Technical Tour Schedule (14:00~17:00)

B HFoHX|SAL (O]SAIZE 402)

-

= v/

~E
HERF DI NN ol BELOIH
[EHEHFz234] [HL R 20kAl22] HIR] [AExz3F]
M7 &e| ATHMOLIA AT Carbon  FARE| ETSTEI OILT DHIAIE O ARMSE OIFH RSIEZETR A7IS 01
Free Island HF2| EREHEE 4Nt Ug| 2SS MLUICH Z£0| 7|14s BECH

HUXAHOI A F0i2 1+ 5139 iy E o}
0|4 % 20k A8 o} HLb= 0[S0 of HLiX 20t A8 FHol L= 0l80| of  MUX] 20RAAE FHol L= 0[S0] of
LX &AB0|82= 20| LA 2E[0| 822 20|C LA 2El0jd22 Zolc}

W RAIZ : 14:40~15:40

H BELUE

- A %9 AR A3t Carbon Free Island AF2] FARARA L 27, ADFARS
53 AYnZE AT AT 9 47, AL R % AAFH T Al7|¢t AF E50] 97
e gE= 2PE BF

16:30~17:00 33| 2E =7




§ 2013HE St EHI|=<te] FAH S5 U St=wEe UHE S
B - o
Azt (== = Ot AR2t |
20134 98 25¢ ()
17:00 .
~ 87| oAtz
19.00
20134 9¥ 26Y (&)
09:00 55 [ZAREH|
10:00
09:40~
1oioo I A X HH7|&1 09:40~12:20 HH™I|1&2
12:00 1 (¥4hH Y MEL (¥4hH
54
14:00
~ 7153
14:30
14:30 LHMEX|N LHMEZX| A Hio|e g U
16:30 2 3 2
Coffee break
| MEX A | MEX| A
17:00 4 5
18:30
[
20134 98 27¢ (&)
09:30 2 P b b S T T
- =M ofyx| 7|& 2™l 1 MY7|= 2 HE oAb
11:50 (EEMM) (5}'d) (=)
AFAI
12:00 AlgH
~ (STEAH,
12:15 o Antg)
SN
14:00
~ Technical tour
17:00
X oF LY
1 et R g 202 (HE 153, EQ| 23) SdF+5%E : 152 (2xE 138, EQ| 28)
2. IAEYH: 26 2% 1A| 302 O|FK| 2K} SESHY ™A
= Poster 2 H A|ZH16:50-18:30)0]| = ZHEA "X
3NN SR EREER 1, ZAHYR S5|E MAESIH ME O AFE 0
(Al &kA] O|EHA Al K= R Al




The Korean Society of Clean Technology

2]

T
1
27 498 Y IAYEANY 257

L
(o]

X
=

ECER

20134

: 20139 98 25¢() -27L(2)

o LA

il X

==

ud
ol

<l

——

=3
X

ud
Y|
<l
E|

ol

ol
ol

s}

= A
e R s
The Korean Society of Clean Technology

Ll






98 26% (F)

T MEX|Y : E5(Room Do-Du)

Az H o= % 5 %}
9:40~ , Young Woo Rhee
Opening Speech
9:50 (Korea)
9:50~ ) Moon Hee Han
Welcoming Speech
10:00 (Korea)
10:00~ (Plenary-1) ) Takao Watanabe
' Fuel cell developments in Japan and at )
(Plenary-2)
10:50~ Towards better and cleaner environment: Asep K. Permadi
11:40 Recent status of clean energy development (Indonesia)
in Indonesia
11:40~
Lunch break
14:30
SHAZX|Y Session A Chairman : Jeong Jong Ryul
(Korea)
14:30~ (A-1) Pham Thanh Huy
15:00 Nanomaterials for optoelectronic devices (Vietnam)
15:00~ (A-2) Meicheng Li
15:30 Nanomaterials for photovoltaic conversion (China)
(A-3)
15:30~ Phosphors for LED based solid-state Havk H. Nersisvan
16:00 lighting. New trends and developments of yen. . y
blue LED phosphors (Armenia)
16:00~
Coffee Break
16:30
(A-4)
16:30~ Highly  efficient green  synthesis  of Reddi Mohan Naidu
17:00 2-amino-3-cyano-4 H-chromen-4-ylphosphon- (Korea)
ates catalyzed by tetramethylguanidine
17:00~ (A-3) ) _ ) Mai Thanh Tung
. Nanomaterials researches and industrial Vi
17:30 applications possibilities in Vietnam (Vietnam)
17:30~ (A-6) ] , _ Guang-Ri Xu
' Fast analysis of bio-molecules using Chi
18:00 electrochemical methods (China)




98 26% (F)

HE7I=128)/=Hd =X : S0HRoom Bong-A)
Al ZE H = g ® Xt
Y SgMEAE S AT
AR, AT O] G, 0|Y S,
10:00~ (CT1-2-1) 28z
1020 | 300Nm’/hrg 4 AHO[M 3 ZAF @17 ‘SR, SR IAZAL
JNK Heaters, ZZCjjstm
10:20~ (CT1-2-2) AR, olz2y, BH, LaTl
loqo | E0 BAMRVHTR-SA git 33 'SR sBUE I,

' (-1 Cycle)Ztol 7 Hmst 2H @A 91F (F)AYARH 0| M
10:40~ | (CT1-2-3) YN, 20, AR
11:00 ojafel 8=z Lot o= 0| X7 |=d T H

) CT1-2-4)
11:00~ ( A =8 0|2X, X, %}

HAZRMOAME 0|88t =Rt FA=H 0] Rl Ol Ml E

. AT, +EEAAFME
1120 X_ﬂj_l od;]_ water |_—_|'L|_/ T = —_I'I' ‘I

90 (CT1-2-5) N N
11:20 AAZOIQA HI|2 Q5 Ul ZIAE LA, A, 28z
11:40 | x2d®o=z wge o8% wsAo|2aT o
11:40~

Lunch
14:30
A A ZX|AH Session B Chairman : Churl Hee Cho (Korea)
14:30~ (B-1) . . Mikihiro Nomura

‘ Potential for high  temperature gas

15:00 separation through inorganic membranes (Japan)
(B-2)
15:00~ Aggregative  growth of crystalline  or Pankaj Sharma
15:30 non-crystalline primary nanoparticles to (India)
form micron size zeolite crystals
15:30~ (B-3) M. Selvaraj
16:00 Green mesostructured catalysts (India)
16:00~
Coffee Break
16:30
(B-4)
16:30~ NOx storage-reduction (NSR) catalysts for Do Heui Kim
17:00 diesel emissions control:  Toward the (Korea)
understanding of the desulfation mechanism
17:00~ (B-3) , , Naim Hasolli

' Development of depth filter media for gas
17:30 turbine intake air filtration (Kosovo)
17:30~ (B-6) - o Seung-cheol Yang

. Flow-electrode capacitive deionization (FCD)

18:00 process for continuous seawater desalination (Korea)
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Eun Ji Lim, Jeong Hee Hwang, Min
(PR1-3) Jin Song', Suk Yong Jung’,
15:10~ The simultaneous removal properties of H,S Jae Chang Kim
: d NH; on Zn-based catal-sorbents in |+ Department of Chem. Eng.
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(GT-1) H. Li, W.G. Kim, B.W.Yoo, KT. Park,
09:30~ Numerical  analysis and  experimental | H.H. Lee, J.C. Choid SJ. Hong, M.S.
09:45 validation of distillation process for Kong, H.Y. Lee and J.H. Lee
purification of tellurium Chungnam National University
09:45~ (GT-2) . . Vo, Thanh Son, Jong-Ryul Jeong
) Ferromagnetic resonance studies on ch National Universit
10:00 an artificial nano dot array ungnam National Lniversity
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1015 | Qd T oeina JAm HEEE or | sudsm BRI lEETY
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10:15~ (GT-4) . Linlin Zhao, So Yeon Kim
) Multifunctional gold nanoparticle based ch National Universit
10:30 drug carrier for photodynamic therapy ungham Hatiohal Lniversity
(GT-5) Nurpeissova Arailym, Dai In Park’
10:30~ Enhancement of the thermal stability of Sung-SooKim
N Lithium-Ion battery separator via surface Graduate School of Green Energy
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irradiation 'SK innovation
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Sang-Ho Son', Yongkyun Kim’',
Taek Seung Lee”
Removal and probing of highly toxic 'Graduate School of Green Energy
P-GT-10 | mercury using complex formation with Technology
biothiols in aqueous medium ‘Department of Advanced Organic
Materials and Textile System
Engineering,
i . ‘ ) o Kang Song, Heon-Ho Jeong,
P-GT-11 EflClent't.rapplng of single microparticle in Sung-Chan Jang, Chang-Soo Lee
microfluidic system
Chungnam National University
. ax=M BI23|, XA
-GT- L0l0|EQ| =7| Skt o ST Hy =l =
P-GT-12 | NaA XN[=22}0|EQ| &7 S35k A+ =rysta
Ja Hwa Ahn, Byung Cheol Lee',
Sang-Ick Lee’, Kanamura Kiyoshi®,
Effects of surface treatment using electron Sung-Soo Kim
P-GT-13 | beam irradiation on soft carbon for Li | ‘Graduate School of Green Technology,
rechargeable batteries 'Korea Atomic Energy Research Institute,
'GS Energy
*Tokyo Metropolitan University
P-GT-14 Surveying experimental factors patterning Naye Eom, Chang-Soo Lee
of proteins using microvalve system Chungnam National University,
Possibility of quaternized
P-GT-15 poly(4-vinyl pyridine) as anion exchange Seok Hyeon Lee, Jeong Soo Kim
membrane material for all-Vanadium redox Chungnam National University
flow batteries
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Ash-Free Coal for a High Efficiency Thermal Power Generation
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Characterization of ash—free coal produced by solvent
extraction method

Wantaek Jo, Hokyung Choi’, Sangdo Kim, Jiho Yoo, Donghyuk Chun, Youngjoon Rhim, Jeonghwan
Lim and Sihyun Lee
Clean Fuel Department, Korea Institute of Energy Research
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Characteristics of Mixed Coal/Molasses Fuels in terms of
Injection Quantity in A Bench-scale Fluidized Bed

Jae Hyeok Park, Chang—-Ha Lee, Dowon ShunT, Dal-Hee BaeT, Young Cheol ParkT,
Jong Ho Moon ', Seung Yong Lee', Young—-Chan Choi', Jong-Soo Bae ',
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Yonsei University, "Korea Institute of Energy Research, Chung Nam University*
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Optimization of Pneumatic Transport Technology for
High—moisture and Large—size Pulverized Coal

Jin Wook Lee, Seok Woo Chung, Sang Oh Yoo, Sung Pill Yoon, Jae Man Lee,
Dong Hwan Jeon
Plant Engineering Division, Institute for Advanced Engineering
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SKol:=Ho]XA F2HY HAEZEA

om oo o) wWE FAZ AT o 3 A
%o Mae Au shass Fo ne ngh e AAAA s B 376 wgete] $47h
A% S Bgor ANE FAEAE Bd, G4 AR, SAE o
gtk oldd Aw F AFHS A vhgFe] 50%8 AAsn Yo w7
Ao 7ol AYsta Hgs Fagel AA:L gk,

olo] SKo|lxmwo]Ao| A= 7]& B Emerging 7F23t 7w AEE Tl Auwo] s 1
=35 = 7123 71(TRIG, Transport Integrated Gasifier)E A A& 20109 10¥€ 3&/dF
Hdgl THES Fst § o8] 7hA Agete] shast 54 A, 7t FWES FA/9/A
H =319 g1, 7Fxsy] 28 2 58 A AT 55 A vk 53] FxH] 2 CO2
AE fs 7txsir)of Az A" g3 A5 Jdste] 20119 Benchw A7+E S8 sl
TR Ax7)e] AASH A 2012 109 Fete], SdEl 7tasr) el dA Y S AxA
2" &4 Wy - s 25 A" I, 2 B 5 Wl wE Mg dx 54 o

S T3l A8 T F dE:AzE AAE A% 2 A5E FHEAY dAeHd 2 g1 d 4
HE VFEo2 EFgARAAEY L3S 3 Scale-up, ML 7149 Reliability®t Operability
AHES 9% RAM Study ¥ 34 &8 3133 #4 Scheme =& 93 Adaptability Study
S A3 o] VINteZ A AAE AT o Hor
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Study of HCIl Sorption Behaviors of K—Type Sorbent
in the Fixed Bed Reactor
at High Temperature and High Pressure

Jong—Ho Moon, Jae—Young Kim, Sung—Ho Jo, Ho—Jung Ryu, Byoung—Moo Min,
Jong—Seop Lee, Jeom—In BaekT, Young Cheol Parks*
Korea Institute of Energy Research, TKorea Electric Power Research Institute

oA s 1A 4S s 7(Ee] 15 cm, WAd 05 cm)ollA K-AE A4 F5A
(K2CO03/A1203, gt=d= A AHATA)E ol &ato] wha-ohe Wt e dstaa 55 49
= FPsH v Es vkast A% dHE AN FAEs AE 7P-ske 400 T2 AA
o, wke7)A HEE 750 ppm HCl (N2 balance)o 2 A3t wh&=e 1, 5, 10,
15, 20 bar® F7HAZH. o] Fr7tdsE K-Ad F5A9 55 Aol F7stdlv. &4
5 A&t e F8 =49 K2C037F HCl 7k=9F whgste] KCl A4S FAdsiglen, st
AFNUARZ Qlste] A9 Aol AdAom Frlestdtt. o] 1’44"5& FeA, =84, 3%
Z EAS SEM, EDX, BET, TGA, XRDE o] &35l #4359t 400 C, 20 bar =4 (723}
ol gazA FAHo 2 E IFHXRM)AAM K2C03 &A= Ca AlE 2 Mg Alde A
Al =2 HCl 95 2 HCYUN2 #8 AsS =it

FuEd

1. AAY, “1A4F We71E o83 112 YA] hydrogen chloride A7 578 <1, thohelal thshel, $H4

= [e)

&8h}, FEAIARERS] (2013)

2. Kim, J., Park, Y., Jo, S., Ryu, H, Back, J., Park, Y., Moon, J., “Effect of Pressure on HCl Absorption
Behaviors of a K-Based Absorbent in the Fixed Bed Reactor,” Clean Technology, 19 (2), 165-172 (2013)

3. Dou B. L., Gao, J. S, Baek, S. W. and Sha, X. G., "High-Temperature HCl Removal with Sorbents in a

Fixed Bed Reactor," Energy & Feuls, 17, 874-878 (2003)
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A study on the In—furnace desulfurization characteristics
by limeston injection

Kim Seung Mo, Hwang Min Young, Ann Ki Ju, Kim Sang In, Naoki FujiwaraT, Kim Man
Cheol®, Jeon Chung Hwan'
Pusan National University, "ldemitsu Kosan, TKOSPO

M7t e A% dsoR skl whdg Meto g AuFshA] ok AEQES] Algo] FU)e)
I 9tk 53] HTolw= vlwd spAo] AYE ndiwe] SR Qe AuhlddAid] H2Edky
28] {37t S7rEH, A A Ay ALY Feo]l 2 EHH o] F Fshr] fd Adn)e] S50l
s "o oy st EAE sldstr] 9ot €38 SAS IotsteE oy 7 dg-Eo] W
= o] A gkt

53] AAl Rdeela Ssk dnje] wiA W FA glo] Ago] rhsakd, dAAvr HAE &5
Ao 7tAAOoR g Al uSEES AFES= QlojA KU} 54 g3 e Fus Fola
A 2 A0 R E FAlel #3r] fste], Bdeulel A4 g3AE st €3S A
AlsleE U EE 7] (In—furnace desulfurization method) < 2449 o= w-¢- w2 4
] gghboleta & 4 gl

o

ZUg7ioA 71 Fast xS 7] =%, AlFAIZte]w o]e] wel A% a8
Wy Gttt ugiA B Ao E 2UEST|HES o] £3589 Lab scale ¥ Pilot scale ®F
71 g3AZ o] AFEEHE NS AR T F 2UES 545 45 AAET

¢

A 2Ugste] 54 dAYUSES sty feke] AR 9F%S w48 ¢ e
DTF (Drop Tube Furnace)E& ©|&3}o] Ca/SH|Q} £97] 257} €93 a o nxes JTFe &
Akt 71 AR A2l 500°Co]8F, L&Al 1300To]|4e] ZAAE e3to] 2o
Al 5S g9 4 Qi dukA o7 Ca/S7F 255 g3 afo] S8 4TS LERY
I PARE o= AAA 2 oash HAS] TAE #o] mHdofgo® AAst v|E 3= Flo] T2
Ea= B oApoae 27 sl 93E3 8 200U EA (UHAE 348 Aujrr gd)

u

I

DTF A3 £33 A35 vy oz 1000T~1100CHGelA Ca/S = 291 7o) 20%E5 Wt
st As gRlgk = gl
o]9} zro] DTFY Ad dolg]E ngow Ht} A7]e] 717ke pilot scale BFS-7]oA ok
1000°Cel oA X34 F1S E3l9] Ca/SHIE WHIANA 2FasS A5 A7) ofA
A15] A 9] F4lo = a
AgE A4S st A7IHRAG Feks At
TSt 2 Ao e EREAES Fefo] fHA s
Indomico®te o] &3ste] AHS 3
AAAE At & AV|HAE
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HRSG (Heat recovery steam generator) oA 3&3 FAL9)
2A N KA A
—1 = -

Numerical analysis and development of fouling model in HRSG

Minyoung Hwang, Byounghwa Lee, Chunghwan JeonT*, Sihong Songjf
TSchool of mechanical engineering, Pusan National University
Pusan Clean Coal Center
*Doosan Heavy Industry

HRSG (heat recovery steam generator) s UHFE2 SAA| A=A oYX &3S §3)

=
2] AREHAL k. AaRolA ARgE ARl wel HRSGel vhde 2A4E dodds e,
53] THE AT A9 daTtbaded B vsAE £dsta glo] ddREe] dedes do
1A B, g2 skl FR ARTEAZRe] Y-S ek FHukES] filo] HY| R

gk mebd olel YR WAL olsltaL elZstel Ak 47171 Al thAsk: sol BLstr,
ey weale 2ud davkael 24 1dn A Aol mek 247 BhEs okl o
B wshtol 4BS 9Te/] R oA ul§ A AFolth B ATo)A: HRSG
o shey R Awstel AAs el A gsto] AR MY FHAE WS A5
vt AAFELY TY I¢n wH=Es Q9e FHOR so] 38y w9 FYsigon]
Gg% wele UDF A2lE 8] 483590 Fluento] &35tk 434
L owd Fng oE Fuo 94e 9wt del sdstir. FRARS

v oEla Anskad wae] we Wskgor], 947 425S Adfn

gol AA F&ol § zZ dojiint. Jtd R AdS VINto R g Fuwdd wAFEHAC
o, AR Aeleld B3 A5 A8 H o AR gew s

2

heorur

&

Fearuir

]

Fearin

iz

Feoviis
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The study about the properties of the high performance
catalysts for nitrate reduction in water

Min—Sung Kim, Kwan—Young Lee™ '
Department of Chemical & Biological Engineering, Korea University,
TGREEN SCHOOL, Korea University

42 )% MR A8 £% A%, 1R 59 BHow sl 419 Fae] FuEw ot
FAol FLE WAL OER AT 2, 45 ANH AL W8 e A% slaold L
AN Aag Qleto] YAFo] MEsks & ofg I&f Atel7F BarEar Qlof, ofe] thgk qFA 7}
Z3Ea v A A4 AAES S8 QAT ol wE AVIFEAR 5 ok gl A
N ot el T ownes ARt she @ Fol ANY YLk olde wPL
sh7] 918 AA 7 fEE Ve, SuE 283 3ol FEEa v(1.2]. AV 3 &
T gl oYy 9 ks o] Auldor 235t M FAET, A2 WA o] FAlo HX|7}
7hedt ol v Aol FHlE ol &ste] w5 A dAE Adets AdS s
Atk e w4 B AR s ANY Az AAEE FURAZ LA R

95.6 l‘ M ,’v zofo NO
¥ S N P 508 Pl ek N ’ P3

| - :F/ 4 X14 E"E_ \T\
3| : w3 D I IR
5‘; ' ' - 5607‘—- - S—— g : -.,}
= ] ' = W ] :
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Figure. H,-TPR profiles of the prepared catalysts; Magnified H,-TPR results of the catalysts;
Nitrate concentrations as a function of reaction time for catalytic nitrate reduction.

A7 a8 F, 9% a9 Axd Fuje $4 TPR A3E dvebd Zela, 150T olste] A
< GAelA 24 559 Fd v A7E BEHAT £ 500T o] HelelA g vArt B
ol&=dl (FxF 27D, ol Fuf #A9 3 HAE JEd Zojth F 3 I3 E vlusEd,
o] Fiel wet @4 553 @A & 9ae] Hogig W A4 e olFo] ST o= S
W 24 =553 A4 o A e Aolo] ]Qlg Zlojtk Al S F Plo] E& 2lA
2 55 &9 I35 vy b 2 @A @ Wl S Rk Jlow glyEgla, P St
24 259 gA o] A3 Fgol 7P AE Jow #dHdt. &% OHe 5 A A
2 Az Nbs AaE depd ZlQld, P Selib 7R we] AA AAs Afdsle slow dF

o b

F

Hoich. whebd #4Y F%3 A k) 45 Ago] FBEE A Ak AL wgel A
Ao ST olge] & TN XPS, XRD 59 thbet #4& FalA A A A
W osel A Hohe) Bel - shory 54 2ASY

1. Calvo, L. et al., "Denitrification of Water with Activated Carbon-Supported Metallic Catalysts," Ind.
Eng. Chem. Res., 49, 5603-5609 (2010).

