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9:30 (20")  (CT-10) M| A7 U MEISIHYHO M| CHEF 2472 M 7|=
Keynote el = B G EN A S B

9:50 (25") (CT- 11) CFBCE 0|g$+ 2A7IA MUH LHEI|&- FEPEEHRTH §g ATY

10:15 (25)  (CT-12) & ZIZ MM CtHE =L 0[EE UXIXIAES 0|8 ARCHA
OJAlZ (RF=ouA]7]aA+<)

10:40 (10")  Coffee Break

(o]
10:50 (25)  (CT-13) Al7|ZAIRIe] =2 U ojM3tets HEI|E NE 58
AR (3heketel 29))

11:15 (25')  (CT-14) CO, YIHEZE
5354 oY R7|&dTY)

11:40 (25')  (CT-15) =LHL| CO, =X MZF 7|&7L g
AR (PR A)
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Keynote 29A, 9 g, Aok, FeA, es, 85! A |ed Y, shgdisty)
9:50 (20)  (CT-17) 3}et7| 443 0|83 UHLIO|ERRE TiO; M= 7|5 7%
o|Ft7], ¥4, +4ls, YAE (57 +Y)
10:10 (20')  (CT-18) 3+20|A{C] Pb Al21} XjAUGH
AT, dad (JdgEw)
10:30 (20)  (CT-19) IABMYS E8S Y 14 ElEts 2L AXI|E
SrEl, 2AE, AAE, Basit All, AA, AL odd (3847 |eH 1Y)
10:50 (10")  Coffee Break
A R (A2 A7)
11:00 (20') (CT-20) M8H 3A22x =3l 7|= U glow discharge mass spectrometryS
e 24 7 Ny
+MAAL FAIE, 758 (7|20 REdA 1Y)
11:20 (20)  (CT-21) B7|1HH7|§ Li-Tio, SEY YT TS0 LYY}
SR, 1A (I 2 w1t 3)
11:40 (20" M 7|4t In-Fr

(CT-22) 8%
A& 514
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m I3 73
A AR BPAE (RhsARie] )
13:30 (20")  (CT-23) eh=H GREET ¥ FXZAa U M3} HMef
olEW, A, WA (RFALEADY)
13:50 (20')  (CT-24) 3L Hio|HA=o| HMargH7} LY
g, &ddl, A4 (st
14:10 (20")  (CT-25) =z +=&& =mo| Hapd "ot
AAE, HUA, SoAl, Hes, UYL, A%t (Heust)
14:30 (20')  (CT-26) HIO| 2@ E AMEOf 2ot 247tA ZH HHAYHE JjM Lot A3
24" (ZHUEYLA(F))
14:50 (20")  (CT-27) HIPdH/P|HE 0|8 M= THR= It HO|Q= THHO| ZAldut 2H8'd &7t
Mu (M-2tista)
15:10 (10")  Coffee Break
spk olE WAL (RFSAILEAPY)
15:20 (20')  (CT-28) Development status and prospectives on biofuels sustainability criteria
AAE, uat et (A aueY)
15:40 (20')  (CT-29) IEA ZEO|M = HIO|2HE 7|& 7L ol X MY
oA (RE=oUR7 &A1)
16:00 (20')  (CT-30) 1217} 7|= 9 R&D H* szt
3% (FFidrlsgrhtad)
16:20 (20)  (CT-31) T2IHH o|F0| FLYQ| ST~ ZZWE L MY
o3l (FHAEHHMY A7)
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AR (A7 & B/ et
AR Ste wa (M2diet)
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Keynote A5 (FFedustd)
14:10 (25')  (CT-34) AFUZEF 7191 WXL DEHARS A|M £
58 (M3gre)
14:35 (25')  (CT-35) o2l O|2%t HiO|7IA DES| 7|8 U HEAY
JAA (§H&oldo])
15:00 (10")  Coffee Break
A7 oY whAt (St ed 1Y)
15:10 (25')  (CT-36) SK#|O|Z<Q| Hio|2H=E Miy|& g 9 HY
A2HE (SKAOIZE(F))
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% Dr. Rahul Kumar ($tFtjistw)

13:30 (20" (CT-39) Metal organic frameworks (MOFs) for the removal of emerging
Keynote contaminants in aquatic media
Sarita Dhaka, Jeong=A Choi!, Rahul Kumar, Byong-Hun Jeon (3r}thstw,
'POSTECH)
13:50 (15)  (CT-40) MYT Soistestad BalE 93 sistaupa|MA 7
AHE, ss, FAu, ZAY, olate, o AE (FTYAI|EATY)
1405 (15)  (CT-41) Sate|50| ZEE E|EHsd} AHQIE|AAT HIE 0|83 2 sj4Kz2|el
MI|2olE 54
Umesh Ghimire, A2 (FLfjstw)
14:20 (10')  (CT-42) 2Lzt F2 +& 5 44Y AHE oot JHSEAH MHHS 7|
2
AR, vistu, o]ghg, olH= (SF=AA s Y)
14:30 (15')  (CT-43) 88EHE HXHA[HE CIE N2|HX[e ZAAdEMat x[x3}
Agnesia Permatasari, 5% (374tgtw)
14:45 (10')  Coffee Break
ZH&}F: Dr. Sarita Dhaka (StFofistw)
14:55 (15')  (CT-44) Oxidative transformation of organic substrates and scope of the method
for environmental application
Rahul Kumar, Sarita Dhaka, Byong-Hun Jeon (SrQftfish)
15:10 (15')  (CT-45) Development of customized power management system for high voltage
generation and energy efficiency of microbial fuel cell
Young Eun Song, Byung-Hun Jeon', Jung Rae Kim (F-AtCfstm, 'stQfrjisliy)
15:25 (15')  (CT-46) Long-term production of bioethanol in repeated-batch fermentation of

microalgal biomass using immobilized Saccharomyces cerevisiae
Marwa M. Eldalatony, Sung-Eun Chang, Byong-Hun Jeon ($tFtfistu)

12



15:40 (15')

15:55 (15')

16:10 (10")

16:20 (10")

(CT-47) 7}

A
—_= =
AR Al e, 042 (Fedsta)

(CT-48) Ciprofloxacin toxicity and its co-metabolic degradation by a freshwater
microalgae Chlamydomonas mexicana

Jiugiang Xiong, Minsun Lee, Byong-Hun Jeon (StFtfsha)

(CT-49) Bioelectricity generation from glycerol by co-culture MFC using Klebsiella
pneumoniae J2B and Shewanella oneidensis MR-1
Changman Kim, Cho Rong Lee, Soo Jin Jeong, Ju Hyun Baek, Byong-Hun

Jeon', Jung Rae Kim (RAtcisti, 'stFrhat)

(CT-50) A7}ty D2 5714 ASHBHES 0|83 M Eo| X2 S
oY, 1HE. oxe (FUrieta)

13




20169 3€¥ 24¥(%F), 13:30 ~ 15:15

%4
_.AO
| |

m Organizer

(groyeeti)

S

o

Keynote

Nz

Ag/ZnFe204/rGO

using

dyes

of

degradation

Photocatalytic

nanocomposites

(CT-53)

14:10 (15"

Tor

Amr Hussein Mady Hussein, Marjorie Baynosa, Jae-Jin Shim (g'dtjsti)

8l

(CT-54) 27| C}et

14:25 (15")

8l

ke

Mm._
i

0
uir

K

=0
Tor

(CT-55)

14:40 (15")

Tor

14



UA] 20164 3¥ 24¥(F), 15:15 ~ 17:00
G J2 SRS BC
Organizer  SAJA] YA} (AAREZEATLY)
R
A%} 3R B} (HAREATY)
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15:35 (20')  (CT-58) MY HRE O|8% ZEY XMHS M2
A, Mg, 15A, AR, ol (FRidist)
15:55 (20')  (CT-59) Enhanced hole extraction of organic solar cells by combining multiple
hole transport materials
w32, delYl, FIAE (Feuictu)
16:15 (20" (CT-60) Ultra thin metal film-based transparent conducting electrodes for flexible
solar cells
2HE, oE, 3|, ofzigt (MR ATL)
16:35 (20)  (CT-61) XISXIATE ACIAHMO| QUIATIS g X MY}
=38, #OlAl, vt ofehg (F=/34t7]& A1)
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Characterization of ashless biomass produced by solvent extraction
Sukma Hidayat, Seongha Jeong, Donghyuk Chun, Jiho Yoo, Sangdo Kim,

Jeonghwan Lim, Youngjoon Rhim, Sihyun Lee, Hokyung Choi (Korea

Institute of Energy Research)

Biosynthesis of cis,cis-muconic acid using metabolic engineering in
Corynebacterium glatamicum

Woo-Shik Shin, Dohoon Lee, Eunjung Lee, Jaehoon Cho, Gie-Taek Chun!,
Eung-Soo Kim? Sangjoung Lee®, Sangyong Kim (Korea Institute of Industrial

Technology, 'Kangwon National University, Inha University, *STR biotech
Co., Ltd.)
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Synthesis of bio-based plasticizers in replacement for conventional phthalate
esters
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Kyu Park? Hongsik Lee?, JinKu Cho'? (‘Korea Institute of Industrial
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PC-11

PC-12
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PD-02

PD-03
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Thermogravimetric characteristics and pyrolysis kinetics of water-washed
Saccharina japonica
Jae Hyung Choi'?, Hee Chul Woo!, Jinsoo Kim® and Seung-Soo Kim?

(‘Pukyong National University, ’Kangwon National University, *Kyung Hee

University)
7571 M2[8 &4 T uj7tA W SdF IS it YztitetEs Foj g
AMElE], olglA, olad, R4, 448 (L57]=d+4)

—

l+=&2{X|E 0|83t =& HHI0|2OjA 9| torrefaction £
=13

S [e) 1 1
AAlE, Aedl wAF!, dare)

ZZF 25 g2 3d 2 U ASE0|M : HO| 2 HEF
Boris Brigljevic, & (¥730fstw)

Production of either 2,5-furandicarboxylic acid or 2,5-diformylfuran from
switchable base-free oxidation of 5-hydroxymethylifurfural

Dinesh Kumar Mishra!, Tram Huynh Nguyen'?, Kim Sang Yong', Yong Jin
Kim'? (Korea Institute of Industrial Technology (KITECH), ?University of
Science and Technology (UST))

Extraction and characterization of oil from atlantic salmon (Sa/mo salan
by-products using supercritical carbon dioxide

Monjurul Hag, Yeon-jin Cho and Byung-soo Chun (Pukyong National
University)

Synthesis of 5-acetoxymethyl-2-furaldehyde (AMF) from D-fructose

Nhan T. T. Huynh'? Anh T. H. Vo'? Tan Phat Nguyen'?, Bora Kim!,
Seok-kyu Park!, HongShik Lee!, Jinku Cho'? (!Korea Institute of Industrial
Technology (KITECH), ?University of Science and Technology (UST))

Pressurized solvent extraction of fuocidan from brown seaweed
Saravana P.S, Hee-Chul Woo and Byung-soo Chun (Pukyong National
University)

Hydrolysis of alginate into uronic acids over glucose-derived sulfonated carbon
catalyst
Chunghyeon Ban, Wonjin Jeon, Hee Chul Woo', Do Heui Kim (Seoul National

University, 'Pukyong National University
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Ruthenium-catalyzed formate synthesis by CO, hydrogenation

Thanh Tung Nguyen'?, Anh Vy Tran!? Sang Yong Kim'? Yong Jin Kim'?
('*Korea Institute of Industrial Technology (KITECH), “University of Science
and Technology (UST))
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Transformation an acetone-butanol-ethanol(ABE) mixture to biogasoline by using
one-pot alkylation and hydrodeoxygenation

Seungmi Yeo, Huyen Thanh Vo, Hyunjoo Lee, Sangdeuk Lee (Korea Institute
of Science and Technology)

Synthesis of deicer from dolomite and bio-oil from the pyrolysis of corncob
Seung-Jin Oh, Gyung-Goo Choi, Won-Seok Chang!, Joo-Sik Kim (University
of Seoul, 'Korea District Heating Corporation (KDHC))
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Dehydrofluorination of 1,1,1,2,3-pentafluoropropane (HFC-245eb) to eco-friendly
refrigerant 2,3,3,3-tetrafluoropropene (HFO-1234yf) using a chromium oxyfluoride
catalyst

Seo Yeon Lim'? Kwang Ho Song? Hong Gon Kim'?® Byoung Sung Ahn!,
Jeong Myeong Ha'?® ('Korea Institute of Science and Technology, “Korea
University, *Korea University of Science and Technology)

Successful recovery and upgrading of prussian blue from petroleum oil-based
sludges in a BTX absorption process
Il Hum Cho, Joung Ho Park, Moon Hyeon Kim (Daegu University)

Production of low sulfur containing pyrolysis oil from scrap tires using a newly
developed two stage pyrolysis process

A747. 0237, AT, AFA (MeAuTeL)

Steam/oxygen gasification of dried sewage sludge in a two-stage gasifier: effect
ash of the activated carbon

Yong-Kon Choi, Ji-Ho Ko, Gyung-Goo Choi, Joo-Sik Kim (University of
Seoul)
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Sustainable electricity production from brown algae through anaerobic digestion
and methane pathway

Jay Liu*
Department of Chemical Engineering, Pukyong National University

This paper assesses the economics of the anaerobic digestion (AD) of brown algae Laminaria japonica for
methane production, wherein the methane is subsequently used as fuel for steam and electricity production.
This process was rigorously simulated in Aspen Plus v.8.6 at a plant scale of 400,000 tons/year of dry brown
algae. The material and energy balance was used as a basis for energy assessments and the development of a
techno-economic model. The breakeven electricity selling price (BESP) was found to be 18.81 ¢/kWh
assuming 30 years of plant life and a 10% internal rate of return. The results show that the AD unit has the
highest energy demand in the entire process and consumes approximately 14% of all electricity produced. In
addition, the seaweed cost has the largest cost highest contribution of 11.95 ¢/kWh to the calculated BESP,
which means that a reduction in the cost of seaweed cultivation can significantly decrease the electricity
production cost, thereby confirming the importance of enhancing the mass cultivation of seaweed. A sensitivity
analysis was also performed on the economic and process parameters in order to assess the impact of possible
variations in these parameters, and to foresee possible uncertainties in the process.
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Catalytic depolymerization of lignin to small-molecule aromatic hydrocarbons
by hydrogenolysis

Min-sun Kim'?, Jeong-Myeong Ha'’*, Jae-Wook Choi', Dong-Jin Suh'?

