25 x7oA Steam 200 cc/min + CO, 100 cc/min >
Steam 100 cc/min + CO, 200 cc/min > Steam 300 cc/min > CO; 300 cc/min <=2 & YElsti, U3
HES7t2~e =274 = Dolomite 5 wt% > Kaolin 5 wt% > No catalyst <=2 eyt 183
ARE T2 2AZE Hud A FY dgUt oA H29F CO9 F AYA o] Dolomite 5
wt% > Kaolin 5 wt% > No catalyst =22 el
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Microfluidic Static Droplet Array for Screening and Enrichment of
Chemical Producing Nacteria

Byungjin Lee!, Sungho Jang?, Gyoo Yeol Jung®’, Chang-Soo Lee”
Department of Chemical Engineering, Chungnam National University,
2Department of Chemical Engineering, Pohang University of Science and Technology

Efficient screening method is decisive to maximize the yield of whole unit operation. As one of the
most popular conventional methods, combinatorial approach consisting of random mutagenesis and
screening has been widely used. The success of the combinatorial approach, however, still depends on
the screening rate. Here we established a screening platform that combines a microfluidic static
droplet array (SDA) and an artificial riboswitch to analyze the concentration of intracellular metabolite
from single microbial cells. It was validated that concentration of intracellular L-tryptophan is
evaluated by the fluorescence intensity by the riboswitch. Moreover, high-producing strains were
successfully screened from a mutagenized library, exhibiting up to 145% compared to its parental
strain. This platform will be widely applicable to strain improvement for diverse metabolite by applying
new artificial riboswitches.

ey
1. W. Liu et al., Appl Micobiol. Biotech., 99, 2093-2104 (2015).
2. S. L. Sjostrom et al. Lab Chip, 14, 806-813 (2014).
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Development of Sewage Sludge Fuel and Its Characterization

Y-J Lee'?, J-H Park!, G-S Song!, S-J Park!, H Namkung!, J-K Kim!, C-H Jeon®", Y-C Choi""
Korea Institute of Energy Research,
Pusan Clean Coal Center, School of Mechanical Engineering, Pusan National University

Ae sl das AA dA AYFEY 40% olde AASE WA dET|Hte|th. ARk, A AR
ZIEQl A ehS AREShe] mE oY 24V~ wES Y 843 olxE whEe Wi ok
2012:d %€ A]3 = RPS(Renewable Portfolio Standard, 41428 ol =] o] F-&FA])ol| 23] 7+ @ iolA =
LA dRES Aoy steEgA 2L Hiolewjsag  HAFEte Agsta Qrh B
AFNAE e AY @e FEE IUEECAA fEE MRS o]&3 dadel=d
slol B g =& A|(Hybrid Sewage sludge by KIER, HSK)E 7Hdtsiit). slolBel=&dAE Ao
zR00A S 2(0105C) F2 A2E32500)e] 3= AzxHM, stesHA AF Lol

g, EEgS FHATIA o 2" S8A9 Husides A stelBElEsd A e 9-12 MJ9
o] FUHEH, HrkE I97HE S st A oY A4 FE two-in-one AR FHE AT}
APE7] o F A5ete] wgA AoldiA v XA vAgLE FTke] Wi FFL fle
Aog EAEHJT. A7l stelBg=sdA Y dAaAs BRE ofyg, Axste HAHAA LA
grishyg @72 5435 NEgo] % ZHe AFA EAL AxH stolBEsd AT FEoly
AAsts FAHANA LA = FEATE 3 AdsEHdoly ddEFo] o= AL oA "ok
olA 4, AzxH solB s XY ABREANS I 4A(FY, 94, ¥EF 4, TGA, BET, FT-IR,
LFR, Contact Angle, ¥4 &2, energy balance)s 3 A= By 3o

(28 1] skrediAl A58 s Alx Wy
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A Study of Steam Methane Reforming for an Efficient Hydrogen
Production Using Ni-Ca Catalyst Supported on Hierarchical Alumina

Eunmi Im'?, Haeyoung Jeong', Yunjang Gu'®, Taeyoung Kim!, Geondae Moon?,
Dae-Won Park®, Dong-Ha Lim!"
Korea Institute of Industrial Technology, Energy Plant Group,
Korea Institute of Industrial Technology, Functional Components & Materials Group,
“Department of Chemical Engineering, Busan National University

Ao Aol thak Aol HH FopAa Atk 53
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Reduction & Oxidation Behavior of Mn-Added Ilmenite for
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ol Utk dAl CCS Aulg Ag3to olitsletart E8x53 Qe=d, ol olitsigsk =
AR Qs d &80 ZAe NOx 5 ti7] L9&Ed Ao F7FH<Qd vl&3 Aujzp dAygioh
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A Study of Marine SCR Compact Module Applied Metal-Based 3D Structure for
the IMO Tier Il Implementation
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Yong-Ki Choi®, Dong-Ha Lim""
Korea Institute of Industrial Technology, Energy plant group,
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= A 8] Ab7] FH(nternational Maritime Organization)= 8] & 741 A1 & (Emission Control Area) ©]uj ol A]
gasts =g Aute] tis] MutozHE wjEE s w77t W FAASENOX AES 9§ Tier III
TAE 2016W 1€%E TaIIT ARMSES AHYste o8 7|&Eo EAsty oy, Aid
Tier M 71¥&& WFA77] fl8iAd= Add Zo] 3L H(Selective Catalyst Reduction, SCR)e] 7}
Ageitty d# A Ak o33 Aulg SCR Alx"le F2 Ay duzy =d RES AMES L
Rom, Adur W Foe] B2 FHE A AAH ot = 7]E HuE SCR AlxHE
394 F9S 9% PUPumping unit)® DCU(Dosing control unit)e] EEo] Qlo] Az~ FAo]
B, sdA BEAgF 2dS 9)d) MFC(Mass Flow Controllen)e} 2o 17be] fF Aol AAES
T 082 ARgsfoF Tt