2. Sa, J. and Vinek, H., "Catalytic Hydrogenation of Nitrates in Water over a Bimetallic Catalyst,"
Appl. Catal., B, 59, 57-69 (2005).
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Am=uAlol CNG A53 A% 8% 2 A%

— *
-

rlo

444, HAE, ol
A7) %A T4

CNG Vehicle Market & Forecasts in Indonesia

Sukchuen Choi, Jaeyong Jeong, Uendo Lee”
Korea Institute of Industrial Technology

Natural gas are best solution of dual problems which cleaner than petroleum fuel emission
and natural gas reserves are widely spread in the world. In addition, natural gas prise is
most compatible than petroleum fuel. Natural gas vehicle(NGV) was invented around year of
1930’s in europe, the numbers of registration for NGV are reached about 10 millions in
worldwide. Needs and usage of NGVs are gradually increasing in Middle East area, Central
and South America arca & FEast Asia area due to economical & environmental benefic.
Bi-fuel system for used gasoline and diesel retrofit technique is the best and easy way to
satisfying dramatical demands of NGVs needs. Indonesia is 10" of natural gas producing
country in worldwide and the first largest natural gas producing country in east-pacific area.
In resent, Indonesian government announced the policy of clean vehicle development project
which related with natural gas vehicles and electric vehicles. In this paper we provide the
informations of Indonesia government policy of “natural gas vehicles project”in clean vehicle
development project.
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Flow pattern of Carbon Nanotubes Agglomerate

Sung Woo Jeong, Dong Hyun Lee”
School of Chemical Engineering, Sungkyunkwan University

o= B AuU 53 (Multi—-walled carbon nanotube; MWCNTs) 24 AQ &5 FHE dof
371 ¢33t A¥8S Aol 0.14molal =ol7F 2mel F5%F FAE ol g3t Ao Algd
= FHg YA A7 dp)7F 242 xme] bulk density(pp) 2 particle
density (p )7} Z+2Z} 63.6kg/m”, 151kg/m° 2. & NanocylelA A %3 A|E& ALgsTh 5l
we Wstel= MWCNTs S3AC fs FEE #Ee03, 74 35 Y99el4 momentum
probed ©]§3dto] 3 Bl FH WFOR MWCNTs $3Ae 55 5A4S 9wt
MWCNTs 5HA= Geldart group A% W3t fixed bed, particulate fluidization, bubbling
fluidization =42 38 S BATH Ho 1A AFZFS F50] F718] wel bubbling
bedell A turbulent £5¢ 54S Hols FHE W oy W2 A Fx= 35 999 F
I I i e=

_15_
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Atz 8 s a8 Aol s BAd nlole—2d 9]

FAYNLT WSAT

A3, Pradeep B1radar AT el neset
S, Tanae)aa T, Tganet, 2

Hydrodeoxygenation of Bio—oil Produced by Fixed—bed
Pyrolysis from Saccharina japonica

Jae Hyung Choi, Pradeep Biradar, Gi—Suk YangT, Dong Jin SuhT, Seung—Soo Kim*,

Kang Sun Heo® and Hee Chul Woo®
Pukyong National University, Busan, Korea
TKorea Institute of Science and Technology, Seoul, Korea
+Kangwon National University, Gangwon—do, Korea
§Kyungnam College of Information & Technology, Busan, Korea
*woohc@pknu.ac.kr

< A fFehst Aol A&7 A A Aoz e Hgho] o] folAaL glon 53
upo] @ o L #] gl mfo] @ Ak§Y o] M| Fo] Fopx|al Ut} H} 1ol dA] 7hds 98] AAAH o= 4
FAs AAGA ger], A N4 @ A vo] vl (blomass)E HA B )
Zo Atk Tl A Al 3AY vlol w2 ZbFRky Q)= dlZ&F(marine algae) Hho] e v~
Eﬂﬁ] H}o]g_uﬁioﬂ u]gﬂ H%}{;Eﬂ. uu}e 3 ok & o].Q_zsl— - 0101 ﬁx]—x]v/] zﬂoko] H]"r

Yo
oH 2

al) S

A glod, HaE AFES Fa7) gl ﬂﬁgzﬂ% WA 7] A k= G o] T
o dxF volevja2HE detsty Wl dA&E§(pyrolysis) FAS T3 vloje-od
(bio—oi)& Alzsl= AF7F s das o glon, 53] AulxF(macro algae) & ZxF o
A b

Alutell gk dis) SAAAT Qs 2ol 4 ff ke vpole -9 Ul 54 w3 A4
7F ®Barsan 9eH1,2].

2 AFdAE 245 il FAE AFESte] tARtE R vlole -2 d ALkS 93 H A
A SRENS Fa, olF AA dmE A 0}71 3l =Ystetyor TS HFElo] wole-o
EAS dotatdtt. w3 AAY nlole - AR RE PdA =S Algste] FHEAD
(hydrodeoxygenation) 52 Al (300~400 T)¢t &&= (LHSV 0.24~0.78 h

of g AdE odel £g 2 Aehele

1m
mlo
wm

B oA e kAt A AdATF(AerH S 12128295500)¢) 28] FEE o, o]o 7=

duEd

1. Kim, S.-S., Ly, H. V., Choi, G.-H., Kim, J., and Woo, H. C., “Pyrolysis characteristics
and kinetics of the alga Saccharina japonica,” Bioresource Tech., 123, 445-451 (2012).

2. Bae, Y. J, Ryu, C., Jeon, J.-K., Park, J., Suh, D. J., Suh, Y.-W., Chang, D., and Park,
Y.-K., “The Characteristics of bio-0il produced from the pyrolysis of three marine
macroalgae,” Bioresource Tech., 102, 3512-3520 (2011).
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Wi 720 AAE 7IErEs WA 71E AT H Jetol
gk CPFD AJEd°lA

AEF, NAD, olg, 2AE" o%sT a3l ojxd”
v n steyety, TaaAn g Fddra

CPFD Simulation of Bubble Behavior and Jet Penetration in
Bubbling Fluidized Bed with Internals

Jong Hun Lim, Jea Ho Shin, Yoong Lee, Kyung Hoon ChoT, Dong—Ho LeeT, Joo Hee
Han ', Dong Hyun Lee”
Department of Chemical Engineering, SungKyunKwan University, TI—Ianwha Chemical

Introduction
N EfES (Bubblmg Fluidized Bed)< Y8 AFgEE= HES7)9) 3 ez dd9 29 =32
A9 540) 35t0] 32 Lol B @7 R $4o] ool w Ytk HlekA el A

ez *]—*‘lﬂt Poly—Silicon®] F ¥#l Trichlorosilane(TCS)E AAs7] 98] Metal
grade Silicon(MG-=SD)E 937l FHel 7|E2/T5Tol AHgdET J87] UH9 fedids
gtetstr] Q& FEs el 53hd CPFD(Computatlonal Particle—Fluid Dynamics) & ©|&
Sk Aol AR Qo B Ao A= TCS HHg7] AAE Yl #12E Cold—bed model®l
tf3t A8 CPFD software! Barracuda® ©]g3lo] Al&dolAd 3t om, Az o] A=
i FxEo] 7|28} jetell vA &= FEFES Fetstr] Qs A5 ekl

1:0

=

Simulation

2174 0.3m X o] 2.4m° F%5% 715 3DE U Ee] CPFD AlE#HolAS 345+
=3 % st 71AE EARA 7]V %’4 AR O 2 shroud nozzleo] AX¥ HHS AL A8
b ARG A2 0.00201% 58t VA ZE airZt AFEETE 55 W9l bed material
Z= MG-Si7F AFgEE g om Hit 5= 150m, e,=2,330kg/m®, o pu=1,180kg/m’°|t}.

fre UHelA 7125 BAA717] S8 M el uiR FRES 57 wde R Bdesgl
o}, HH TFEEo] AAE Al diEl 71x9 jete] Ass AlEHOIAS FSL FxREo] A
AHA ek A muslon), yxEel 719 jetdl vIAE 9FE setasich

)
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A Study of Process Simulation for 300Nm®/hr H, Station

Jae Sun Shin', Sang Jin Park!, Young Chul Lee?, Hyung Ok Lee®, Jung Ho Cho"*
1Department of Chemical and Biochemical Engineering at Dongguk University,

’KOGAS, °JNK Heaters CO., Ltd.,
‘Department of Chemical Engineering at Kong Ju University

HA7IAE o]g3}o] 300Nm3/hre] Fa2E5 AASH st 571 N HES7] (Steam
Reformer) ¢} A7k A% 7] (WGS) & X348 FAaAHolH 3420 RAME Asysilt. 7}
HES-719] A Aol H3ES 7|Fo0= Fujo]-314de= T (Langmuir—Hinshelwood model,
T71 MA 7D AgAs 524 29 (power law kinetic model, 437~ A% dk-§-7])

do

o MARGE Fat] FEEginh ¥l o A& A Y5t A8 HAvkAe Y F
A ARE AHEIG oM FaE R T AAL tail gasE FFEte] ARG T o
UA a8 489 AANA dFE 7E0RE 75%5 fA% e AE FHOR o] A A
we Y7 (FHLE  10%, 20%, 30%) 8 F& AEIGAoH o5 #FEato] ArrFH
S dE FHoR Addhe dudr|E BASITH

TR

1. Alberto Posada and Vasilios Manousiouthakis, "Heat and Power Integration of Methane Reforming
Based Hydrogen Production", Ind. Eng. Chem. Res., Vol.44, No.24, pp.9113~9119 (2005)

2. Jin Hyeok Jeong, Jung Won Lee, Dong Joo Seo and Yu Taek Seo, "Ru-doped Ni catalysts effective
for the steam reforming of methane without the pre-reduction treatment with H,", Applied Catalysis
A: General, Vol.302, No.2, pp.151~156 (2006)

3. Hyun Seog Roh and Ki-Won Jun, "Low Temperature Methane Steam Reforming for Hydrogen
Production for Fuel Cells", Bull. Korean Chem. Soc. Vol.30, No.l, pp.153~156 (2009)

4. Young Sam Oh and Young Soon Baek, “Development of 20Nm3/hr Hydrogen Generator for Hydrogen Fueling
Station”, Trans. of the Korea Hydrogen and New Energy Society, Vol.17, No.3, pp.263~271 (2006)

5. See Hoon Lee, Jung Nam Kim, Won Hyun Eom and Il Hyun Baek, "Hydrogen Conversion of
Syngas by Using WGS Reaction in a Coal Gasifier", Trans. of the Korean Hydrogen and New
Energy Society, Vol.24, No.l, pp.12~19 (2013)
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23L& A2 (VHTR) -4 AAF 24 (S—1 Cycle) 7+9]
T4 Qug 3 BAF AT

AL ol F e, WA F®, upaal
ey sAETet A(F) I AaH gl

A Study of Inter Heat Exchange Process Simulation
Between VHTR and S-1 Cycle

Jae Sun Shin!, Heung Nae Lee®, Jae Ho Park® Sang Jin Park'’
1Department of Chemical and Biochemical Engineering at Dongguk University,
“Korea Nuclear Engineering & Service Corp.

dztetA el =4 A F F el S—1 Cycle2 292E9) 3-8 o] &3 d3laa =4 A
b FHoRN F BEARREH F4x BAE dojus &3 FAoIt F4A A ¥ 48 ¥F
sttt 212 AR (VHTR) = YAtZoA F4 A ¥4 o= Wibs glo] kdsiA 4
S AdEtr] 9ste] =09 we ] (Inter Heat Exchanger @ IHX)7}F sttt =3 dwshr|=
V-1 7A A2—A g AA7re] duwd HRE a2 AAETE AA| A7) A=
F0Ausr) e A7|7F 7bsshH Fofof dhth, B oAM= £ QAT AN 21 AR
T Aud ¥FS BASIY 24 g 9 AF fA0 Wt e T dugr)e] a&S
Absta 7HE AAAQ T dudr)E AAE] 9% 3 20E =EES
F1E3

1. L. C. Brown, G.E. Besenbruch, R. D. Lentsch, K. R. Schultz, J. F. Funk, P. S. Pickard, A. C.
Marshall and S. K. Showalter, "High effiency generation of hydrogen fuels using nuclear powerfinal
techical report, Final Technical Report(GA-A24285, 1999.8.1 ~ 2002.9.30), (2003)

2. Soo Young Kim, Yoon Ki Go, Chu Sik Park, Ki Kwang Bae and Young Ho Kim, "Charateristics
of Hydrogen lodide Decomposition using Ni-Pt Bimetallic Catalyst in Sulfur-lodine Process", Trans.
of the Korean Hydrogen and New Energy Society, Vol.23, No.1, pp.1~7 (2012)

3. Kwang Seo Cha, Young Ho Kim, Young Han Kang, Chu Sik Park and Ki Kwang Bae, "Purification
of Bunsen Reaction Products in Sulfur-lodine Hydrogen Production Process", Trans. of the Korean
Hydrogen and New Energy Society, Vol.21, No.3, pp.158~166 (2010)

4. Hui Seong Jeong, In Seon Hwang and Kwang Hyun Bang, "A Study on the Thermal-Hydraulic
Characteristics of Molten Salt in Minichannels of an Intermediate Heat Exchanger for a Very High
Temperature Reactor (VHTR)", Transactions of the KSME B, Vol.34, No.12, pp.1093~1099 (2010)
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Ammonia for a Clean Energy Future

Hyung Chul Yoon, Young Min Woo, Jong—Nam Kim"
Korea Institute of Energy Research

A7 AES Adske A 2 A3k EAlel thAsky] s s AR eld A (B
&, £H, 79, 29, A4 ) &&= A STMACK FHh FHARE o= A& YA &
Befdolt g 2, i T8 2A, AR B2 Y 2

S e AdeuA L ek
; Qg gk AAE AANUAE 472 AL 7)ol Ausle] Aol A

HAE o] QlormRE o]F A tgHoR FFsty] e AAdUAZYE Aikd H7E
FRUYolR A g3stal o]Fste] &8sk 7|& o] F Qs

oo} (NH;) &= A& (21°C, 7.86 barg)olr AAZA AF @ o]fo] folstw 7] +-=34
A7|Fe] A AFgo] Thsd FEa AREA GEYoL AEaks AV wlES gU]4o=
A ¢ 9lor, dEYol AxdAY dREYol HRIoE WHd &89 £ ity dEYotE
71 $9 At Aoz B3 AAw wEEch dRYoks Azl oF 299E A wrF Aty o
80% AE7F HIEZ AMEHIL QlojA AF W FFT|so] wdEHo] gl AdHor AAbH=
dryol= HA7ZIAY AetS 7FASEIY] AL FA4a9 7] 9 AaAE n2ateld Fuz
WA 7= S —-Rgpad oz dojRich HTols Hlgo] wo] = H-HfadS tAlsis
A7)18ked drjol 7wl AFE L Sl v o] Hfudy} 7Tt st AT A
9 2ol R Yo} oux] AAEl FEof Q3 R ol AAo YA A HAIE F&
sto] E(H.0)# 37] 29 ANy E du® F34 Agato] 7bsstam Ao HFo] §lomz o
WA QtHe|% 7]ojek 4= Qi) R Yols 58 A8 dedx] 952 &83E = A= A
g o] gtk AT oo M= 22 MANA W Af F5S sldsty] fste] dEYolset Hgrta
2 A7 AEstE HAS 3591, NASAOAE 1960d o] g Yolze 335 = X—15
H 715 skl &3l Aluvt ZE el olgg ol AF Al 3|AF JfFste] EES =Q
¥=7= 30889 R YolE 180kmE s 9] 6kmE G ooy T|E
Lo A= A7)sksha] kYol g3 R Yol Agak AFE Tt Ut BY S8AE
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Study on the Removal of Algae and Nutritive Substances, using
natural algae removing materials (KMWH)
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Water Quality Analysis Center, K—water

k1ol 543 dda) Q1o FUE Foddd nHedds I MEEHE 9, A ALY
w2 frlE4o] sh4d, :s‘z% A2 o2 FEo] A 9 %k:@}(eutrophlcatlonﬁ S
AP gl o]e] mEt Y52 XWFAb & @#3@011 w2 oy o] WAsta QU
71Ee] ggF EP%k 3 27 AA 7EL AR TE F2 *1 Zﬂﬁo}—t« Zl&olH, w3 o
A Al A age] "ol FEgk dcte] gl *WOM. wpehA] SRR Z7)of Ao
A m2OAL g BA ek, oAl a9Ad Alojel 23 29 -2t glar, kAol
FrEw, AAAQ 7E MR o] gifHo] ojgst Qe 7 S e A 2/
AAAE AEsHA = ATt

MEE KMWHE o] g3t dx5/, 27 ZH2tel g 5
o AUdAF AAAd B AIFES FYGTE AP Ay 2H{HF FTolAe= 53 EERF
Anabaena > Nostoc > Microcystis =022 A A7} =
Jar—Test A3} HESAIZF 647t EEEJ e 71%3 5]/\ 73% xﬂlﬂil%iv‘r fﬂﬂ 287
HrlAE SRR $EE dxiE o 791 94 7%, 25 °F 63.3%~97.7%7} AA=H 1,
COD ¥E&x Y9x5 Oﬁk 31.5~46.8%, ﬁ‘ 5 °F 37.8%7} xw ﬂ°1 AEA FREa olyg} o
TE dFdME A8 7Hs/do] &2l ﬂait} OPXW ASS St $418 W EWS Ay A9 F
9] X2 oF 10HiQl 500 mg/L XA %E kst 740% B—MHML ZE*M A AY A
¥ oF 3714 7P 57 A Al &47} A&H QT FIEAAAE G272 F9-odis KMWH
of 93] F2, THAL7F BF oF 80% ©1 AlA HPoHw i FxF de gae A9 A4
A Aow gt FxFe Aol KMWHel o8] Fl g7 ko] oF 80% o] Al
71Q0%o1,]_ x]/\b ok 10% zh:u} x.]]ﬂgo% oU;] %ao% 1?__11% ﬂ-}__la_’r Lﬂoﬂ 61—09 743;
FALE ﬁz o 6“’9 Zlo] obd TR B £F @ AL Aow uFHAY. & 2AS
AATo 7z FANe B gekEHo] A|A F Zow Kol ol&el 2y BE& oﬂHE 71
o v Arle B Adste] HeAle] avd, kA A’
A AL AP 7e 9 AR B oS SRS H Sl

n?‘i

173

1. APHA, Standard methods for examination of water and wastewater, 21st Edn., APHA, WPCEF,
Washington DC, USA, 2005.

2. Beklioglu, M., “A review on the control of eutrophication in deep and shallow lakes,”Turkish
Journal of Zoology, 23, 327-336 (1999).

3. Jung, S.W., Kim, B. H., Katano, T., Kong, D. S. and Han, M. S., “Pseudomonas
fluorescens HYK0210-SK09 offers species specific biological control of winter algal
blooms caused by freshwater diatom Stephanodiscus hantzschii,”J. Appl. Microbiol.,
105, 186-195 (2008).

_24_



TFaEHds BEE AT I3 FEAT AR dES o8
I

A Study on Helium Refrigeration Cycle at Cryogenic
Distillation Apparatus for Hydrogen Isotopes Separation
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A Study on the recent trend of biofuels
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Current commercialized bioethanol feedstocks, with the exception of woody feedstock, are
biomass that have a direct effect on the world’s food supply. As such, there are moral issues
at hand as well as the question of if there will be enough supply to meet the rising energy
demands.