'Clean Energy Research Center, Korea Institute of Science and Technology, Seoul 02792, Republic of Korea
*Department of Chemical and Biological Engineering, Korea University, Seoul 02841, Republic of Korea
*Department of Clean Energy and Chemical Engineering, Korea University of Science and Technology,

Daejeon 34113, Republic of Korea

Lignin composes 15-30% by weight and 40% by energy of the lignocellulosic biomass and it is the only
sustainable natural resource composed of aromatic units. However, lignin is currently used as a low-value fuel
for the combustion to supply the heat in the pulp industries. Because of this unique structure, lignin is
regarded as a potential renewable resource for producing both aromatic fuels and chemicals. Therefore, it is
necessary to develop efficient route to convert lignin into aromatic monomer compounds. The depolymerization
of lignin wusing supported Ru catalysts was performed to produce lignin fragments. The aromatic
small-molecule hydrocarbon products were identified and quantified using GC/MS and GC-FID, which
demonstrated that upto 32.01% of aromatic monomers were obtained on the supported Ru catalyst. The
amount of small-molecule hydrocarbons was dependent on the amount of solid lignin residue indicating that
the more active depolymerization process produced the more hydrocarbon fuels. The polymerization activity
was assessed by weighing the polymeric products of lignin residue and observing their GPC results, which
helped understand the catalytic depolymerization behavior. The polymeric lignin residue was further observed
with "H,”C,*'P-NMR and 'H-"*C correlation HSQCNMR.
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A green, integrated process for the production of 2,5-dimethylfuran from
fructose

Pravin P. Upare', Dong Won Hwang*'?, Young Kyu Hwang'?, U-Hwang Lee'”, Do-Young Hong'?, Jong-San
Chang'
'Green Carbon Catalysis Research Group, Korea Research Institute of Chemical Technology (KRICT),
“Department of Green Chemistry & Biotechnology, University of Science and Technology (UST)

Renewable biofuels have recently attracted much interest due to the depletion of non-renewable fossil fuels.'
Among the various renewable biofuels, 2,5-dimethylfuran(DMF) is particulaly promising because its properties
compare favorably to those of gasoline, including its boiling point, high energy density, high research octane
number, and immiscibility with water.” DMF is generally produced by the dehydration of fructose to form
5-hydroxymethylfurfural(HMF) and the subsequent conversion of HMF by hydrogenolysis of the two outlying
C-O bonds.?

Unfortunately, a cost-effective method for selectively producing HMF from fructose in high yields is not
straightforward, although there are some start-up companies that produce HMF on an industrial scale. Aqueous
reactions tend not to proceed well due to the rehydration of HMF to form levulinic acid and formic acid, as
well as the condensation of HMF and/or fructose to form insoluble humin polymers.* Research has therefore
focused on the used of organic solvents such as dimethylsulfoxide(DMSO) and ionic liquids;’ however, these
solvents are not easily separable from the desired HMF product, thereby complicating product recovery.
Herein, we propose a green, integrated process for the high-yield production of DMF from fructose, which is
based on a two-step heterogeneous catalysis. In this process, fructose is first dehydrated to HMF over
Amberlyst-15 in BuOH, which is a sustainable solvent that can be produced from a variety of waste biomass
sources.” The HMF in the resulting mixture is then converted to DMF by vapor-phase hydrogenolysis over
Ru-Sn/ZnO.

Fructose HMF > 93%
HO' z “Son BuOH o + 3H.0
i Amberlyst-15 HO/WO ;.
o H,/BUOH
\@/ Ru-5n/Zn0O
DMF > 99%
IEd
G. W. Huber, S. Iborra and A. Corma, Chem. Rev. 2006, 106, 4044.
T. Thananatthanachon and T. B. Rauchfuss, Adngew. Chem. Int. Ed. 2010, 49, 6616.
Y. Roma’'n-Leshkov, C. J. Barrett, Z. Y. Liu and J. A. Dumesic, Nature 2007, 447, 982.

H. E. Van Dam, A. P. G. Kieboom and H. Van Bekkum, Starch, 1986, 38, 95.

A. A. Rosatell, S. P. Simeonov, R. F. M. Frade and C. A. M. Afonso, Green Chem., 2011, 13, 754.

. P. P. Upare, D. W. Hwang, Y. K. Hwang, U-H. Lee, D.-Y. Hong, and J.-S. Chang, Green Chem., 2015,
17, 3310.
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Characteristics of lignin derived from lignocellulosic biomass and industrial
aspects

Young-Lok Cha*, Youn-Ho Moon, Sun-il Seo, Gyeong-Dan Yu, Ji-Eun Lee, Gi Hong An, Yeon-Sang
Song and Kyeong-Bo Lee
Bioenergy Crop Research Institute, National Institute of Crop Science, RDA, Jeonnam Korea
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Fluidization, Mixing, Gasification Characteristics of Rice Husk in a Bubbling
Fluidized Bed Reactor

Bo Hwa Kim'?, Myung Won Seo"", Jin Woo Kook', Ho Won Ra!, Sang Joon Yoon'!, Tae Young Mun',
Yong Ku Kim', Jae Ho Kim', Jae Goo Lee', Young Woo Rhee?
'Clean Fuel Laboratory, Korea Institute of Energy Research,
*Graduate School of Energy Science and Technology, Chungnam National University
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Co-firing and Reburning Characteristics of Biomass in 1MW Coal combustion
system

Chae Taeyoung, Lee Jaewook, kang byul, Lee youngjae, Yang Won*
Thermochemical Energy System Group, Korea Institute of Industrial Technology
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A study on grindability characteristic of various biomass using lab-scale pulverizer

Kang Byeol, Lee YongWoon, Changkuk Ryu', Yang Won*
Thermochemical Energy System Group, Korea Institute of Industrial Technology
'School of Mechanical Engineering, Sungkyunkwan University

Al #] o)+ adFA| (RPS:Renewable Portfolio Standard) t-$< 93] %W 22 Mersie
HAaEo] vlo]uj~E 7]E Agy) 4o A&A7]a Atk 28y dlol O“H’\«] < HEgew Qs
TAES =Y F gl AV Utk wEix AesE oA vho] em s #4 Et Eahess AT
I d+= 5923 240tk HGI(Hardgrove Grindability Index)®#2 3 o] ZF HMHo] 27]F o
A= Ay G| vlo]eujao BHEE SH S 7T WA SHE o A Rk, w2 AT

oAM= miolewlxe] BHEALS HHFSstuAt ofgAH T Adarot Hlwste] Hio]l ewjx 5F(Wood
Pellet, Empty Fruit Bunch, Palm Kernel Shell, Walnut Shell, Torrefied Biomass Chip)<
Ball mill¥#} Sieve shaker®E #&3te] 75um 3719 QA E¥9} ARAH S SHE A4FS 73
sttt AdAd3 18 400RPM A x4 Ball mille] &ARAHo] 6.6~7.47Wh¥ W 75um =
719] AA Bx27F old A&l Adaroe 74%., WP 7%, EFB 17%., PKS 4%, WS& 4%, TBC&
44%Jtk. o] A vtoluf o] FAEL S FFshedd U Fad VAR R &8 F U
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Study on the Fuel Inspection System of New Biofuels Introducton

Cheon-kyu Park*, Jae-Kon Kim, Kyong-il Min, Jong han Ha
Research Institute of Petroleum Technology, Korea Petroleum Quality & Distribution Authority

A FEE fell A=E HAA 7o @Sk o AT o3t AR E

U

A ol 7+ W 2 = FAY e AB/ARY A&
ot rzo] o] ggolth ol B AFoM AR FAFS 9% AAA Al =Rl A "ol =905 ¢
A WP (H) 5L vhAetE ATE FAAAT B ATE B3 £EH A5 A9 AAl AR HEg 9
S NZAE Sl A8 AS5E A A E B EEF ol HFHSTE A A o] 39A Al =HlE
2 AlzHle] 384 9GS f8l A7 2 FIAYE] 52 o] 2 AEAE S =R}

=1

This research was supported by the Ministry of Trade, Industry & Energy (MOTIE) under the works of power
information and policy support program(2015~2016), study on promotion policy for transport biofuels
(No0.2015PPS20S04).
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Technologies for Reducing Large-scale CO, Emission in Coal Power Plants

Won Yang*
Korea Institute of Industrial Technology

Aetetsdd e g4 oAx7t gle dAAA R 7P T8 24d7ts Auladors, HT 5o 4

Z1FAA 2 gEe] He&E 247t A3 Vles A&soF & FaAl AEKst] SUE L A
TR s TddN AE Jted WEFe 24 Jta A% Ve (1) 98 293 Tle,

(2) CCUS(Carbon capture, utilization and storage), (3) && 4 7|& o2
o 2t VlsEY dA AEH 48 b Ed dEl B, Aasd Lol 1 35t
ol Bl

Z} S I 9Je #4

T dg 9 98 dyuEE A LS. A, AR5 29A 71E2A, dA Fdst e vel L
s B4 7l A A giE] &)E, CCUS 7[e2% dEdTd 4 ‘4% S A 59
S Fath A vlEd diE AT B8 P vlEd diEiAE HZ Eo] 8% olwE we2s
retrofit 71 % USC(Advanced- Ultrasupercritical) 71& o]4po] el ttEt}t. &5 o] 5 7|&E
01 40}7}"? & ‘ﬂo“'jk 53] AgsleEddoA e ongls 247 Aol oju gt Wgko g o] Fojxof
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GHG Reduction Technology from Power Plant with CFBC System
— Current R&D Status of FEP Convergence Research Center -

JaeGoo Lee
Korea Institute of Energy Research, 152, Gajeong-ro, Yuseong-gu, Daejeon, 34129, Korea

Aerglego] o AHAYAS WA GI I AEetm oA thHE 2 A s oo the A HY
v= 7FsA AR, 247t~ E Bol wEgitte SWdA Zlntolat ALY mwlelgtn &
k. COP21 o] % sEIHAE v ES dux] thad] Ao es Ay 2471~ 553 9
gk A A vl A 1S BV Aoz Hlg,

st oA CCSE ALdle A FEE $HdES A9 AuH] 71 BEAS Susie g, g
AoMe] A7le MY B THAEES FIA7IHA olitseth &L HAE fAE & de 18
4 - 23X (HELE: High Efficiency and Low Emission) 7]<& 7Rto] FebdS T3 o). &4k
A AAaV|Ee otstEaAE dH FEEsleE CCS 7I€24 Z7|de nEg did HE&sle 7=
AlZE Aoy, da CFBCA A&ste A2 iy vk, CFBCAA = vhdg A5 AHE, 24
g3 o3 SOx AfEel 7FestH, 7o EAtARAL V&S A 83t Oxy-fuel CFBCOA =
NOx WZA %, w717t~ £83F(FGR)= =€ F dv+= FH S AYx do.
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A A
A A7, daF eFed 2dy o 35 59 0% ©17 Aitst= 71s
ol MZ AR dHE FAEE . 2 TRAME %
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Fuel Switching Using Domestic Unused Energy Resources in Response to
POST-2020

Sihyun LEE*, Sangdo KIM, Jeonghwan LIM, Jiho YOO, Donghyuk CHUN, Hokyung CHOI,
Youngjoon RHIM, Soohyun KIM
Clean Fuel Laboratory, Korea Institute of Energy Research
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Post-2020 New Climate Change Regime and CCU (Carbon Capture and
Utilization) Technology

Jina Choi’
Carbon Resources Institute, Korea Research Institute of Chemical Technology (KRICT)

S du Agew A9 gdrkag) del AkAen kdn g e A7 edst §
AAR R FEun Qe oot od 201548 129 A7 ZH=e £asls wE pas
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e e 20150 AT AThEel e SAe 0% SEE AEages. fduet 9
2030d WEAWA (BAU) oyl 37% £47ks A%BEES 34 2w U ok F AR
82%, HAA olitsteta wlE7Fe] 86%° dlFot= I77t 24Vt A5 53R 2 FAAQ] A W
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Development of Chemical Looping Combustion Technology for Inherent CO,
Separation

Ho-Jung Ryu*, Dong-Ho Lee, Young Cheol Park, Chang-Keun Yi
Korea Institute of Energy Research

) ) <=3k A4 74 (Chemical Looping Combustion Technology)< ¥ 7R w+$-7](Z7]9+37], <
BYRE7]) Atol & w8t AAE Fawte F5uAIE o] &5k, 7] og F&5ujA o 4hsiukg-)
A5 ot FHAEES gHdubgo] I whET|oA] doJuA st F7IHEET]dA = NOx9 &
Aol gl AgHt27IddE CO9F HoORFS TRAA o2 HEol COy 84N gleo] wE&rt~

o] HoO $&FWe 2 uFEe COE 34 & = e A F COx EF7EY shveltil

Acgho] 7hesta 71AY £ HAastd *}F e T35 389 Mol HF2oltk(3-5). |
4] dar)Ee] AL 2UldE dEE F2 Adrtert nEEdey, AZdEe AV gisa (M,

F-1>L~0{Nru

-2].
=9 MEE e 2T, Avge] AadEdA E A F k7] Apele
=) X]

TAZA, ZA A, vlo]eu )] Jhasle] 9% ¥ *éﬂ*ﬂr DAAE] HEs Ay o gste VE
T s ok B dEeAM e A AAAL mAeE Aiv)ee] Ve 55 vlustn ey
ghe] 7t T3 2 &5 AYE Avfstazt s A—Eoﬂ 7H‘ﬂa‘% AaAGdAE o) AFATE
A st Al gk
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Current Status of CO2 Capture Demonstration Projects

Jae-Goo Shim
Korea Electric Power Corporation Research Institute
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Dual Photo-luminescent Properties of Eu Doped Quantum Dots

Ji Young Park'? Da-Woon Jeong', Won Jung Choi', Taek Soo Kim'?, Yong Ho Choa’, Bum Sung Kim'?"
'"Department of Korea Institute for Rare Metals, Korea Institute of Industrial Technology, Incheon, South
Korea
*Department of Fusion Chemical Engineering, Hanyang University Ansan, South Korea
’Department of Critical Materials and Semiconductor Packaging Engineering, University of Science and
Technology, Daejeon, South Korea

de e WEY U (2.7eV)E AR
A= @9 ZnSe FAHOR H4L FAs
Fdel dpslde v dgelth Bue

= A=

L7 S o]l &3t 260TCA Zn, Se, Euel Ztztel AFAel Zu 9 ¥H-g-A| 7t
SAE B3 el ol w33 B e IS ALA JAEA B3 F=A (UV-vis
Zuj|Al~ (Photoluminescence) & 3 3213l

oldgel Z3te]| o3 WMAFo| FH= HA FHEAL ZniSe:Eu AFALY &8 1:6:1¢0 W
o2 FAHAY. HAZAANAME 420 nm 7] ZnSeot 742t 594, 618, 653 2 702 nm
F= 2t Eud o9 IFEAS AASAT. ESH, ZnSeS Eud H3}xA FAHC 93] WHE=A
U] Hol7| e g BHetdes A & F AU, o] A+E Bl FAEe Eue =R <Yy
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Study on TiO, Synthesis by Chemical Vapor Reaction
from Ilmenite Ore