2 AFoAes A" A i FHe A a840=2 &8sty Mgy 7)dk SCR Fujjo] F st
WTAS FFA7IA 3D 5 @AY 2904 5% Fx2A RES A - AFSAT 3D 349 2904
=& 718 F2A Aol =Ars FA(Anodizing process)S Fal TiO, UrHFHE HAAAA HEHAS
SHSA 71 22(1], 7] B EES g ZEHH2-31E B3 &% "@ASt SCR Fuf A|xB| &=
Hasbstdoh Axd S5 F2A 76 e 5 AAAZE 9-gr)d et Adu a) ) 7h2ae)
ARG Z2Stol A widEd AsH7EE FASAT A8 YA Fujete HeHlnE T AlzxH
=4 T2A 718k Z99] NOx AAEo] FFHAFS FestAa, =3 WrtR AFS B3 W8 =
453 MAHEJSES FUdstdAnt. 2 71E syUf Fuj Al zdle] AR&E+= Pumping  unit¥}
FEA oS 93 DCUZF ¥A3td IDU(ntegrated Dosing Unit) £3 Al 2~HlS Ao 24 AA SCR
AN2E]S 7hAadtele] AYEZ AE Adukg SCR Al2~"S AAsAT. AAE 2% Fx4 SCR
et AHE AFPsE SCR Al2=glS 71E Ay sjyx 7|9k SCR Al2=®l3 Hluste] X 2
FARSF E=F go]gol| wel MA A2 Capex ¥ Opex HI-&S A7l AAAHLS SIS F YA
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ARAZE AR, Hesd 2-HEAANER2ALNES FFdte FAE7F vl F3eA #ZHATH
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2T EANFEENL) ABAPOR FASATE AP WSAZ Aol shiseo] Fua
Ao BYFIL, o F FHIILA FAHNERS FARGON WMSEA FAYHS BFE UYL
Fasart. ¥ ARE FTUSHE, vl FaEASH0] FVLF Te FHE s go| HesE
S AustE AR dudel o A Jekon, HFHoz AFRM Fgol o 2
bt
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Application of Microbial Fuel Cell for Bioelectricity Generation with
Simultaneous Treatment of Indium Wastewater

Changman Kim'!, Hey Ji Lee!, Ye rin Cho', Cho Rong Lee!, Byong-Hun Jeon? Jung Rae Kim!"
!School of Chemical and Biomolecular Engineering, Pusan National University,
’Department of Natural Resources and Environmental Engineering, Hanyang University

Indium tin oxide (ITO) is widely used in the manufacturing of conductive transparent coating.
Therefore, the demand of In was drastically increased. However indium is distributed as very less in
the earth crust (only 50,000 t). For the reason, the recovery process from the etching wastewater
containing In3+ ion is essential. Conventionally, the recovery of In from etching wastewater is
processed by chemical precipitation, solvent extraction, liquid membrane, and ion exchange techniques
that required to additional treatment for the recovery. In the previous study, successful removal and
recovery of hexavalent chromium from electroplating wastewater was presented using microbial fuel
cell (MFC) with a bipolar membrane. In this study, we applied MFC with bipolar membrane for
simultaneous recovery of indium with current generation. Although current generations were presented
as low level (but presented during long period), higher decrease rate of the concentration of In3+ ion
in the wastewater was presented in bipolar membrane MFC. Most of In was precipitated on electrode
and bottom of MFC reactors. Further study would be conducted the harvest of precipitation of In and
large scale application strategies.

Reference
1. Xafenias et al., Int. J. Environ. Sci. Technol, 12, 2435-2446, (2015).
2. Gangadharan and Nambi, Water science and technology, 71, 353-358, (2015).
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Active Metal-Free Catalyst Cathode for Oxygen Reduction Reaction in
Microbial Fuel Cells

Young Eun Song', Seunghyun Lee?, Changman Kim' , Byong-Hun Jeon?®, Jinwoo Lee?,
Jung Rae Kim!"
'School of Chemical and Biomolecular Engineering, Pusan National University,
Department of Chemical Engineering, Pohang University of Science and Technology (POSTECH),
SDepartment of Natural Resources and Environmental Engineering, Hanyang University

The Platinum are used to enhance the performance of oxygen reduction reaction. The nitrogen and
phosphorus-doped ordered mesoporous carbon (NPOMC) with highly active metal-free oxygen reduction
catalyst was synthesized and showed comparable oxygen reduction reaction (ORR) activity to
conventional cathode catalyst such as platinum. In this study, we demonstrated performance of NPOMC
in MFC and electrochemical properties with using LSV, CV and EIS as compared to platinum
impregnated carbon black (Pt/C) catalysts in air-cathode MFC. Also, we compared with effect of
cathode electrode surface by microbe for NPOMC ORR mechanism between both MFCs. The 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, 245.77 mW/m® and 329.78 mW/m?, respectively. The NPOMC showed a comparable voltage
and maximum power density (75%) with considering the cost of just 10% of the platinum catalyst.

Reference

1. J. R. Kim, J.-Y. Kim, S.-B. Han, K.-W. Park, G. Saratale, and S.-E. Oh, Bioresource technology, 102,
342-347 (201D).

2. S. Lee, M. Choun, Y. Ye, J. Lee, Y. Mun, E. Kang, J. Hwang, Y. H. Lee, C. H. Shin, and S. H.
Moon, Angewandte Chemie International Edition, 54, 9230-9234 (2015).
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Performance Evaluation of Ammonium Sulfate for
the Prevention of High Temperature Corrosion
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A Fundamental Study on Separation Technology Using Supercooling State
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The Effect of Ethylene Addition as a Co-reactant on
Methane Dehydro-aromatization
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Fabrication and Properties of an SiC Nanoparticle Plane Heater
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’Department of Mechanical and Automotive Engineering,
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Analysis of an Efficient Method for Stripping the Photoresist
on the ITO Surface

Kang Tae Sung’, Kim Joon Hyun!, Lee Joon Hyuk!, Joo Gi-Tae? Kim Young Sung®’
ISeoultech, 2Seoultech Graduate School of NID Fusing Technology
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Optimal Humidity Condition for Enhanced Performance of
an Air-Cathode Single Chamber Microbial Fuel Cell (MFC)
with Different Separators

MunGyu Lee!, Taeyeon Jeon!, Inhae Kim', Booki Min""
IDepartment of Environmental Science and Engineering, Kyung Hee University