Algae, compared to other biomasses, have a very fast cultivation cycle (In case of tropical
climates, it can be harvested 4~6 times annually). They are grown in the vast open sea
eliminating the need for dry arable land. In addition they require very little or none of the
costly resources that are required to grow other feedstock(Water, Fertilizer etc.). Also, the
preparation and saccharification processes are much simpler than that of woody feedstock as
algae do not contain lignin. As the total conversion yield is high, if it were to be mass
cultivated in Southeast Asia, Bioethanol can be produced from algae at about the same level
of process cost as sugar or starch based feedstock. Bioethanol production technology with red
algae feedstock will be the focus of this research. The main reason why red algae is
considered a suitable feedstock for ethanol production is due to its high carbohydrate content.
Red algae Bioethanol production process is composed of saccharification, fermentation,
distillation and dehydration. The fermented ethanol is then separated and refined to yield
99.5% purity fuel grade ethanol. Compared to woody biomass that is mainly composed of
lignin, C5 hemicelluose and cellulose, red algae is mainly composed of galactan and cellulose.
As such, the costly and troublesome lignin removal process, essential for woody Bioethanol
production, is not needed in red algae Bioethanol production. Through these results, red algae
bioethanol production will allow Korea to maintain its status as a producer nation by meeting
the CO, emission regulations set by the Kyoto protocol and further play a major role in
allowing Korea to develop into a foreign energy independent nation.
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Maximization of volatile fatty acid production in acidogenesis of marine
alginate

Minkyung Song*, Jiyun Seon, Hong Duc PharnT, Seong Chan LeeT, and Hee Chul Woo  **
The Institute of Cleaner Production Technology, Pukyong National University
TDepartment of Chemical Engineering, Pukyong National University
*corresponding author (songmk@pknu.ac.kr)
**corresponding author (woohc@pknu.ac.kr)

Marine biomass from sources such as microalgae and macroalgae is one of the most
potential and remarkable energy source due to its clean, renewable and fast growing (Kim et
al.,, [1]). The fermentative conversion of macroalgae polysaccharides into liquid biofuels may
be possible (Jung et al., [2]). Brown algae are the most abundant and contain approximately
30 to 50% of carbohydrates by dry basis with their major component, alginate. In this study,
the response surface methodology (RSM) was applied to determine the optimum fermentative
condition of alginate with the respect to the simultaneous effects of alginate concentration and
initial pH to maximize total volatile fatty acids (TVFAs) and alcohols production. The
experiment was based on the central composite in cube design (Montgomery et al., [3]) and
consisted of a 2 x 2 orthogonal design (alginate concentration and initial pH) The ranges of
independent variables were set 4.0 to 9.0 g of alginate/L and pH 6.0 to 10.0 based on
preliminary results. The results showed that the alginate fermentation was significantly affected
by initial pH than by alginate concentration and there was no interaction between the two
variables. The optimum condition was 6.2 g alginate/L and initial pH 7.6 with a maximum
TVFAs yield of 37.1%. Acetic acids were the main constituents of the TVFAs mixtures (i.e.,
71.9 to 95.5%), while alcohols (i.e., ethanol, butanol, and propanol) were not detected. The
novel approach of this study suggested that alginate was a potential biomass resource for
biofuel production in anaerobic fermentation.
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Microfluidic system for the synthesis of biomaterials

Chang—Soo Lee
Department of Chemical engineering, Chungnam National University, Daejeon

Microfluidics as an alternative route has recently emerged as one of promising tools
to the synthesis of functional materials such as polymeric particles, microfiber,
colloidosome, Janus particle, and anisotropical particles because it provides the precise
control over particle shape, size, chemical compartmentation, and core/shell structure. Here,
I will present our recent progress made in the synthesis of functional materials using
microfluidic techniques such as droplet and laminar flow-based method. For example, we
can produce a variety of polymeric particles from soft microgels to hard sphere under the
combination of polymerization technique. In addition, microfluidic method continuously
provides novel hollow microcapsule having core/ shell structure, Janus particles having
organic and inorganic part, and microfibers from smooth to Janus topology. In addition, we
will present the micromold technique containing confined two microfluids for the synthesis
of anisotropical particles. We demonstrate a new way of particle synthesis with wide

flexibility of distinct shapes, size, and compartmentation in 3 dimensional space.
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The significance of biochar for carbon mitigation and its
research trend
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Ordor removal process from used oil regeneration plant

using a low temperature condensing process
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A Preliminary Study on the Dust Collection for Air Cleaning
within the Confined Working Space of Shipbuilding and
Offshore Structures
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‘Industrial Application R&D Institute, Daewoo Shipbuilding & Marine Engineering
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The simultaneous removal properties of H2S and NH3 on
Zn—based catal—sorbents in IGCC

Eun Ji Lim, Jeong Hee Hwang, Min Jin SongT, Suk Yong Jungi, Jae Chang Kim*

Department of Chemical Engineering, Kyungpook National University, Daegu, 702-701, Korea
"School of Chemical Engineering and Technology, Yeungnam University, Gyongsan, 712-749, Korea
*Research Institute of Advanced Energy Technology, Kyungpook National University, Daegu, 702-701,

Korea

The H,S and NH; gases have been removed by absorption and catalytic decomposition
methods in IGCC, respectively. To remove simultaneously of H,S and NHs; in one-body
reactor and same conditions, the catal-sorbent which has H,S absorption and NH;
decomposition abilities under strongly reducing conditions is necessary[l, 2]. The Zn-based
sorbents were the most famous metal oxide sorbent for H,S removal in the high temperature.
However, the Zn-based sorbent was not decomposition ability of NH;. In the study, various
metals such as cobalt (ZAC, ZTC), nickel (ZAN, ZTN) and iron (ZAF) additives were
promoted in the Zn-based sorbents that was prepared by the co-precipitation method. The
ZAC catal-sorbent showed an excellent NH; decomposition even in the presence of H, and
H,S. However, the ZAN, ZAF, ZTC and ZTN catal-sorbents were depended on the H, and
H,S. It was found that the ZAC catal-sorbent was excellent simultaneous removal properties
of H,S and NHj. These catal-sorbents were discussed and characterized by BET, TEM and
XRD.
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EFC (Electrostatic Fume Collector) study on oil recovery from
exhaust gas of cold rolling machine
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Study on establishing New Renewable Energy Center
related to Air Quality Improvement Special Counterpla
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Antibacterial activity of silver-coated kapok fibers

Runkai Wang, Chul ho Shin*, Siho Park*, Moonhee Ryu

"Seohae Environment Science Institute
College of Environmental & Bioresource sciences, Chonbuk National University

As a bio-inspired building block, poly(dopamine) layer could be formed on a wide range of

inorganic and organic materials. In this work, dopamine was used as a platform to bind
silvers on the surface of kapok fibers and surface modified kapok fibers coated by dopamine
was produced successfully. After silver coating process, the very strong antibacterial property
was showed against Staphylococcus aureus and Escherichia coli and this high antibacterial
efficiency (more than 99%) could be lasted for 48 hours in peptone water by using direct
contact method. Determination was carried out using spread plate method. For comparison,
antibacterial activity of raw kapok fibers and the fibers only coated by dopamine was also
determined and the results demonstrated that raw kapok fibers showed only a little
antibacterial activity for both S.aureus and E.coli. For the case of the fibers only coated by
dopamine, bacteria grew more quickly due to dopamine which could provide carbon source
and nitrogen source.

Fig.1 Colonies of S. aureus growth naturally and direct contact with KF-DOPA/Ag in peptone
water at 30°C.
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Improvement of Design and Operation Method for Gas
Scrubber Tower installed in Banwol:Sihwa Industrial Complex

Yongjun Cho®, Heejae Park', Guhwe Jung'
Dept. of Environ. Sci., Shinansan University, TSiheung Green Environment Center,
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Evaluation of Odor Components of Plant and Ambient in
Industrial Complex Using the Passive Sampler
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Hyun—Sun Choi, Yun—Gyu ChangJr
R&D Center, Envors Co., Ltd, TIncheon Environmental Technology Support Foundation
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A Study on the Regeneration Energy Reduction for
CO4 Capture Process

Jinjin Kang, Yeo Il Yoon*, Dong Sum Kim and Jungho Cho”
Kongju National University, Korea Institute of Energy Research’
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Binary Vapor—Liquid Equilibrium Experiments of
Methanol—Dimethyl Carbonate and Optimization Study on the
Pressure—Swing Distillation Process

Jaesuk Cho, Dong Sun Kim, Jungho Cho", Jae Cheon KohT, Joon Hyun BaikJr
Kongju National University, TResearch Institute of Industrial Science & Technology
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A Study on the Simulation of the Azeotropic Distillation
Process for IPA Dehydration Using Cyclohexane as an
Entrainer

Kyungeun Lee, Dongsun Kim and Jungho Cho”
Kongju National University
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Analysis of bubble characteristic according to the number of
distributor nozzle in gas—solid fluidized bed

Jeaho Shinl, Yoong Lee!, Jong Hun Leel, Kyung Hoon Cho?, Dong—Ho Leez,
Joo Hee Han? DongHyun Lee!*
1Department of Chemical Engineering, Sungkyunkwan University
’Hanwha Chemical R&E Center
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Effect of Technology Convergence on Resource Depletion and
Environmental Toxicity: Case Study of a Tablet PC

Kwon—Bin Son, Seong—Rin LimJr

Department of Environmental Engineering, Kangwon University
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A study on the experimental measurements and the its storage
for the rate of Boil—Off Gas from the storage tank of the COs
transport ship

Jinwoo Parkl, Dong Sun Kim', Minsu Koz, Jungho Cho!*
Department of Chemical Engineering, Kongju National Universityl
Samsung Heavy Industries®
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Modeling and Optimization Study on the Separation Process of
Acetone—Methanol Mixture using Pressure Swing Distillation

Alyssa Marie Fulgueras, Dong Sun Kim, Jungho Cho”
Kongju National University

Acetone-methanol system forms an azeotrope at 77.6% by mole of acetone in
acetone-methanol mixture under atmospheric pressure. Acetone can be purified from water by
pressure swing distillation process since the azeotropic composition is very sensitive to the
system pressure. Pressure swing distillation process is more environmental-friendly than
azeotropic or extractive distillation process because azeotropic distillation process uses an
entrainer and extractive distillation process utilizes a solvent.

In this study, modeling and comparison works have been performed for low-high columns
and high-low columns configurations. Optimal operating conditions that minimize the total
reboiler heat duty were determined by using feed stage locations and reflux ratios as
manipulated variables for each distillation column. Overhead vapor stream of high pressure
distillation column was used as a reboiler heating source with a low pressure column to
reduce high temperature and low temperature utility consumptions.
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3. Luyben, William L. & I-Lung Chien. Design and control of distillation systems for separating
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4. Hong-Mei Wei, Feng Wang, Jun-Liang Zhang, Bo Liao, Ning Zhao, Fu-kui Xiao, Wei Wei, &
Yu-Han Sun. Design and control of dimethyl carbonate-methanol separation via pressure-swing
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2013.
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A Studies on the process Design and Optimization of
Azeotropic Distillation Process in IPA—H;O—Entrainer System

Seok Hoon Choi, Jae Sun Shin, Sang Jin Park”
Department of Chemical and Biochemical Engineering at Dongguk University
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Extraction of Waxes and Polymers using Supercritical Carbon
Dioxide

Elvina Fitrisia, Sang Mi Ha,Jr Kyung Mun Lee,T Jong Ha Kim,Jr and Jae—Jin Shims*
School of Chemical Engineering, Yeungnam University
TPIM Korea
*Email: jjshim@yu.ac.kr

Obtained from the leaves of the Brazilian tropical palm tree Copernicia cerifera, carnauba
wax has been extensively used as binder in metal injection process or powder injection
process. Carnauba wax mainly consists of aliphatic esters (wax esters), « -hydroxyl esters and
cinnamic aliphatic diesters that can be removed from the green body during debinding process
with supercritical carbon dioxide. Carnauba wax removal from the green body with using
supercritical CO,gives less time and low temperature than other method ssuchassolvent,
thermalandcatalyticdebindingprocess.  Inthisresearch, effect sofpressure, temperature, and
co-solvents on the solubility of paraffin wax, carnauba wax, and polymers were investigated
in supercritical CO,. The solubility of waxes measured at high pressures and relatively low
temperatures. Two methods are used in this research, batch method and flow method.
Solubility increased when flow method is used, especially when chloroform, ethanol, acetone,

or n-hexane was used as a co-solvent. It was also influenced by pressure and temperature.

Acknowledgment: This research is supported by DG Economic Circle Leading Industry R&D
Program of the Ministry of Knowledge and Economy (MOKE) (R0001657).
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Identification and Analysis of Key Design Factors to Develop
Eco—Friendly LED Bulbs

You—Young Bang, Seong—Rin Lim
Department of Environmental Engineering, Kangwon National University
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Flow characteristics of ultra fine iron ore in the gas—solid
circulating fluidized bed.

GuanHe Rim, DongHyun LeeJr
Department of Chemical Engineering, Sungkyunkwan University
(dhlee@skku.edu )
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A comparison study of heat integration methods
for the PSD separation of azeotropic mixture of
acetonitrile and water

Sung Jin Cho, Euy Soo Lee, Sang Jin Park”
Department of Chemical and Biochemical Engineering, Dongguk University
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Effect of the Type of Humidifiers on Indoor Air Quality:
Characterization of Heavy Metal Emissions
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Simulation and Optimization of Purification Process for Lactide
production

Duhee Cho, Dong Sun Kim, Jungho Cho”
Kongju National University
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A comparative study of the energy consumptions between

two—columns configuration and three—columns configuration

for isopropanol dehydration through an extractive distillation
processes

WU XUEFEI, Dong Sun Kim and Jungho Cho"
Kongju National University
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Numerical analysis and experimental validation of distillation
process for purification of tellurium

H. Li 1, W.G. Kim, B.W.Yoo, K.T. Park, HH. Lee, J.C. Choid S.J. Hong, M.S. Kong, H.Y.
Lee and J.H. Leex

Numerical analysis was performed on a vacuum distillation process for Te purification. The
effects of temperature gradient and Ar gas flow rate and vacuum level on the evaporation
behavior of Te were investigated through a series of simulations with a diffusion-coupled
convection model. An overall yield of up to 95% of 4N pure Te was achieved at an average
distillation rate of ~5.6 X 10-4 g-cm-2-s-1 from 2N pure indigenous Te. The diffusion and
condensation factors of impurities were investigated under different distillation conditions such
as vacuum degree, temperature and argon flow rate. It was found that the numerical model
could be used to predict impurity level during vacuum distillation process of Te and designing
and optimization of a larger-scale distillation process also could be possible with a sufficient
reliability.

Keywords: Te purification, vacuum distillation, high throughput, numerical analysis, CFX
simulation
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Ferromagnetic resonance studies on an artificial nano dot amray
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In recent years, a group of ferromagnetic resonance structures referred as FRM have received much
attention in the scientific community due to their tunable physical properties and promising potential
applications. The magnetic permeability x# in this kind of medium could be controlled arbitrarily by
changing the material, structure which allows arbitrary bending of electromagnetic fields to create
artificial optical materials. With deliberately designed metallic structures, specific electromagnetic
responses are realized, such as artificial magnetism, extraordinary optical transmission, optical antenna,
and subwavelength imaging.

There are a lot of FMR structure was investigated and publishes. These medium are limited by getting
negative permeability at very lower frequency from 1GHz to few hundred GHz. In order to obtain
negative u at optical region, it have to change the periodicity and size of the elements. But it is
difficult to scale these materials to terahertz and visible frequencies because critical fabrication
technique. Recently, several metamaterial and ferrite structures have been proposed.

In this work, we investigate electromagnetic responses in Au/MgF2/Au nanodiscs at visible
wavelength region by using well-known FDTD simulation software (CST). It shown there
exist electric and magnetic responses, which originate from the coupling of localized surface
plasmons (LSPs) on multiple Au layers. We demonstrated the electric resonances by the
effective permeability, the electric field distributions and the measured transmission in
perpendicular incident wave source. Then, we tailored electric resonances by designing
different geometrical parameters. It is found that in a nanodiscs, the resonance dominant shifts
with the width along the incident polarization, thickness of dielectric layer and etc. Therefore,
electric resonances are tunable in multilayered MIM nanodiscs.

Glass

Figure 1: Schematic of the polarization configuration and the structure designs for nanodisc.
The geometry parameters are given as: interdistance in x dirextion ax=500 nm, interdistance in
y dirextion ay=500 nm, diameter of nanodisc in x and y direction a=b=300nm, thickness of
insulator layers Td= 40 nm, thickness of gold layers Td= 40 nm.
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Multifunctional Gold Nanoparticle Based Drug Carrier for Photodynamic

Therapy

Linlin Zhao *So Yeon Kim *

a

Graduate School of Green Energy Technology, Chungnam National University, Daejeon 305-764,
South Korea
® Department of Chemical Engineering Education, College of Education, Chungnam National University,

Daejeon 305-764, South Korea

Photodynamic therapy (PDT) is increasingly recognized as a promising treatment for a
variety of oncological, cardiovascular, dermatological, and ophthalmic diseases. To achieve a
targeted drug delivery system for PDT, a highly efficient drug vector was developed by
designing multifunctional and biodegradable block copolymer-gold nanoparticle (AuNP)
conjugates, which act as a water-soluble and biocompatible carrier that allows delivery of a
hydrophobic photosensitizer to tumor site for PDT action. The 18nm citrate-stabilized AuNPs
were modified with folic acid (FA)-conjugated biocompatible block copolymers through a
bidentate dihydrolipoic acid (DHLA) linker. The FA-PEG-P(Asp-Hyd)-DHLA-modified AuNPs
become so stable that their optical property do not change under very harsh conditions. Then,
hydrophobic photosensitizers were conjugated to the stable vectors through pH-sensitive
linkage. The particle size, size distribution, and morphology of
FA-PEG-P(Asp-Hyd)-DHLA-modified AuNPs were determined. In vitro tests using HeLa cells
indicated that the AuNPs based nanocarrier had excellent cellular localization and killed HeLa
cells effectively compare to free Pheo under laser radiation.
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Enhancement of the thermal stability of Lithium—Ion Battery
Separator via surface modification using Electron Beam
Irradiation

Nurpeissova Arailym, Dai In ParkT,Sung—SooKim*
“Graduate School of Green Energy Technology, Chungnam National University,
TSK innovation

When a lithium-ion battery operates at high currents the temperature inside the cell might be

over 1300C. At these temperatures polyolefin separators such as polyethylene (PE) and
polypropylene (PP) start to shrink leading to the blockage of the lithium ion transport through
the micropores. To enhance the thermal stability of separator, in this study, polypropylene
(PP) separator was modified with high temperature resistant component using Electron Beam
Irradiation. The component is believed to serve as a mechanical support that contributes to
suppressing the thermal shrinkage of the polypropylene. The concentration of the high
temperature resistant component plays an important role in determining the morphology of the
separator as high concentration may also hinder the ion conductivity by clogging the pores.
Based on the stated understandings, the effect of the component concentration on the thermal
stability of the separator and electrochemical performances of the assembled cells with the
modified separator are investigated.
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Durability of PV modules change impact on front glass
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Tertiary 2R &S o] &3 HAYH AfFA7] 3D A4

3D Computer—assisted design of multielectrode electrorefiner
By using Tertiary model

Seung Hyun Kim, Sung Jai LeeT, Sung Bin ParkT, Jeong Guk KimT, Han Soo LeeT,
Jong Hyeon Lee"
Graduate School of Green Energy Technology, Chungnam National University,
Korea Atomic Energy Research Institute '
Nanomaterials Engineering, Chungnam National University"

H AT 2dstel A ES] ndE A mHduAder AxH Y HF Ax Tk
Zlojtt, sHAIRE o] ¢} Hmo] FAlEE WA AFEF A AS (spent fuel) o] WA A T
Zlsta Aoz T71e Flolt, A&E7bsd HAdS faA= o] AFES AR Qkdstal &
2 A we] dedd 1 RFe. % pyroprocessing”]&°] E"ioli‘r.
pyroprocessing< EFEFS WE EskA] &3 TRU (Np, Pu, Am, Cm %) 9 &4 3]+
sto] A&gst7] wiitol 71 F2 3ol vls M GAEA FA (proliferation) o] wi-¢- =7
B ok AR FEA R X3 Q= fekEs dsh] A WHoR dadH S

ol oFe febEe dgelr] Sl WRle® W Agh AdEHAAA vk AR
(electrorefiner) = URFA O % 3]dst= = vpAAY 5 A9 (multi—channel) ] S50 %
TAEHY 55 ehEs Syste] B2 s sk dsiAe FolET g 2
A& Fole o] Ao olF f8 559 ¥HAE S/ 53 A4S FPoE
HAshs =4 A% Solv 559 wWids gelsto] HA9 AVEE WA a848s
Fol= WHo] At olYd 84 e Sl e W APAQ =¥o] Fedhd & AL
A S Foto] el HA G scale—upst=t] BQF 7] xHolE FHe| 7]oja HZA 9
A= g FHE AdSeted 25s = 7 vk wEbA TolAE AR Aol 53
H AdA =& Z=Q Comsold.39 electrodeposition EES ©]&€35t0] TertiaryEd S
Hgo g Aaidwd Aadel AEEAS 5] 913 Rds AAsta Eﬂﬂ‘j— LR
ARl A5 E 7Nt ® HAEALE SF HdaiAE AAHE FHsiem QU ARl wE &
= A @3 Wste] el EAsith ol wte o R AsdEre] HAAx 74] st A
ZlFgeta AasA mdat A8 ks Adketaat dhot
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Development of Neodymium Metallization Technology form Nd,Os

Hong-Youl Ryu, Wan-Gou Kim, Hayk H. Nersisyan, Go-Gi LeeT, Sung-Koo Jo*

and Jong-Hyeon Lee’
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7R Qs AV AbEA stel Bl EAbsAt, &) AR 0] o7t Tk wet e
O F o]&HE BHO F2o FEQ A o % FFEE Skt Atk 53] Nd A4 9] A
¢ IJEF AAaE AA ATl s A skar, elvetelA = AE-stE o] AAbE L QA ¢
ol ZlE=AatskE fleids Nd Algrlsel teh Ay wk=A] desith. Nd203=25-8 HCl
3 NH4FSLe] shshibg-g %8) wrh Alolshy] o3k NdF3Z 43k3lom, 860CelA LiFsh
z3te] A EdZE A2l Tl CyclicvoltammetryHS ©] €319 NdF39 %7} 10wt%olA
! OJ 64.6wt%7k4 F7Fe ) Ndo| Atstehddels 45kl o, NdF39 s7t 7t
E Nd se399= -1.65V(vs. W)ollA -1.35V(vs. W)E ©]E3}%t}l. Chronopotentiometry
= o] & }04 AsjAld Aol HeB7te AAleRa, 7S ol&ste] NduHs 35 st
dg8 56%5 FESNH. 349 Nd +59 d2Es SEME o] &ste] #z3s 43 8534
o] e 215 Felstglth Nd 549 %= ICPEA A3 99.78% 3]
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Metal Complex of SnOs/TiOz and its Preparation Method
for Catalyst Support of Water Gas Shift Reaction

Soon Jin Kwon, Nu Ri Jeon, Wang Lai YoonT, Hyun Seog Roh*, Kwang Bok yid”
Graduate school of Green Energy Technology, Chungnam National University
TEnergy Conversion Process Research Center, KIER
*Department of Environmental Engineering, Yonsei University
§Department of Chemical Engineering Eduction, Chungnam National University
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A7 & 7tA3 AR 1Ed AR5 QA e s A7k~ W COE COq
2 A8 FAlo HoZ AL 5 9l WGS(Water Gas Shift) »4o] F& AHg#t}
WGS #4842 AP 12dqor Hax=d A2oMes & CO ATdES 2AT
SE w7 =2]7] wiEe] FHujE ARgdior It FHuls FAHEA, XA, SAAR FA
H=d olul XA A 22 Felof wel Fuidded et dFS v
wEb B AgoaE F kA F5AEHE Sn0.9) TiOE E3AA =
3tk 4 Qe AXAZ ALl olw TiO.= O FxA 2 Aol HEHA
S S7MNH I obERAl gt FEFY HEdAGN HeHE dgsto g MEAS vy dxo)

=]
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e
oX,
[o
1

Mg olER & Qi BRE ATAAL Sn0E AAOIEEEI} BEL AroLE F
Fe 5 Qe $Ee 23 QY] i) SujEwos ARt Aol Eetel AAYEE A
WA sl FujRAdEd wdel F3E ANFBLE BHAR AU GANA $37)9 w
2o W E 5 QRS 9l

B AAAE e RN ol getel AxdAn B FHAEE XA B 2
sa5E AAAY SAAe] D Tio, ARl wE SHAol s

Sn02/Ti02 (FEFY), SnOy/TiO2(oFHEA]), SnOo/TiOs (FEFL —
2 Az S 247k AAA gl PE BRAA A

I1Ed
Bin Liu, Eray S. Aydil, "Growth of Oriented Single-Crystalline Rutile TiO;

Nanorods on  Transparent Conducting Substrates for Dye-Sensitized Solar Cells",
J. AM. CHEM. SOC., 131, 3985-3990 (2009).

ol )
2l

2. Chi-Hwan Han, Sang-Do Han, Ishwar Singh, Thierry Toupance, "Micro-bead of
nano-crystalline F-doped SnO2 as a sensitive hydrogen gas sensor", Sensors and
Actuators B, 109, 264-269, (2005).