Chan Gi LEE*, Kyung-Soo Park, Jin-Ho Yoon, Jae Ryang Park

Institute for advanced Engineering(IAE), Advanced Materials & Processing Center
2 Ao A SFH LS AMEEE 24 AAQA TiO= o7 Z7teka ok, TiOs
=2 =24& 2 A3 dro B S EAow 43 29y 9 F = 7K, 3laty &
Z I i ?J'E%Ev'i”} ol 1%, 5, AA, £3, &4%, A gl A, vt
A, AAAR, F2 sz AL&EokrF BHYsIt. EolElw Y934 (Ilmenite) 2 LT E9 w544
(T1) =& AlFYA2A(TiO) & A xzst=dl o] &5 1 Att. A4 DuPont, Cristal, Tronox, Kronos,
Huntsman %< 7I9E€< TiO: < Aty H8 9 g &4 = d4ag S o835t
ATk ol FAHEL H T dA L A ATt AR o =R Qe e S8 o EAA
< 7 A, B A3E 3874484 (Chemical Vapor Synthesis, CVS)= o] &38to] dfifo]
E(FeTiOs) Z5H A E A+A (Ammonium Hexafluoro Titanate, AHFT)A TiO,E A st=
ATE T §]‘6}7]}E}§;éau 3l e MR £o = 7\71 452 FEH5EA7E AFAE 5
AA AFAE EEslste sl o3& dstd F5LAE L%} (Aha, A& gslei) e
ThA sted AbskE, AstE, ©@3lE So vk Bodol FAEA }% O]‘ﬂr §‘rﬂ7l”‘d“m«] 7
HE 4338 7Y (homogeneous) FEH A A AAZEE &S Oé% T A= Aot} FEIH
HESFAo M 2%, o, fEFY s 1110171' 7besta Adgde]l v, gEY 7129 fEol 4
Xﬂzﬂol_ﬂ %@7]’%3}‘5} o] Hhﬂ o7 F&£9 7 —r Si, Ge, ﬁ'ﬂ'%o “cl)“ SiO2, TiO2, AlsOs, Y2Os3,
A= A5 SisNy, &3&=9 4¢ WC, SiC 59 Y=ed2 A7 °F 100 me] A7|= Az & F
ATk,
AFd= AHFTE &3 TiOy FERE ofyel F77Ex o] NHuFe 345 918t NH; gas
ol &3l vg FES io]"’ FAHEE2 NHFE 348t 58t A %ﬁoi AT TiOs 717
FAAREE2 NH; gas$t air F7FA carrier gasg ©| &3t 38t tt. AHFT ¢85+ 7871 & &3l
HEg-7] Yol sttt AHFTE 7Ig7ld s + 7|g7]|E 550CE s239t. 7Igd
AHFTE carrier gasel 93l 3}et71d3td A2 olgsa, A stFolA F5¥E NH; gaset
airg "y 7174ekge oldl TiO.2 FA =AU FE TiO. l‘?“i}% g A ?“’}Oﬂ AR E Aol &
2ol AT, B AFoHE 74 &=, AHFTY AF Azt wE Tio, 54 #Z3A
o AdE 29e XA A EAY (X-ray Diffraction, XRD)E 0] slo] AL BAstn, FA1E
AA#d 1 4 (Scanning Electron Microscope, SEM)2 o] &3t ¢ 445 #EAsAT. AHFTY
S-S o] 83l 100 nm ©]3te] anatase TiO:S A 3FA T}

farr

© o gy o
o o
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Material Flow & Recycle of Lead in Korea

Jeong-gon Kim, Su-won Yang', Kwangpil Jeong’
Incheon National University, Advanced Material Science & Engineering'?

rlo

AAACR ol AgHE FHolth ASARE A4, Fo2ds # DA, 93 Ao, &

1}

H -1

2.9, BAIGEAZ, A B AAl So] Utk R Ags glo} FAW AF Fo=
oA ALEE T QAT oA E 1 AgFE U7k 205E] i o] =RelNE FulolA wAsE W
o BA5ES AR, 14 /4%, FHAE, AFAE, AS L 54, £4, A4, o7 AR PR
shel EAssTh

Lead is a metal frequently used in the world. It used at storage battery, pipe for chemical, plate, lead covered
cable, alloy, solder, inorganic chemical manufacturing, radiation shield material, etc. It is designated as a
hazardous material, such as indium and bismuth is used as a substitute, but its usage is still more than 20
million tons of years in korea. In this paper, Lead Material Flow Analysis in korea analysis by stage,
separated by raw material, primary processed, intermediate product, final product, using & accumulation,
collection, recycling, disposal stage.
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Purification for rare earth metal of low melting point and study of analysis
method by glow discharge mass spectrometry

Jaesik Yoon, Jaeyeol Yang, Hongyeol Ryu
Korea Basic Science Institute

2 AFo = AHE F Cu-Ga B 2 #Axa3dl]l s &8&sto] Aajaiz 2 859 daldydE o] 83t
12 Z25F45S It oy, ol 259 =& 99.99%Gal® ANF ZEFFES 95 5 U}
ol A& UNF ZFFES o] &ste] Zone refiningH o2 6NFo ZEFES 1+-E3} 39t
ZEFEL FEH0] 28 5CE m$ 7] wEo Zone refining 32 #&3717F i oz
A E ZA T A = Zone refining ¥ BRF ol gt 3 S NLdte] 6Nw ol Fe 1T E AFES
< A2 F UJT. T3 AFH L 6NF oY 1ex: 352 g oz SR oz Fe] 3l
om, B AFdAE Slow Sputter Glow Discharge Mass Spectrometry(GD-MS)S o] &3fo] &
AE P BAES MEstele] SRS AASE Y. 2 2EAQ ANFS 455U EoEe &2
17 ppm< Al, 3.5 ppm® Cr, 31 ppm< Fe, 23 ppme S 59 &l d/5o Jd5S &<lst
A}, o= 6NF ZFEo g HAs ] Ygslo], AANEI zone refining systemS ©] &3ttt A

ot |

&
HHoRsE 1k ZAEN)EA7IAA AlRY 455 7HdstdA o5 & s 4dd7t 0.2
mm/min® FEZ A5 dFE TE EFAIIHA BTHFEE on, AR F Zole 300
mm, zone? Heole ¢F 40 mm=E AFHAT. ojw] AN8E FHI AF= HW 535 AAR o,
i 3] Aol FRHW AEE AMFHSt c=EAS HAASAT. A5 AHAWHLS zone refining
system= P F A7 SEAHAAMFEH A 8E 3585t GD-MSE ol &5t £=&45 4
Attt GD-MSEAZ T A WA FiolA 6Nw9 ZFds &2 adx, F8 BFE=% 0.087
ppm® S¢ 0.583 ppm| Ferl A=At S WY A REo A= 2F 6 ppm9 S, 3.4 ppm
o] Cr, 25 ppm9 Fe 59 ETEEC] wFHUSS I

l
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H O =
BE 28E Alxste 7€ e Hebw B 5 AdeERE da3 & A HElw &
AE Az 7 22 AXE HAste] ks U Fad-Eeadt & ude] ¥ S AA Hew
T Aate] W shAT dagdwiel A5 Helw AtsEREH A4 fdo] sheste] @4l
& dast TS vMiAGL Helw 22 Axd ¢ e ol AYa s
AT e A2 S &5t Helw 22 Axsit. d5=d2A TiOgo] AHEHE A, g
© Mges g8, g Ae] Ause 2HAH =49 SUS316S AR&sten whg-7]e]

o Mt 18 & el rfr 2 A T 2 O oo X 2 2

Al

F H3= 5Lolth. 3 JFg e o2 #917] shelA AEE PotuA IFHEHEZE F AT

A A A T2 W] FactSageE o] &3t ddA A Mg & Y (TiOg : Mg = 1 : 2~4)e] o}

gdeddLe=E ALk A3 1815.53 °C, 1534.24 °C, 1264.8 °CE 72 YeUigleon Hks

AEe B T L3 ALt ol & ulE o2 ALFAAGA A C-type(25 % W-5 % Re) €4
7

e AAste] g F ALLE(T) ¥ F=(U)E FHst] vlusdtt. Mg & vl wet 7247t

1164 °Cel A4yl 54 Hdow, & vj7t 371 &45 dases JAd
Aaste AEE UERIY. B3 dAeE Wl mE dAETe ¥gE dddor SHFozH
TiOs—aMg WH$-o] &A 3l oUAZS Arrhenius plotSE2HE ZAF o2 AAe A3 SHS Ti0,9

—

FAGEQ] MgO9 Mg & FAbES Al A st A 2108 -39t FE-SEM< ©] §-3h<]
A gHelg B2 A A Fo nAzFE B, AFAAS A 9] XRD B

- ?:11' © =
Mg AAEAT. = Hebw 229 Aba FF Hhsk] fske] N/O 242 AAlstd e, Ege
A= TXES A7) fste] A= 45 A8kt

H-DH
‘ Tio, |—>| TiCl, ‘—b Ti Sponge Cake —»| Ti Sponge Ti powder
GA r
Self-Propagating High Temperature Synthesis (SHS)

FaEA

1. Merzhanov, A. G., "Self-propagation High-temperature Synthesis of Refractory Compounds.", Doke, Chem.,
204(2), 661-667 (1972).

2. Crider, J. F., “Self-Propagating High Temperature Synthesis - A Soviet Method for Producing Ceramic
Materials”, Ceram. Eng. Sci. Proc., 3, 9-10 (1982).
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Solution Processed In-Free Metal Oxide Thin Film Transistor

Seok-Jun Seo’, Sunggue Heo, Kyoung-Tae Park, Kyoung-Mook Lim, Bum Sung Kim, Taek Soo Kim
Department of Korea Institute for Rare Metals, Korea Institute of Industrial Technology, Incheon, South Korea

<, OLED ¥ 38t %E LCDY F&+ $lstdd 7€ daZde] wokdd A&5d vjgd e
Al QlE ZF o AEE (indium gallium zinc oxide, IGZO)°] vt Edlx] ~E o] Hlt=A &2 &
o] Ha 9tk IGZ0O9 22 I35 23 E HteA = vy A A2 v|3)] 53 AA} olFrE o

, T 5SS M 3T H =2 N FEe] S7EHE Yo o] ok A3 Almelth. ARk
QAEel v REGD iAoz Qe QlEe]l x3dHA e FF5 AtsE vt=A Az Ty AT
7F de] JaF Jdrd. £33 giFEe] 345 AstE vteA]| vtk Edx AEHE AT EHY, CVDY 2

8
Ag 232 B Ao A, o2 dASy] AF A7 FHol B ATE Fus daAEw vk
2 o vaae Miralel A714 54

[e)

Tole &dF%H 7IWF In-Free % 2HslE vb=A]
7 = 975 FdsATt. In-Free °otd F4 AFglE  (zince tin oxide, ZTO)&
gol &4 A T ¥ IHS Tl WS FASAT. ZTO ¥t 7HAE G ol A

< FHEE BT, HFHom AzE u ERMAAHE 14,11 cmZ/Vs«] o ol

Jeo= A39% A7h U passivation  =Ae A}, 2ol FAs] g Aol

—
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Synthesis and photocatalytic activity of Li-TiO, composite powders

Jae-Kil Han, In-Cheol Kang
Incheon TechnoPark

3.2eVe] WMIEAS b= TiOye= 43 Ashe, Wistehd, serd /Aot eigiol s 42 & 7
- ghel P "Z¥Ael dirid B e AoE SR deA du(1-5). Hoe &

H
hydroxyapatite(Cajo(PO4)s(OH)s, HAP)S #7138l TiO,-HAP ESELS SHAsIG 1 o] ELe
71 BAE F&Feta goleS FolFe 53R =2 F I §&8 HA. Ti09 @& 4718 &

A58 Addd Ariden B B3 BT BATE). TiO FA4-wal wed /A 2
S0l BRE PRA] A Dobe] 2EE Askse] BAE-TIO, HERL BAE Ameanh ©
AFANAE EEHS o] REZTEA|E%} @A F(LC0y)E ATAR Agdte] AW 10wt
20wt% Li-TiO, B#E2 A FHE 10wt%, 20wt% Li-TiO, BFEL da L=
e 4 WS} A £4 & XRDSH FE-SEME ©] §3te] Fa9: 10wt%, 20wt% Li-TiO, %%
2o FEo) HYS SPe7) AAN 89 FA MDA AA BEE P

FaEA

. SH. Lee, H.C. Cha and Y.C. Nah, ‘Fabrication of Photoelectrochromic Devices Composed of Anodized
TiO, and WO; Nanostructure’ J. Korean Powder Metall. Ins., 22, 326-330 (2015).

2. 1.Y. Kim, J.M. Byum, J.W. Kim and Y.D. Kim, ‘Synthesis of Pt@TiO, Nano-composite via Photochemical
Reduction Method’ J. Korean Powder Metall. Ins., 21, 119-123 (2014).

3. I.C. Kang and I.C. Yeo, ‘Preparation of WOs-TiO, Photocatalyst and Evaluation of Its Photo-activity in
the Visible Light Range’ J. Korean Powder Metall. Ins., 20, 474-478 (2013).

4. J. Ma, H. He and F. Liu, ‘Effect of Fe on the photocatalytic removal of NOx over visible light responsive
Fe/TiO, catalysts’ Appl. Catal. B-Environ., 179, 21-28 (2016).

5. Y. Liu, Z. Wang, W. Wang, X. An, S. Mi, J. Tang and W. Huang, ‘Sandwich SrTiOs/TiO,/H-Titanate
nanofiber composite photocatalysts for efficient photocatalytic hydrogen evolution” Appl. Surf. Sci., 315,
314-322 (2014).

6. J. Xie, X. Meng, Z. Zhou, P. Li, L. Yao, X. Gao and Y. Wei, ‘Preparation of titania/hydroxyapatite
(TiO/HAp) composite photocatalyst with mosaic structure for degradation of pentachlorophenol’ Mat. Lett.,
110, 57-60 (2013).
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&Y, 998, 232
AR EATD

Results for Korean GREET Models and Policy Strategy

Chun-Beom Lee’, Jang-Hyeok Won, Kwang-Chul Oh
KATECH(Korea Automotive Technology Institute)

GREET(Greenhouse Gases Regulated Emissions, and Energy Use in Transportation Model) <
T4 Fold E3ld LCA(Life Cycle Analysis) 7IHLE v YA TUO 2 Argonne =g A T5of A
Mgk 7% ZoF S JdA 7 BRdolth, AsAgAld MEE ARG A A=Y o] 7443t &
WA Feie] A AlxaglIe] M3AA HuE Y8 LCA 7IHS vgoz sjetEglon, 2 AFfdqMes I
A2 #4 g =Y =486 —?—E]Urﬂ} A 2= GREET B2Y #55 Attt WA =3 sgtn]
HE 28317 S8l UV-}E ?‘—’5# 5 7IH& AHEste] 71 GREET #tepnlg e digh #4S st 34l
Jde =W s EHE A4 sk EHiﬂ‘c'?}"ﬂ‘ﬂr. g=sl GREET Rdg ol&s = A&He 67HA9 ds¢t
xEVE 283t 5714 2k digt 874 g £ S8 diA e Ee A48 st on Iy <
= A= gAaxA FAA 9] vuE E&) =3t GREET HolEu|o] 29| S ATttt 28 I
Apg 2t ool Al &gl =2]7) o] FoX = FAQ M)A WAV #A, ARHIA, vlo]ed s fFEFA =
A%t ol AL AAAR, $EA 2ga duA] AR B9 AFH EAS vuTIdFoIN AR %l
%3 3ty GREET 299 &4 7Ms4ds gdstadtt. olgfg ¢+=53 GREET 2de &% A5k, ds 4
AT I A0 53 oS 5 BeA AATH f&sA €82 AR o ien

_l
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Life Cycle Assessment Methods of Domestic Biofuels

Seong-Rin Lim
Department of Environmental Engineering, Kangwon National University