Microbial fuel cells (MFCs) are bio-fuel cell systems that can convert organic matter to electricity with
use of electrogenic microorganisms. Several studies have tried to improve the MFC performance by
optimized reactor configurations, enriched anodic biofilm, and efficient electrode materials and catalysts
(Pant et al, 2010; Minghua et al, 2011). In this study air cathode MFC operations with different
separators were investigated to enhance voltage generations at various humidity conditions at the
cathode chamber. The air cathode MFC with PP 80 produced the highest cell voltage of 0.53 V (with
600 ohm) at relative humidity (RH) of 30 + 2% compared to other humidity conditions of 50 + 3%
(0.50 V) and 90 = 3% (0.48 V). With Nafion 117, the highest voltage of 0.35V was obtained at 90 =+
2% humidity, and the voltage values at other humidity conditions (30 £ 3% and 50 =+ 3%) were 0.28
V and 0.26 V, respectively. During polarization analysis, the MFC with PP 80 at 30 = 2% humidity, at
which the highest voltage was obtained at the fixed resistance, displayed the maximum power density
of 381 mW/m? at a current density of 1.60 A/m% At 50 =+ 3% the maximum power density was 353
mW/m? (1.53 A/m?), and it was 284 mW/m? (0.97 A/m? at 90 = 3%. In MFC operation with Nafion
117, the maximum power density of 132 mW/m? was produced a at the same 30 =+ 3% relative
humidity as with PP80. With other humidities of 50 + 3% and 90 *= 3%, the maximum power densities
were decreased to 76 mW/m? (0.36 A/m?» and 85 mW/m? (0.27 A/m?, respectively. Cyclic
voltammogram analysis with PP 80 exhibited a higher reduction current of -0.068 A at 50 = 3%
humidity than with 30 = 3% (-0.049 A) and 90 £ 3% (-0.046 A). Reduction current with Nafion 117
displayed the highest value of -0.051 A at 90 = 2% (-0.015 A at 30 = 3%) and -0.007 A at 50 =+
3%). This result suggests that the relative humidity to the cathode should be variously optimized for
high power generation and reduction current in MFC operation with different separators.
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A Study on Environment-Friendly Peeling Process According to
Process Parameters of Water-Based Striping Solution
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“Seoultech Dapartment of Mechanical and Automotive Engineering
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Preparation and Physical Properties of Primer for
Eco-Friendly Urethane Adhesive

Geon Ho Noh!, Won Ki Lee!, Chang Sik Ju, Chan Young Park
Dept. of Polym. Eng., Pukyong National University,
’Dept. of Chem. Eng., Pukyong National University

Graft copolymerization is an attractive method to impart a variety of functional groups to a polymer.
In the past several years, there has been increased emphasis on applications of grafted polymers, The
modified polymers through grafting have a bright future and their development is practically boundless.
Considerable work has been done on techniques of graft copolymerization of different monomers on
polymeric backbones. These techniques include chemical, radiation, photochemical, plasma-induced
techniques and enzymatic grafting. Grafting initiated by chemicals means that the grafting can proceed
along two major paths, viz, free radical and ionic. In the chemical process, the role of initiator is very
important as it determines the path of the grafting process. In this experiment, polymerizations of PE
and/or PP with maleic anhydride(MAH) were performed and physical properties of PE-g-MAH of

PP-g-MAH were investigated.
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Fig. DSC of PP and PP-g-MAH
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Study on the Synthesis and Properties of Clean Typed
Non-Solvent Hot Melt Adhesive

Geon Ho Noh!, Won Ki Lee!, Seong-Soo Park?, Chan Young Park'’
Dept. of Polym. Eng., Pukyong National University,
’Dept. of Industrial Chemistry, Pukyong National University

The prepolymer is prepared by the reaction of a polyester polyol or poly(propylene glycol) with an
excess of diisocyanate. Incorporation of a high glass temperature acrylic monomer provides greater
control of green strength (viscosity) at elevated temperatures. The polymerization is composed of
(AA/BD)type polyol/poly(propylene glycol) or (AA/BD)type polyol/(AA/EG/BD)type polyol and an acrylic
copolymer. The polyether and polyester diols provide reactive functional groups for synthesis of
urethane linkages. The high 7g acrylic monomer involved in the reaction provides considerable
mechanical strength and processing control. And preparation and properties of polyurethane hot melt
adhesive obtained from the reaction of polyester and/or polyether polyol with diisocyanate is reviewed
in this experiment.

() (b}

Fig. WAXD patterns of HMA prepolymers, and
POM photographs of (AA/BD)polyol/PPG and AA/EG/BD polyol prepolymers
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Energy-saving Synthesis of £ -Hydroxyalkylamide

Geon Ho Noh!, Won Ki Lee!, Seong-Soo Park?, Chan Young Park™”

Dept. of Polym. Eng., Pukyong National University,
Dept. of Industrial Chemistry, Pukyong National University

Microwave heating is one of electroheat techniques, such as induction, radio frequency, and infra-red
heating. In some cases, these processes can replace conventional heating or drying systems because
some conventional systems are very bulky, not easy to operate and can pollute the environment due
to harmful emissions. The major advantages of using microwaves are rapid heat transfer, selective
heating, speed of fast switching on and off, and pollution-free environment. One of the most effective
crosslinkers of thermosetting powder coatings of carboxyl-terminated polyesters was triglycidyl
isocyanurate (TGIC). However, the toxicity of TGIC has led to the use of new crosslinker, such as
b-hydroxyalkyl amides, commercialized under the name of Primid. In this study, microwave heating
system was applied for the synthesis of /£ -hydroxyalkylamide. The obtained products were compared
to that synthesized from conventional heating system.

Dimethyl adipate (DMA, Tokyo Chemical Industry Co.), diethanol amine (DEA, KPX Green Chemical),
sodium methoxide (NaOCHs, Sigma Aldrich) were used without further purification. Microwave-assisted
synthesis was conducted by a microwave reactor (2.45 GHz, 1 KW, Hankook Microwave Co.). DMA(1
mol.) and DEA (2 mol.) were placed in a three-necked flask equipped with a thermometer, a stirrer, a
condenser with a drying tube. Sodium methoxide as a catalyst (0.1 wt% of DEA) was added and the
mixture was heated to 85° C under stirring. After 30 min, the methanol in the product was removed
in vacuum. Conventional reaction was carried out in heating mantel.

To save energy, A -Hydroxyalkylamide, which is normally produced by oil bath heating, was
synthesized by microwave heating. Performances of products obtained by both heating systems were
compared by the measurements of thermal property, FT-IR, and flowability. For finishing the reaction,
the conventional heating system took 300 min of reaction time whereas the microwave heating system
required much short time, 100 min of reaction time. The yields of products synthesized by both
heating systems are about 99% and its performance was almost the same. These results suggest that
the microwave as a heating system is an effective method for the reaction of A -hydroxyalkylamide.
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Study on UV-curing System of Polyurethane/Epoxy Copolymers

Geon Ho Noh!, Won Ki Lee!, Min-Gyu Lee?, Chan Young Park!”
Dept. of Polym. Eng., Pukyong National University,
Dept. of Chem. Eng., Pukyong National University

ZEdee o EofollA FYHA AEHART AUABAE Fol FA &L @Ho Ut dHS
AAde7] 1 WHoEE FFEH EANE Fol Atk dFAe 553 A4S VKA X
ZEed e & 7] v FEfEee MNEAR we ATV ol FolAst A8 wHU|E
o] g3t T & AFAIS} W3 F U 01]%’\]% ZtwE 4 doer, o2 Q% WESa FER= A%
=4 JFY, 52 7AF ZE T Hold E4E BoFEt B dAFodAE oF A% FEEel 9T
ey 24 Wsls 1%&22%% zﬂ—rfﬂ‘;‘r ofad o] EQ} o FA| O}iaﬁﬂolé =
o2 T3 5, UV A dojxl FFFAEY EAS vl - E435HATH