3. Rui Si, Joan Raitano, Nan Yi, Lihua Zhang, Siu-Wai Chan, Maria
Flytzani-Stephanopoulos, "Structure sensitivity of the low-temperature water-gas shift
reaction on Cu—CeQO; catalysts", Catalysis Today, 180, 68-80, (2012).
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The Effect of Steam Velocity on Drying Rate of Low-drying
Coal in A Superheated Steam Fluidized Bed Dryer
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He, Ho, COs, water 7]1A 8 & $3t Chabazite (CHA) -
Aol ES AT EAHT}

H =

A9 #] ) Pankaj Sharma, 3+&3], %3 3]
FTHU R A7 EdEd e

04?"01]/\1L 715 & 7do] 3.8x3.8A S22 He, Hy, COs, waters 2 7|4 4 &2 == &
FJOﬂ F-a83F 44191 Chabazite(CHA) A|&EolE FEAE A|xsr] Y3t &4 21& E&3ta A
3Gt o]& Hal] 2.25K:0 : 0.1Sr(NO3)s @ 1AL0O3 : 4.45Si0, : 167H20«] FIg LA
150TCoA a9 391, dAF A22to]EE X—ray diffraction(XRD), scanning electron
microscope (SEM), electron diffraction spectroscopy (EDS) #4] W njxdH% &4 AAS &
a FREAS BEAEHY. 1 Ay, 43 CHA Al2olE gA7F g8 A gl 39,
AR wE AAAY AR A5 5+ Slsith 5‘5?} T/l FFel s
Brunauer—Emmett—Teller BET) &4 Az, AJAIZEe] 100A17Hd A9 ¢ =2 B|EHZ
(3456.3m2g— 1)< YEH S, HK-plot +4 A3 Hi¥ %fﬁfﬂr o9 {ARSE 7] A7
(0.34nm) < 75_ Ao ol ). &S Ado|ME Htp 543 CHA AZolEQ AxE
Ask HA =71 £ He, Hy, COp, waters 22 714 2t —Ej—.‘ EAS A7 o]t
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Effect of Reaction Temperature on COs Absorption of a
K—based Absorbent in the Fluidized—bed Reactor
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T} %3 RedOx solution® ©] €3 RED WA AAX9 AHEEE A+

fl

UE 28’ a4t et e
Fydistn =AU dEgatd, Teo = 71edY JGRC,

2 AFA = dlel dAlHo s QY ERS HEF ol 94 ooz FeEsE 7]
= AAslE A A7) EAWA (Reverse Electro—dialysis: RED)S 3] sl%ith. Oﬂﬂﬂ?rﬁ‘jelﬂ
olgt o]wdurS Fal Heto] AAHI oo MATF TS dof SREACE TEA HUA A
717 A= ?JE]O]D]'. 2 Ao A o] 2w %= Fumasep FAD and FKDZ ] S
Rinse Solutione K4Fe(CN)6(0.05 mol/L), K3Fe(CN)6(0.05 mol/L)2} Na2S504 (0.5
mol/L) & E33te] AHgsilch. A diel del= 74 &5 AdS o477 A&, 774 200 4
m Cross over type® SpacerE A3 21, Electrode cell> Graphite® A2% 3o}
Sodium Chloride A]¢ko & A F3F A4(30 g NaCl/L: 47.6 mS/cm) &} ©4(0.25 g NaCl/L:
506 #S/cm)E 5 cell (10x10 cm)oll 53te] Power density 1.69 W/m2E& 948 4 I}
Power density?] @& S7HA1717] 18l = ]5’—*’5}“‘4 A e Al YR Xﬂﬂ, &5 19
i FEe o] FQEl o] ERelAE A 2 959 wE9 Rede W& fFEsth7] 9%t
NaCl, Na2S04, hexacyanoferrate A=g& NS ’\}%0}04 REDJ Power den31ty°ﬂ vz = Gk
< AT

l[-'l
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1. J. Veerman, M. Saakes, S.J Metz and G.J Harmsen,“Reverse electrodialysis: evaluation of suitable
electrode systems,”Journal of Applied Electrochemistry, 40, 1461-1474 (2010)
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£859 AYPAH A EFF A
(LiF-KF : KCI-LiCl)9] @& Zr/Hf EdAS

Zr/Hf separation behavior by using mixed molten salt(LiF-KF
: LiC1-KCl) electrorefining

Dong Jae Park,Seoung Hyun Kim,Jong Han MunT,Ju Phil YunT,Jong Hyeon Lee "

Graduate School of Green Energy Technology, Chungnam National University
,TKepco Nuclear Fuel Company Ltd.

*Department of Advanced Materials Engineering, Chungnam National University

23 AR AFRHE AER = 217
& AAE ARRSHl AEE 5A4S AL o AAES A=2Iw
Az Aol 93 A=23gol 1~5%5 EFste of= e
FaAow A=dgel] vl FHAAE 600 & Fste] darzE AlolEol ARSI Ut o]
o o] AAmoM L A= FH sty o] fg=7] o] A=FFd T ue HA G
welsto] ARgafol SFAIRE, sty AxAr] e} F8hA o] A= wd vt sk 7t
ot FeWH O R TG vFEAGNM Y Eea i HH FE Aol Fed
< S5 FAlEAVE dAor AAEHE, HEg oA Fol e WS 12 qiststeA e x]le
2 3N A AAEe] wARCE A A Qi)

kA 2 AT FalEEd daviast aE53dA Abgol 228 &8¢

o] &3te] A2FFel x3H txuES wEche ATE TS AFEE 22 E3AS AF
Reoew, AR wE A=Izg/stEwe Fel W A7|stE4 A% (Cyclic Voltammetry,
Chrono potentiometry)< #4139 E3] HAARES AHEY T FO TEE =7
stlom, SEMg o]§3sto] nAl7-x2E w2
o7 FH7tstlnt.

A8
1= =
At 183 XRDE Tl A= S4S thzhA

Keyword : Electrorefining, Molten salt, Zirconium, Hafnium, Separation
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Novel chemosensor based on rhodamine 6G sensing toward Hg’*

Junemin Park ' and Young-A Son l'*

! Department of Advanced Organic Materials and Textile System Engineering, Chungnam
National University, Daejeon, 305-764, Korea

*e-mail: yason@cnu.ac.kr

Rhodamine dyes belong to xanthene family have excellent photostability and photophysical
properties. In rhodamine dyes, Rhodamine 6G and its precursors also have xanthene
chromophore and it shows high fluorescein quantum yield. Rhodamine 6G precursors are
simple to synthesis and its high sensitivity and water solubility are suitable as good
chemosensor. In this regard, Rhodamine 6G precursors which have selectivity to specific metal
cation can used to detect various heavy metal ions.

In this study, rhodamine 6G derivatives were synthesized by reaction of rhodamine 6G
hydrazide and glyoxal and 4-phenyl thiosemicarbazide. This novel chemosensor was analyzed
and measured on UV-Vis and fluorescence spectrophotometer. HOMO/LUMO values were also
calculated by computational calculation.

o/ °
HN=NH, O N—NHz
R ——
U 98®
HCI
e E
/\N 0 N~ N o N

Fig.1 Synthesis of Rhodamine 6G derivatives

References

1) 1. A.Guerri, F.Costela, A.Figuera, J.M.Florido, F.Sastre,R. Sastre, Laser Action from
Rhodamine 6G-doped Poly (2-hydroxyethyl methacrylate) Matrices with Different
Crosslinking Degrees, Chem. Phys. Lett., 209, 352-356 (1993).

2) 2. S.B.O’Reilly, B.Lettmeier, R.M.Gothe, C.Beinhoff, U.Siebert, G.Drasch, Mercury as a
Serious Health Hazard for Children in Gold Mining Areas, Environmental Research, 107,
89-97 (2008).

3) 3. Noelting, E., Dziewonsky, K. B. Dtsch, Zur Kenntniss Der Rhodamine, Chem. Ges., 38,
3516-3527 (1905).

4) 4. L.F. Zhang, J.L.Zhao, X.Zeng, L.Mu, X.K. Jiang, M.Deng, J.X.Zhang, G.Wei, Tuning
with pH:

5) The Selectivity of a New Rhodamine B Derivative Chemosensor for Fe3+andCu2+,Sensors
and Actuators B, 160, 662— 669 (2011).

6) 5. K.P.Prathish, D.James, J.Jaisy, T.P Rao, Dual Optoelectronic Visual Detection and
Quantification of Spectroscopically Silent Heavy Metal Toxins: A Multi-measurand Sensing
Strategy Based on Rhodamine 6G as Chromo or Fluoro lonophore, Analytica Chimica
Acta, 647, 84-89 (2009).

7) 6. Y. Ma, X.T. Zhang, Z.S. Guan, Y.A. Cao, J.N. Yao, Effects of Zinc(Il) and Iron(III)
Doping of Titania Films on Their Photoreactivity to Decompose Rhodamine B, Journal of
Materials Research, 16, 2928-2933 (2001).

8) 7. X. Chen, T. Pradhan, F. Wang, J.S. Kim, J.Yoon, Fluorescent Chemosensors Based on
Spiroring-Opening of Xanthenes and Related Derivatives, Chem. Rev., 112, 1910-1956
(2012).

_90_



P-GT-9

(6
ol
ol\e
l-'li

S 714 WGS &9l CO A& mxE=
Wy F2E 9%

2= = ¥ =¥ = = ¥ *
A, Ay, ol s, FuE T, old g
) ‘ SEEA LR

Effect of Bed Insert on CO Conversion of WGS Catalyst
in a Fluidized Bed Reactor
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(
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FZ=2 FA7FA 3} (Sorption Enhanced Water Gas Shift) 373

& JAVPAERY FAE A
2% T el gxdxor 3fgahs 7|Eolt WGS Ev)

1:l

Absta, C t gA7kse =3 CO
g H2e dan)e, 2 da @4d Coze FAs olgsiel £ar. Foad 14 Coz
o A& ﬂo}o% CO2 &47} SEWGS H&%ﬂsﬂr A ARE-S-7] AtolE FEehHA CO2 F5—A
AYNE-S-& HHEEHAl =) fﬂﬁ A Y-S 7]= SEWGS HH7| Bt} %8 2 oA ZOJFM, coz2
FrAE AT qEE o}L WS 7124 WGS Fulls EuE WS AXA &A ) ot
gA] WGS Fujo] a12x=ZFol o3t A sHE WA A WGS Fuls SEWGS H-8-7] 9
T EASEAL, CO2 A AeA oz ARSI E =FAA AAREES & F e T4
o] Aaaltt AT AATA NEE F%F5 SEWGS AAHY A F AR (&S, S54) 7}
A =k 3HS AFESE k. E AFeA = WGS FlE SEWGS RES7]ofvt &A%
5 3t7] S9lst 4?@1 U7 =9 E%k ﬂoﬂ e CO A& Wsts 54 9 1233
om ARlEe] Wste] wet AUE QFo fE5HE e T dgAstE S5t 4" 71A
o] Fd EZEWETS A5
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Removal and Probing of Highly Toxic Mercury using Complex Formation
with Biothiols in Aqueous Medium

Sang-Ho Son,’ Yongkyun Kim,* Taek Seung Lee ™
Organic and Optoelectronic Materials Laboratory, " Graduate School of Green Energy Technology,
' Department of Advanced Organic Materials and Textile System Engineering, Chungnam National
University, Daejeon 305-764, Korea

Biothiols such as cysteine, homocysteine and glutathione play important roles in biology. For
instance, they are participating in the process of reversible redox reactions so that they can
maintain the homeostasis of the human body.

Elevated levels of homocysteine have been associated with a number of disease states. For
example, a high level of blood serum homocysteine is a powerful risk factor for Alzheimer’s
and cardiovascular disease. In the other hand, deficiency of cysteine have been associated with
hair depigmentation, edema, retarded growth, Ilethargy, liver damage, skin lesions, and
weakness. For these reasons, detection of homocysteine and cysteine becomes important.
We have synthesized a new fluorescent probe via Suzuki coupling reaction, and it has the
aldehyde functional group in order to react biothiols. The reaction of an aldehyde with
homocysteine or cysteine was reported to form a thiazinane or a thiazolidine ring,
respectively. In the last step of the synthesis, positive charge has been introduced in the side
chain of the fluorescent probe in order to have solubility in the water so it does not need the
use of organic solvent.

In addition, our new fluorescent probe can be used to detect mercury which is a heavy
metal and highly toxic to human health and environment. Because mercury and cysteine can
form stable complexes, we could evaluate the amount of mercury by comparing fluorescence
intensity change.
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Efficient trapping of single microparticle in microfluidic system

Kang Song, Heon-Ho Jeong, Sung-Chan Jang and Chang-Soo Lee *
Department of Chemical Engineering, Chungnam National University, 220 Gung-Dong, Yu-Seong Gu,
Daejeon, 305-764, Korea
*Corresponding author: rthadum@cnu.ac.kr, Phone: +82-42-821-5896, Fax: +82-42-822-8995

Micro particles trapping are critical to diverse analysis in chemistry and biology.
Microfluidic-based array system are widely used for providing efficient analysis platform. To
manipulate single-particles, fluid dynamics in microfluidic device have been developed for
fabrication of micro particle array. In here, we present a microfluidic-based single-particle
array with enhanced efficiency of single-particle trapping. Upon optimization of single-particle
trapping, we evaluate the effect of trap geometries and flow rate to increase efficiencies of
single particle trapping. The micro particle efficiencies are different in flow rate and trap
geometries. Thus, we found the optimal flow rate and trap geometry with high efficiency of
single-particle trapping. Therefore, this microfluidic device could offer a platform for a wide
range of applications such as chemical reaction, single cell based assay and cell biology.

g

&3

[1] Wei-Heong Tan and Shoji Takeuchi, “A trap-and-release integrated microfluidic system for dynamic
microarray applications”, PNAS 104 (4) 1146-1151 (2007)

[2] Jean-Philippe Frimat, Marco Becker, Ya-Yu Chiang, Ulrich Marggraf, Dirk Janasek, Jan G.
Hengstler, Joachim Franzkea and Jonathan West, “A microfluidic array with cellular valving for
single cell co-culture”, Lab Chip, 231-237 (2011)

[3] Sochol RD, Dueck ME, Li S, Lee LP, Lin L, “Hydrodynamic resettability for a microfluidic
particulate-based arraying system”, Lab Chip, 7;12(23):5051- 6 (2012)
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Effects of Surface Treatment using Electron Beam Irradiation
on Soft Carbon for Li Rechargeable Batteries

Ja Hwa Ahn, Byung Cheol LeeT, Sang—Ick Lee*, Kanamura Kiyoshii, Sung—Soo Kim"

"Graduate School of Green Technology, Chungnam National University, 305—764,
Daejeon, Republic of Korea

"Korea Atomic Energy Research Institute, Daejeon 305—353,Republic of Korea

fGS Energy, CRD Center, Daejeon 305—380, Republic of Korea
*Department of Applied Chemistry, Tokyo Metropolitan University, Tokyo 192—0397,

Japan

Soft carbon has low capacity than the graphite which is currently used as anode material for
Li rechargeable batteries, but soft carbon has been developed for specific application due to
its unique properties as high surface area and high-output characteristics. However, it is well
known that it has high irreversible capacity of soft carbon due to interfacial defects and low
crystalinity on the surface, is one of the critical drawbacks to commercialization as a negative
electrode material for lithium secondary battery. [1]

The electrochemical performances might be improved by the interfacial process renovation as
well as the electrode material modification. Several electrode materials have reported the
remarkable improvement of electrochemical performances by surface treatment. [2]

In this study, we want to investigate the influence of surface treatment on the
electrochemicoal performance of soft carbon, such as irreversible capacity, rate capability and
high temperature performance, which is related the charge transfer component of electrode.
Here, we adopted the E-beam irradiation method[3] for surface treatment on softcarbon, which
is reported its feasibility in various field, recently. Furthermore, we have measured the single

particle performance of soft carbon, to elucidate the charge transfer process of soft carbon.

References
1. Norio Takami, Asako Satoh, Michikazu Hara, and Takahisa Ohsaki, J.Electrochem. Soc.,
142,371(1995)

2. S-S Kim, Y.Kadoma, H.Ikuta, Y.Uchimoto and M.Wakihara, Electrochemistry, 69,830(2001)

3. Min Kim, Jun-Young Shon, Young Chang Nho, Tae-Woo Lee, and Jong Hyeok Park,
J.Electrochem. Soc., 157,A31(2010)
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Surveying experimental factors patterning of proteins using
microvalve system

Naye Eom and Chang-Soo Lee *

Department of Chemical Engineering, Chungnam National University, 220 Gung-Dong, Yu-Seong Gu,
Daejeon, 305-764, Korea
*Corresponding author: rhadum@cnu.ac.kr, Phone: +82-42-821-5896, Fax: +82-42-822-8995

We fabricate microfluidic MITOMI chip for patterning biomolecules and screening chemical reaction.
We can selectively control the pattering of reactive spot areas in the microarray chip through actuating
the pressure-controlled button valves. The pressurized button valves play a role as mechanical blocking
for selective pattering. To demonstrate feasibility of selective patterning, we use BSA, and fluorescence
tagged BSA (FITC-BSA). According to sequential steps, first, button valves are deform to block the
channel and generate the spot under pressure and followed by flushing the BSA. second, releasing the
button valves followed by flowing FITC-BSA. The various spot areas are controlled by varying
pressure providing manipulation of biomolecular pattering area. This method have many advantages such
as requiring small sample volumes, operating on-chip and carrying out high throughput screening. We
expect that our versatile MITOMI chip potentially applicable to controlled patterning areas with various

biomolecules, single cell analysis including in situ observation and their biomolecular chemical reaction.

a5

b

[1] Sebastian J. Maerkl and Stepthen R. Quake, "A systems Approach to Measuring the Binding Energy
Landscapes of Transcription Factors", Science, 315, 233 (2007)

[2] Chunhong Zheng, Jingwen Wang, Yuhong Pang, Jianbin Wang, Wenbin Li, Ziggang Ge and
Yanyi Huang, "High-throughput immunoassay through in-channel microfluidic patterning", Lab chip,
12, 2487-2490 (2012)
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Possibility of Quatemized Poly(4-vinyl pyridine) as Anion Exchange

Membrane Material for All-Vanadium Redox Flow Batteries

Seok Hyeon Lee', Jeong Soo Kim"*"
" Graduate School of Green Energy Technology, 99 Daehack-Ro, Daejeon 305-764, South Korea
? Department of Polymer Science and Engineering, Chungnam National University, 99 Daehack-Ro ,
Daejeon, 305-764, South Korea

*jskim@cnu.ac.kr

The ion exchange membrane is one of significant part of redox flow batteries. These days,
cation exchange membranes(CEMs) are mainly used in all-vanadium redox flow batteries
because of their high ion conductivity and chemical stability such as Nafion. However CEMs
have a critical flaw to pass vanadium ions. It causes decline of battery capacity. To resolve
this disadvantage, quaternized poly(4-vinyl pyridine)(QPVP) that contains hetero rings as
pendant group was selected. It be used as an anion exchange membranes(AEMs) material. The
QPVP was made for N-allylation of poly(4-vinyl pyridine) with allyl bromide, then alkalizated
by soaking it in potassium hydroxide(KOH) solution. The QPVP’s structure made certain that
by FT-IR spectroscopy and proton-NMR. The ionic conductivity of hydroxide anion was
analyzed in correlation between the morphology and the polarity of a medium.

Key words :all-vanadium redox flow battery, anion exchange membrane, quaternized
poly(4-vinyl pyridine)

_97_



P-GT-16
SiON®He F Al NH3z9t NoOHl & & gt 54 ws)

Rk DI [ER R R RAC L)

The characteristic change by the ratio of nitrous oxide and
ammonia in SiON thin film deposition

Kuk—hyun Cho, Hyo—sik Chang’'
Chungnam university Graduated school of green energy technology

SiON(Silicon oxynitride) ®reF2 SiNx Hrebs Al ejokd =] whAPdx]uls} S barrier
mog AMgHEoxa 9tk SiON F&HE SiNxZT#H oA N20 7%% H7pgrow
TAE AT N20 7FA v &S ol wet vAET 248 183 favtsa £ vsE
7hA &}, meba AES FaEl 7hA v1E0] Wkl wE o] 54 X I ] tfsto] AL
SHATE.