201593 7¢, AR A gl F &A= (Renewable Fuel Standard: RFS)7F =ddol wat =
Ho] 9 A g o] Abgo] St Z o g HRlt nlojedies AAE ©@AhFRol ofyr] wiiEe] niole
A5 A (Life Cycle)odlA A= 247 WA Hr7irr d8sit). o o, F7F o Al
z"loA Z] - A o7 dAstE SAVAS 7 amgsle]of dvp B Aol Ez o ) unio] o
A5 A7t~ WlEFE A e A7 HS AAISHE Aottt o] & flste] JAWESF
(LCI) &< g i 23S etstn sl AP S 1ee dolHe 3 2 A& S AA
st vlol oA 5o vlw U AR 24Vt~ wiEE A dolH AH§ WRE A AlA
st} wloledg e Ay 247Fx wlEH A S f8) Asa A5 Ay 472 wWiEF 3
7l Egt5]o] 9= GREET 2013 RdE o] &3tAY 435t AFgstdtt. 7 ed9 = Asa d=
o] &9 oy <ol IMJE AR violotAle]l YR 2= 5, T, Palm Fatty Acid
Distillate (PFAD), Al Giyctatz gujite =z #3), ARE=ZT, #HA&FE5 A9, Al
g AA = vlo] emj 2 ALkl A] ApE Ao A 9] vlol o)A A4 A 2 A AT, vlo] 2w 7]
gb dlo] e rjAle] Myt HES ZAsr] fd 95 28 WS VTR T UHA Ayl 2 (8fe]
eed FYy vloleuja 91 E AASAY. HAE&F 7IH vlo]etAl e RE I o] oA
APe= ez A3t ol& Fall, vto] v~ ZA2f, vlo]omjx 5 vlo] o d AAF o]
e %, violeuA AL wioloUA FFH-FF, violorA AL A diste] dHlolHE 4
Hola A&t WHS AASAT. vlo] et 82 E S5, AR, JHAEE AEZ e
AR, U Bl s AT, Alx®l AAl= vlo]l Qufj 2 AuHE AF Ao A 9] nlo] Qo gk
& Aa7kA Ao, vlo] g ALt gl Ayl e Al ZHAE U] AR, Al
2o 12 vlo]oeb& A E FYsts ol AlYUEl 2 2+ vlo] eujaes F{ste] vlo] Log&
S IFUolAl AistE Aotk Alvte]l o 32 Hio] ewmjas} Hio] Qo EESE U oA BE ALsh=
ojt}. wfo] Quljx 2}b wio] euj s FF vlo] Qo ghE A4 Hio] Qo ghE £F-fF, Hio] Lo gt
AL Ao diste] dHolHE £t A&ste WH S AT, vloledge] AT 5
FHE HEstelr] fleliAe daAFHErte] A &o] dFHoltt, mepx 2 AFoA e A2 H 7t
ste]ojol & FAF I A S wrgstr] fal Z83k HolHE AT, o= HioledRe
A7t~ W& HUME A U S gste Autah blo]ed Rl 7wy RFS A9 sl 7]
g £ S Ao},

o Sat

iy

£ rfo
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Well-to-Wheel Analysis on Transportation Fuel in South Korea

Jae Jun Jang, Wonjae Choi, Eunji Yoo, Eun Soo Seol, Myeong Soo Kim, Han Ho Song*
Department of Mechanical and Aerospace Engineering, Seoul National University

3} gl Algo] N&A o g ZylstAA LA~ “H%OH gt #Hol FAsA S7kstar . o]
23t dUA ALS 83t YojiA FA mAE JIFS FAZol FHFAH R Adsty] YA FH
=< A3 4 (life cycle assessment)©] F5& W1 1"/} Aug A8E o2 5H, HE ALEH
el X}EX}"HH At 247 By 01"43} FFIF ALEEZIZIA Y BE Y, 5 4F AFH, 4
r +5, A7 3, AT H &5 FF 59 A9 (upstream) TFANA T ZE 24V~ 2
sto] B oz A A 01]91 033&73: dsiA dg. 59, AsA dxdd St Aoy £4

< well-to-wheel (WTW) ¥4 ®Wolgln stz, WIW Z3e U8 A AMPE FHL7HA] A5
AFe F$5& Egdsle well-topump (WTP) IFI AA=z Asx 3 AFS ey e=
pump-to-wheel (PTW) g oz FAHET, o TR E Xt 5zt Ae&diste AFALCAE
A Fs]e g F8 A d5-3SdF, AF, dA7t, LPG-o did WTwW 24 23}
S gtk BAE 8 AR 2 FadA, ddrtaAEds 2 dAvtaFAE, LPGES #
LPGEA AE7tE9 =& ol ‘314% o 53td dlolHE Fystn, FrhHer dad HolHe =
Y F#7I#e] Raxu 943 A5 55 FastAch Ak dlolElep Zo] sefda] A v 5o
#AAS dio|lH = vo EIA 59 319 A& 71#E9 Rux 2 #AA Ad =8 52 Fusiac. 18
3 ol HolHE A&t Alits FaAsty] HslA vl o2 &I tdF Al AFE A5 WTW A
o

=

A 2233l GREET(1]S &8sttt Al 4 Wi E 9 2o 1’4101]/\1L AE oA HZ
TR =8 AR(2,3]8 2T +# Utk 2HE %8, WTP FoA = L/ 2 AR7t E]r
A5l ]OHH 7HE @ Y AV~ WEFE Holn, WM E HATVIas AN SR
Hol o= FAAA H3t, A A%, AVt Fo AUAE Bol] AHeete A= Eddstn 5’\]"“
AR A FZE(venting) AV A& (flaring) Al 7]1E FA A E L47F2~7F wo] 2Alste] B 2o
Hg Fjdoz =2 5o WTP 2472 wjEFo] AEATh =2 PTW oA = ©¢ o
UA " gtaghfio] @ AArtart 78 AL 39 24728 wiEsido. webA WTW 34

e weEhn el GeluA Aol oA HLF, AF, LPG, Adsks LF N5d 129 SA7}s
g WEdtE doz geur AFHor 459 A zeldled € o5 JlelY edles W
F2 AMSH ==, ol AlitdA e AR AsA <R Jlsd A S LA Erk sl
A BE A de Y 3 $FS V=R Hlasis w, &9 dAyAE 8ol oA
A Fe B AHIF B2 AH ATAE @9 olF AT AV wjEFo] Mg w2 Aom ALt
= Aot

FaEd

1. ANL GREETI1 (Greenhouse Gases, Regulated Emissions, and Energy Use in Transportation), Argonne

National Laboratory, http://greet.es.anl.gov, Accessed September 2013 (2013).

2. Jang, J. J., and Song, H. H., "Well-to-wheel analysis on greenhouse gas emission and energy use with petroleum-based
fuels in Korea: gasoline and diesel," Int. J. Life Cycle Assess., 20, pp. 1102-1116 (2015).

3. Choi, W,, and Song, H. H., "Well-to-wheel analysis on greenhouse gas emission and energy use with natural gas in
Korea," Int. J. Life Cycle Assess., 19, pp. 850-860 (2014).
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A research on the improvement scheme of GHG reduction methodology in
using the biofuel

Ryu, Jeong-Lyoung
ECONETWORK Co., Ltd.

LAs BEE AG SR FAHAN A4W V&2 A8 AdHE eAhs 3L FRAA Pyo
2 495 @ 4 e 4F 49 PREE 9 Fasita @ F . WoedR g3} Ads

UNFCCC9 DM(Clean Development Mechanism, &% 7/NEAA)AIG S v Z35te] e o429
W Eo] s o FHT AlYHE Ul wEHAUAY YFEALES 2719 Hlol AR AME

3k ,9_/\17]./\ 7Lz A};ﬁm—u‘j%o bla}_‘_}_o].oar;]. 71— mmi & H].o]OOﬂJE'J_‘/] OJE %ﬂ xﬂ?'ﬂ, /\].OHJ AA
2 2y HHHEWV] A FoldES Holx St violedmel #HHd WHELS dFEY HE
V& AQETE gy = Aol wjsfHLee °1‘j°ﬂ Az Ay 2 01% S #-dE Upstream

7H%§§ =dstar o ‘”?ﬂl SIFALY F sl Hle] & CNG *E” 2 AbEA A8 ol &AM e
HE AME A BAE Hhel 2 CNG A B ol gell dEFE A BRE AAAE, BA, 4F A

2 %5, FANE 5)E ¥dstn glon, 1011 wEl A wiEEe] HelE 1) 2 A I%OM %i%‘
Aake w2 47~ wlE (A5 %ﬂw}%%‘;) 2)38 A8 Algo] wWE olatsleba wlE, 3)Hlo] Quj A
2 mlo] @ CNG &5 e w2, 4)H}°l CNG A2taty Z vlee] 284 F2o w2 w2 3
osta gl ol & <laf wiHFo AFE Default(ZA ) 2 AAstn U= AEE Jort, AAgA7t
AR A 9 NES dof b= bﬂ’“‘:c o] AA dole 43 2 dolg ulolx Fgo I A&
golAddl oA FAES Holxm u}. 04%“ =Tl vlole A8 FAH 247t~ ZEA]] UREES
< ¥w Bk, g 2 HEA % He HAE=F Ay WMEES FEee Wete 2Asuzat g
Atk

FaEd

—_—

. UNFCCC, CDM & ; ACMO0017.
2. UNFCCC, CDM W& ; AMS-IILAQ / AMS-TIILAK / AMS-IILH.

3. 27t MEEA YA FAAE FAIYG WHE ; vle] 2 CNG A4t 2 AFAF A8 o] & A9
W2 (07A-001-VerOl.

4. @A WEAANA FAAE PG PEE  AZAE B DolUA A2 2 o] § A9

T =
HPHE [3A-001-Ver0l.
5. AA L4Vt AN HHE 014 34 AR ExjEel Adg 2 dA3ete ARG ek W

=
HE ver3.
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Environmental and Economic Implications of Bioethanol Production from
Agricultural Residues for the Renewable Fuel Standard

Kyo Sub*
Graduated School of International Agricultural Technology, Seoul National University, Institute of Green Bio

Science & Technology, Seoul National University

Cellulosic ethanol based on agricultural residues is a potential alternative to fossil fuel. This new alternative is
expected to reduce greenhouse gas emissions (GHGs) compared to the current fossil fuel used for
transportation. Many countries have legislated a renewable fuel standard (RFS) with biofuel blending
regulations for transportation fuel. The aim of this study is to estimate the potential quantity of rice straw and
ethanol production with the associated cost and CO2-equivalent GHGs. It also examines the environmental
implications of the RFS considering all stages from cradle to gate, including rice straw collection and ethanol
distribution. The available production of rice straw ethanol is about 1.2 billion L considering the current
demand, which can achieve the 5% ethanol blended gasoline (ES) standard in South Korea. The optimum cost
for ethanol from rice straw is expected to be 0.956 US$ L-1 with 6,000 Mg d-1 by constructing two
biorefineries in Dangjin and Gwangju. Domestic ethanol from rice straw can reduce CO2-equivalent GHGs to
2,614 g L-1 (90.6%), and imported ethanol from Brazil can reduce CO2-equivalent GHGs to 1,907 g L-1
(66.1%) compared to conventional gasoline (2,885 g of CO2-equivalent GHGs L-1). Considering the amount
of expected displacement for current domestic gasoline, the potential GHG reduction can be 1.0 million Mg of
CO2-equivalent GHGs per year, and the blended fuel price (1.864 USS$ L-1) would be similar to that of
conventional gasoline (1.870 US$ L-1) with ES.
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Development Status and Prospectives on Biofuels Sustainability Criteria

Jae-Kon Kim*, Cheon-kyu Park, Jong han Ha
Research Institute of Petroleum Technology, Korea Petroleum Quality & Distribution Authority

A large number of national and international initiative lately experienced rapid development in the view of the
biofuels and bioenergy targets announced in the European Union, United States and other countries worldwide.
The global bioufuel targets are likely to have a strong impact on land use and agricultural markets. Although
biofuels production provides new options for using agricultural crops, there are environmental, social and
economic concerns associated with biofuels production. The diversity of feedstock, large number of biofuels
pathway an their complexcity lead to a high uncertainty over the greenhouse gas(GHG) perforamnces of
biofuels, in terms of GHG emission reductions compared to the fossil fuels, expecially if land use change is
involved. In this study, it studied on the latest development on the main intiative and approaches for the
global sustainability criteria for biofuels and it also prospected introduction direction of sustainability criteria
for RFS(renewable fuel standard) policy in Korea.

A

This research was supported by the Ministry of Trade, Industry & Energy (MOTIE) under the works of
power information and policy support program(2015~2016), study on promotion policy for transport biofuels
(No.2015PPS20S04).
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of Transport Biofuels’ R&Ds
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Status of Green CAR Technology and R&D Policy

Son Young Wook
Korea Evaluation Institute of Industrial Technology
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Korea Environment Institute, Future Environmental Strategy Research Group
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Policy Direction on Waste Management in Korea and Overseas
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2R(Reduce, Reuse)d]l B AAH AL AAA 281 S 33}
g FH37] 98 2RSS X387 Y& AAAe x#H AF, I EIE
A 7HA e 2REH AZE & FHstn U

2,5

Giljong Oh

National Institute of Environmental Research
FALE, HEFan], Qg2 o] Fo4x] A A AAAN 2" g E A (x| 233 S+
&3S AT o A&IbsAts]o AjstA] @k wEkA H 2 AVER AL AL, §8, &Y, 17
of A FHAolA Ahe] AMES AdASt, nAALL] AFEL HOl A, AYItES Aoz
A sk, A Thed AdE: A et &7Fe] Wl <tolA AMgstE WEFem Fsta Utk
b Al x2S AlEFS A FAAEEAA HUg o AMgsta, FHo] tek AlFL dAStY FES 3
Foto] 2] 52 AA FLAFolY TE AF vl AbgetH, E7FE S #H 718 uted fle AlE
B FAAME F83 4 AdE FFste dAAL S dAStE WEFezR Fxstn U =3, =4
SlF7t oH & A FelA wEFo] =L B4 A duAPez ARSI AY, aZtHA A AES
3lrste] o] gata a1 AHe FAES HHsH AMeste WEde R FXEHI Utk ol Alde A&
N e AL EAE], T FHAME 344 oz S I
FEUTHE olg gt A FAld 257 9 AAesAbs] [ XM A S FXsta v T Y
Fe] Faull & AA, A, &, &¥], H7] 59 FHoA #HEY TS AAG £ o] &st=
g HrE F AgEo] Jhed AYE @ wiyoly &zt o4l Mg &ete xR sty ¢
g HrlEMERtEes EYste Aotk =4, HiEolgt: A s (AAA, &8s 54
H7lZoA ALste] AL eRE AFHEA FEHES SHAAJFAEE =dste Aotk A,
Hr7l5S dHFo =2 wWEdle 459 2d, 24 5 1870 4% 1,5009970 dad Adesto] §E87
TAHAEE S U FAZA #HYEEE FAste AL AHHAY ARE =Yste Aol wpA
o2 HrlEH oAt AME E4sstr] flste] AL AN LE AA St Faxet FFART A
A5 gdista Aol FU7A7F w4 o] 8H =S o= Aot
EUx= 20134d 2o #7]E 2A9A Z2a8S EYsidled 1 54 Adies =olx, AAdAd
I Hr7lE B S vFx3(decoupling), AFS AMALES FX, SHEZDL] A, LuHAEe] AN
Solth. =4 #A7E A Fe AEFHE HrlE, AVAAAE, A7 Eeln, #Yd FEE H
71E DA FFE v = THEF A ZAA 2vftA]) o FRERF(AEEoA WiE HAE7A) &
x3gitt, S3e #H7EY 5A4S ndste st AR RUEEE £ e FAZA] HAVE
DA HRE Aot Aot AF84A H7|E9 HEEEE AYEY EU dAe A F334H&E9
A FhEFS 2020974 20% =olw, AF/HA R #HVFE 50% =0l Aolth. e, FdA
2o @27 71A] LAE AF A7 EFHS 202574 50% Zole Aolg. dEo A A3a +&
d@dAts] Fd F3 712418 3R(Reduce, Reuse, Recycle)el Hlgte] 907t 5% B3t
al A= = 5XE stu
3l ‘
=
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SR, AR 2o Mg vHiAtE 99k AE], $d8 A Briefs VOL. 05, 2015.2

2. Shinichi Sakai, Present Status on Waste Prevention and 3R Approaches, Waste Prevention & 3R
Workshop 2015, Kyoto University, Japan