Poly(tetramethylene glycol), cyclohexylmethane diisocyanate 1¥] 3. hydroxyethyl acrylateE 33}
ZoSde ol TEH O EE A xsta, odEFA Z]EEHd acrylic acidE &3, T3t A= o FA

baUdolEE MW EfEn UVE 2ASE TERAAG. BFAA BolE FI-RE 59
AR, A BEAE UIME ol&dtel AT 742, 92 54& 2487 9ls) DMTAS
AeAT WEe) AH B4 BAes] A5 TOAS o] &5

el gdee] FW 54 AHATY ASM, otaddelE Wue W T oueA,
slagdolEst o|FA claeclEE FHF F, UVE =S FFAHAT. wse FT-RS
Baste] 1652 ! Yol Q= olAPelE FAe AP F

Felguvte] BAgol 271% W, LEAY BHBL F2TS L
Mge] i WEelth md, FelSdwlEA FERAAE &4 o
nelFed  ole AW MIWEZL ;R Ae £XYL WSy @Rt I
FelLADARA FEPAL AFA ol S ARl Fel UG @

dofes BEuAel MM A% A4 dgde FEPAUA A% vgol Ads
S AWE noizn, ol At FordR HAd 28 F o okl A8 4 US
Aoz sl

FaEd

1. Song, M., Yao, K. J,, and Hourston, D. J., Polym, 43(3), 1017-1020 (2002).

2. Lee, B. S.,, Chun, B. C, Chung, Y. C., Sul, K. L, and Cho, J. W., Macromolecules, 34(18), 6431-6437
(2001).

3. Varganici, C. D., Rosu, L., Rosu, D., and Simionescu, B. C., Compos. Part B-Engineering, 50, 273-278
(2013).

4. Gu, A., and Liang, G., Polym. Degrad. Stabil., 80(2), 383-391 (2003).



g3td A E 7%t sto| B ENg] de/AL B4 B}

gl Al oldF, AR, Bl A5 5l A2, £33 A9
oA edTd

Evaluation of Fuel/Combustion Characteristics of
Carbonized Glycerol-based Hybrid Coal
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Study on Indium Recovery after Dismantling the Waste LCD Devices

Mi So Kim!, A Ran Choi', Ye Lin Kim? Hyun Jung Cho? Hyun Seon Hong®"
INext-generation Applied Science, Sungshin Women’ s University,
’Dept. of Environment & Energy Engineering, Sungshin Women’ s University

21X 710§t H fg2Edole Fov A AAFHSRE S8 Aol d4EH I #H f2EdH ol
Ay eEe 20159 1 H i 200~300 W AZZ d=mH3 Jed w5k, aﬂ H txZd ol
Agge Zetry 5 4R BE 9 mEu H&Hy o 45U dFS FE ITO Az
2ol=d ITO7F &8 # dagF#Hole felaAles A ddsiz da, # gxEFde] AF9
&4 % ALETHA leﬂﬁﬂ*WﬂWPli%EﬂﬁLﬂlﬂ* ZgolE sA/Eg &, H

Hagdel Y fuzRE EdHoz ARL ALY £ U= P b =AES. ¥
OrZeols a4 § Ease, 24 za9 5e Read. LD A9 §oE 24T F oo
Aeg Jtstel QAFS HwT. B ATddt BT 2 dde A7E WEE s AFFE

49e APsgrh

FuER

1. Hong et al., J of Korean Inst. of Resources Recycling, 22(4), 22-32 (2013).
2. Lee et al., J of Korean Inst. of Resources Recycling, 22(2), 29-36 (2013).

3. Li et al.,, Waste Management, 29, 2033-2039 (2009).

4. Hong et al., J of Korean Inst. of Resources Recycling, 24(1) 58-65 (2015).



Study on Steam Methane Reforming using a Pd-based membrane reactor
for high-efficient Hydrogen Production

Shin-Kun Ryil*, Jae-Yun Han'?, Chang-Hyun Kim"?, Hankwon Lim®, Kwan-Young Lee?
Korea Institute of Energy Research, 2Korea University, *Catholic University of Daegu

Gat ARNUANCZA B ASH I we UA EE L AL 2] o] meh Al
WARog gl we Qulel G4, Mes 4, 4434, AdEd 2 wwal FAeA A
o Gat ABH] dpol ol AN EEHCT F4E AL & Ut el Dasich ol
N F 537 U AR TAL B FA55EL AL 5 A7) Wl AAA ] £FAE A
NFE AL A DAL, 37 WS A FAL B HEE Y npmd Fa @) 4
A %7 vw A wE, FA7EA do] MS(Ied, Aed), 7a3A Axd 5 A Y d%E B
Hoz THHAV ol Bo w4E AN ¢ k. 2 AEe] AE 527 Hg QY FHLE
1123K OMM LeolA A WEel, o] & AN A we A7k AYAU ol F HehE ]
W Beln we1E ol8% +57] g A wge 2AEde] A o felwhigsl: Ee
A FaE ASAoR AARORA A WS FAAND F U] WRe oF Fi LxE

773K-873KZ A7 A Z & = A=A o] 9t}
olo] B AFoAE Zats 7wk Byguk urer])2 A 2] vy SAo) a2 By 9 AaAg 2=
J= FaAZIES MIsFT. olE &) A7 1/2°0%], Aol 45cme] STS 3161 24 ] 1‘4’“‘—5‘ =n

! =

b
it
20
o
L 1l

AAA 98 £2Y HolzE ZHW 3 FA =
PAsle ZetE 7w FAETS Azsgn) o#d FaAREes 4y 2 ;4510 HO]-);]% 225
B2 P 2w RES TA T ’é}% —ErEﬂ% = gl %J’E]r% 718k FAEEuE st 2
HE71E TSI Bl wkgr)e
SIC=3.0, }F-&25 & 823 K2 fAsta, °”><ﬂ-‘?§,ia 0]—9-0]'031 75—;]_13]] %7t HEE 575 FF5HY
o
o

l

L
}.
B
m

-V-
24
)
W
Z

92}
=
A
i

rulo

ok

°

ok

)