E Ao E FALS Y3l 156X156 mm2, 200 gm, 0.5-3.0 £ - cm and p—type @24
AT oA E AFEsF A, SION & &27] Ao KOH 8.5% &4 =% SDRE Attt
RF—PECVD #H]| vhuks Z=32sl7] Q8] Wk &&= 400TC, Z8*vt RF powere
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a7 sklem N20 7hAagE 5:14 sto] wo] EAE& W3 AlFT EDS SHCE 7hA fn] e
w2 diulo]l AEn|E glo} 31, whAMY 574 ANl Reflectometer AW Z 2] FA 9 =4
5, WSS S5 Sun— VOC v E JkEx S S5kl SiNk® P SiON 9he] e ek
28] xAAs HA el JEE Lopr it
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Kinetics of ECO Char—CO» Catalytic Gasification
at Low Temperature under Isothermal Condition

Soon Cheol Hwang, Sang Kyum Kim, Ji Yun Park? , Do Kyun Leet , Si Hoon Lee¥ , Ji Ho
Rhu¥ , Young Woo Rheex
Graduate school of green energy technology, Chungnam National University
Department of Applied Chemistry and Biological Engineering, Chungnam National University*
Korea Institute of Energy Research¥
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F AR (PFAD)E ©o] &3 Asw A& A24ts EAH 4
st Asat gast, At 41t 948t d9F, gt o9
Fagstn HAUA 7 EREE AT Ed T}

B AT F AT olg3te]l ASF Awel Aeatst 54 ovE cdolugth Q)
Ao} A5 H A¥kel Eco¥tS AFE-3519 11, palm fatty acid distillate (PFAD)E &3 A|71 & #A
x5 33tk Eco®tell PFADE &3 ffr 107 T AA2W97]eA Az sten 1 Fof b3t
EAS H718A Y. crossing—point temperature (CPT) 43S &3 Hd3=E= AIdFS &<l
shRlom, A2Akst A3S Fal CO2,CO 7hA wiE%o] AxAgrtt PFADE £33 A go]
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Table 1. Proximate, ultimate analysis and calorific value of Eco raw coal and upgrading
coal (*: as received, dry & ash-free)

: . Calorific

Sample ] Volatile Fixed

Moisture H o) N S value

(Wt%) matter carbon

(kcal/kqg)

Raw coal 29.95 36.57 427 29.21 69.85 453 2055 079 001 4,192

PFAD 0 0.35 53.68 5.73 40.23 67.60 461  20.74 116 014 5912

PFAD 5 0.12 58.72 4.85 36.30 69.80 516  18.96 112 0.09 6,115

PFAD10 0.09 61.81 471 33.37 7090 591 1732 1.06  0.09 6,509

PFAD20 0.56 64.19 3.88 71.77 71.70 6.63  16.67 1.00 0.08 6,943
Table 2. PORAM Standard Specifications for PFAD.

Parameter Specification Method

Free Fatty Acid Palmitic 70 % Min AOCS Ca 5a-40

Saponifiable Matter 95 % min AOCS Ca 6a-40 modified
Moisture and Impurity 1.0% max AOCS Ca 2e-84
AOCS Ca 31-46
700 10000
N - = PFAD 0 wt%
| ® : rra o - D Eaau
A PFAD 10 wt% A PFAD10wtﬂ/E,
500 . v PFAD 20 wi% om0 v PFAD 20 wt%
£ - £
= S 6000

£ 00 = =

S " . S 5000

g 300 " . ‘% 4000 .

%200 -y l... % 000 T I.-.
taogal | L ‘:lAl aAAlli 2000 2 L .
" MRS EREL LIRS 1one vv55553553§;2ii§i§;§l§;;
0 0 50 100 160 200 250 300 350 400 ¢ o] 50 100 150 200 250 300 350 400

Time (min)

Time (min)

Fig. 1. Changes in the formation rate of CO2 at (a) 70°C, (b) 100TC.
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Stability of the surface treated ceramic material in liquid
bismuth cathode

DaeYoung Kim, JunBo SimT, [ISun Hwang*, JongHyeon Lee
Graduate school of green energy technology, Chungnam national university, TKorea
Atomic Energy Research Institute (KAERI), TNuclear engineering, Seoul national
university

The nuclear power plant is powerful energy source in the world. The spent fuels are caused
after burn up in the plants. Wet process is used to recycle the spent fuels. As an alternative
way of wet reprocess of spent nuclear fuel, pyroprocessing is known as novel methods of
waste processing that has proliferation resistance. One of the critical matters of pyroprocessing
is a ceramic crucible that contains the Liquid Bismuth Cathode (LBC) in electrowinning
process. The ceramic crucible containing liquid bismuth cathode is chemically unstable. In
order to enhance the stability of ceramic crucible, laser processing which is a common
method of the surface treatment is used. The melted ceramic crucible surfaces recrystallize.
The laser treatment were believed to produce glassy phase which has less roughness than as
received sample. The surface morphology and cross-section of the treated samples were
analyzed using scanning electron microscopy (SEM) and its wettability was measured by using
liquid bismuth cathode on the surface treated ceramic. Intrusion of LBC element on ceramic

materials is analyzed using x-ray photoelectron spectroscopy(XPS).
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Al electro plating on Mg for increasing corrosion resistance

Bung-Uk Yool, Seong—-Seock ChoZT’ Jong-Hyeon LeeZT*
Graduate School of Green Energy Technology, Chungnam National University,
"Nanomaterials engineering, Chungnam national university
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Catalytic Reforming of Toluene Using an Nickel
Ion-Exchanged Coal Catalyst

+

Soohyun KimJr , Chun Dong Hyuki, Sangdo Kimi, Sihyun Leei, Jiho Yooi*, and

Young-woo RheeJr
Graduate School of Green Energy Technology, Chungnam National University,T
Clean Fuel Center, Korea Institute of Energy Research,i
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gasification of a woody biomass under a nickel-loaded brown coal char”,
FuelProcessingTechnology, 91, 889-894 (2010).
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Experimental Behavior of CO, Capture over K,CO3;/MgO/Al,O; Dry

Sorbent using Pressurized Thermal Gravimetric Analyzer

Nu Ri Jeon , Soon Jin Kwon , Ho Jeong Ryui, Kwang Bok Yi'”
Graduate school of Green Energy Technology, Chungnam National University
TDepartment of Chemical Engineering Eduction, Chungnam National University

*Korea Institute of Energy Research
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Experiments of Bubbling Fluidized-Bed Reactor", Korean Chem. Eng. Res., 349-354
(2009).

3. Lei L., Yong L., Xia W., Feng W., Ning Z., Fukui X., Wei W., Yuhan S., “CO;
Capture over K,CO3;/MgO/Al,O; Dry Sorbent in a Fluidized Bed”, Energy Fuels(25),
38353842 (2011).
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NaY A &olE #g T8 ojidseds FAAF AF

NaY Al&etolE Feuhe 7 4A«] ]%’L'ﬂ‘é% AOoZ AFAdE 9, o AAs 547IA
e A3 e T £ . 53] B mwlellA Vg o ® CO29 H209] A1
2 FAto] o] FoAH, THIAS B OH ol%E3te] CO2 Holo 443 242 44 o B A
Tl CO2, N2, 02 24 o= ddrta 9 Z37kA o)A NaY Al&etelE F2we] o
AbsteE A ZIA A S S Lol auxt sdth o] AFEH whe a—-dF Uy tube JFHEW
NaY #A|&ZolE7Z}F Y H tube HEjZE, @ o] 40cm, 974 0.75mm, W74 0.5mm, +& 49
Aol 94cm20)th. w2lur ZF 7] Aol td] ©AdrFA W EStUbA F A FIPE A of] A
of F7F =tk A= MFCE &3 dAFE Td=E g T3k 71A= GC(ga
chromatography) & %4 (bubble flow meter) & TR E, Tzt 9 535S Q‘ﬂ’é‘]-oﬂ
e, AYEs & 5 Aok GL7PAER obye} EFTIACA L iAo ®E CO2 7AF %
E=7F wgkem, 100149 £ CO2/N2 A8 xs ®3lth
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P-GT-26
Analysis of Meiotic Chromosomes Movement of Trapped Yeast
Cells by using Microfluidic System

ARz, A, Rog’t o)
Fadeta, st

Extracting single-cells information during cellular responses to external signals is an
essential step for quantitative single-cell analyses. The ability to analyze cells at a single-cell
level is important when investigating cell heterogeneity and holds the promise of improving
the outcome of many biological and medical assays. The conventional methods are limited in
their, resolution (in space, time). To address these problem, high resolution live cell images is
increasingly used to detect cellular dynamics in response to drugs and chemicals. But
observing the real-time behavior of single- cells is achieved with much experimental difficulty
due to the small size. It depends on complex and expensive liquid handling devices that have
limited its wider adoption. Microfluidic systems offer advantages of precise fluid control and
have recently developed as a method for imaging techniques of single-cells in precisely
controlled and changing microenvironments.

Here, we have developed a simple microfluidic platform of trapping single-cells in aperture.
The device exploits hydrodynamic forces to trap cells flowing near a narrow aperture. We
achieved capture of cells with a trapping efficiency over 97 % moreover trapping efficiency
of sing-cells over 50 %. The array format and optimized geometry allow for easy and
efficient single-cell loading, while maintaining captured cells in a low shear stress environment
for long-term experiments. The simplicity of the design, inexpensive materials make it a
device for systems biology experiment.
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Gd-doped & Ao} gA 2 Y= 4R 2539 Y

B AR K IS R s Rt e e o a1 R B s Bt I RS BB e s Bt

A A4S o] 83 WAy IGCC (Integrated Gasification Combined Cycle) ol o] €317
A Rl akAE EEdE e ¥l dasith dAl AR He A e AR
PAS(Pressure Swing Adsorption) < H|&o] H|M1L AWAS o] &3 Fa|ute] 49 ki &=
E7F gtk s Qe Aol ATHI e Wobrb oA A4 A (on transport
membran) |tk AALFHREE Fol7] Qs WY Fol SIUE active layer?] 7ol glow, &
A3 active layer?] 7]&# &AlZ GDC(Gd—doped ceria) 2} Ag(silver) = Ao o=
o] AbA o] 9] o]Fo] folgteF Ad HEF 1EA BXAT|= A HFOE e, GDCO
AgE FHsh= Aotk IHel H2% oA = Sonicationg ARl oW GDCE AHES A
gator, Agel =9 E42 AgNO3& AHEStY], S AAZ FEYol #8905 AFEsIl e
W, #AAE= Ethylene glycols AHEaIitt 7]EA oz &Ho] £33 ¥ Ethylene glycol?]
| S7Fer5, AgNO39 3ol &5, Soincation 32 ¥R Yeol2] dosing rate’} =
T, gEYole o] AoFE GDCE mHe dE Agel ZFol Frtstlv. A% TEM
A2 glg A Agrt BAA Qe AS #HFE T 5 0Tk XX AgE WA Bx AA
Qe Ao 2 @MAZF sonicatione K, AHEA A PVP (polyvinylpyrrolidone)
H7rete] AdS W8y 3l T3t sonication?] ¥FS Lol 1A} sonications d = A

A9 £x Wkl F A9 AUA pused FUL W sampled Ve ngrh BHE

XRD$} SEM EDS, Z1#]321 TEM ©]uj#] EDSE ©]83}% 91, sonications & H-F ¢ @2
AgZ} A He AL &2 & 4
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Wz, olss, o], FeAx
gt U A 7l =d 4
(hjryu@Xkier.re kr)

Development of Ash Separator for Solid Fuel
Chemical-Looping Combustor

Chan Young Park, Dong-Ho Lee, Chung Won Lee, Ho—Jung Ryus*
Korea Institute of Energy Research
(hjryu@Kkier.re kr*)

Afet dAztAe] maE Q& AR7RA e HAERa, A= el st o q=]e] #r7]
A AFAA ZEAIA T 120 o]do] Hi= AR ol FQ% ouxdor J7hEI Qi
eSS o] g3 oUAE w=E WY S5 wiAsd d47]% (Chemical-Looping Combustion) &
71 T2 AAE AR WA= 1S AAAaYA e gy, A5 S5A (kA
ZHE HEEAI7IE AL Waolm HESo] o3t WA ES CO2%F H20% o=z hst
3l aE=e CO2E & & F e AY T 7]zolth. A AeE o] &3t miAsE
& 2008dF-EH A9, w=, AHR] T solA] FaEel a1 oy uAARE
o] WAsty] wiiel AL Aol wep go] Frhste] AERES 7l
Fol A &HHo 7 FIeHA AL Mol B wEH, Ak FodAtel A
9wk S ASIA 7= felo] Huh B Ao s nAdE wAeE AT
elA A58z AAT = e g7y s EE5ke] 72
S YAE = AA Wi AESdALT O AFEEE NiAl dAHE AFESRSl S
= YA ETE 2 CO2 SAlE AFEste] e Eelagel vA
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Characteristics of pressure difference of coating metal filter
according to backwashing pressure

Sang Oh Ryu, Dong Hwan Jeon, Seok Woo Chung
Plant Engineering Division, Institute for Advanced Engineering
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High pressure pneumatic transport experiment
for mixed fuel of pulverized coal and fly—ash

Sang Oh Ryu, Sung Pill Yoon, Jae Man Lee, Seok Woo Chung, Jin Wook Lee
Plant Engineering Division, Institute for Advanced Engineering

Agle] RER el oUAe] el £iEs S5kl AAHOR WgFel Fiw
NEAY el B At aeht Hug GUAdow H8@ 44 e Qs
ujste] me @S AAete 53] £A7RAQ oltslEaE tFow WEdTh A shag
Ao AAARQ Avol 40 olIAE ak - nIHOR BT + U ALEA, FREL
Mgt ALae] shas wgel s BARE PAAE F8F ATUAA0R A5 B
AHgabA SetiE w QRS Az J# AREAT gl Asdeh A o

T
BRE hag /e A8 45 71E0] FF olFn |, BAFo] ke ] w0l
B2 AT A vEEBAET A58 TG0 ool H A5AE Tasn dth used
FEF s e e R dh B $RE RAs] A8HE v vl £ @
ol B YA A/t AW 2 viEwe] AGHEY, FRo] B AFWS AET 3 B
AE F e BE 42T FolV) Astel ned PArkaw UEes dhow drstt §Y
A2 ERAE 715 A F At o] A9 FE ALF oA i gigel xe v
RS Ao vliEte] E3E A AR F ARl ZAHA ol BAE BES AL

o
o, of

of A A8k Hl*PXHS’Jr v

Al
T Atk oo B AN E 55 dx ¥HY v ]—Er% =% 955
Tushe Zlses Azt el & Ao ABATEA AFE VRS EAE AA/A e
of mE3te AFEY o|FE5AS deofste] 4&d AFe st 015\"0] 7besh dxdE ot
staAk skglom, 7]-/\?;}7] (Receiver Tank@® thA]) ¢} w] gk O]/\*Q*ﬂ Aol €] a2k WA, frs
3 A4 7 HE 585 A8t Ads AT 2 Aol ABAT AIE A ve
o7 FuEHE AEZF vARA9 vEwe] 23 E EFARY A xR EF AESs A

shelut.

w ATe 2011 AAAAR Ador d=eluA7]EF 7 (KETEP) 9o A4S ol &
et A+ FAYHE (No. 2011T100200037)
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The Effect of Bed Height on Drying Rate of Low-rank Coal in A
Superheated Steam Fluidized Bed Dryer

Jaehyeon Parkl, Dowon Shunl, Dal-Hee Bael, Chang Keun Yil, Ho Jung Ryul, Seung Yong
Leel, Dong Ho Leel, Jong—-Seon Shinl, Jae Hyeok Parkﬁ, Gi Yeong KimgﬂE
Korea Institute of Energy Researchl, ' Yonsei Universityz, i Chung Nam University‘3

A2 @At Be o)t M gid olHe LANAE 4EHH e Y

s 45 ot ShuE
CCS(Carbon Capture and Storage) 7d°] tlF= vt 12y CCSHEH L ¢ =2 4]
fo] Agst AR Mol EA7F Ha o] o w2 so] o] i Qv olgs F
< JNAsHY] st ks stuE CCSeH oA HiEsH = 122 ~"¥ CO2& o] g5t As
FAES AR EIAAYES faeA Hd CCSEAY oUA 548 Y 5 A Her
o BFEHE FAl T F Vel F o e84 AAHSE FEE £ QS ow #
dEn (29 1]ed 1 CO2 4 2% ¥4 Ax 349 T3 AlA"e] MEFeE ve
pea=
B oA AgE 2" 55 1% ZAE 7FE 80mm, AZE 80mm, ¥°] 500mme FAF
Zke Wkg7] o)y, B Aol X d9S Fashy] g A wdr|vr AAEoe] itk 44
3 &

T oA L/D(Length per Diameter) & WHER 3fo] Axd nx&= JTE A5}

=

LIEHEIR L

(28 19] A4 CO:z 3 2% eA% A= ¥4 T A=,
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The Effect of NaxCOs on Char-CO: Gasification Reactivity by
TGA

Do Kyun Lee, Ji Yun Park, Sang Kyum Kim+, Soon Cheol Hwangf, Ji Ho Yoo*,
Si Hyun Lee’, Young Woo Rhee *
Department of Applied Chemistry and Biological Engineering, Chungnam National University
" Graduate school of green energy technology, Chungnam National University
¥ Korea Institute of Energy Research

AR ApZge] wE e Bas oluA 718 FHe

A ARgEt7lols AdEetA oot webd Aedw Ags Axst st e Ve A
7h2~3k qbg SAC] thgh 712 AT xEo] ok Aol

A'ts ol gske tx4e 7ledd Aertasprles Ak 7Fastr]ed F9ste] CO% H2E
FATLCR sk FA7AE AAtsks Zlsolth 28y 71E9] LR - 19k 3ol Tk F
7HARL o] Apg-o] ol vlagAoltt. A - 38 FAH A AP = ThAste] FAHNE S5
7] f1g Ao ® s AREE S Qlvh Fule AR A2 TROAM aE&AQl Huriast
£ JbsetA sk, kA ow AAdEE CO8 H29 FE&E =Y o vk EF
CCS(Carbon Capture & Storage)E &3t 3% CO2E A& 7w FFoly 7FAshr]d
AH-= CFEAA ThasESo AREShe Wte] HER AL AR, o] AEd e VxdAd

= AFPstaL Qo] @ A g2 AT Ar A2 AU a7 A

E AFodE QY Aol ol Ekel Roto®el] gt Char—CO2 7}A%HHe AdS & %
AeA Full Na2CO3E ket gddFor st A4 7] (Thermogravimetric analysis,
TGA) = 33t
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A2 SFuj7t 23k dbgo] o]iE g aTt n A= FF

wA g, AR, omd, FeH, oA, 22F, FA, oNET, ojgg
Feta Hao) A 7] & Ao etel
"Fdsn Qujste ko) o &g 3)stal

Investigation of Carbon Dioxide Effect on Catalytic
Gasification at Low Temperature

Ji Yun Parkf, Do Kyun Lee' , Soon Cheol Hwang, Sang Kyum Kim, Sang Heon LeeT,
Ji Ho Yoo*, Si Hyun Lee*, Young Woo Rhee’
Graduate School of Green Energy Technology, Chungnam Natl. Univ., Korea
' Dept. of Appl. Chem. & Biol. Eng., Chungnam Natl. Univ., Korea

' Clean Coal Center, Korea Institute of Energy Research, Korea

MRS o] g3k UlaRAQl &Rl HertAst Ve s 7hAg]e FYste] Bk A4
AlA dArsterast A5 FAROCE st FAVIAE AXxSoh gz A Q] TtAseE CO2 Tk
3}, steam 7}~3}, hydrogen 7}A3F7F k. CO2 7FA3}E= steam 7FA~3)o] Ml whgo] =g
Aqk, A F233t FAE A Est7] Y3k oA AE F85t= AV sEA AV AT 2y
o] ool gtt. 7]E 7kAs A= 1500C o8] a2eA Ay mr AeriAasizox] YA
a2 7hAE AASH] fEliA AowE WA A FFEE oA afo] v o] Qi
a8y FulE AFSE A RESEE S7F $ATFA A A, vhAs dERE e 58 AT
T AT B AFelA = 900Tolske] LA o]absterA I3 W A ATV]we FE FgE o]ak
SIS 7FASE HEgo £8A17]a HEgAd S Eol7] 8l SHlE Hobske A CO2 FH 7hA
stol| disl]l A8k th Addel ARgE Auk2 wjEg dAAQl AekS 200 mesh ©]8Fe] Ik
A71= Fste] ARSI 7EAs a8 FolV] Hdl Fule LTS e ¢AHETS
AU EFY el R, sAbdES AAsa, o et A8 5 wt.% H7}EEAT &=
st AAFES FulE AFSSHY] fd FuledA F2 Ais s dAFE FolA eibdao]l FF
sk MR-AS ARGSRSITE ZF Fuvt Hte A' AlsE 14T 5
o] Zb(char) & Azt Alxd 2= dAdZFY 37425 a8 7FAs b 18 ekgla, vt
S7tA8 olAtstE A R E FAse] o]ibstetAd] wRe wWE CO2 7FAsE HES
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Higman, C., Van der Burgt, M., Gasification, Gulf Professional Publishing, 2003.
Dutta, S. and Wen, C. Y. and Belt, R. J., “Reactivity of Coal and Char. 1. In Carbon
Dioxide Atmosphere”, Ind. Eng. Chem., Process Des. Dev., 16(1), 20-30 (1977).
3. Ergun, S., “Kinetics of the Reaction of Carbon with Carbon Dioxide”, J. Phys. Chem., 60(4),

480-485 (1956).
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A ojm=3z 34 AT
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The synthesis of Polyamic Acid of Adhesion on Metal and the
Research of Thermal Imidization Process for Manufacturing of
Polyimide

Eun Ji Kim, Jae Hyung Park, In Kyu Paik’
Korea Institute of Footwear & Leather Technology

A

Eolm=(PD) FA= W =9 dlol imide groupE $Hratil v LEAZA 5 A
& 7HAAL Sl =2 E WaAds WEked, vk, WieA, v d483E, A, rd
A714 54, 92 &S 7P Qo] Awak AR, dARE, 34, PCB 59 dA4 AR
SOEEA, fAaEee] weoll g o] & vk 53], a4 Aokl Tty 2 =%
7b ol wEd AEFHo e uEA o] AR Al Aol o A degHs WA HER
wEake] ARt HFEe] eqtEal vk EEelvi = A 3L tiF-Eo] &85 el A
TAQL EeoAHPAA) & 738kl L AElA Zhashs Zlo] dwkH oty Eefolv| =g o4
of e 22 AE 3t Eeolv|=E HHAAE o]&sto] HAHASH|EY PAA EelA A4 o]
nEgkE F AH ke o] 3 SHelAu vhE =94 SHelA frEstth webA, & AT
AM= =& glotm it x5 Adstar HA o dHojv| =3t ¥FS FEF

3Z
= =
Zelolv| =8 JNEetaral ek

43 8 A&

chgst WEH
w5t A9E
0.3MPaclgith. ehnlgef el 7219 fHa=o] v Z12 Feje} Fejopujate] Fh=4lqt
TN ATEE st on=gs Weletlr] wiEo® st

Rt oty BFEe] mE Eelol s YT A% ot 3E §
S wag A, dFvEel o QAYS 4.9MPa, Tol o QA

o flo et
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Optical Characteristics Evaluation and Manufacturing of Flexible
Acrylic Film for Optics

Jae Hyung Park, Eun Ji Kim, Jun Hak LeeT, In Kyu Paik”
Korea Institute of Footwear & Leather Technology, " Korea OGK CO. LTD

rlr
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Z2E A= el Rl Qi 73y Bdol AgHe] W] ax Ei
Sk e, A2 A wek A e dolsk s gAgel Atk old $AYE s
Q& < Transitions OpticalAte] 7|<S A L3 thekst WA A=2 A8ty YA, 7140]
]

.
M iR Feel dEske Agolth wak Fol 2 A u Fwst FEv FAs0] o
PC @2¢] A 831719 $99 Agol ofrh. mebd B ATeIAE WE Behay Aze] A8
ShA nEHAYT A Fojsh s BekiY =g 4d YU AR Az, ofF EW
el v 39 /1% gaste] Thbe A9 wiE 8 Ahul SEoh $5E gua Eeiay 2
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gotg oA FAA AE] A xo] o], LG MMA (F) 9 PMMA (Polymethyl methacrylate)
£ Bstex 2 AFEsty F2ZA| 2= HenkelAF9] Locite uv curing adhesive® Photochromic
dyes®Z+E Vivimed labsA} #|&& AFE3l3, A7FAIZE GenoviqueAl?] Bensoflex 9—88 SGoF
cthH Al v A Al M—sol #1, #25 AF&3sisith a2 259 71y 345 YeERd Zolth
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HE R W
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FPD(Flat Panel Display)& Glass AAA H7F A+

A Study on the Evaluation of Cleaning Ability for
FPD(Flat Panel Display) Glass

Won-Gook Shin, Ho-Yeoul Lee, Jong-Hee Kim,
Jae-Heum Bae®, Dong-Kee Lee™
AK ChemTech Co.,Ltd., The University of Suwon", Korea Testing & Reserch Institute™

FPD (Flat Panel Display)$ Glass®= LCD, PDP, LED% Display? @d o2 t}ekst Folo
A ARgol AL 9lo, Al ¥l Fust Hoiztel wet AFFge] ool FAH 3
T Bad HHo AFAS AdHola AAACR A8ty SlelA o 7HA "ﬂ;‘”‘é %
7HlE APE Foto] vl F7F skth FPDE Glassi= Alx 2 AR H, ¥ Glass?] #43
A Bes fs 25 AdE s Hed, A7 Bash He 25 20 dol® A
do] wAsHA .