3. A% 8744, Y- AANERE ARTE E8IAN] BE7], 2015.6
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Trends of a SRF making Facilities Using Combustible Waste
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Samho Enviro-Tech, Inc.
St Aol EAR A dd 2o S ed WA, AF2dst dA 5 AAAA A
A fdl AYAaY A5 ALLS T AY £ B8] TUEI k. 59 fEvEe A
A T TS A &5t Slo] Adege] TS g Fad Aot
FElvtete] HrlEo gk e A A (Reduce), AMolE&(Reuse), ALE&(Recycle) oo}, &
Ztd 4 vho)] gle #7182 dagH oA T = dUAE 3Gt E e BHS B3 AR 9
4 (Recovery)dte /NES F7ietath. 53] @ &7 vigds e #A7iE F HE, o], dAFEFA &
o g ddio] 22 AxY S A4 8 & 1FAS(SRF: Solid Refuse Fuel) & ¥HEo] &K1
d, EyFEda 2 A dEE2 AW F UAEF stof, AR AqUAEE A A=
FRZF ATt
SRFE EE H7|E0] old nAdsAFoZA Ao BFS S 28, 8, i o9z 94,
g 9 Ule 25949 Vg Es AFsta Jdon, 59 dEHY dAavEe 1PASE AMESte
A B& 9 71AA EAH T JdAE Al dA3] #elste FAlolt. old wet 53] AMFA
W EAAA H71ES ol&ste] nIFARE Alxste AAL H7IEY ®, 2¥Ads9 AL, AF
ot 34 dg B oidgt HrlE wiEAete] Al kAl A FE Aol steto] HasiH, EotE =
AFS] A AEY 9 BAS T3 AdEE AFe] dsdds #welste Ao vy Fasita &
T Ut
B 1A e AdsdArls FAIAA ARG FEH 7SS ol &5t RFARE Axste AiHEH o F
A FARE e EeHE Vles AuEoEA T ARsE nAdsAFY] BAANARA e
2 st ANkE el A A dis] A H ekt
FaEd
1. 15, 785, FeAte] At x1e figh ikt A, AFEIA, AGATE(2012)
2. AU T, ARIRAEA H71E AEAE AN A AFEIA, S| e s#eE] (2013)
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Biogas upgrading technology using amine absorption method and its application

Hyunje Sung, Dongmin Shim
Hansol EME Co. Ltd.
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The Present Status and the Future Prospect of the SK’s Technology for
Bio-fuel Production

Hyun Jun Cho’, Han Seok Kim, Jeong Bum An
Chemicals R&D Center, SK Chemicals Co. Ltd.
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Bio-ethanol production technology of Changhae-Ethanol

Jeon-Seong Jeong
Changhae Advanced Institute of Technology, Changhae Ethanol Co., Ltd.
*E-mail: junpapapa@naver.com, Tel: 82-63-214-7800, Fax: 82-63-214-7805

The Commercialized bioethanol is produced by fermenting monomer sugar (C6 Basis) from sugar or starch
based feedstock. The use of these feedstock has raised ethical concerns regarding food usage. So, 2nd
generation biomass such as , Barley straw and Miscanthus exist in abundant amounts around the planet, and
they are renewable substrates for bioethanol production that do not complete with food production or animal
feed. Pilot plant and commercial-scale plant producing bioethanol from cellulosic biomass have been researched
and developed previously. Several companies are already operating commercial bioethanol plant in the world.
In this study, bioethanol production facilities in the Korea were presented and he possibility of bioethanol
production from Lignocellulosic Biomass was investigated. This result constitutes a significant contribution to
the feasibility of bioethanol production from lignocellulose and justifies the scale-up to a commercial-scale
plant.
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The palm tree produces palm fruits that are contained in a fruit bunch. When the fruits are extracted from
the bunch, the residual material is called “empty fruit bunch” (EFB). This material is lignocellulosic and
could be potentially used as feedstock for biofuel production. EFB to bio-fuels is being considered for
national energy security and environmental advantages. The objective of this presentation is to show the
effect of reaction temperature, time on the EFB fast pyrolysis optimization and worls’s advance technic dgree
and technic of Daekyung esco.,ltd
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Metal Organic Frameworks (MOFs) for the removal of emerging contaminants
in aquatic media

Sarita Dhaka, Jeong—A Choi', RahulKumar, Byong-Hun Jeon*
Department of Earth Resources and Environmental Engineering, Hanyang University, Seoul.
'Department of Chemical Engineering, POSTECH, Pohang.

Water contamination is a growing global concern due to rapid industrialization and population growth.
Emerging contaminants (ECs) such as pharmaceuticals and personal care products (PPCPs), endocrine
disrupting compounds (EDCs), petroleum hydrocarbons, pesticides, flame retardants etc. have frequently been
detected in different aquatic systems. ECs negatively affect the human health and the environment
! Severalmethodssuchascoagulation—flocculation, adsorption, biodegradation, chemical degradation and advanced
oxidation processes(AOPs) are available for waste water treatment. Due to cost effectiveness, universal nature
and efficiency, adsorption method is considered as apromising method for the same. Different types of
adsorbent like activated carbon, carbon nano materials, chitosan beads, zeolites, clays, seaweed, algae,
mesoporous silica based compounds are used for the removal of ECs’. Attention is now towards the newly
recognized porous materials known as metal-organic frame works(MOFs). Metal-organic frame works(MOFs)
are a class of coordination polymer made of organic linkers and metal cations. MOFs possess exceptionally
high surface are as with tun ability in pore size and functionality, and can serve as hosts for a variety of
guest molecules. MOF shave applications in gas storage, gas/vap or separation, catalysis, luminescence, and
adsorption and drug delivery’. In currents cenario MOFs have been proved as better adsorbents for the
removal ofECs from aqueous media.

FnEd

1. Petrie B., Barden R., and Kasprzyk-Hordern B., “A review on emerging contaminants in wastewaters and
the environment: Current knowledge, understudied areas and recommendations for future monitoring”, Water
Res. 72 3-27 (2015).

2. Zhou Y., Zhang L., and Cheng Z., “Removal of organic pollutants from aqueous solution using agricultural
wastes: A review”, J. Mol. Lig. 212 739-762 (2015).

3. Czaja A. U., Trukhan N., and Miiller U., “Industrial applications of metal-organic frameworks”, Chem. Soc.
Rev., 38 1284-1293 (2009).
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Chemical Management System Development for Hazardous Chemical
Management in Site

Kim SungHoon, Park BaekSoo, Jeong Emma, Jo SeoWeon, Lee HanWoong, Lee KwiHo*
Korea Institute of Industrial Technology, Korea National Cleaner Production Center
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Effect of Electric Voltage on Treatment of Domestic Wastewater by
Electrochemical Process using Platinum Coated Titanium and Stainless Steel
Electrodes

Umesh Ghimire, Sang Eun Oh’
Department of Bioconvergence Sciencd and Technology, Kangwon National University, Chuncheon-si,
Gangwon-do, South Korea

Domestic wastewater generated from the houses and apartments are the complex mixture of suspended solids,
biodegradable organics, dissolved inorganics and microbial pollutants which are difficult to oxidize by
biological or chemical process. Before discharging such effluents in streams or rivers it should be treated to
remove the pollutants, otherwise it can cause high oxygen demand in the receiving water which is harmful
for both aquatic ecosystem and human beings too. The present work aims to study the effect of electric
voltage on the removal of ammonia-nitrogen, color and COD from domestic wastewater by electrochemical
process in which platinum coated titanium and stainless steel was used as the cathode and anode material
respectively. The effective surface area of the anode was 50 cm’ with 2 mm as a separation between
electrodes. In order to supply power to the reactor, the regulated DC power supply was used with current as
3A and varying reactor voltage of 0.6V, 1.2V, 3V and 5V. The system was run for seven days and the
sample was analyzed in a daily basis. The results indicated that the NH;-N, COD and color removal was
directly proportional to the electric voltage applied between the electrodes. The experimental results indicated
that 88% of NH4-N was removed efficiently at an electric voltage of 5V whereas only 25%, 8% and 2.8%
of NH4-N was removed at an electric voltage of 3V, 1.2V and 0.6V respectively over the seven days.
Similarly at 5V the removal of color and COD was around 84% and 94% respectively. Over the seven days
of experiment pH of wastewater with applied 5V increase from 7.1 to 8.5 and the electrical conductivity
decrease from 0.66 mS/cm to 0.4 mS/cm.

FaEd
1. Vlyssides, A.G., Karlis, P.K., Rori, N., and Zorpas, A.A., "Electrochemical treatment in relation to pH
of domestic wastewater using Ti/Pt electrodes,” Journal of Hazardous Materials., B95, 215-226 (2002).

2. Gyger, F.R., and Braunscheidel, E.D., AIChE Symposium seires 73, 167, 233 (1976).
3. Berthouex, M.P., Hunter, G.W., Pallesen, L., and Shih, Y.C., Water Res. 12, 957 (1978).

81



FeUE F8 £F F5 24Y FEE A IARATA AARE
71e &4

QAF, Wsht, ol @, o] A5
FE Y7 EAT Y
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Techno Economic Analysis and Optimization of S00kW Diesel Processing for
Auxiliary Power Unit (APU) Based on Molten Carbonate Fuel Cell (MCFC)

Agnesia Permatasari, Jay Liu*
Department of Chemical Engineering, Pukyong National University

Fuel cells based APU (Auxiliary Power Unit) is promising technology used to meet energy needs and
environmental friendly. Fuel cells convert hydrogen into electrical energy with high efficiency and low
pollutants. Among many types of fuel cells, the MCFC (Molten Carbonate Fuel Cell) is considered in this
work. This study uses diesel as a feed, but it contains sulfur component like Dibenzothiophene (DBT). Sulfur
tolerance are allowed to MCFC module is not more than 0.5 ppm, because it can poison and affect the
performance of the fuel cell. For reduce sulfur component, desulfurization process is needed. Raw diesel in
this study containing 10 ppm of DBT and reduced to 0.1 ppm .After desulfurization, diesel with low sulfur
will through several processes, such as steam reforming, water gas shift and then goes to purifying unit, then
hydrogen formed from that process will go to MCFC unit to convert into 500 kW of electrical energy. All
processes ranging from diesel convert to hydrogen, and hydrogen enter the MCFC unit to convert into
electrical energy simulated by Aspen HYSYS. Within techno economic analysis, working capital and fixed
capital investment (FCI) were estimated at $910,000 and $6,890,000, respectively. Utility cost, total installed
cost and manufactured cost were $361,000, $4,760,000 and $4,701,228. The electricity cost for this MCFC
based APU calculated by $1.4/kW.
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Oxidative Transformation of Organic Substrates and Scope of the Method for
Environmental Application
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The oxidative degradation of organic pollutants is a widely accepted treatment methodology for remediation
purpose [1,2]. The chromate and permanganate used in conventional oxidation of organic substrates generate
large amounts of harmful waste. To minimize harmful wastes green oxidants, e.g. dioxygen or peroxides could
be recommended [3]. H,O, is of particular choice due to its clean and environment friendly nature. In this
study inorganic materials were prepared and characterized spectroscopically. These materials catalyze the
oxidation of styrene and cyclohexene using H,O, as oxidant and sodium bicarbonate as co-catalyst. Styrene gave
two reaction products namely, phenylacetaldehyde as major product and styrene oxide as minor product.
Oxidation of cyclohexene gave only one product 2-cyclohexene-1-ol. In the presence of green oxidant (H,0,)
these complexes effectively catalyzed the oxidation of secondary alcoholsviz. 1-phenylethanol, 2-propanol and
2-butanol, using conventional liquid phase and microwave-assisted methods. The effect so famounts of catalyst,
amounts of oxidant, amounts of solvent and temperature have been investigated. Secondary alcohols
1-phenylethano 1,2-butanol and 2-propanol gave 91-93% conversionin 20h, 86-87% conversion in 8h and 90-94
% conversion in 6h, into their corresponding ketones. All catalysts precursors and their catalytic potentials are
observed to be efficient. Nitrogen based additive accelerates there action and reduces the equilibrium time. The
microwave assisted technique proves to be a time efficient system.
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Development of customized power management system for high voltage
generation and energy efficiency of Microbial fuel cell

Young Eun Song, Byung-Hun Jeon', Jung Rae Kim"
School of Chemical and Biomolecular Engineering, Pusan National University, Busan, Korea, 46241
'Department of Natural Resources and Environmental Engineering, Hanyang University, Seoul, 04763, Korea

The MFC employs exoelectrogenic biofilms on the electrode as a biocatalyst for electricity generation from
various biomass feedstock, and has recently been applied to value-added chemical production. However, the
low power and voltage production hinder the practical application and scale up of MFC system. Thus power
management system (PMS) needs to develop to increase output voltage and power. This study focus on
development of customized voltage boosting system with PMS for MFC. We have designed a switching
system of capacitor based boost circuit (CBBC), and combine with commercial DC/DC boost converters
(DBCs). The CBBC can charge and discharge current produced from MFC, and provide power high source
voltage into DBC. As a result, the CBBC can elevate voltage from 0.77 to 1.54 V of output voltage. In the
CBBC-DBC connected system, we investigate the performance of voltage boosting using different type of
DBCs. The PMS implemented with LTC3429 could charge the capacitor (1000UF) to 3.3V within 5 sec
which is ten times faster than TPS61200 and other boost converter.
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Long-term production of bioethanol in repeated-batch fermentation of
microalgal biomass using immobilized Saccharomyces cerevisiae
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Korea

The use of biomass in many technological processes is crucial for the development of biorefineries in terms
of energy, economy and environmental sustainability [1]. Among the biorefinery products, biofuel from
non-food biomass could be used as a renewable fuel in the automotive sector [2]. Bioethanol derived from
microalgae have promise as carbon-neutral replacements for fossil fuel [3]. Selective fermentation could
improve microalgae-based biofuel by managing microbial processes [4]. In this study, two different processes
[(1) separate hydrolysis and fermentation (SHF) and (2) simultaneous saccharification and fermentation (SSF)]
have been investigated for fermentative bioethanol production from a carbohydrate rich Chlamydomonas
mexicana (YSL0O08) biomass. SSF was selected as an efficient fermentation process to enhance the bioethanol
yield from microalgal biomass through repeated-batches (7-cycles) using immobilized yeast cells. Combined
sonication and enzymatic hydrolysis of C. mexicana released 445 mg/g of total reducing sugars (TRS), which
led to a production of 10.5 and 8.5 g/L of bioethanol in SSF and SHF, respectively. Most of the TRS was
consumed by the yeast reaching a relative consumption efficiency of 91-98%. Bioethanol yield of 0.52 g/g
(93.6%), and the volumetric productivity of 0.22 g/L/h were achieved after 48 h of SSF. Immobilized yeast
cells enabled repetitive production of bioethanol for 7 cycles. An average utilization rate of TRS (80%) was
obtained by immobilized cells for 7 cycles. Alginate beads (AB) which regenerated in yeast medium showed
the fermentation efficiency up to 89% for five consecutive cycles. This study demonstrates that 28% of
microalgal biomass was converted to energy in the form of bioethanol. Repeated-batch SSF using immobilized
yeast cells demonstrates the possibility of cost-effective bioethanol production and increasing bioethanol
productivity.
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A Respirometer System for Biogas Measurement
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Ciprofloxacin toxicity and its co-metabolic degradation by a freshwater
microalgae Chlamydomonas mexicana
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Extensive use of antibiotics has led to the ubiquitous distribution of antibiotics and their degradation products
in the environment attracting emerging concerns[1]. Ciprofloxacin (CIP), a third-generation of fluoroquinolones,
is one of the most widely detected antibiotics as a result of ineffective removal of CIP by conventional water
treatment technologies, harming a wide range of microorganisms such as bacteria, algae, crustaceans and
invertebrates even at low concentrations[2-4]. This study evaluated the toxicity and cellular stresses of
ciprofloxacin (CIP) and its co-metabolic degradation in a freshwater green microalga Chlamydomonas
mexicana. The toxicological effects of CIP on C. mexicana were assessed by evaluating the growth and
biochemical characteristics of the microalgae including total chlorophyll, carotenoid content, malondialdehyde
(MDA) and superoxide dismutase (SOD) activity. The calculated effective concentration (ECsy) of CIP on C.
mexicana was 65 mg L' at 96 h. The growth of C. mexicana was significantly inhibited at increased
concentrations of CIP, showing 36, 75 and 88% inhibition at 40, 60 and 100 mg L' CIP, respectively,
compared to the control after 11 days of cultivation. The total chlorophyll, carotenoid, MDA and SOD
activity were significantly increased as a result of relatively high concentrations of CIP stress. C. mexicana
showed 13% removal of CIP (2 mg L") after 11 days of cultivation; however, the addition of an electron
donor (sodium acetate, 4 g L) highly enhanced the removal of CIP (2 mg L') by >3-fold after 11 days.
Kinetic studies showed that removal of CIP followed a first-order model (R2 0.94 - 0.97) with the rate
constants (k) ranging from 0.0121 - 0.079 d.
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Bioelectricity generation from glycerol by co-culture MFC using Klebsiella
pneumoniae J2B and Shewanella oneidensis MR-1