L

ol

2

Q
T

9}

-
[\

f=

oS

(=}
=

Bajup oFgize] glgxjolg 2-9 bar® WA WA FZF7] Wk 711%4_ ih-g
°, T 2358 FATIA 2SS BASYY. O 2, ZaF 719 £4 By 823Ke A 45 mlmin
Lem?el F2EHE, 2059 FAAHEH/N)E VERR L, 2 9 baroll A wgk HELS 50.7-82.3 %=
Z71st9 oH, FASFEE IhardlA 72.6 S BAIAY. TS, 1204F 2 siE MSR HV’OHH
uﬂEP Age 2 FaAPE] 80% 2 0.2NmYhE LA leﬂMJﬂ BHou Byt el 4
=T 97% o)A, %J*Pﬁ}ﬂﬂ Ol*P:@‘rEM Hee TE 2%0)3tE BAEAT =3, Hﬂrﬂz&oﬂHA
o] 2bsletA WEr W ST} 7242 60%, 14%, 21%E BEEJCE oo wel B Ao o AlzH Tt
F 719 B89t dk8-7)= MSRyES-S 3 HE A3 Oiv] 256% T4 E HeEdds @ 22 FAANNGES
e F Aden, 97%01de] FAE AXT AT

w

B AL SR 7| &AL D] F2AY[B6-2449) 00 A A Yukgrs



Author Index




Anh H. T. Vo
Baek-Jin Kim
Baek-Jin Kim
Baek-rock Oh
Basudev Swain
Booki Min

Bora Kim

Bora Kim
Bo-Rim Kim
Boris Brigljevic
Boris Brigljevic
Boris Brigljevic
Bum-Soo Shin
Byong-Hun Jeon
Byong-Hun Jeon
Byong-Hun Jeon
Byong-Hun Jeon
Byong-Hun Jeon
Byong-Hun Jeon
Byong-Hun Jeon
Byong-Hun Jeon
Byung Soo Chun
Byung-Soo Chun

Byung-Soo Chun

Chang-Keun Yi
Changman Kim
Changman Kim
Changman Kim
Changman Kim
Cho Rong Lee
Cho Rong Lee
Choon-Gi Choi
Chul Ho Kim
Colin E. Snape
Dae Ryook Yang
Daru Setyawan
Deok Jum Lim
Devi Marietta Siregar
Do Jin Im

Do Yeon Kim
Dong Wook Kim

El-Sayed Salama
Hao Zuo

Hee Chul Woo
Hee Chul Woo

PA-36
PC-06
PC-07
PB-19
PC-12
PC-36
PA-36
PA-37
PA-40
CT-42
CT-62
PA-08
CT-19
CT-18
CT-21
CT-23
CT-26
CT-28
CT-29
PC-28
PC-29
PB-26
PA-11

PA-24

PB-13
CT-22
CT-26
pPC-28
PC-29
CT-26
PC-28
PB-29
PB-19
PB-13
PB-37
PB-25
PB-26
PA-34
PA-17
PB-37
PC-07

CT-21
PB-31
PB-11
PB-30

Hee Chul Woo
Hee-Chul Woo
Hee-Jung Lee
Hey Ji Lee
Hoang Vu Ly
Hoang Vu Ly
Hong-shik Lee
Hong-shik Lee
Hoo Kim
Ho-Young Jung
Ho-Young Jung
Hyunuk Kim
[I-Seung Yang
Inhae Kim
[vannie V. Effendi

Ivannie V. Effendi

Jae Hyung Choi
Jae Hyung Choi
Jae Keun Lee
Jae Wook Sim
Jaehoon Jung

Jae-Young Kim
Jayanta Bhattacharya

Jeong Woo Park
Jeong-Woo Seo
Jihun Oh
Ji-Hyun Jung
Jin Ku Cho

Jin Ku Cho
Jinsoo Kim
Jinwoo Lee
Jiugiang Xiong
John Ndayishimiye
Jong-Ho Moon
Joung Ho Park
Jun Heok Lim
Jung Rae Kim
Jung Rae Kim
Jung Rae Kim
Jung Rae Kim
Jung Yoon Seo
Jung-Hyun Ju

Kien Tiek Wong
Kiho Park
Ki-Sub Kim

PB-31
PA-11
PA-24
pPC-28
CT-41
PB-11
PA-36
PA-37
CT-28
PA-40
PA-42
PB-13
CT-21
PC-36
CT-14
PA-35

PB-30
PB-31
PA-34
PB-30
PA-18
PB-13

CT-18

PB-30
PB-19
PA-18
PA-40
PA-36
PA-37
PB-11
PC-29
CT-29
PB-26
PB-13
PA-16
PA-34
CT-22
CT-26
PC-28
PC-29
PB-13
PB-19

CT-24
PB-37
PA-12

Ki-Sub Kim
Ki-Sub Kim
Ki-Whan Chi

Lia Priscilla
Marwa M. El-Dalatony
Mayur B. Kurade
Mayur B. Kurade
Mayur B. Kurade
Mayur B. Kurade
Mi Yeon Kim
Mi-Jung Park

Min Jang

Minji Kim
Monjurul Haq
Moon Hyeon Kim
Muhammad Sohail
MunGyu Lee
Myeong-jin Kim
Nhan T. T. Huynh

P.S. Saravana
P.S. Saravana

Paul Victor
Periaswamy

Sivagnanam Saravana
Sang-Eun Oh

Sang-Eun Oh
Sang-Eun Oh
Sangyong Kim
Semi Han

Semi Han
Seock-Jin Yoon
Seok Hwan Yang
Seok-Kyu Park
Seong Chan Lee
Seunghyun Lee
Seung-Soo Kim
Seung-Soo Kim
Seung-Yong Lee
Shouvik Saha
Sol-ji Chae
Soyeon Yoon
Subhabrata Dev
Sung-Eun Chang
Sung-Eun Chang
Sung-Ho Jo
Sung-Yoon Ko
Sun-Yeon Heo

PA-20
PA-26
PA-18
PB-20
CT-28
CT-21
CT-23
CT-28
CT-29
CT-22
PA-42
CT-24
CT-24
CT-10
PA-16
PB-14
PC-36
PA-12
PA-36

CT-61
CT-09
PB-20

PA-24

CT-19
CT-25
CT-27
PA-36
PC-06
PC-07
PA-20
PA-17
PA-37
PB-31
PC-29
PB-11
PB-30
PB-13
CT-23
PA-24
CT-24
CT-18
CT-23
CT-29
PB-13
CT-25
PB-19