7= Glass W] TAHE FFH0] AR vst eddES A7 6] Slsto] g
AstAolm QAo ol e Aadde FAMGA] NEOZOLES AF8-8to AR SS
7Fskith, "”’q‘j“ﬂ O 2= FPDE Glassol £99s Exsto] A7l $ AAgeHe F7tskad
B o R TR, S, A5, GC-MSEAH S T3 A Adss &<l &tk A¥
Ao w2, vk Surface Tension?} Viscosity® 7Fd NEOZOL MAPAZ A4 st A}
T AY Aes B

o 1:10*' H oft oﬁ }-O:_,oﬁ
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1. Shin, JH and Lee, JH "A Study on the cleanliness Evaluation methods for the selection of
Alternative Cleaning Agents", Clean Technology. Vol. 15. No2 June 2009 pp81~90

2. Min, H.J and Shin J.H "A Study on the Evaluation of Cleaning Ability Using Optically Stimulated
Electron Emission method", Clean Technology. Vol. 14. No2 June 2008 pp95~102
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A study on the cleaning technology about Jet—rinse in water
Using Semi—Aqueous cleaning agent for PCB

Seung—Mo Yang, Dong—Kee Lee”, Donig—In Kim
Korea Testing & Research Institute

PCBERE=X IT }\];gg] /ﬂ;é}oﬂ U}E]— ;87] . xdx]. xﬂﬁ/] 614/\1 ,ﬂ/\ ?-/H QAT _/,:o u] /\g/\]—o]
7kt ol#st PCBRE== 3 5 25 ¥3S PCB HE ]Oﬂ vl E (mount) 0}01 &U 9
(doldering) © & v}¥-2] 3} Q~tﬂ EEPA A E ZEAFlux) S 938 AA A &
B =E T AF 2¥e do7a AFe FHs @57 g d<lo] "k weba o] 9
AATAL 1T A% AT AE2 m$ =83 342 shyolty, PCBRE AMAo+= 1,1,1-TCE7}
AFEE oY 1,1,1-TECY} 2&% 3 & 1;%/‘1 ARgo] gtAl el wep Sueld o2 TCEw®
54 944, HFC, HCFC—-141b & &=2424 9 n—propyl bromide, 2—Bromopropanes 5
4 BEA &AE AREste] 24 01““}j 9 7], FAReHS dogja o] o] st tf
%17P Al sttt
AT E edE By ede 8 wAl glo]l BVIRE AREE 4 Qe

A At AFA 7]ws o]&F PCB 7]%94 ZHAFIx) & AA AEE 3 Fﬁiﬁ}. al
o7 AAFANTARE30x, 3B)H 253 A /5 MEE Fo] PCBREE
¥ PCBRE=9} 7]& 1,1,1-TCEE AHg3t] At PCBREE ZhHfole Testé
7hakgieh.
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Feasibility study of recycling system using superpower alkali
ionized water for cleaning steel parts

Dong—In Kim, Dong—Kee Lee”, Seung—Mo Yang
Korea Testing & Research Institute
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AR SR Fo Izl AL, A7), A, 7, A, g8 5 Aol F9
S0, e AN AGAS ol NG BE LLITCE S5 A £4% 4o
TR ek 24 B, Gad, DEA 5 AAY AFOE A BIRAZ op] A
At AYBAL ot Fo Ale] Ha Yk BAA, G, HEA E sty A9
AGE F2 open B9 571 AEAL AHgel Glon AL BAS 70~80%E A3 F
A4 9 Oyl fEEL ol 494 Quaa W ], FALGE dos)a o] A2
atsl BAS shpe Be Fas180] olelfel A% Aol oleld PraAdlA daA A7
Aty BFARAA pll 13.09 27 Brhe] AaolLrE AAGAR AEFO A QAo
Falsh erdetel, Ay Folt AdFE Bdel #REL A T F Ut Were wastyl

—

2 AT E FaAMgA dAlE sl I FAAIGAQ pH 13.09] 27 &ke]l Aol
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A Biofuel Cell with no Costly Separation Device

Daechul Cho", Sung Hyun Kwon '
Department of Energy & Environmental Engineering/Soonchunhyang University,
TDepartment of Environmental Engineering/Gyeong Sang National University
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Figure 1. Schematic of a Biofuel Cell
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An Experimental Study on Thermal Stability of
Carbon—Carbonate Mixture in Solid Oxide Electrolyte DCFC

Jun Ho Yu, Kyungtae Kang, Jun Young Hwang*
Korea Institute of Industrial Technology

A direct carbon fuel cell (DCFC) generates electricity directly converting the chemical energy
in coal[1-3]. The DCFC adopted in this work consists of solid oxide electrolyte and molten
carbonate anode-media, as proposed by SRI [1]. In this system, however, there are
conflicting effects of temperature. As temperature increases, ion conductivity of the solid
electrolyte increases but stability of the molten carbonate anode decreases.

In this study, effect of operating temperature on stability of carbon-carbonate mixture was
investigated experimentally. TGA analysis was conducted at either nitrogen or carbon dioxide
ambient for Li,COs, K;COs, and their mixtures together with carbon black. The results show
that, when carbon black is added to carbonates, the mixtures become unstable over 700 °C,
where carbonates alone without carbon addition were stable. It is also shown that there are at
least two different reaction mechanisms significantly affecting decomposition of the
carbon-carbonate mixtures.

ﬂ?‘i
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1. C 0, D., Sun, Y., and Wang, G., J. of Power Source, 167, 250 ( 2007).
2. N.J. Cherepy, R. Krueger, K.J. Fiet, A.F. Jankowski, J.F. Cooper, J. Electrochem. Soc. 152, 80 (2005).

3. W.H.A. Peelen, M. Olivry, S.F. Au, J.D. Fehribach, K. Hemmes, J. Appl. Electrochem. 30, 1389 (2000).
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Optimization of the Distillation process for the recovery of
HEP and MDG from PR Stripping solution

Jae—Kyeong Kim 1, Moonyong Lee 2T, Myung—Jun ParkS*, In—Kyu Lee3*,
Kee—Kahb Koo 1°
Department of Chemical and Biomolecular Engineering, Sogang University 1, TSchool of
Chemical Engineering, YeungNam University 2, *Korex Co., 3
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upEke] A7y & ol Qe PR, 5 o4, Mg EFEES st AAse 3 AR AU
opl, H A %“‘é%“ﬁ FEAE S48 ‘5 F71 A HIMAE FAEHA doH
TFT-LCD array 7|19 A% FAAA #j2dtt” SH7H3 4] 23 PR stripper H AN F7] &4
¢ dAe EY XV:],', LCD sid Az J‘ﬂ«] A7 A7 SHAA A&EHoR QT HI
UAAR, 7 2ZdA 224 Wy Qe 35 fF7] & g 24 5 ZFFHA AF B
HA3 Aldle BA g2 AAHolth B dAF= T SF/HA oSt TFT-LCD Alx FAolA
W& %% PR stripper ¥ 9} © 2 B ¥ HEP(1-hydroxyethylpiperazine)®} MDG(methyl diglycol)®] 3|<=<}
HA s} g A5 Aol

A% 9 gy
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b

E Ao A PR stripper FH Aol 7t SF ZZFL Propak®| FHE FHAX(B/R Instrument
Co., Model: B/R 9600 packed column d1st111at10n system)| A FHHAJT SF s s+ /7]
£A4)9] <=+ HP-5 column¥} FID7} #A2¥® GC(Younglin Scientiffic Co., Acme 600)% 23} %t}.
AAE F7] 849 % 3 Karl-Fisher Titrator(GRS2000, GRS instruments)E 4 3}% .0 ™
=& AR S ICP-MS (Elan 9000, Perkin Elmer)® 23} t}.

A TF 2FAAM Y 2

A wes zgdte] A1 dds AT A% A PR
stnpperiTEi dad #7] A == 9 9
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9.3%°1™M &2 65%°1th. HAE 1Y T/H A=
.]

FE ", 358, S5 49, PR FFHES 30, 5, 0.1 atm, 2% ©|3tdth. HZAH AN I
‘IT7] |-A ol A «’Fl‘;r dFE 07%, AA F& E-E 94 I#S 46 pppE TFT-LCD A& PR
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1. Kim, D. J,, Oh, H. S., Kim, J. K., Park, M. J., Lee, M. Y., and Koo, K. K., “Reclamation of High
Purity Organic Solvents from Waste Photoresist Stripper”, Clean Technology, 13(4), 257-265 (2007).
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Study on the Effect of Temperature Swing Profile on Crystallization of
L-Glutamic Acid

Seungjong Yeom, Huichan Yun, Dae Ryook Yang*
Department of Chemical and Biological Engineering, Korea University

L-glutamic acid can be crystallized into two polymorphic forms, @ and 3. a-form crystal
has better shape for handling but polymorphic transformation hinders production of large «
-form particles. The ultimate goal of this study is first dissolving commercial /3 -form crystals
and then selectively crystallizing «@ -form from the solution. To have pure and large « -form
particles, temperature swing method was applied to cooling crystallization. Temperature swing
was designed to be three steps: the first cooling for auto-nucleation, heating for entering
metastable region, and the second cooling for following close to the metastable limit. In order
to find the best profile, onset point and slope of each step was varied and its effect was
analyzed using mathematical model. The model is composed of kinetic equations and
parameters of Schoell et al.[l1], and the population balance was solved by the method of Hu
et al[2]. Solubility and metastable limit data are excerpted from Hermanto et al.[3].
Experiment was carried out for various cases of temperature swing profiles and compared with
the results from the model.
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LED& Abstolo] ol MgAe ARl td AT

Study of Cleaning performance of NEOZOL for
LED(Light Emitting Diode) Sapphire Wafer

Jung-Moo Heo, Ho-Yeoul Lee, Jong-Hee Kim,
Jae-Heum Bae”, Dong-Kee Lee™
AK ChemTech Co.Ltd., The University of Suwon’, Korea Testing & Reserch Institute™

LED(Light Emitting Diode) W80 % F& AlLE¥= Alglo]o] goly AlgS FH* 7hde}
BES Ftg d=2T o|gHo] 1 Aol AR gtk Atdtolo] fJolH = FEF O R AFETH
7] 913t Ingot A& ¥ CMP £8g]E o]€3F Polishing 342 7%t} Polishing 374 o] %
CMP £&g|9 384 AJE®g ofe}l vty Alylolo] ul M JA7kA] kA M4 sfjofwt Ayt
olo] glolH o] TS FrE 4 QA Hrt

B Ages §718A7 23EA 9k 184 a7z FAAEA NEOZOLS ARg3te] Alge,
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Variation of Hollow Fiber Membranes Depending on Flow rate and
Pressure

Sang-woo Kim, Jeong-eun Kim, Jae-chil Jung, Jong-mook Yuk, Seok-Jun Jang, Young-Seok Roh
Fine-tech CO.,Ltd

Az oA WA= &7t~ F PFC (Perfluorocompound) &= $-gluel F84k¢iel Azt
(WF=A|, t)2~Zdg o], LED)AFY oA o|* 4 CVD(Chemical Vapor Deposition) AAA LS =
a F= wAEt Q). olEd E3lrtAE CO28TE 58 A F2dstx 49 71 BaA|ztoz <l
g Eslrtae R, 34, AT Fast AAoltrl). webA 2 AFeA= HE FEe JhA
oMFC(Mass Flow Controller) & 43t 5 2de| e E37tA 558 4 34&s &
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- 132 -



Study on Separation of SFg and CF4 Using Hollow Fiber
Membrane

Jeong—Eun Kim", Jae—Chil Jeong, Sang—Woo Kim, Jong—Mook Yuk, Seok—Jun Jang,
Young—Seok Roh
Fine—tech CO.,Ltd
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Byl 34, A7 dask Aot wepA B Afs 2FAMS Ed SFesF CFy 518 7
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ZF 48 T 2UE gofsiA Aeste] 1 dFS ATerdinh Adel AREsE vhAE E3UEA
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R A ELEE
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1. Kim, J.-E., "Study on application of membrane for separation in perfluorocompound gas(SFe)," J. of
Korea Society of Waste Management, Vol. 30, No. 2, pp. 173-180(2013).
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Optimization of Recycling of Recovered Papers Originated from
varied Continents based on Comparison of Deinkability

Chung, Sung Hyun', Jong Hun Joo, Jeong Yong RyuT, Hyoung Jin Kirrfr
R&D Center, Jeonju Paper Corporation, TKangwon Univ. Changgang Institute of Paper
Science and Technology, *Dept. of Forest Products & Biotechnology, Kookmin
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Effect of Organic Cosolvent on the Supercritical Fluid Extraction of
Lipids from Microalgae

Jin-Hee Hong, Mi-Ran ParkT, Giobin LimT, Jong-Hoon RyuT*
Department of Chemical and Biomolecular Engineering, Yonsei University, Korea
TDepartment of Chemical Engineering, The University of Suwon, Korea

It has become increasingly obvious that we must soon cease our reliance on fossil fuel
energy resources due to depleting world reserves and the green house gas emissions associated
with their use. Therefore, there are vigorous research activities aimed at developing alternative
renewable energy resources. Recently, microalgac have been seen with a great potential as a
sustainable feedstock for biodiesel. Microalgae are expected to produce up to 10 times the
amounts of oil per acre compared with vegetable oils. The goal of this work was to
investigate the feasibility of supercritical fluid technique for the extraction of lipid from
microalgae. In this study, supercritical carbon dioxide (SCCO,) extraction were employed to
evaluate the extraction efficiency of oil from Chlorella vulgaris (C. vulgaris). The SCCO;
extraction was carried out while varying such operating parameters as cosolvent, static
extraction time and pretreatment methods. The FAME (fatty acid methyl ester)-convertible oil
yield of the SCCO, extraction was found to increase with the addition of cosolvent and the
static extraction time. The ultrasonication treatment has been proven to be effective in
disrupting plant cells and thus improving the extraction rate.
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Development of Orthosis material using Thermoplastic
elastomer Vistamaxx resin

Kwangsun Huh', Byeonguk Ha?'
Department of Advanced Materials & Applied Chemistry, Kyungnam College University of Information

& Technologyl, ORTEC’
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Evaluations of I'TO Ink Layers Fabricated on Flexible Glass
Substrates

Sung—Jei Hong, Jong—Woong Kim, Gi—Hoon Ock, Sun Woo Kim
Korea Electronics Technology Institute

H FYAME gaZoe] W ZEAE HUHAA 5 ZYAE 7]17]of tid #4lo] ol A o]
5 FEE F Qe ZY9AE VI W T fe FdEte FEAT e st T 4 Eobx
I Gtk dnbdo® ZAXNE Ve V|ERT FAVE §Fa, 1EA AFZ ol glo] rtdE F
N 2m7F AgAoltt, ey, FHAT uS AAE] A 1 o)A mvt ldE ook
sh7] wite] 2#d =2 xo AY F Sl AL Twe] ottt & Aol ZYUAE
8 713 o] g3t I Yol ITO 93 FHARTLS 38, dAg W 54 FH7isdeh ITO
YA 400T o] dellA A /7] &l AAH W74 EAe] F+dE = vt 19y
719 nEA QA ZEAME 7| o= 183t FFo] ofg ], ol uEA Ado] Ad
T S %71 200C ogtE wil-g- w] wiitoltt weba o]F &3] 8l ful AL EY
A 719 Sl ITO J2% Axtele] 600CE dAel, 54 Bhstsln 1T0 ma °F 10~

20 nm A71¢ ITO Yxe{iAs d3& 7o F4 el #akate] Al xskala, & W el
o] T oF 16wth= AlofEinh. A4 A3t s oF 15wth= ZZ*HO% AR

ARNGE o & GGtk TA AhL ok 200C Fefd] ghuE Aow pRHY O} 300~
100C ApololA] FrhH o okgre] wedugo] BN 1T0 A5 EAAL fel 79l
A ITOE IFe Ax ITO = 719 el #dshAl I-HT. 1 dx S99 5 73 7
B k53 YIS el =, ITO 9= ZEE 600TAA 1A B9 oﬂﬂ\ﬂ SO x
7159 3lojdoly Wy 5 wElyl #AER ool ZEME Y|go] wj$ ST YIS TR

N g]_O]o]'Oﬂr/]_ oa;q;/]g ITO o3=9 WAZYS =As A3 oF 1.170x1032,/119 #HS
Chebo it 543& A% 550 nm SAAA TNF NEOE 0% e Fse AnS 1}
EbUiGich w3, 8 54 5 FUAE 7199 Xxle] wE ITO a9 545 skl

ke =

2 AFE 20109 AFAS AR E-S] Ado R stxouX] 7]EH 7 (KETEP) o A dS& o}
Faysk A5 FA YU (No. 20105010100023)

FaEd

1. M. Sibinski, K. Znajdek, S. Walczak, M. Sloma, M Gorski, A. Cenian, "Comparison of ZnO:Al,
ITO and carbon nanotube transparent conductive layers in flexible solar cells applications”
Materials Science and Engineering: B 177(26) 1292-1298 (2012).

2. T. Hanada, T. Negishi, 1. Shiroishi, T. Shiro, "Plastic substrate with gas barrier layer and
transparent conductive oxide thin film for flexible displays" Thin Solid Films 518(11) 3089-
3092 (2010).
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Characteristics of SiC Nanoparticles Recovered from Si Sludge

Sung—Jei Hong, Beom—Jin Yoon, Jong—Woong Kim, Hyun—Min Cho
Korea Electronics Technology Institute

@3} A Z IO 52 dAEE B VAA 545 7HAL glo] gt wofell 384§ 9l
aAoltt. 11 & & "E‘O EA HT o] FobA AL 9l ﬂxl% Ty Rofo S sic= 2 g-3}7]
feliAd SiCE YmFo A= H TR Aol Washu, T Gl UelA ] ol FEsHA
o] o A of gttt :ZEM A A7ty el wAshs A EMETH 3ehs
Sice Awsk e zojde] 12 vASEE Al Jé&om e 2 Aol A = *‘FA:’

LA ZHEH g3 SiCE Milling 348& 01%5}01 =48, 4 & J3 ul A As
s AN e H}"’]Eﬂ 9 H7kA Tog Ax" < *"LHH *lé%ﬂ% A2 1 Sl SiC
A== 9ol Millings A o}oﬂ‘i‘r I Az 271’%’3‘:7} ‘3, +¢ SiC YA7F milling %
°F 100 nm w9 Yiow YAE vASE e TS 27 -Er%lfi %*Pxﬂﬂ milling ol =3l
JOH wZ9 SiC YA Fwel FHAEA 5o %*&*é% A }%E‘r w}a}ﬁ ﬂ%"““l /\XH7}
5 gl st HElE EHAZTE 35 sk Si

’3}04 gAY Zdgo] A &o] 7heds & 5 U

“‘HJ

ﬂW

7l =
B A= 201195 ARIEAALRY Qdow =gl r|ed rtae] 9 (KEIT) 9 A 9S ol
T A ALY (No. 10038632).