Changman Kim, Cho Rong Lee, Soo Jin Jeong, Ju Hyun Baeck, Byong-Hun Jeon!, Jung Rae Kim"
School of Chemical and Biomolecular Engineering, Pusan National University, Busan, Korea, 609-735
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Glycerol conversion to useful energy and value-added chemicals is one of the interesting topics in bioprocess.
Bioelectricity generations by exoelectrogene using microbial fuel cells (MFCs) have used various organic waste
materials and biomass feedstocks. However it has been reported that the most of well-known exoelectrogenic
bacteria are not able to consume glycerol in anaerobic condition, thus bioelectricity generation from glycerol
has not been studied. In this study, we apply co-culture systems of Klebsiella pneumoniae J2B and
Shewanella oneidensis MR-1 for electricity generation from glycerol. In the co-culture system, K. pneumoniae
J2B plays a role for glycerol consumer and lactate producers, while S. omeidensis MR-1 metabolize lactate
and transferred electron on to electrode. Compared to MFCs with K. pneumoniae J2B or S. oneidensis MR-1
only, co-culture MFC can generates higher current density (~ 25 mA/m?). Power density curve and cyclic
voltametry demonstrates that electrical performance in co-culture MFC is higher than the single -culture.
Microbial community analysis presents that S. oneidensis MR-1 is attached with electrode while K
pneumoniae J2B is found in both suspension and electrode, which indicates that synergistic association of two
species results in electricity generation with simultaneous glycerol uptake. Metabolite analysis shows glycerol
consumption occurs in both pure culture of K. pneumoniae J2B, and co-culture MFC systems, but co-culture
MEFC uptakes more acidic byproducts. This results implicate that current generation from glycerol is possible
using co-culture MFC systems. Further study needs to enhance electrical performance and value-added
chemical productions from glycerol in MFC system.
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Characteristics of Livestock Wastewater Treatment Using Autothermal
Thermophillic Aerobic Bacteria
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Department of Bioconvergence Sciencd and Technology, Kangwon National University, Chuncheon-si,
Gangwon-do, South Korea
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in-situ Remediation of Actual Oil-contaminated Site by Bio-hybrid Technology
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Photocatalytic Degradation of Dyes using Ag/ZnFe,O4/rGO Nanocomposites

Amr Hussein Mady Hussein, Marjoric Baynosa, Jae-Jin Shim*

Department of Chemical Engineering, Yeungnam University

In this work, Ag/ZnFe,O./rGO nanocomposites were synthesized and characterized by SEM, TEM, XRD, XPS,
BET and TGA. Photocatalytic degradation of methylene blue, methyl orange and rhodamine B dyes under UV
light source was studied using the nanocomposites. Almost 100% percent degradation of the dyes at varying
concentrations was achieved under the conditions used during the experiments. The nanocomposites were found to
be stable and reusable even after five cycles of adsorption and photocatalytic degradation. The mechanism and
kinetics of the photodegradation were also investigated.

Keywords: photocatalysis, methylene blue, methyl orange, rhodamine B, nanocomposite
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A Study of Coal Rank Influence on Emission Characteristics of NOx and
Unburned Carbon Using Air Staging Technology

Hong-Min Cho', Jeong-Woo Kim', Ho Lim', Chung-Hwan Jeon""

'School of Mechanical Engineering, Pusan National University
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2. Sang-In Kim, “Effect of Ash Content on Unburned Carbon and NOx Emission in a Drop Tube Furnace”.
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3. Masayuki Taniguchi, “A role of hydrocarbon reaction for NOx formation and reduction in fuel-rich
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Combustion Characteristics of Ash-free Coal in Oxygen-enriched Environments

Yeong-Beom Park’, Jong-Pil Kim', Chung-Hwan Jeon'*"
'School of Mechanical Engineering, Pusan National University, “Pusan Clean Coal Center, Pusan National
University

Ash-free coal produced by the solvent extraction method to remove inorganic components from raw coal can
be one of the promising clean coal technologies for high efficiency and low emission. Further,
oxygen-enriched coal combustion with increase in the oxygen concentration of the primary combustion air can
be the appropriate technology to achieve emission reductions and reductions in flue gas cleanup costs. In this
study, we try to investigate the oxygen-enriched combustion using ash-free coal in order to consider for one
method of reducing CO2 emissions. From proximate analysis of the ash-free coal using a thermogravimetric
analyzer (TGA), ash content was 0.2 wt.% but its volatile matter was 38.34 wt.%. However, thermal
characterization test showed that the ash-free coal was liquid-like state in the beginning at high temperature
and was changed to solid state later. This solid state may interrupt a continuous combustion reaction. Thus, in
this study, samples (volatile matter: 19%) removed approx. half of the volatile matter in the ash-free coal
were used for the oxygen-enriched coal combustion with 21-30% oxygen content air. The coal heating reactor
with a platinum wire mesh and the drop tube furnace (DTF) were used to investigate the combustion
characteristics such as combustion temperature, reaction time, CO2 emission, and unburned carbon.
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Fig. 1. The coal heating reactor and the drop tube furnace for oxygen-enriched combustion.

FaEH
1. Kim J. P., Choi H. K., Chang Y. J., Jeon C. H., "Feasibility of using ash-free coal in a solid-oxide-electrolyte direct
carbon fuel cell" International Journal of Hydrogen Energy, 37(15), 11401-11408 (2012).

2. Said A. O., Gupta A. K., "Oxygen Enriched Air Effects on Combustion, Emission, and Distributed Reaction" Journal
of Energy Resources Technology, 137(4), 042203-1-042203-6 (2015).

3. Wu K. K., Chang Y. C., Chen C. H., Chen Y. D.. "High-efficiency combustion of natural gas with 21 - 30%
oxygen-enriched air" Fuel, 89, 2455 - 2462 (2010).

* Corresponding author: chjeon@pusan.ac.kr
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Fabrication of a Char Coal for Preventing Suicide and Analysis of Carbon
Monoxide Gas Reduction Effectiveness

Jong-Ho Kim', Seung-Hee Kim', Jun-Seog Lee?, Chung-Hwan Jeon'*"
'School of Mechanical Engineering, Pusan National University, “Pusan Clean Coal Center, Pusan National
University
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Fig. 1. Char Coal Heating Device. Fig. 2. Schematic diagram of the experiment.

* Corresponding author: chjeon@pusan.ac.kr
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Fabrication of SiC Strip Film Heater Hybrid Doped with Carbon and
Graphene and Their Heating Properties
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1. 3+%5 <% 25", A Study on the Silicon Carbide Powder Synthesis in High Temperature Reductive Furnace
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Woven resistive switching memory devices using conducting fibers for fabric
electronics

Anjae Jo, Young Dae Seo, Museok Ko, Chaewon, Kim, Mi Jung Lee*
School of Advanced Materials Engineering, Kookmin University, Seoul 137-612, Korea

Resistive switching memory has been researched as a promising future memory in terms of excellent
advantages such as non-volatile property, simple device structure and low power consumption. Recently,
researches to apply resistive switching memory for wearable electronics have been presented using simple
structure. In this work, we fabricate textile type resistive switching memory solely composed with one
dimensional thread of conducting fibers. Typical bipolar characteristics of memory device were observed as
well as good endurance (>1,000 cycles) using pulse mode measurement and retention property (>10,000 s).
We also found this resistive switching phenomenon is related with formation of oxycarbide phase at the
interface between native oxide and carbon through x-ray photoelectron spectra analysis and conductive atomic
force microscopy measurement. Furthermore, we formed the memory devices to 1x10 crossbar array on cloth
by simple sewing to see the possibility for integrated memory device arrays, and 70 % of devices worked
after washing. As a result, we found this novel type of memory device is applicable to multiple array devices
with proposed woven memory structure.
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Enhanced hole extraction of organic solar cells by combining multiple hole
transport materials

Sangcheol Yoon, Hyebin Kim, Inchan Hwang*
Department of Electronic Materials Engineering, Kwangwoon University, Seoul 01897, Republic of Korea

We discuss the effects of a hole transport layer on photovoltaic performances of organic solar cells. The energy
level alignment with the active layer determines whether to form Ohmic contacts, affecting the open-circuit
voltage. The open-circuit voltage is determined by Fermi energy level splitting, which is influenced by a
combination of the difference of work function of electrodes and the direct band gap of the polymer blends. The
fill factor is determined by the rate of hole extraction. In this talk, we show a potential of copper (I) iodide as
a hole transport layer, with discussion of the effects on photovoltaic performance and photo-stability. In addition,
we show that the formation of a hybrid dual layer with MoOs can enhance short-circuit current, and discuss the
origins.
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Ultra thin Metal Film-based Transparent Conducting Electrodes for Flexible
Solar Cells

Jungheum Yun*, Sung Hun Lee, Uk Hee Nam, Gun-Hwan Lee'
Surface Technology Division, Korea Institute of Materials Science,
'Commercialization Research Division, Korea Institute of Materials Science

Recent advances in technologies for flexible optoelectronic and photovoltaic devices have necessitated
transparent conducting electrodes fabricated on highly flexible and heat-sensitive polymer substrates. These
applications commonly require a high electrical conductivity and optical transparency for flexible transparent
conducting electrodes. Conventional film-type electrodes made using transparent conducing oxides do not meet
these requirements owing to serious limitations arising from their inherent material properties such as
brittleness and relatively poor conductivity. We report here the synthesis of highly transparent, conductive,
ultrathin metal (Ag or Cu) film electrodes sandwiched between oxide films wusing an innovative
room-temperature reactive sputtering process that facilitates the highly reliable, scalable, continuous fabrication
of the electrodes on polymer substrates. We successfully synthesized highly smooth, two-dimensional metal
ultrathin films using the partial oxidation of metals with a trace amount of oxygen by suppressing the
inherent three-dimensional clustering growth mode of pure metal films. This created flexible transparent
conducting electrodes with excellent optoelectrical properties and oxidation resistance, largely surpassing the
performance of currently available TCO and oxide-metal-oxide electrodes. Flexible organic solar cells
employing the oxygen-doped metal-based oxide-metal-oxide electrodes exhibited record power conversion
efficiencies on polymer substrates with excellent long-term stability and high mechanical flexibility.
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Application for Uni-materialization and Life Cycle Assessment of the
Undercover of Vehicle Engine Room

Hyeri Yun, MiJin Yu, Hana Bae, Hanwoog Lec*
Korea Institute of Industrial Technology
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1. Guideline for assessment of the Uni-materialized Product, Environment Regulation Comliance Office, 2013.

2. Ju, H-S., and Yun, H-R., and et al., “A Discovery and Study on the Target Products Applicable Uni-material,”
Journal of Cleaner Production., 19(2), 173-183(2013).
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Synthesis and Water Adsorption/Desorption Properties of Alumino Phosphate
Zeolites

Sang Kyum Kim, Kanghee Cho', Eun Kyung Leé?, Young Woo Rhee, Jong Nam Kim""
Chungnam National Universty, 'Korea Institute of Energy Research, “Sogang Universty
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Optimization of Reaction Conditions for Hydrogen Production Process Using
By-Product in Steel Process Industrial

Kim Woohyeong, Kim Sung Joong, Kim Joonwoo', Koh Dong Jun’
Research Institute of Industrial Science & Technology
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The Absorption Breakthrough Characteristics of Hydrogen Chloride Gas
Mixture on Potassium-Based Solid Sorbent at High Temperature and High
Pressure

Jae-Young Kim, Young Cheol Park, Sung-Ho Jo, Ho-Jung Ryu, Jong-Ho Moon"
Korea Institute of Energy Research

In this study, the hydrogen chloride gas mixture absorption breakthrough behaviors of potassium (K)-based
solid sorbents (K,COs/Al,0;, KEPCO-RI, Korea) were studied with varying inlet HCl concentration (175~700
ppmv), temperature (200~5007C), and pressure (1~20 bar) in a fixed-bed reactor (15 cm tall bed with 0.5 cm
i.d.).

The sorption capacity increases with increasing temperature and increasing pressure, whereas it was not
affected by the inlet concentration. KCI crystals are formed on the sorbent surface when K' ions from the
K,CO5/Al,0O5 sorbent are reacted with the CI° ion from HCIL Its optical, physical, and chemical
characterizations were examined by SEM, EDAX, BET, TGA, and XRD before and after the breakthrough
tests.

The main purpose of this study is to provide basic information on HCI sorption characteristics on
K,>CO3/ALL,O;3 solid sorbents for developing a high temperature and high pressure halogenide halide removal
process.
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Effect of Pressure on Transition Velocity to Fast Fluidization of Oxygen
Carrier for the Chemical Looping Combustion
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'Korea Institute of Energy Research, “Daejeon University

ARADGYAE olgdte]  FUIWMIlAME Y] Fo AAE FHetm, o AaAgd
AT 2 olFdte] Al T s

A COE dHAr &
371 FoA AaE EEsr] 9%
Z1zoltt. wAlcSART]e] A%

_\>L
fqr B b

[

By

o

fr r

T
4] (Air Separation Uni Q
s FrINeTlE nE%fEs =2

=
>
2
c
o
el

¢
2
2
o2

o,

B

o,
dB 2 &30l fe Y
JO o= o O DV

£ kN
=<I)l=4

[e]

QLN =
Ariterle  JEAEZAN  zQHET. "N JEaEE:  24% AP
HaqEased B 40/t Besh] nE4EF 202 AP AL 1E5FES Aol
g Pust Bedth ALAFASEE Fgol Wl FEE AFW FuAol ANHAo
D545 Aol fgol daANE AAATG Fuo] REE Aol 5¥ GAWH} 1E5FEF
Aol frgel nAE g dede AFAN} ABAA Agolth, B ATNE AAXfEEI
15652 28 A2 MG eBRES LIS olgsd  MAeBALsd AeHE
ArAGYAe] H2fEAEESG 15aFrone WolfEe 24 L nAAT ArILUAE
OCNTIT 9AE Agstgon 7ZFE3od 29 gaZas Zgsd HLrEds=s
ARRYT, AAeBREEAN DEFEEo2 Holf%S e FF(1~15 bar)el we =4
2 nzagn. 38 as5REFond Aolfse ¢ FAFA wet e TS
deEigth B Aol 233 1E5AEFOR dolws Ads JE Fuel g 28 e

= A

113



PA-06

iitA
ofN
ol
e
1%
N
2
X
Q
N
o
1o
e
P
B>
R
iy
1A
X,
i
1o
r [
o
rlI.
olo
J{m
o,

e, 0¥, 24T,

Reduction Characteristics of Oxygen Carriers by CH, in a TGA

Hana Kim, Dong-Ho Lee, Sung-Ho Jo, Ho-Jung Ryu’
Korea Institute of Energy Research
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1. Ryu, H. J, Lee, S. Y., Kim, H. K., and Park, M. H., “Effect of CO, Concentration on Reduction
Reactivity of Oxygen Carriers for Chemical-looping Combustor,” Trans. of the Korean Society of Hydrogen
Energy, 20(3), 245-255 (2009).