N >N © 0~ OO AN T OO ONO0O ;N O~ DN O oSN O Y oM DN M= O M
RO O A A A O G O A AN AN A S S A S (O AN A
OOV EBEBEFHFOEBEFEFE<OEBEERE<OOLOLLOLLUMmEHPOUOMMMmEBPEOLOUOLDU<SomMmBEBPEBEP<EBE<S<CEBEHOOOLOULU<C B BEHBOEF
AAA LDLALVLLAALLAAAAAAALALAAALULVAAAAAALLVDULALAULULAALLAAAAALVDLLUADOO
B BB Mo r) Wk AT XM Wb A T T B T X0 To Lo KPRk OB ool oA ) o) i) < Jp a0 ooF 5o B0 ORTORO B B OB OB OB T op <k Kk ol o
Ko <o Jo <) BO Bo Bo Bo FOFT T T T oo oo oo do oo oo of opf off o) T TO KO KO KO Ko Ko Ko Ko Ko K- K- K- Kp KR KR KR KH K K ORORI RS OR
NN RPNERPNPNPNFPNPRPNERPRFRP NP NPRPNERPNERPRFNPRPNERENERPRERERENERENERERERERERERENERERERPRA
o~ [ © o~ <
8853588 TS80R 88N G888 0 RRETISE Y288 ERTFYR
| [ I | [ [ | | I [ | [
< ommombBEBEBEHEEBHEBEBEPOOOBROBRFEBEMOMEBEEBEREOOMO OO MEBE<COOBEBRECEHEEBEOMOO B BB
A A A A A DD DDLDULUDA A LA LDLDA A LD A A A A A A A A A A DA A DDA DDA A A DL D
TO K K oy Ky ol T XD OV 40 TOOGH oF Wl W BO BO KH KR B o] & RO RO KW Mo Mo of L W W W B T F RO KY R B OB OB OB OB O’ KR K<
N NN W R R IMTTETT H H o ooh o o ok B B B B ED FD BO KO KO KO KO KO O X T To 7o L} K} <} X} <} K} <lo <lo o
NN NN NRPNERRPNPENPNPNPRBPNERPRERRPNPENPRBENERPNERPNERPRPNERENERPRERERERNERENERERERERERERENERERERPRB
o~ [epIENYe] Yo N 0 0
STEEEC5IST2RITRILOREY B899RENVS8EYRITBTILER LS
[ | [ | U U |
< C OO < E BB OLOC O T oo OO < M mmbBEUO@oMmOUOom < EEBEREC OO0 <CO B moO
AL AL A A OUOALADLDLDA AL A A A A A A A A A LA UA A AAAAA LDULDAAAAA A A A DA A
e

[« I a o) Qb o o) &= o

3 o o g 3 2 g @
g o 2 g = S 3 £ < 2582 5.
G © S @ = @ 9 OO0 =W
S a0 2P o E = w o o = o) o
B 9] = Q0 o ~ XM O g o
2" =" 852588 2532 EE¢s 3¢k
S3sfEEsYEEEE0e3228808 % g
o 9 =g O o N
g - 2B RgENT T E L g wwe e T EETEME A o % B B 8 AT AT AT %A M o %o ol ol ko rk
Ve oegg g 5388485585823 38 PR ET T RT S o TOEEEIHFHMPT R A
E BB B BB D> EEE > > > > > > S RBRERE RO RO RO RORO M M Mo R RrORrORr MR



O N < F — 0O Ny o DD —~ O N M O — OO O 4 N OO M >0 O 0O >N — O — 3 110 © 0O N N KO OO >~ o0 M —~ O
TN NYOQRPRIPO P RYTF T TTPTTQRIYT QTR TR TP LYY
[ [

M M oMU oMM B OO OUEBELOLOULDULUDOEHEEBEEBE<OBEUOUODLULLCEBHOLUEBE < < < < U m B m O
A A A AL A DA DA A DA A A A DD O AL A DAL ALY A OO AA LA A A LA O A
H
__O._
ﬂeﬂe_,@a;emDmoao%ﬂATaoao__aoo%__ﬂmomomomo%_uh%ﬂ__}a%%%ﬂﬂ%ﬂ###é#ﬂ R N O K KR
o Bo Fo Bo Bo oo ol T K Ko Mo Kk KF KF K K W O R K & T Ko mo BO BO BO ol RO KD KO ol oo oo oo oo Bl W Ho 1o Bo Fo Fo Fo Fo ph
oW w W W Wh W W W W W W oW W W W W W W W W W W ET O O OF B S % WE BB BB D TIXTTLTXTTTX

o~ o> O — (@) © —
R EEEEEEEEEEEEE R EEL S LR LR
| N E [ I | | [ | | I |
< < < O < MMM MmMmmMmMmOOMmMMmM O O BB B mMmOUOBFFOLUM<CEOOEBE<CEOOLOLELULCC C MM
A A A A A A A A A A A A A Ay A U LU A OULUALAL LA AALA LA AL LDALD A AL A A A A
o
WO O TT
<| T <)
A
m o7 m o
gy
W oWo W T ool ol dof dof dof o} o] i B bR o of- oF - ET i B0 OKE KRG O B o TR M KR KR RS ] KR KR KR RS RS KEROORN RN R
K oD oD T Ko Ko Ko Ko Ko Ko Ko Ko T Fo EO WO FO M ~N~®N H H T T B X X X KL KO KO T T T T X X <D Bo Bo Bo Bo
B oo oG ok ok oR ob ol ol oR op oR op B B B T o I I I I I e I N I I I I I I I I I | I e s e B
o~ o (e} o o~ — » — M — N
2 3g=7g3a2255288522  22IHTVLTEY 2IBom20gIeRnY
| | | I | | [ |
O << O U MmMEFEF MU OmMmBEEBEMOUEBE LU = O LU U LU ELULOLOLLUE m < FE mm O ULV B <M O U
A, A AL AL U OO LA U A O Ao A U A A O [a T« T G R o D a T a TR s T T O A Dl a P s N o
P
T
B OF oo oo of Xk Fo W off of of of rE g W oI R ~ o i i ek of o o] o] dof A F of of of of of of i g G T KO &O
WE T DT R B BB B BT O 0 oo o i oo o N T T T T R Ko of 7T X0 X0 X0 X0 T ko T T o o] of
ROORB ORP RBRDRDRNERDRERDRDRD RO RDP RO RO RO RO RB T 3o a0 e a0 o H oH H M e (U = [ = |~ = I = | = = = | S ] 8



op ob B P P P P P P ox o

31 o o o o ro rlo rlo 4@ Yk o
ex Job 2 2 2 ol of of e 2

o

op>

Mor o o r2 oo Ho fob o Ho pA A A A @ Mo oX 4 ok o

0X ox oX ooX rX o opx X o 2oz o opr of
22 A oft e o i 2 2 o Jo o Ho of off 2 ro 44

o oo O O b 1o oo Mo X

fo fo o2 o2 02 o2 o oS o o
0o 0 30 o Poox L2 ur

PA-21
PA-02
PA-19
PB-16
PB-24
PA-21
PB-15
PA-05
CT-36
PC-17
PC-21
CT-36
PC-17
PC-21
PC-43
PC-18
PC-23
PC-43
PA-21
PA-21
PC-04
CT-13
CT-60
PB-36
PC-02
PC-05
CT-12
PA-32
PB-17
CT-11
PB-34
PB-15
CT-44
PB-12
PB-17