1. T. Abe, H. Kishimoto, N. Nakazato, J.S. Park, H.C. Jung, Y. Kohno, A. Kohyama, "SiC/SiC
composite heater for IFMIF", Fusion Engineering and Design 87, 1258-1260 (2010).
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Manufacture Method of Magnesium hydroxide used
Hydrothermal Synthesis from Magnesium Salts

Seong—Ki Park, Ho—Yeoul Lee, Jong—Hee Kim,
Jae—Heum Bae”
AK ChemTech Co.,Ltd., The University of Suwon”

TS Ul (Mg (OH2) = 3l 7k~2] Aol Qe Hed ddAzZA dd8 9 AFE
PolyOlefine, PVC %9 dadH7IAz &5 1 o}t FA3etad4 (Mg (OH2) FaAe A
S A7 7R o] HiEd ol HAFEQJ HFANE (Brucite) o A%, vl
AloF(Magnesia, Mg0) 2] F3uk2o 2 A xH #AF Mgl Faad/ o o3t #|F o] 37FA] 9]
o 2y, AAd3E dFY A, A=A oE 9 v (2umelst) o AFEg R of g, vt
TJdAlobe] kAl ES At TF W sRTARE AEE0 AU Sth gEbA, B AFdA s
Mge #a34dS 53 1%, v2g ks vfavlsS AlzskaAk st

SRl EY) Azt Mgdo BAEe AHUA, AR Qe SHUA, SRS
43 W, A% 9 A AR o] Atk B Ao Mgde 5% 9@ FAFYAl o
PALE 9 Al e Faseige] QERE, Qa4 @4, d%dE 5 washelvh
ofelAl AZE FArshu IS J1ES NEE S E (AR dA, AAYE) 3
AF 53} Powder 54 HlmEASIL, LEAFA (EVA, PE) O] wigstel FAEH e vx&

Qe W A S,

FaEd
1. Lim. M. H, , Lee S. H, Whang Ch. M., "Comparison of Magnesium Hydroxide Particles by

Precipitaion and Hydrothermal Treatment for Flame Retardant Application to Low Density Polethylene
and Ethyene-Co-Vinyl Acetate Resin" J. Korean Ind. Eng. Chem., Vol. 20. No.2 (April 2009)

2. Kalfus J, Jancar J, "Effect of Particle Size on the Thermal Stability and Flammability of
Mg(OH)(2)/EVA Nanocomposites" Composite Interfaces, Vol.17, No.5-7, (2010)
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Synthesis of glycidol from bio—based material

Ji Sik Choi, Gun Im Lee, Sang Deuk Lee and Hyunjoo Lee”
Clean Energy Research Center, Korea Institute of Science and Technology, Seoul

136—791, Republic of Korea

A2 Az FUNE GY PNOE dole AW FLAE AR ERTE FeAEL ¢
S e Ao A BANRE Fok B AL B gk B AFeIAE o2y AAE
oz abgelel 2elAE AndolEE Sulslel ZelEE BN e ol ol
gol& FolA F7 A%9 A/1EE =i Nirate £01£3 lodide 20188 7= ol &4 o)
7} Ee Zo) #4E wglon FT-IR 248 £o 22lAE sndol =g Zela sl Ol 1%
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Effects of Solid Base Na—ZrOs Catalyst on the Hydrogenolysis
of Veratrylglycerol— 8 —Guaiacyl Ether (VGE) in Near—critical
Water

Hee—Jun Eom, Yoon—Ki Hong, Sang—Ho Chung and Kwan—Young Lee*‘Jr

Department of Chemical & Biological Engineering, Korea University,
TGREEN SCHOOL, Korea University

Lignin is wuneatable biomass and large amounts of lignin are produced by the
lignocellulosics biomass-to-ethanol process and by pulp & paper refineries process as waste.
Most of it is burned as low-grade fuel. However, the complex chemical structure of aromatic
groups in lignin suggests that it may be a good source of valuable aromatic chemicals if it
could be broken into smaller molecular units. Veratrylglycerol-B-Guaiacyl Ether (VGE), model
substance of the B-O-4 linkage prevalent in lignin was hydrolyzed in near-critical water. The
influence of alkali salt (Na,CO;) and solid base catalyst (ZrO,, Na-ZrO,) on these reactions
was tested at 250°C in hydrogen condition (initial pressure: 20 bar) for 6 h (sampling time:
30 min). The prepared Na-ZrO, catalysts were characterized by several methods (BET, XRD,
ICP, TEM and CO,-TPD) to investigate the relationship between its physicochemical structure
and the activity in VGE hydrogenolysis. The valuable chemical such as guaiacol was
produced by cleavage of B-O-4 bond of VGE and catechol was produced by demethylation of
guaiacol. The Na-ZrO, catalyst showed the higher surface area and basicity than pure ZrO,.
The VGE conversion and the yields of the valuable products increased sharply by using
sodium substituted ZrO, catalyst.
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Figure. CO,-TPD profiles and nitrogen adsorption-desorption isotherms of pure ZrO, and the
as-prepared Na-ZrO,; VGE concentrations as function of reaction time for catalytic
hydrogenolysis reaction.
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A Study on the quality characteristics
for biofuels from Micro—algae

Don—min LeeT*, Eui—Soon YimT, Choong—sub JungT, Bong—hee Lee*
Petroleum Technology R&D Center, Korea Petroleum Quality & Distribution AuthorityT
Department of Chemical Engineering, Choongbuk UniversityjF

)& wol Aol I, T, T ek A=o] AgHgoL, A2
sfolodd AREARA ATeudate] i L g7)%9] CO2 FEE A
98 o} Bdo] PEMT glom, 1 F HE FEHEA Fol wAWAY CO2 F57t Al 1
AZFE AL D ARgol tEH I ek o] wWEe] MAZF WME Y S5

A5 AHEVs 5 Ok 3H0R $He dER Fol Heolond YA AREARM AL

it

nfo] e tjAlo] 2Fab8- AHZE AFEEY] EiAE A%, Uk 52 B0l fAkskaL Mgzl =of
Ardlzl 2 7]E ARE Qlzete] Wi glol ARgTEsStelokslH, o'l A ARG vlo] Qe xlEF
Aol 3] BAE CO2E A=2 Adapgeln FEAdel &l Al A=l F5757] Wit 7]l <+
9 CO2E &Y & Ja, 3 AdEol ALY Qlu}y L il A5 2 A gAr|Teo|Ae AiMdo] =
o} SOx, CO, HC ¥ soot & 3l #&7tAx AaxrE qlow, wot thag| a5 etsts A (Poly
cyclic aromatic hydrocarbons ; PAHs) 2} nPAH (nitrated PAHs) 52 3] wi&7t2% & o
N, AR E ol B ede] A2 olHE 7T

2 A7elMe 71E FAME 3% 249 dad Uiy 2284 7S ol&ste] vl x®d
FAME® &S E48t1 7]& vho] v Alate] Zpolo} =

e—Kwon Kim, Handbook of Marine Macroalgae, WILEY-BLACKWELL, UK (2012).
A. Pandey, C. Larroche et al. Biofuels—Alternative feedstocks and conversion process,
Academic Press, San Diego, 397~439 (2011).
3. Committee on the Sustainable Department of Algal Biofuels, Algal Biofuels, The
National Academies Press, Washington DC, 86, 191~204 (2012).
4. Richard Gordon, Joseph Seckbach, The science of Algal fuels, Springer Dordent
Heidelberg New York, 177~193 (2012).
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A Study on the quality characteristics
for biofuels from Aquatic Biomass

Eun—Jung JangT*, Eui—Soon YimT, Choong—sub JungT, Bong—hee Lee*
Petroleum Technology R&D Center, Korea Petroleum Quality & Distribution AuthorityT
Department of Chemical Engineering, Choongbuk UrliversityjF

HZ AAQAgAHTRX A8 oFZIAZ(RFS, Renewable Fuel Standard) =Y =9 5
oo ds Hg@Adst FA7|ze] wet AAd wlo]edg® ZbFra Qle dlEF{F A
o] @ A ] 83 ool T At dlxZFe ofe] 7HA| vio] QA FoflA ol ilstErA
57 9ol W Hold Zoz deA Ut sxFo olisEAk Frads dued
Hlust A3E B EARRo|u opA|ek= oF 28 o]de] ojibsteta Sy adE MKt 59,
AlabE Aol A 3EAAE ste AE Tl 7HE =2 13 A S 7R = AeE 4y A
Atk Esh dlxfFe AFHEY AASHA gon, ARIAAEE AEATIA gerE
A &7Vsd e wlelewmiAgt & 4 Qi Abdo] wpoil f-Elyete] Ae hleledn 9=
thAsl 2 oA HES B3 JuUxtr FHE ) dxF vloledm FAHAHIE EI
e 9% Zestth mebA 2 AFelAs HE vlo] AR By S ARz wet
b vloleds AR ER 23y Qle dlE2w Y vleled Rl FHAEAS FUkeklTh.

FuEd

1. AB. Ross, JM. Jones, M.L. Kubacki, T. Bridgeman, Bioresource Technology 99, 6494-6504
(2008).

2. R.H.Benderbosch, A.R.Ardiyanti, J.Wildschut, A.Oasmaa and H.J.Heeres, J Chem Technol, 85,
674-686 (2010).

3. Adam DHughes n, KennethDBlack,JonaCampbell,JohannaJHeymans,KylaKOrr et al. Marine Policy 38,
554-556 (2013).

4. Se-Kwon Kim, Handbook of Marine Macroalgae, WILEY-BLACKWELL, UK(2012).
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Dye adsorption onto biochars produced from slow pyrolysis

Mi Nam Lee, Chul Woo Lee, Seung Han Woo"
Department of Chemical & Biological Engineering, Hanbat National University

A tefe AdEEss Tl B 4 H}O]i‘jﬂ/\ 2ol WA sk glom o] 5o A3}
of thgt wAol AA F7kstal vt who] e AS AL @Al A% dEsetd s AEEl
Hup iAo r @2 4 nolexE g O“ﬂr. TR A vol oA &
& dFel ¥, B2 Ve w2 thxié ZHA AL 9o, &3 el ug BieHo] ol
e A S H  F= “LO] ARg-Eo] ghoh 2 Oq?""ﬂ’ﬂL ol 54 7}1] Hpo] @ 2}
= 95 U eded AAE AT FHARMY S8 ThsA = EO}“U} EH“ =R
0] 952l congo reds}, FolA A=< methylene blued A3ttt vlo]2xke] Az
of AHg¥ Y8 ol eviis %ﬂﬁﬂi/\i Fprob b, sl =7 =M ‘:]r/‘]‘j}@r HPE o] 33l
oo A H]'O]EX]'/] SEM 4 A3 547 wo]exts B2 7les Tt e whd, &

25 vlol el ne] A% Jpo] Wy WeHA @8-S SANYT Congo rede) AfolE
B} o sfole Aol vlstel TAELS) el vlo] 9] Faol ke H, 55 methylene
blues] Agoli ThAmh vlol9xte FAol UEIA £ A% ALk ojzla Anwrr]
Slxf uholoulze] % wtolet 4 FES Gout e@BA FHARY B8 Aol 9

&2 ST 4 oot
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Physicochemical characteristics of pyrolysis products of wood
and seaweed

Mi Nam Lee, Chul Woo Lee, Seung Han Woo"
Department of Chemical & Biological Engineering, Hanbat National University

st oA, A, A tes B8 b5 Ade 9% 5 Udrh B AT 2570
B vhol @R A ARG o, 2ERe) SlEF vloleuazA thalvte sl g ol
sfo] A% Aus] AL Belsto] AYEL Aglth AP 2AORA HELE, LEMSET,
SERA A WAt ol oA, vpe 209, uhol e7kxE Agieh, ol A S upel
erlze] FRel met e AuE Jom, 53] Ak Aol ol o] Fao] thE
spo] w2} mlawstel Zbg wgkort, s At by e AnE A 2ot dA=
7 B FE Mg 2 JFL VAL AdE ABLEZA, 200 °ClA 500 CHA F7}
Aol web wlolext thal 99w spre] ffo] FrESALh wheleu molo kit
GC-MSE olgdlo] JRENS SRt As) 24 wet A volote AauA 2
3, %A vhol @Ak xR vholouch Ba el w1 Ak Y itk %o 4
L 2% /b mek ga @] Fhsgion, dxRe A%t Br @ Wit 24 9

At

- 148 -



- 149 -







P-PR-1
PHZHEE BA APEY BW RERA G B5EY

S FUEA L RN B S R I o -
*ﬂ%@&ﬂ%% 1, vho) AL A| A 28 7] % A E

+
)
4
=
>
<
A

ALY, FY7) & AlE

Surface Morphology and Hydrophobic Characteristics of
Silicone Replicated from Electric Discharge Machined Surface

SeokKwan HongT, YoungHun KimT, SangYong Lee+, SungHee Lee+, JeonglJin KangT’*

TMicro Manufacturing System Technology Center, Korea Institute of Industrial Technology
=FMolds & Dies Technology Center, Korea Institute of Industrial Technology

2 AT E HAVFEE vkAEH RdsS AEE AR HASE dd dwe BEEXA
(morphology) 8 WEAS 7l vlAyE THE DS—-EDM (die sinking electric
discharge machining) 3 WC—EDM (wire cutting electric discharge machining) ¥ & 2}
7y 7bgekglal ol 5o RERA S THARYE Hbeklth. 1 A%, DS-EDMO] 7hyw b4
H 7ty oA Ra 0.830~19.241m HEE 75 o Ravlt 2545 A# ol (crater) 73271 4
b AAEA wjize FiEEo]l ZWHA FYAA dEehdeE AE g1 & ik sk
WC—EDM 7bgwe] % Ra 0.520~4.716/m W91e] ¥W2LEF Aglow, DS-EDM¥#} w}3t7}
ﬂi,ﬂﬁ7Hﬂﬂ?VﬁiﬂW?zc A A= AHE BIJAT, 2 FE7F DS-EDM 7%
BT} U UARS FEE et o)F vhay EWS AR dulE BES B5S4S Wohe)
gaN AEE7} EHE 248 FAAUT. 49EA4S S4@ @sh DS-EDM
WC—-EDMO ZHE A2 MEZoA H 1307 ¢ 150.3° = 71 ZF =4 =AY 93 BHE52
=447, WC-EDM2] 74, H+t 3.8° 9 w2 57 '5]iEﬂE] A28 AitE HolF3)

() (d)
Fig. 1 Silicone surface replicated from DS-EDM(avg. Ra 6.725/m)(a), WC-EDM(avg. Ra 3.268um)(b)

and contact angle of Silicone surface replicated from DS-EDM(130°)(a), WC-EDM(150.4°)(d)

71
2 AT AAAAF W kA r]EE g 9] A1) (No. KC000610) 2 718 A1 5 2 st
FAA7EATA Y 2D (No. EO—13-0023)% wo} 3595t}

ol

ATy

Kim, Y., “Analysis of Hydrophobic Characteristics of Silicone Random-Patterned Surface Replicated from
Electric Discharge Machined Surface and its Application to Liquid Injection Molding” M. Eng. Dissertation,
Korea University, Seoul, Korea, 2012.
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Improvement of Design and Operation Method for Gas
Absorption Tower installed in Banwol-Sihwa Industrial Complex

Yongjun Cho", Heejae ParkT, Guhwe JungT, Yeojin Choi '
Dept. of Environ. Sci., Shinansan University, TSiheung Green Environment Center,
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5 bA BRE Thow Adel A W £8 A%S Boem AAers A ek
Ay
8 AT o o dl2wn 189l A AAE S ATHAAI AN A

9 Z9 AN AN NRE @
SAse o, A A £98T
AN F AAEA el 7
Fee Ogow Sart
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AN AEe AAANGE FHoR A AP

ol gt F7hs A W7F AdEs dAE o 4l
Fg wol HAEe g 2o HiuH (1] 7tA

Az 9 §F
A2 A A Al 7]ﬁ A AN S HES da, AAE ks e By 3
2 s Agsta dlen, FAEZE pall ring(2 )E 7‘*% stal 3l Zlow #RlEgin. o
J g

TJ H‘Xl/\l“ AA G A M Xd%‘ AANAM 7P o] He AT =
oA o] FeeEol (HTU) o] Alitell AMEH = daa o A& eR7E o
T7F BAsE AbEZE ElEglon, AANY EHY TRk BARlo] %%*4
dddor ARt Zor FAH A HAS SsiM= ol digh sjide] s Jow
glwdltt. w=F, ofF] B drled=4dY *d A AASE Bdstol $= gl YES Fx9) H
o) Hx%;do].o:] odH 21-4 T A Y3 g8&o] AstEE Yelow 28F o]%ol:q sTe u
HE, TGl oty S et AGrte s A" FF719 FA deol F5oH HOi
2% A A Fron FANA Eahn Ub A% FAAL, ool B o]
g Zlow glH i

b FERE 2s dAstel orel s gl AgEel Azt A8sA ool
%31, ol qla ofF W U9 ARAY AALB A BEAe] AP WPy Y AL
2% 5 Yo, ol G el AEsE g sel g

olsh ol Aol A W edwe 39 A Astel s Fru o AREES 4 5
[219] zAte] olbul o Q1M 50% olskw AxE Ao Yehdon, oo thg AA
of AFE Ao wekdnh. A, A AMelME Shs FEHY AAEES Aasts] A& A
%i o345 27]]/] 7} _g %L% Mx] }u HLo]-O X—LQ_ ]_1, 74 os 11\]_5404&_ ] Lx]/\]zd/]
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Nickel—iron mixed oxide catalyst preparation & deoxygenation
property

Min—su Jang, Gyeongju Seo, Seong mi Ahn, Chang Hyun Ko
Chonnam National University Department of Advanced Chemicals & Engineering
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Removal of AgNPs via aggregation method

Hwa Kyung Sung, Younghun Kim"
Dept. of Chem. Eng. Kwangwoon Univ. Korea

Urrlse] w34 vreeds 239 A8 st 9l 1 Fel SuedAs &
= 7 L AEEEolN gekeA 28 v 2y A3 el 7t

I, &

AF wE 2 el did = AT dedAe] WEel v AHAE Fsta A el
FIFE vH F Qe 5 A " HFol FEEHH Ea dA v ?JX}% Ay F Qs
FEsk ol gle AHolEE A el mE AGrt sttt dukdQl st FRolE
At &9 BHdeE 7HA 2 Sy Ar =3 A S H8 4 7 sh& Q PVPL} citrateE ©]
&3to] THA P E sith mepA] el Rk U YAe st AE Bl AA FHA
= 7hs7dol %1‘“4‘ ] AoR 1pm o]4e] l‘T‘Tor‘?JX]'L =Y JAde & AA= = .
ghA] 2 AFoA S o]l &St SHYOE YAE AGAIA AAsH. A3 /‘]'%% s =
A= B 7t ‘3}% A 7}7<] 2 0= AT citrateZ XA 2] H 214 A(citrate-AgNP)
9} PVPE EHALE 2h e AHPVP-AgNP), 18] EW AHel7b H4 @2 bare-AgNP7} 0] 5]

A A =4 ((NH4)ZSO4 100mg/L, Ko;HPO,; 30mg/L, KH,PO; 30mg/L, MgSO4 1.8mg/L, FeCls
oo%gm,anLM@m,Qﬂhoo%gm,aﬂhOA%gm,Nﬁmo3mmgmﬂlﬂﬂow19ﬂﬂ 4
ol T FEE AT Adgd WARE w27 1081 &9 SUx=dAE gi}é‘]"ﬂ
47 Algtol 5“ %, 8000rpmO. % A4 sto] A5 Aol tfsh ICP-MSE &3 01’]"5—?37(]'94 &
e ST o8 9 TF ¥ ol ArE A4S I AdE 97}7‘]«] A s 2t A
' ammonium sulfate?} sodium brcarbonate®™ Al7Fe] wWE S AHS HyETE o] wE A}
=42 ICP-MS9] 5 %213} Dynamic Light Scattering(DLS)E ©|-&3%F HDD Z7]& H| Wt} g
52 97H4 9 S ol ammonium sulfate®} sodium bicarbonate”} 7} ¥k O™ bare-AgNP7} 7}
=2 A7 &8-S BYI PVP-AgNPE 94% ol A/ &85 Bt webd 9 Age 9%
A AAYS ammonium sulfates ©]23F bare?} PVP-AgNPA| A 33t} o] A= FAZ
¥ U= AE AASEY €849 7 s Aot

t 010

FuEH

1. Dadosh, T., "Synthesis of uniform silver nanoparticles with a controllable size" Mater. Lett., 63, 2236-2238
(2009).

2. Berube, M. R., "Mechanisms of PVP in the preparation of silver nanopaticles" Mater. Chem. Phys.,
94, 449-453 (2005).

- 156 -



P-CT2-3

FAg 5y edAe A% B}

AEs, AAE, AYE
Fev)stu s}tz sty

Fate of AgNPs in Pilot Sewage Treatment Plant
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Centrifugal nanoseparation of AgNPs in eco-friendly organics
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Removal of AgNPs using filtering method

Seung Yeon Oh, Younghun Kim"
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Suppression of risk for AgNPs via transformation as Ag2S
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Polyamide membrane surface modification using Alkoxysilane
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A 3D Metal/Carbon Composite Synthesized using Agarose Gel
for High—Power Supercapacitor Electrodes
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School of Chemical and Biological Engineering, Seoul National University
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In—situ observation of electron transfer in gold nano particle
during the reduction of 4—nitrophenol with ammonia borane
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Development of N—Doped TiOs Nanorod with Reactive Surface
for the Oxygen Generation via Water Oxidation
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Polyphosphate Release from Activated Sludge by Thermal and Alkaline
Treatment

. Min-Wook Kim', Byung-Ho Liml, Heonki Kim', S. S. Limz, Dong-Jin Kim""
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Department of Food & Nutrition, Hallym University, 200-702, Gangwon-do, Korea

Phosphorus (PI) is one of the key elements for living organisms and its continuous input to
soil is essential to produce crops” for growing world population. Most of the P is obtained
from phosphate rock deposits and the economical resource remains only 50-100 years of
mining b%/ estimation. Wastewater is a_significant sink for P and the recovery and recycle of
P from the wastewater sludge is critical for sustainable development., Biological P removal
from wastewater treatment absorbs and releases P in aerobic and anaerobic conditions.
PQlyphpsthate (lPoly-P is a linear polymer of 1nor%)amc phosphate, and it is accumulated in
microbial cytoplasm during aerobic condition. Poly-P is a valuable source for food industry
medicine, and water treatment. It can be released from activated sludge during thermal
treatment Lllll and by alkaline treatment. However, the detailed mechanism of Poly-P is still
unknown. The objectives of this study were to enhance Poly-P release from activated sludge
by simultancous action of thermal and alkaline treatment and to find out the background
mechanism involved in the Poly-P release. )

Poly-P can be recovered from™ excess wastewater activated sludge before sludge treatment by
thermal and alkaline treatment. Figures 1 and 2 shows Poly-P release dynamics during thermal
and combined thermal-alkaline freatment. The reason of enhanced™ Poly-P release from
activated sludge during thermal and alkaline treatment will be discussed in detail. For the
purpose activated sludge was stained with DAPI (4',6-diamino-2-phenylindole) at a final
concentration of 50 x# g/mL and observed using fluorescence microscope.