2. Ryu, H. J., Kim, H., Lee, D. H., Jin, G. T., and Baek, J. 1., “Reduction and Decomposition Characterisics
of CaSO, Based Oxygen Carrier Particles,” Trans. of the Korean Society of Hydrogen Energy, 26(6),
600-608 (2015).
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Modeling of CO, Absorption Equilibrium
in Blended Amine Aqueous Solutions

Jong-Ho Moon, Jong-Seop Lee, Young Cheol Park, Byoung-Moo Min*
Low Carbon Process Laboratory; Korea Institute of Energy Research

The removal of carbon dioxide from exhausted flue gas using mixed solvents continues to be of interest. A
mixed solvent may be defined as consisting of chemical-chemical solvents and chemical-physical solvents. In
this study, Sulfolane was chosen as the physical solvent because of its stability and outstanding affinity and
MEA, DEA, MDEA, DIPA were chosen because they are representative amines and are thermodynamically
and kinetically selective for CO,.
The solubility of CO, has been measured from 40 to 130°C in a various mixing combination of solvents by
the static method. In order to overcome non-ideality, activity coefficients and fugicity coefficients were
introduced. The activity coefficient take into account interaction between solute species in the liquid phase.
Debye-Huckel expression given by Deshmukh and Mather (1980) has been used to obtain activity coefficient
matrices. The fugacity coefficients were also calculated to consider non-ideality of pressure. All the solubility
calculations and optimizations (parameter estimations) were executed by using MATLAB® 2015b version.
FIEH
1. Deshukh R. D., and Mather A. E., “A Mathematical Model for Equilibrium Solubility of Hydrogen Sulfide
and Carbon Dioxide in Aqueous Alkanolamine Solutions,” Chemical Engineering Science, 36, 355-362
(1981)
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The Study on Microalgae Harvest with Ceramic Bead and Steam Gasification

Suji Jeon, Jihong Moon'?, Jungho Hwang?, Uendo Lee'™"
Machinery Technology Research Team; Korean Register of Shipping, 'Thermochemical Energy System R&D
Group; Korea Institute of Industrial Technology, *Department of Mechanical Engineering; Yonsei University,
’Department of Green Process and System Engineering; University of Science and Technology

AAZERE DEAANED 2 ouAR 2887 ddde mMzFe dPde we ohe
AAAoR HFete g4l BrAelth @ekel guold 30 um HHY 27E e HAxR
aRAoz H5e7] AF GFd AFANLe] A Fol ot kAN HreHel AA v §e

20% 5 AAsta doew wmAzFe o]gd o] WEIV|EZ FAEsta vtk B AFdAe 4A
o Z}(Depth Bed Filtration)® oZA= At M| =(Ceramic Bead)E ©ol&d wAZEF
st dstetAl ARFHA 29 JtastE o vARFE AdUAE st BAlA IR
AAeE ATE FPAT

o o 12

HA QRS ol & wAZRRF 3¢ Ve EFE dotrV] s Ay Bl=e A7) H F Eold
g AR IeeS AREdt. Ady Bl=e A7]7F 300~355 m, & =°l7F 4 em € W,
slgo] oF 62.9%% detwen, mAlRR{ e AR AVt ASFE T EolVl 25
<7kttt

slgd mAlZFE o] &F AU s 98 #F W-&7](Tubular Reactor)ollAl 2% 7h23}
AdE FIPsilen dgE = A HE=el fFok wbE 2o Wi JEAHI SAHE
Au Rt 2" JtxgE Sl AdE dAVME 2AEE VhE AR 24T AR A H=9

S
Al 2Rl EFEEY &F AR Fa FEo] va = #REden dAvtae] TAEE
T WAEF AECAA A SAEAY. AEdd Aty BEZE o glE A stz 2"
mAlEFe] wkgol dFE Fol sb=st Héo]l vda ARt £dEe {7 TEF2 9.38
MJ/Nm?, &4 uAzFe §47t2 FEFL 9.47 MJ/Nm’2 2 Zo|& Holx| gkm, H5=g
2& 7HE §47t27E AE e ekt

28 7h23) olF F2 oled e R Aty vE e ddE Adsin. vAzRet Al
H =S g A & Eelete 343 vuste] =" 7h23 olF EEaeo] 52 Elsilen
olg Tl A v=E AFAE AAESr] A AFdA ARITY FEAE AT V2 dATFEFHE
gugd 5 A,
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Extraction Behavior of Each Metal Arom Effluent of Rare-Earth Extraction by
Solvent Extraction

Kyung-Soo Park, Jieun Lee, Byoungyong Im, Nak Kyoon Ahn, Basudev Swain, Chan Gi Lee"
Advanced Materials & Processing Center; Institute for Advanced Engineering(IAE)

dEfe Qudos d& 2gudd 35 d9se dus 17l deg 990 % Aok
F71eE AR AAd An, EAAFY wF Aolold BERRE 2% 9 PIs} oA, w=@
gexon gEwA AL B AT %—@@%—ﬂwL glol, HaZdo] B o] §HE FBA
A717 9 2% Hule AL8HE GTAA ] drw AsHT .

JERE 2 W] #54 M%iﬂ*ﬂﬂﬁhbl%} b, EG A% Fobe] AFH] Uk
540w a4 HAuEAdel An FF BAA]l wor AUV olojA: Ut o
gERS 54 olgste] FI;ANE BANLE Tud AAsn dor HAA HEF e

2

lo

g FAERE FERFH Fosr] gy AE 2 AdAANN 1=
et ohiFe] Hgeh AL, HZb: o m el SAEA I olTrstE L Sl

ke AbEE Bl o} t}.
87 BAZE Az A wEkA ‘?—MOWOM A7 dAE B JEF AAFF X o
A3 A Holy EFS Holu Yy, o|d uwet Zha sz #d 33 7E=x 2 dEE
ZFakste S dlYrIdY A= AE A FELA A Ui Ves T8E stm Utk wEA E
AT eE 4 ed A 71%" NEeEek ol e}, 49 AEv4 g8 EHA SuFEHS
ol &3t FFuUe frtEES 3lgdte ATE YAt

E AFoMEe T AEW Bk AR EE JERE EEAASE 7S JNEsy] fEiA AA
A ERF FEIZHAA ALEHE FHAA e HAdL JHtor dto] RALA S A Fslo] AFLES
AgstAct. olw] AFgEE A% S  Alfa—aseardld  FulE AFPE]oem, Chloride ALY

olgsto g AA| dHge BV v=siAl =AY, dad e 2 FEATS YolE7
3l gulFEHE ol&slier, o =A< IMAZE 47 PC-88A% Exxol d80=
o] &3tutt. T3t HAH FE2xE AHSH Y8l pH, FEATE, dvzd AdFE Y3t
nductive Coupled Plasma (ICP)®X4E& T3 JEF dFol IdHE 949 FE2ATFY 9 A
[e]
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Study on Optimization of Mixing Method for Alkali Activation Technology
Using Industrial By-Products

Byung Hyun Park!’, Hae Gi Kim', Ju Yeol Lee'?, Jin Sic Choi'?
'"Technology Insitute; ANYTECH Co., Ltd., *Department of Applied Environmental Science; Kyung Hee

University
B ATE Apare nRed 5 el 5o FAFEAL ol &3t LTelBY TUL
g A oo AARAAE T A&3 Ao ddow Yo, dASYs FHS o] &3
oA Az AF EFPAe] AARE A I Yo B AFE FASY. FAY
32 & Blade Type, Ready Mix Type® 324 A& mE J4 wrdste] S 743514
Y5 gt dgor, ofrlde dae B TR, sd 59 AR FY¥, EFT
e oo FR ERR, E£¥E BY o)$e AF &y, FPozd o$g 9 WeR=
T e, dAHCRE PLC A& &3 4ol 7hedt AAE dAlstat sttt
o)
B aTE FEEY BAEATALAGY HrErt SAE PR 88 o] A% YA A xw
A7H] Adom o]Fojxion, ol FAEHYUY. (A E 15IFIP-B065893-03)
FuEA
1. C. G. Han, S. H. Son, and K. T. Park, “Effect of Recycled Aggregates Power on the Properties of Zero

Cement Mortar Using the Blast Furnace Slag Powder and Recycled Fine Aggregates,” JKCI (2009).

2. H. Y. Moon, and H. C. Shin, “Effect of Alkali Activators on Early Compressive Strength of Blast-Furnace
Slag Mortar,” J. Korea Institute for Structural Maintenance and Inspection, 9(3), 120-128 (2005).

3. B. W. Jo, R. G. Moon, S. K. Park, and S. H. Lim, “Strength behaviour and hardening mechanism of
alkali activated fly ash Mortars,” JKCI, 16(2), 321-324 (2004).

4. H. Y. Moon, and H. C. Shin, “Utilization of Ready Mixed Concrete Sludge for Improving the Strength of
Concrete with GGBF Slag,” J. Korean Society of Civil Engineers, 22(2-A), 315-326 (2003).
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Thermo-Economic Analysis on 500 MWe Coal-Fired Power Plant Combined
with Supercritical CO, Power Cycle

Sung Ho Park’, Dong Ryul Rhim, Choong Sub Yeom, Jung Uk Shin, Jac Min Cha, Chun Sik Lee
Institute for Advanced Engineering

297 COp WA Alol2e A% 449 COE QA ZA(30.98C, 73.8 MPa) ol 4eld §5& F
peow gt BN FEAE BuolE Aot 2UA FH COE AA FHe Ot
FAbE WEE A AAS HE 28S AAn 97 WEe @A Edol wa @A e

3

Ayt 7hedt Aol k. wEkA] B A e A8 Y Z2ads Fa g A 23
st o] AA 7 =UAl COx TH Alo]FE AA/s|Asta o] 59 oyl AALGES B

ZAA 7€ ol & At xF g BH Aa"e AS, & JHEAYLEE(Net efficiency)o]l <
37.93%2 Aoz ZelxEgon %A COy HHFOE Alo]ZFS Ae EFE 3& wbd Al xH o)
AAGA = AF olHT} oF 2.54% EQIE SAH 40.47%° TR E0] YEIUYE Aow FolFQr).

olg13 A E nvlE o 2 Total Revenue Requirement (TRR) MethodE o] &3 &/HAAAH E4&
Fdstdt. 2UA S71E ©] &3 500 MEe A& ZF 38 TAAx=ES 3049 &< 7besitan
7Fgetd S W, kWhe ¢F 80€<2 LCOE(Levelized Cost of Electricity, kWh% A&7} 7}
FAEAG. WA Z2UA COp T Aol EFE Ae BF st AA S 25 <F 769/kWhe]
LCOEZ} FHHAY. Z=dA COp T AtelZFe A5, 2UA F71 Alel&3 &8 4571
12/A € Recuperators % Pre-Cooler’} &7% 7] wjio] ol&2 H|&Z 2Hg3st7] Yl MITY
Dostal ®FAF7F A&k Q1A CO, HEZIZ] 74 APgHI dustr] 714 A S o] &35k
HeErRo=z vl&S At T3k o]yt vl geo EIAGS 7etste] F87]7]e W gt
BATrte] Aifte BAS Fdgetdtt. HEZ]Z] 2 Recuperatore] HlEo] x| o SH v g oF

50% FE7A A A AgerteE ok 709/kWh FE7A FAsHA HH, o 3=" B89 o
150% FE7HA e A%, 294 29 2d A2y g8 =59 80.8Y/kWh7HA] A H 7o)
Hesle Aoz Fdolg Q).

A}

This work was supported by the On Demand Development Program of Core Technology for Industrial Fields
(10054621, Development of a FEED Framework for Next Generation Power System Using Pilot Plant) funded
by the Ministry of Trade, Industry & Energy (MI, Korea).
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1. Dostal, V., Driscoll, M. J., and Hejzlar, P., “A supercritical carbon dioxide cycle for next generation
nuclear reactors,” Tech. Rep. MIT-ANP-TR-100, (2004).
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Analysis of Reaction Characteristics of PEI-Silica Sorbents by Cyclic Sorption
and Desorption Tests

Young Cheol Park’, Dae-Hyun Kyoung, Jae-Young Kim, Jong-Ho Moon, Hyunuk Kim, Sung-Ho Jo,

Seung-Yong Lee, Chang-Keun Yi, and Colin E. Snape1
Korea Institute of Energy Research, 1University of Nottingham

FgaiA 7 sd 79 2002978 A da‘oﬂ?"“} A QAT CO, ERVE MES FHshA,
e
—1 O

FAHdHATLo] AL 1A DA LZYALE LA FFA ol 7bed VIS TSt
A ASHEA 10 MWewr EFzHl FadFEd stestd iy 837ld AAEe] A=
e, 61%1@@1%—7“’1 FHor ZHE IHAE AP Fo " AE&F TleEE 9

FEAY APt e TPUE ARS 9, AA AAReR 140 AR mmeke] A=

Azkol Hsa A QA5 A7R | BEAA 2D 3 3 =

2 Aede @ ux7]&H7td A9 Az 9= w9d getnd N Aud PEI-Silica
5 sEuer] A8e Fd ¥4 AE eAe

(QX]'—% %% t!]?]_—ol', _6_}‘ XHAg 1?_1_‘8 /KO ‘g—l '?l_ [ — o [eXke]
H2~Esiitt. F54 ?Jx}t 71E B3(1-3]S Fa wg o wE AT Tol HuEHdey
71Ed YA 7|EsdA T A AEE wer)qME T At =& 259

S =
o2 wgom AP Fmel A%FA AL Fa Fo gow FF
FrAe A5e FEE Aot

This work was supported by the Korea Institute of Energy Technology Evaluation and Planning (KETEP) and
the Ministry of Trade, Industry & Energy (MOTIE) of the Republic of Korea (No. 20158510011280).
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1. Wenbin Zhang, Hao Liu, Chenggong Sun, Trevor C. Drage, and Colin E. Snape, “Performance of
polyethyleneimine-silica adsorbent for post-combustion CO, capture in a bubbling fluidized bed,” Chemical
Engineering Journal, 251, 293-303 (2014).