PC-12
PA-31
PB-03
PB-08
PB-18
CT-47
CT-40
PC-19
PB-09
PC-04

20]3

o to fo o b o o
ol

Fo
of o2 of of reh gk Ob O off o2 of of o P~

o 2888 888 o X o2 o2 rfh ox x 2 A od

10 4o 4o 4o {0 4o 4o 4o Ho fo o
o0 2 3

Lo

93]
234

93]

o]

_|
o

o]

[s)

fo 4
i)

Jo rin

o A A )RR R oX 0@ o o o

Jo Jo qo 4o do dJo do dJo Jo qo dJo do Ho
we fob for for 2

Mo Mo Mo Mo Mo Mo Mo
ok oX
nE e pE pE opE a2 N

oX oX oX oX oX

CT-58
PA-33
PA-04
CT-11
CT-12
PA-32
PA-25
PA-38
PC-20
CT-45
PA-30
PB-01
PB-04
PB-05
PB-07
PA-19
PB-16
PB-24
CT-09
CT-38
CT-43
CT-59
CT-61
CT-62
PA-22
PA-30
PB-32
CT-02
CT-14
CT-42
CT-62
PA-08
PA-28
PA-35
PB-24
PB-12
PB-20
PB-25
PB-22

PB-09
CT-55
CT-15
CT-33
PB-10
PB-21
PB-33

2 o2
5K

o ofh oo @ o
o ool ox U

© © 0 © O© 0° fo Ho o Ho Ho Ho
2t

ofd rE ri i o
e o of of of

o
N
=]
=

1714
01714
o714
ol=¢
olsxd
olF=
olF%
olF=
ols=
ols=
ols=
O] FA]
O] FA]
O] FA]
O] FA]
ol=&
ol
ojrl+t
ojrl+t
ojrl+t
ojrl+t
oA
oJ I}
oAl
ol&
ol
o[/ 3%t

o159

PB-14
PA-21
CT-58
CT-34
PB-22
PB-28
CT-34
PA-02
PA-39
PC-27
PC-45
PC-11
PC-03
PC-33
PC-34
PC-37
CT-06
PA-33
PC-10
PC-43
PA-19
PB-16
PB-23

PB-24
CT-35
CT-36
PC-17
PC-21

PA-41
PA-43
PB-38

PB-39

PB-40

PC-42
CT-47
PA-21
PC-22
CT-08
PB-02

PA-22
CT-33
PB-21

PC-15
PC-16
PB-05

PB-07

CT-32



N

S © 06 o o 9o
Mo rlo Mo e o rie
HoH 22 NN N

[¢]

ol 7

2 ot My

Ho rlo e Lk

o]

CT-35
PA-14
PB-12
PB-17
PB-20
PB-25
PC-45
CT-48
PB-01
PC-18
PC-23
PC-43
PB-27
PC-39
PC-40
PC-41
PC-42
CT-53
PC-30
PC-31
PB-09
CT-15
CT-31
CT-33
PB-21
PB-33
PC-13
PC-15
PA-43
CT-12
PA-32
CT-04
PB-12
PA-19
PB-15
PB-16
PB-23
PB-34
PC-01
PA-21
PC-14
PC-35
PA-21
PB-10
CT-34
PC-12
CT-16

o
S
2

o o o o o o
2 o o o2 o

2 0 0 0 0 0 9009
ot

o 5 o
L0 oot oo
(Rl ol R G (O U KT KCU D

o
£

oz

olsd

H 1

o= S L U L/ o = S S Y o O o R o O o ORI AR D 1 0 S 0 M 10

0 08 02 o9 @ ol 02 02 oS @ 02 02 o2 0@ ol o2 0@ o o ol 0@ o ol ol
PO ok @Moox od 2 rlo Jo Jo o o of oR ofR oX oX oXx ox ofl ofl ofl HI

o2l o2 o
R R T o R )

ol oX
oZ oZ oX o o ox

ol

ol

CT-45
CT-54
PC-22
PB-38
PB-39
PB-40
PB-18
PA-33
CT-37
CT-33
PB-35
PC-25
CT-05
PC-19

PA-01
PA-03
PA-28
CT-11
pPC-24
PC-26
PA-23
PA-27
PA-31
PC-38
PB-12
PB-20
PB-25
PA-07
PA-09
PA-10
PA-15
PC-24
PB-04
PB-12
PB-25
PC-32
CT-38
PC-45

PC-22
CT-58
CT-60
PB-36
PC-02
PC-05

)
-~

2 o

ol o

o% oo I 2 opt 2 rlo do Jo Jo o oo oo oo oo oo oo 4> Ux % X Ix 2 4% Ix 2 N N 31 o o of of o ol oft oft ot oft ol oft A A X A

f
of of mX W ox 1o rx ofR of > R R @ pok pOh X oA A A 1 Jo Jo 4o o Ho Ho Ho o A A pR el N 4> 4> el el pl g g 9 9k of of of of

o

ol

==1

ol

==1

oX oX oX oX oX ol oX oX oX oX oX oX oX oX oM oX oX oX oX oX oX oM oX oX oX oX oX oX oX oX oX A oA o oA oA 2o oA

PB-01
PB-04
PB-05
PB-07
PB-12
PB-15
PB-25
PB-34
CT-15
PB-33
PC-13
CT-09
CT-10
CT-61
PA-33
PC-23
PC-22
PB-10
PC-13
CT-31
CT-33
PB-10
PB-21
PC-10
PC-13
PC-15
PC-16
PC-31
PB-01
PB-05
PB-06
PB-07
PB-35
PC-25
CT-15
PB-33
PC-15
CT-48
PB-22
PA-29
CT-31
PB-22
PA-06
PB-02
PB-03
PC-24
PC-26



CT-52
CT-53

527]

PB-12

o
o]

PB-25

‘.__AO
__i

PB-02
PB-03
CT-60
PB-36
PC-02
PC-05

Hs)e
_7:<_]
_7;3]
_7;3]
%3]9
jﬂ

PB-06

hilp

H

PA-02
PA-05
CT-39

PC-27

_i

1o

CT-60
PB-36
PC-02
PC-05
CT-40
PC-19
PB-05
PB-07
PA-06
PC-34
PC-31

78
78
715
715

],

Rie

],

Rie

],

Rie

],

5
S
S
31

PC-45

of

1o

PC-08
PC-09
PB-35

PC-03

o
lofo

PC-03
PC-04

PA-06

ol

.~
NO

0 5

PB-28

0]
INe)

PB-23
PA-23
PC-38
CT-49
CT-07
PA-13
PB-04

Aofa}
Aofa}

NY X
LS|

PB-05

H
K0
K]