Results & Discussions . )
In thermal treatment, T-P and Poly-P release from the excess sludge increased gradually with
the temperature as shown in Figure 1. About 25% of the T-P was released at 50°C” while
30% of the T-P was released at 70°C in 2 hours. Poly-P release was more significantly
affected by temperature because about 10% of Poly-P was released at 70°C in 2 hours when
compared "to 2% release at 50°C. Alkaline (0.01 'N NaOH) and thermal treatment enhanced
T-P and Poly-P release up to 80% and 30%, respectively, as shown in Figure 2. On the other
hand, Poly-P hydrolysis increased at higher temperature” as the Poly-P content decreased from
30% to 12% as the temperature was increased from 50°C to 70°C. More detailed kinetic
experiments needs to be carried out to find out the Poly-P release and hydrolysis mechanism
during alkaline and thermal sludge treatment.
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Fig. 1. Release characteristics of phosphate during thermal treatment of sludge
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Fig. 2. Release characteristics of phosphate during thermal & alkaline (0.01 N NaOH) treatment
of sludge (@ : T-P, W : PO4-P, : Poly-P, from the left 50, 60, 70°C)
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Feasibility of using ashless coal from Sub-bituminous coal
in a direct carbon fuel cell (DCFC)
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The present study proposes the production of ashless coal and its oxidation as a primary fuel

in direct carbon fuel cell (DCFC). The ashless coal was produced by the extraction of
sub-bituminous coal with N-methyl-2-pyrrolidone (NMP) solvent at temperature around 202°C
and atmospheric condition using microwave irradiation. The evaluation of ashless coal was
carried out in a coin type DCFC with a mixture of ashless coal and carbonate electrolyte
(3g/3g) at 850°C. The mixture was filled in a cartridge which was placed in the an ode
chamber of coin type direct carbon fuel cell. The DCFC was fabricated on the basis of
molten carbonate fuel cell technology. Both ashless coal and gaseous fuels such as H, and
CO were found to take part in the electro chemical reactions under steady state polarization,
step chrono potentiometry methods. The results show highest extract ion yield of
Arutmincoalis 23.77% at 202°C under atmospheric pressure condition and the ash contents
0.78%. The feasibility when used ashless coal as a fuel in direct carbon fuel cell. The cell
voltage was about 1.35V at 850°C.

Keywords: Ashless coal, Solvent extraction, Sub-bituminous Coal, Molten Carbonate, Fuel Cell,
Direct Carbon Fuel Cell (DCFC)
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Hydrothermal Depolymerization of Sodium Alginate into Organic
Acids in Subcritical Conditions
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Influence of ionic liquid pretreatment on volatile fatty acids production
from sodium alginate
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Macroalgae (i.e., seaweed) has recently received more attention as a resource for biofuel production
[1]. Alginate is the major polysaccharide in brown algae as a principal material of the cell wall [2]
and also the main component highly yielded liquid biofuel. ILs has used as a good solvent for
hydrolysis of organic polymer such as lignocellulic biomass [3]. Therefore, the objective of this study
was to evaluate the influence of IL treatment on VFA production from alginate as a feedstock in
anaerobic fermentation.

Sodium alginate (80-120 mPa‘'s, Wako Pure Chemical Industries Ltd., Japan) was dissolved in IL and
distilled water at volume ratio of 10:0; 9:1; 7:3; and 5:5. All sets were treated at 130°C and 2hours,
and then used as a micro bial growth substrate. An aerobically digested sludge was obtained from a
municipal waste water treatment plant in Busan, Korea. The batch fermentation was carried out in
200-mL working volume at 35°C and 120rpm. Chloroform (CHCIs;100uM) was used as a methanogen
inhibitor. VFAs in liquid phase were measured by a GC system (modelGC-17A,Shimadzu) equipped
with a Flame Ionization Detector(FID). In this paper we will discuss about the effect of IL treatment
for a Iginate degradation according to GPC level on VFA production.
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Recently, marine macroalgae (i.e., brown-, green-, and red-algae) are receiving increasing
attention as an attractive renewable resource for producing biofuels. Part of their composition,
alginate is the most abundant polysaccharide in brown algae, approximately 34.5 + 1.0% (dry
weight) [1], and simultaneous as the main component highly yielded carbon-basis biofuels.
However, on account of chemical structure, its low solubility and degradation are the main
drawbacks for biofuels production in anaerobic fermentation [2]. Hydrothermal treatment
provides a method that is rapid for modifying the polymer properties without using harsh
chemicals and has been used for hydrolysis of organic polymers such as cellulose, starch, and
alginate [3]. In this study, the objective was to evaluate the effect of hydrothermal treatment
on VFA production using alginate as a feedstock in anaerobic fermentation. Sodium alginate
(80-120 mPa-s, Wako, Japan) was dissolved in distilled water and autoclaved (121°C for 15
min) then used as a microbial growth substrate. Anaerobically digested sludge was obtained
from a municipal wastewater treatment plant in Busan, Korea and inoculated as seed cultures
for alginate fermentation. The acidogenic fermentation using hydrothermal treated alginate was
carried out in 200-mL working volume at 35°C and 120 rpm.
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Removal characteristics of sticky paint particles in a small
scale paint booth by varying the injection rate of
agglomerating powder
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Green Synthesis of Narmow Polydispersity Poly(Vinyl Acetate) in
Supercritical Carbon Dioxide Catalyzed by Elemental Cu(0)
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School of Chemical Engineering, Yeungnam University

*Email: jjshim@yu.ac.kr

Activator regenerated electron transfer atom transfer radical polymerization (ARGET ATRP) was
implemented to synthesize Poly (vinyl acetate) in supercritical CO,. Elemental copper(Cu”)wire was used
instead of the traditional reducing agents along with phenylenebis-terpyridine (PBTP)/cupric chloride
(CuCly)catalyst system. Therefore, ease of separability and recyclability was exhibited by copperwire.
Zero valent copper provided tremendous control ability over molecular weight and molecular weight
distribution (M,/My~1.10)without falsifying the reaction rate negatively. Significant enhancement of
deactivation rate constant and effective reversibility of the equilibrium in the presence of zero valent
copper might be opted as the potential reason. Reaction kinetics was also performed in various solvents
to compare between supercritical CO, and organic solvents. Polymers with wide range of molecular
weights (M,=10to100kg/mol)were synthesized in a controlled manner as well.
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Tyrosinase is a biocatalyst for controlling the production of melanin in biological system. It

catalyzes the hydroxylation of a monophenol and the conversion of an o-diphenol to
o-quinone. Especially, tyrosine residue can be modified into 3,4-dihydroxyphenyl-alanine
(DOPA) and DOPAquinone. It has been known that 3,4-dihydroxyphenyl-alanine (DOPA) is
mainly involved in binding, serving as a adhesive between surfaces and adhesive plaques in
marine environment. Thus, the modification is important to prepare attractive marine-inspired
biomaterials. In this manner, we prepared two marine tyrosinases using recombinant DNA
technology. Two genes of Chlamys farreri tyrosinase and Pinctada fucata tyrosinase were
genetically re-designed and introduced into Escherichia coli expression system, respectively.
The proteins were over-expressed in Escherichia coli as soluble and insoluble form, and
affinity chroomatography using Ni-NTA was simply applied to purify the heterologously
produced proteins. This study showed the tyrosinases could be heterologously well-obtained,
and we expect the enzymes can be used as significant biocatalytic materials for biomedical
and industrial applications.
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Lysozyme crystallization in droplet—based microfluidic device
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Lysozyme crystallization was implemented at flow-focusing chip in droplet-based
microfluidic system. Water-in-oil droplets were formed in the system and collected on
petri-dish and cross type mold, and liquid-liquid reaction of lysozyme and sodium chloride
mixed with volume ratio of 1:1 was observed in droplets. Solution pH was varied as 4.8 and
7.2. Crystals of polyhedron and plate-like shape were obtained at pH 4.8, while needle
structure crystals formed at pH 7.2. When being a single droplet, lysozyme were crystallized
under the condition of constant or decreased droplet volume. However, Crystals were only
obtained at pH 4.8 as droplet volume increased by the interaction of droplets group. Droplet

volume did not change at pH 7.2 by the interaction and crystals formed at each droplet.
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Properties and synthesis of PLA-co-PGMA Copolymer

Sangeun Lee, Byung-Woo Kim', and Moon-Sun Kim*’
"Department of Chemical Engineering, Sungkyunkwan University, Suwon, 440-746, Korea
'Bio/Nano-Fusion Material Research Center 83629, Sungkyunkwan University, Suwon, 440-746, Korea

In this study, glycidyl methacrylate-co-(L-lactide)(GMA-PLLA) with an improved thermal and
mechanical properties was synthesized for packaging and construction materials. The synthesis of
GMA-PLLA was performed by tow steps as follows:

First, PLLA was synthesized by using 50 g of L-lactide, 0.1 wt% initiator (1-dodecanol), and 0.5 wt%
catalyst of [tin(II)-bis-2-ethylhexanoate{Sn(Oct)2}] at 140 TC. its number average molecular weight
(Mn) and melting temperature (Tm) were about 193,000 g/mol and 180°C, respectively. Second,
GMA-PLLA was obtained by polymerization of 50 g-PLLA, 11 g-GMA and 0.1~0.3 wt% zinc catalyst.
The value of tand was 0.740 at 82 T, which was the lowest. The synthesized GMA-PLLA had
number average molecular weight of 43,000 g/mol and melting temperature of 193 C. In conclusion, it
was found that GMA-co-PLLA Copolymer was higher than PLLA in thermal and mechanical properties.
It could be used for packaging and cunstruction materials.
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A green and facile route to prepare Ag/TiO./graphene nanocomposite

aerogels for the degradation of methylene blue

Xiaofeng Fan, Van Hoa Nguyen, HaldoraiYuvaraj, Jae-Jin Shim*
School of Chemical Engineering, Yeungnam University
Corresponding email: jjshim@ynu.ac.kr

Graphene-based 3D macrostructures are electrically conductive, mechanically strong and
thermally stable. Here, a green and facilemethod has been developed to prepare
Ag/TiO2/graphene nanocomposite aerogels. Graphene oxide-titanium oxide(GOT) composites
were synthesized by in situ depositing flower-shaped TiO, nanocrystals on graphene oxide
nanosheets by liquid phase deposition. The GOT composites decorated with Ag nanoparticles
are reduced by L-ascorbic acid to obtain hydrogel, then, it is dried to aerogel by supercritical
fluid drying method. Structure and morphology of as-prepared aerogel have been characterized
by X-ray diffraction patterns, X-ray photoelectron spectroscopy, emission scanning electron
microscopy, transmission electron microscopy, Raman spectroscopy and N, adsorption—
desorption measurements. The application of them for photocatalytic degradation of MB under
UV and visible light has been investigated.

Acknowledgements: This research was supported by Basic Science Research Program through

the National Research Foundation of Korea (NRF), funded by the Ministry of Education,
Science and Technology (2012R1A1A2009529).
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Pretreatment study for high-efficiency extraction of antioxidants from

bardey leaves using supercritical carbon dioxide.

Yeon-woo Kang, Jin-Hee HongT, Giobin Lim, Jong-Hoon Ryu*
Department of Chemical Engineering, The University of Suwon, Korea
TDepartment of Chemical and Biomolecular Engineering, Yonsei University, Korea

Flavonoids are plant-based compounds with powerful antioxidant properties found in a lot of
fruits and vegetables. Conventional methods such as organic solvent extraction and hot-water
extraction have been widely used to extract flavonoids from various plants. However, these
methods require the use of large amount of organic solvents and/or high energy consumption.
Furthermore, public health, environmental, and safety issues are the major concerns in the use
of organic solvents in extraction processes. To overcome these limitations, a variety of
processes involving extractions with supercritical fluids have been developed and are regarded
as a viable extraction technology that meets the product quality and safety requirements.
Young green barley leaves are known to contain a significant amount of flavonoids such as
isovitexin and saponarin as well as natural pigments such as chlorophyll and beta-carotene.
However, the presence of natural pigments in the final extract may not be helpful to the
preparation of cosmetic formulations.

The main purpose of this study is to investigate the optimal conditions of supercritical carbon
dioxide extraction for maximizing the extraction efficiency of pigments from young barley
leaves, while minimizing the extraction of flavonoids.

In particular, various process parameters such as temperature, pressure, CO, flow rate, and
addition of co-solvent were investigated in detail.
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P-CT2-9
P-CT1-2
CC-4
P-CC-2
P-CC-3
P-CC-4
P-GT-5

]
kl

19F 10t Mot Mot i it H> FA> A> AN FM ox r M or o fob 1k off o

[e)

0O 0O 0O o 0@ 02 me 0@ 0O o mC me me me me m ol me o
MY HY off off ox oX 1o 10 10 0@ 02 MY 0x 0xX 0x OF MO Of T.

-— VYT VY

-

CIETRCTIETIET

0x 02 0 0x 0 oX
rMo r@ ox Jx Jx rg

- 191 -

(Xh)

P-GT-26
BFM-5
CC-3
P-CT1-7
P-BFM-5
P-BFM-6
P-CT2-12
P-CC-1
GT-8
P-BFM-1
BFM-4
CT1-2-1
P-CT1-20
P-CT1-11
P-CT1-3
CT1-2-2
CT2-2-3
BFM-2
PR2-3
P-CT2-11
CT2-2-2
CT2-2-5
CT2-1-5
P-CT2-11
CC-2
P-GT-19
P-BFM-3
P-BFM-4
BFM-1
CC-2
P-GT-19
CT1-1-5
CT2-1-4
P-CT2-15
P-CT2-7

P-CT2-1
P-CT1-12
P-CT1-13
P-GT-26
PR2-3
P-BFM-4
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CT2-2-6
GT-7
P-GT-16
P-GT-1
P-GT-24
CC-2
P-GT-19
P-GT-22
CC-4
P-CT2-26
P-CT2-16
CT2-2-6
CC-1
CC-8
CC-7
P-PR-2
PR1-1
PR1-4
PR2-2
P-CT2-15
P-CT2-7
P-BFM-2
CcC-4
P-CC-2
P-CC-3
GT-6
P-CT1-15
P-GT-25
CT1-1-3
P-CT2-6
PR2-3
CT1-1-2
P-CT1-12
P-CT1-13
P-CT2-15
P-CT2-7
P-CT2-27
P-BFM-3
P-BFM-4
BFM-1
GT-7
P-CT2-22
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(Xh)

P-GT-26
CT1-1-5
CT2-1-4
P-GT-16
P-CT1-6
CT2-2-6
P-GT-21
CT2-2-4
P-GT-2
P-GT-5
CC-6
CC-2
P-PR-2
PR2-2
P-CT2-29
CT2-1-2
CT1-2-5
CT1-2-1
CT2-1-1
CT2-1-2
CT2-1-3
CT2-1-6
C12-1-7
C12-2-7
CT2-2-6
GT-3
P-GT-17
P-CC-5
P-CC-6
P-GT-23
P-GT-4
P-GT-12
P-GT-25
P-GT-27
P-GT-3
P-GT-18
P-CT2-22
P-CT1-15
P-CT1-19

P-GT-27
CT1-2-4
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CT1-1-2 (A-2)

CT2-1-8 B .W.Yoo GT-1
P-PR-2 Byung Cheol Lee P-GT-13
CC-3 Byung-Woo Kim P-CT2-25
CT1-2-4 Chang-Soo Lee P-GT-11
CT1-1-4 Choong-Gon. Lee P-CT2-14
GT-7 Chul hlo Shin PR2-1
P-BFM-1 Dae Ryook Yang P-CT1-10
PR2-3 Dai In Park GT-5
P-CT2-29 Duc-Luong. Vu P-CT2-14
cc-1 Elvina Fitrisia CT2-2-1
CC-2 Eric Croiset P-CT2-24
P-GT-19 Eun Ji Lim PR1-3
(5h Giobin Lim P-CT2-28
P-CT1-17 Giobin Lim P-CT1-16
P-GT-23 H. Li GT-1
PR1-2 HH. Lee GT-1
P-GT-23 H.Y. Lee GT-1
P-GT-4 Hankaj Sharma P-GT-4
P-GT-6 HaldoraiYuvaraj P-CT2-27
P-GT-12 Heon-Ho Jeong P-GT-11
P-GT-25 Ho Hoang Phuoc P-CT2-27
P-GT-27 Hong Duc PHAM P-CT2-18
P-GT-3 Hong Duc PHAM BFM-3
CT1-1-5 Hoon Sub Song P-CT2-24
CT2-1-4 Huichan Yun P-CT1-10
CT1-1-4 Huyen Than Vo BFM-4
P-CT1-17 Hyerin Kim P-CT2-21
P-CT1-11 J.C. Choid GT-1
P-CT2-22 JH. Lee GT-1
P-PR-1 Ja Hwa Ahn P-GT-13
P-CT1-18 Jae Chang Kim PR1-3
P-CT1-19 Jae-Jin Shim CT2-2-1
P-BFM-2 Jae-Jin Shim P-CT2-20
CC-8 Jae-Jin Shim P-CT2-27
CC-7 Jeong Hee Hwang PR1-3
P-GT-17 Jeong Soo Kim P-GT-15
P-CC-5 Jin-Hee Hong P-CT2-28
P-CC-6 Jin-Hee Hong P-CT1-16
PR1-4 Jong Ha Kim CT2-2-1
P-GT-20 Jong-Hoon Ryu P-CT2-28
P-CT1-8 Jong-Hoon Ryu P-CT1-16
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Jong-Ryul Jeong
K.T. :Park
Kanamura Kiyoshi
Kang Song
Kyung Mun Lee
Linlin Zhao

M.S. Kong

Min Jin Song
Mi-Ran Park
Moonhee Ryu
Moon-Sun Kim

Muhammad Naoshad

Islam

Nurpeissova Arailym

Pankaj Sharma
Pradeep Biradar
Ren Yiping
Runkai Wang
S.J. Hong

Sang Mi Ha
Sangeun Lee
Sang-Ho Son
Sang-Ick Lee
Seok Hyeon Lee
Seungjong Yeom
Siho Park

So Yeon Kim
Suk Yong Jung
Sung-Chan Jang
Sung-Soo Kim
Sung-Soo Kim
Taek Seung Lee
Utomo AYUNDA
Vo Thanh Son
Van Hoa Nguyen
W.G. Kim
Wooho Song
Yeon-woo Kang
Yongkyun Kim
Yoo Seong Choi
Yuvaraj Haldorai
Xiaofeng fan
Zhongwei Chen

GT-2
GT-1
P-GT-13
P-GT-11
CT2-2-1
GT-4
GT-1
PR1-3
P-CT1-16
PR2-1
P-CT2-25

P-CT2-20

GT-5
P-GT-3
CT1-1-4
P-CT2-20
PR2-1
GT-1
CT2-2-1
P-CT2-25
P-GT-10
P-GT-13
P-GT-15
P-CT1-10
PR2-1
GT-4
PR1-3
P-GT-11
GT-5
P-GT-13
P-GT-10
P-CT2-17
GT-2
P-CT2-27
GT-1
P-CT2-21
P-CT2-28
P-GT-10
P-CT2-21
P-CT2-20
P-CT2-27
P-CT2-24
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2012 P M UAAH ALY

2012, 8. 1 ~ 2015, 4. 30(3371%)
10,088443H(2H1 4,500, XItH| 3,600, HIZHHIE 1,988)

Zab7|2t (RH)CHHE| 2 e 0t
xho] 7|} (FH)ZAMEIZ o3 () GBI e 03, ()5 HE I 03,
= | L

() FEE1 2 emt3 (RH)H7|E L 03| QhbTOrD

1, 7154 SPOLATY YOJoIA BHE 25 2, 7154 SIOHAR] 1T AL X

75 dorstAT] PoiA| EE 15 MHIZH|E AAAF Pilot Plant 22 X194
YUY Y HELY 22U FIERE

273 MBIt HEAL 75 U 29 2RI U AL AYDG

224 HEY3 35 9 29 ZLHQ| MEMAIY] A7XIY

a3 Mojut gl 2E0} 7HY 9rEY EEOAIR X9

HustorAxiol a2 g Y3HE 59t I
ZEY I M

IX{2IAS 7179, 7IQEXL 958,509

mo

HHL A
Cl A Z2j|o] AxH

AR
£
AR H
4

-
i

QMW 305-719 CHZTOIAl Q4T SANUZ 125 2

A2ty : julieto@hanbat.ac.kr, 042-821-1518
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