PB-06
PB-07
pPC-44

PC-33

PC-34
PC-35
PC-37
PC-39
PA-09
PA-10
CT-20
PB-23
PB-02
PA-25

2lot
2ot

S
S

HE A
HE A

S
S

71
7716
7716
og]
Oé]l
Al

Al
Al

pPC-44

#ofa

CT-49
PA-04
CT-30

PC-18

)
‘mo

CT-16
PA-43
pPC-44
PC-11
CT-33
PB-21
PC-10
CT-50
PB-24
CT-55
CT-13
CT-50

PC-23
PC-43
CT-12
PA-32
PC-26
PA-27
PA-05
CT-59
PA-05
PC-18
PC-43
PC-14
PA-28
CT-54
CT-51

[}

E]

P
=
s
=

SR
SR

2]
2]
527]
27}

(R



u|E AT} X Yok 7] 2 AFAE RO A = AATE| (EROAM Ol Aol A A] ARt 24 8iE AFd S (Super Ultra Low En-
ergy and Emission Vehicle Center, SULEEV)e] A= 0] 20164 62 SHslH5UTh

2=
SULEEV AFIEHS: “2 40U 4] AFEA1e} 2 A0S AShAI A8 7]40] AH85)S Bae §3ie]
N = =& Aot d6= Hols Mz A AR 7idstal ARdske Ady.
£ A A A o] Afete Wi

= asto] woll wiEThA 2

T

Al RE S5 GACYU SFORE B AR} 2ol Rersgu

5

| AfHEE A4

ZATIA) A5 2AhE AL Lokl viE7 1A LEOAE B2 48 A5S ol A2 ASHIAY e Bxe g3

20228714 74 7 (15 449, 254 39) %5 9 Fol| 9.0 25e] it} 7S A ofALIUICh AlRIeky ol7he) WAS vt 3o

ol 4 4355 Afefolt, IR 169 (KAIST), A2 2eiela, Adefele, el 2478, 3 1190 siofgols 247 e

£ Sogela Qe TRk Aol TRl 719 771 efsiglon (@oAiE R, 245 Aleka, AEIEIFA B, oll=d, SReto)m),
Giste] eAS 9] e HshATIo| HRIES B719KT 4 akE 2k

| 40| HYjZ L T M

x 2+4+-0O

@ X2t O|AISIELA HIETA| 25t @ X=X} 7 |7HA QESE! WS 25} OIS EASHA
— XF23} IS Rl OIMSIEA HIEZ M1 E — XISAH 7 171A0 = BAMSIENOX), Efekpa IE 7IE M2 718
THY dEs (HO), LRSS EPM), UMBIEACO) S| 2 o o
—0lofl et £ AH=T M= ﬂ% | AdlM R 20| EXE
OlAfalEa HIETHIE ot ol g, — O|2fet i [7EA L @ESH A Eot &= Xi&
221 ciol. Hoz UshE oflge. 2o
178 191 (9l: g/km) ez Yica
b -
g NOx : RAASE
2 HC : Eisiea
2 x IH| 70| SAI 7 |7tA 2 512t
j . 2 150°COllM ZtSsh= S0l Est
& I N .
= LEVIE6 17 18 13 W M m o:\ W s I 7Hh£ EIPI-,

. ESs| WM XISKE 7 I7EA HiEXZ 71E ER

=
| S
@ M Ash/Eel S0H 2 PM HA SON L @ HSHAIAL 24y
(1) S04 HIZHsH DIZLIS oA 3! S0 3 = gior =5
(2) Zefofl Z0i/EXME 6| 2fet S2i2lRE 71 i
Q) SEHIO] A OMEIL P2|E =&

ES! 75!%8 x| %E H20|A] 100 150 200 250 300 350 400 450 500 2&(c)
oESUE Fxom Zup} N SIS U LILBA7 IS S8510), O 15002 X2
Si= DEOIN SR 2k Ol SIS3H Atah/EIRIZTHR00C Of5l0lME XS5t
S S| N2t = PV 24 S0f Jp

720l &

>1

Sy

0:

SACHXISK}
tgRioAL]

JSHAE

I =
Hi7 714 53} Rgg ) FEWATFE

K| M

I
i]
i




u SHEFCHSED RIC
Shot AT 4 K| QB AIMIE]
shattistul RICE MR 2| XS ol EEE HEZM
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M& oot FMMH|AE S LI

Pilot Test 5! M AX| 2l MH|A

2

71724 MH|

D)

- 2SS W A H I SE + 278 24 :NMR, GC-MSD, HPLC, GPC, FT-IR, UV-VIS
« OJOF FHA X MAIE B +2J& 24 :ICP, XRD, SEM-EDS, IC
cHEXE fRRYE FE « EHEY 2N : Micro-CT, BET, Porosimeter, TPD, AFM, a-step
« Glass Reactor, I1&tHI27| S 28 = 8 & M :TGA DSC, Zetasizer, PSA
/ -
|
Micro-CT NMR ICP
| | s If
- ;,:\_.l-"
- - _UED
k TGA BET Porosimeter SEM-EDS /
gH| AE =
100L R2/8t&7] 500,000/day -60~200°C, 0.5bar Micro-CT 100,000/ea | BET(7| 3 &) 70,000/ea
250L F2[8H3 7] 500,000/day  -60~200°C, 0.3bar NMR 20,000/h BET(H|®XHA)  50,000/ea
20L D ELS 7| 200,000/day  -60~200°C, 0.3bar GC-MSD 30,000/ea Porosimeter 70,000/ea
300L eSS AKX 500,000/day -20~120°C, 5bar SEM 10,000/ea XRD 20,000/ea
200L Z2E3HEA| 500,000/day -40~250°C, 20bar EDS 10,000/ea ICP 30,000/ea
20L 2ESEF/7| 200,000/day -25~150°C, 2mbar TGA 20,000/ea FT-IR 20,000/ea
DSC 20,000/ea GPC 30,000/ea
X CIEH| SSEEX| 2 AtY HIRX AHE Tts AFM 40,000/ea IC 50,000/ea
¥ HME| HIE S EEo| F7HH80| AdY = Us UV-VIS 30,000/ea HPLC 30,000/ea
a-step 20,000/ea TPD 70,000/ea
PSA 20,000/ea Zetasizer 20,000/ea

TEL: 042) 821-1515, 1516

A fF SAZ 125 St S55 108=
S H|O|X|: http://ric.hanbat.ac.kr

FAX: 042) 821-1517
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ed Green Industry of Marine Bio

GOAL
To Secure Seaweed Biomass on‘velop Application

MAss PRODUCTION
- Mass Production of High-Density Seaweed
- Selection of Sites
- Open Sea Production Management System
- Eco-Friendly On-site Pre-Treatement

Process

GREEN ENERGY =
- Biological Conversion Process
- Green Energy Fusion Process

A B R ‘ Aquatic Biomass
Research Center

INTEGRATED APPLICATION
- New Health Material
- Consolidated Process and Product i1
Development | l
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