2. Wenbin Zhang, Hao Liu, Chenggong Sun, Trevor C. Drage, and Colin E. Snape, “Capturing CO, from
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116, 306-316 (2014).
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Development of Flux Cleaner for Camera Module Production

Soo Jeong Bae, Ho Yeoul Lee, KyuHwa Oh
AK ChemTech Co., Ltd.

t A2 FYYSE SUEEY BERE F9 S A 2E AxP Aede
ratgivh, sbilel St SAF mek $EA) R AGEE Fohsel, B

1=}

=

mEtd s ARl Ao AMEE e 259 AR AS BVle BER 7, =dAd
AR =% glol=: AMET7He ' AlFAlE AdetAl HJv. & ATl dE AAs =5
ABAZ, pH 10~129 <fZedeln, FAFHol Hou 253HE glole &2 AFEES
et 22 35924 PCB, A& = 5o g Adele dFS vAA v AAIGIE

Hasta Atk of ARIE Jhvet Ree] AW /5 wuRgelw FYX AAGHE A9
ATt

A A
FaEd
1owiAE o], AaA%7e, A9 T3], 2015.
2. AgEoprt s sHeH(RE) e 4371 e A RS 9g FF 24, IRS

Global, 2015.
3. M. McLaughlin, The Aqueous Cleaning Handbook, 3rd ed., 2002.
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Characterization of Ashless Biomass Produced by Solvent Extraction

Sukma Hidayat, Seongha Jeong, Donghyuk Chun, Jiho Yoo, Sangdo Kim, Jeonghwan Lim, Youngjoon Rhim,
Sihyun Lee, Hokyung Choi"
Clean Fuel Laboratory; Korea Institute of Energy Research

Despite of its tremendous availability, biomass contains high moisture content and low energy density leading
to storage and transportation problem. Moreover, even though biomass generally contains less mineral content
compared to coal, it typically has larger sodium (Na), potassium (K) and phosphorous (P) content which are
responsible for slagging and corrosion problem. In this study, solvent extraction as a treatment for biomass
demineralization was conducted and the physical and chemical characteristics of the solvent-extracted biomass
were investigated using proximate analysis, ultimate analysis, thermogravimetric analysis (TGA), and
Fourier-transform infrared spectroscopy (FTIR). Woody biomass was torrefied first at 200-330°C for 30
minutes and then extracted by non-polar organic solvent 1-methylnaphthalene (1-MN) at 350°C for 1 hour to
produce ashless biomass. The result shows that the process is effective to eliminate almost all of the minerals.
It was also found that torrefaction temperature gave effect on the extracted biomass yield and slightly
influenced its physical and chemical properties.
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Biosynthesis of cis,cis-Muconic Acid Using Metabolic Engineering in
Corynebacterium Glatamicum

Woo-Shik Shin, Dohoon Lee, Eunjung Lee, Jachoon Cho, Gie-Taeck Chun', Eung-Soo Kim® Sangjoung Lee’,
Sangyong Kim"
Korea Institute of Industrial Technology, 'College of Biomedical Science; Kangwon National University,
*Department of Biological Engineering; Inha University, *STR biotech Co., Ltd.

The muconic acid as a dicarboxylic acid has garnered significant interest due to its potential use as a
platform chemical for the production of several valuable consumer bio-plastics including nylon-6,6 and
polyurethane (via an adipic acid intermediate) and polyethylene terephthalate (PET) (via a terephthalic acid
intermediate). Many process advantages support the production of this molecule in Corynebacterium
glatamicum.

Here, we present the first heterologous production of muconic acid in the Corynebacterium glatamicum.
Previously, Draths and Frost engineered a recombinant E. coli to produce muconic acid from glucose via a
heterologous synthetic pathway drawing from a naturally occurring intermediate in the shikimate pathway,
3-dehydroshikimate (DHS). However, many industrial biotechnological processes are moving toward using
Corynebacteria as platform organisms due to their many advantages. The Corynebacterium glatamicum is an
ideal host organism for industrial chemical production because it offers advantages including high productivity
of aromatic amino acids, easier separations, suitability in large-scale fermentation, and generally higher
tolerances.

In addition, based on the information in the KEGG database and previous studies C. glutamicum has a native
ccMA synthetic pathway (aroZ and cat4 gene) except aroY gene. Carbon flow into the heterologous pathway
was optimized by increasing the flux through selected steps of the common aromatic amino acid biosynthesis
pathway. The recombinant cells finally produced about 4 g/liter cis,cis-muconic acid in flask cultures. This
study demonstrates that C. glutamicum has the potential to be a platform for the bio-production of
cis,cis-muconic acid.
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Preparation of Ceria for Dimethyl Carbonate Synthesis
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Jiin You!, Jemin Woo'~, Jong-ho Moon

'Korea Institute of Energy Research, 2University of Daejeon

AFA AHZF soluAs @A edo]l AiAaL k. oldl, A&AFAJ =H] ARG oy A G&9
Z7he AAAAQ B9 Aolth &< Dimethyl Carbonate (DMC)% l‘f— P7HA e F5A e S X134
=4E O Fa%o] 3435 F7ksta vk @A DMCE ARG T *é F718H, o] EdE wee
AAbsteba, AbAERE Ful whgol gt FAdHETE oo AAHES Fwlo] AP wkE =2 AAVE

=9 3t}

#H DMCr e 2l g8t Zd=4 4o didde] Ha gtk DMCE #AH4]> (CH;0),CO°] i
PEE 1.07 gml (200), H=4 3C, 2534 90C A A2oa Aoz ZRgch LA, FF ol
AA e Aol gl Al =dolth DMC= olg] 74 AYstetAEe SAZAE 1 & 571
w9~ theFatel ko 1 Ut HES] S/ Zow AWHI Jlon AFEadRe SuUtE #o]7]
e FI7PAEA L] AFE s R FobA L Al

DMCE A|Zdh= WH O 2= 1) A4 Methanol AFSHH (Enichem, Italy), 2) Methyl nitrite 5] (Ube, Japan),
3) AA~HZWEH (Bayer, Germany), 4) 7] W& AFSHH (Dow, USA), 5) wl&h2 Carboxylation "4,
6) Electrochemical Process, 7) Urea § G©°] QT ¥ o= Agst2xd3 w3y DMC A A
S S o] &3] DMCE & staLAr &tk DMC 4 % FRkSof ofsh nk-g-212 of el gt}

2CH;0OH + 1/20, + CO — (CH;30),CO (DMC) + H,O
2CH;0H + 1/20, — (CH30),CH, (DMM) + H,O
2CH;0H + O, — HCOOCH; (MF, methylformate) + H,O
CH3OH + 3/202 — COz + HzO

CO + 120, — CO;

Frle HAAHE o] 83t Ceria® AFoH, 24 o] 29
SiE Agsklt =3 datstes, aba, vEEE |2k eka,
g2 o] 8% DMC = 7“%“4%2101] A% Cerind A3} Ceria® 0] 33t F 742 Wl ¢ DMC
el Aegomd HAo wexds s sl

ﬂ“i;
o

7(]'_1_—1—75‘]

1. Yoo, K. S., and Lee, B. H., “Preparation and Characterization of Porous CeO, Using lonic Liquids,” J.
Korean Ind. Eng. Chem., 20(3), 313-316 (2009).

2. Honda, M., Tamura, M., Nakagawa, Y., Nakao, K., Suzuki, K., and Tomishige, K., “Organic carbonate
synthesis from CO, and alcohol over CeO, with 2-cyanopyridine: Scope and mechanistic studies,” Journal
of Catalysis, 318, 95-107 (2014).

125



PA-18

AEa dFAFEF = dA & TPU Filme 54 2 7I&FBAE

AEAEFATY ASANSZ A 2N A F 2T FHAIA A7 =A TAH

Study on Accelerated Life Test and Properties of TPU Film for Replace
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Reduction Characteristics of Oxygen Carrier at High Temperature and Pressure
Conditions

Ju-Young Yoon, Dong-Ho Lee, Gyoung-Tae Jin, Ho-Jung Ryu*
Korea Institute of Energy Research

o

w A =3t 7t~A 474 (Chemical Looping Combustion)S €& &o] XAt w2zt v]S=
FTo® 1 (~53%), NOx WiES HAast st COp g7t 7hedk A7id el AFal/18&
7 WAl olth(1-3]). AT ALTE o] &3 THA| AH A THEES U] HME =2
G837 2= HZtAE A o] E o] &5t A~"HERNI JtAEHRE FEste Fol AFsit. shA| Rk
71EY AFEL UFE Y A FIHAeH o] A 2"HEHNS F5T F Jdoy JfAEN S
TEe7E oduE AFolth(4-6). EI AT AL Al AHo] uteld 2HE A nEE 9H
FEH e CO9 %, AdS At dE5Fgd Za3 oAzt A Axdd & o dAA FH <
Aol frelet Aol doh. B Ao -t IEA s E Abgste] oy o
AFAIZE Wt w2 A FEUAe] dRky 54 wgdE 574 nEstuA AT
edgddEze AYAFdolA EFdHeRE dFEAE OCNT17-R1 JAE AFEsHom,
FANES7IAZE CHy, AHsIRbS7IAZE 718 AFESad. @dnks &< wlE5+= CO, COsq,
CHy, He 55 =233t A d2dAe] dadsds 4 CO, AYEE A3t on, Asiug Fot
02, NO #=5 33l 4tgle] A= 2 NO A odFE =3 2 a3t

g oo
G AE i
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g4 v Eo] gle A71EeE dxYot §4 Ve AT

G2 AAT.6 wt% Hoolrl, T@a oux @A (A8 gFEuol: 11.5 MJ/liter, %3}
F4a: 8.49 MJ/liter) EYols 49 Hlwste] A4 (8.5715F d2:dA) @ o]Fo] §o]sir}.
AARCZ At 2 o E9 dRYoprt Aik-av|sta o] dRYol o]Fe] 7¥kE o|n] Zt3Fq g
2 dEYoles HAVIA e MEy FAE d8E SH-H{r(Haber-Bosch) 3= %319
g, SH-Ea 3HS e Y ¥EE (150-250 bar, 300-550TC)o= @2

2R3 (30 GJ/ton NHjy ©17), AA7txs e Hge MAE 53 4 Ax2 oF
COy HlZ3tM (2.16 kg COo/kg NHj3), Be 7% Moz B3 ol 7px e o ryo}
A& (10~15%)S Hola U},

ol¢} & IH-H FH THET HAAE
dEYols FAdste WHel Al U Y ZAAE 982 Av|siEgdoz dryols: FAst=
WHE B wjEo] gl A ARoA AduUA Au|Eom Stryol o] Thesitte Aol
Al Fay TEF 5 B3 AAE dgz Y, AQYAURA A A" A7ES A}Lslo]
dRYolsE: A Al AAAAUR e @& F AF9H HAY ZAE AT F o] AT
A /Ad g FPdd = Ut E3, dRYolks 7|E duA] AJAEQ AEA, A5 HAA, Tba
Bl 5o vtz A& 7}ssirt.

2 AFoMe AgelA E3 AAE d82 3 dr|sed dryol A AL sl dlsA
aMstaAl st Mrlsetbd hmyel AW HE AT TFS aUstn nAl/RY A A H
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=2 Alkyl Phosphate Esterd #{Ad #3 AT

o571, AFA!, wjAE?
Fstet g @A 2D 7Y, 'SJ Chem, *d~30}

A Study on the Synthesis of Alkyl Phosphate Ester High Mono Content

Dong Kee Lee, Heung Jin Jil, Jae Heum Bae’
Korea Testing & Research Institute, Iy Chem, ’NEXCORE

AGA = sk, A7]-47, = , A NAESE BE D Al diFE A AR FokellA A=
9 s 19 AAdE xéoﬂj\ﬂ *]’J‘lﬂoﬂxli’ Atk ZERF AFAE wol AREHR daAl, =i,
HEAS 27 8 AAAEe] 34 9 A faHdoZ Abgol 54 9 qfAlgel wet H3A
A A A L] U =Needs)?t F7HE o] gkok thAAIG A C] & FRRl FA A A= QA b s
ol AbgAll Asskes A BFdolth. 2y &5 did FAA Y GEsid T #HaA
wAZE ARRSl Ad =S shube] eclolth uwebd & 04?°1]"1L Aol faskal FA A
Ass 2= AFAe Bed AAAl H71HAIQl Alkyl Phosphate”] -©]-& ﬂ]%%*ﬁﬂe 7l 2k k31 2}
sttt st A s, AEAAE, AVIEA, A5 9 B Ased BEAS e AEes 27
9lel A} Mono-Alkyl Phosphate Ester %L&O] 80% OO F izolof Fhrl B oA Mono-Alkyl
Phosphate Ester &2 Eol7] S8l ZEAAHP05)3  2AFSEQI(P05)  HiEH] A, AS
ghs}= 27191 Cyclohexane?} Ketone”] Solvent?l Methyl Isobutyl Ketone (MIBK) #HlJ3hH

Solvent®! m-Cresol Ethoxylate-4%] F/dH] % WH-&-Fu] HGAHS s}

&v
ox o
o

AL
2 AT TN Alds <2014 AHAAE 71ENEARE Y] A DS Wol FaEoH,) o]
AAPER Y (FAIHE C0198886)
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A7t sst fAg7tse] 2FFH AN SOz A= o] 7
1. g3ubg7) et AAEST] Arel] 7hx w4 S A &<l
g5’ A=Al wga! F3g uen*
RN eA T, e

Why SO, Forms in a Desulfurization Process of Syngas from Coal Gasifier?
1. Check Effect of Gas Leakage between Desulfurizer and Regenerator

Dong-Ho Lee'?, Dal-Hee Bae', Dowon Shun', Ho-Jung Ryu'"" and Seung Bin Park®"
'Korea Institute of Energy Research, “Korea Advance Institute of Science and Technology

b7 a3k A 7E A Eﬁ%iﬂ H.SE AlAH] Aﬂ ﬂ&ﬁxﬂ%x% IEFETEH EENkg,
P71 25 HakE EEkA| ks APO]%%, —%J_%l?‘&
=& 71A 9 Oﬂi% el
IS 2 EFAE A7 Hfﬁ AAEHUE R FAH Sty B33 9 7H‘:‘L 1A
B7VAE ARREAIY, EAF 3 7FAel HS7F 29 =
Z A llod N, balancei HSE FHshs A¢ @3ubg7leA s07t #Ashs 2le
2SI SO AT & gl 9/l
2 FAad A9 ARSI e T 07 E3NE] !
AX S0,7F LAEE HEEH,S + 150, = H,0 + SO)& 1dston ol Agxow
Sbg 7 ol ARSI R dEd uAsge] o] Fo|A L Ql= AdElA AAAREE 7]l
U% l W =g FdelA 07F HAEEA G Ay EEnkgrdM = 07F
P A&d uAedko] o] FolA L Q= AHlA gENkgTlel 0,5 FadeH
Oﬂfﬂ 0,7} 74X1ﬂ A gelgh @ﬂr AAYRES 71X = 07 wiEH A Sk
ol 0, FAHL T A& #AAT & dfow AFpAow F ukgr] Alo]9
GES-7]elA SO7F AR Al ol AES e ASith weEbA
WA e IRk e AANETAA AHEE HEgo]  doju]
t}

o 2 oX?L 2 0*°“ )
g

=

<,

of\?_‘i oﬁir
[‘

°

I Ol

—-—

=

NN

o, o on, o ol Rl 1
(o]
_O|L
¥2 ofo oo & rir
AN

e e
i)
N
o
32 xQ

N 0 o=/
N
ro
0[1._?_(1

Llo

24
™
L =6
e
olo
i
i\ =~ ‘101' rOl'

[ =

4r
.

M ot
[o =
~
)
>
w2
@
O_\|1_lm

il ofo
Jdo
R
e
N
pa
pats

=)

130



PA-23

o
oft
e
fol
i

'—U
]
Q
n

2
,
N,
r
r

Reaction Enhanced RCS2)

oA, 9!zt HAHE®, dAE, BAFE, G
g AZlEdFd, ks dsta’, ddsta®, (F)d 2z’

Study on PFCs Treatment System Using Reaction Enhanced RCS

Shin-Kun Ryi’, Han-Kwon Lim', Ho-Young Jung’, Sang-Hyun Choi’, Jae-Yun Han, Chang-Hyun Kim,
Chae-Jin Na
Korea Institute of Energy Research, 'Catholic University of Daegu, “Chonnam National University, ’ECOPRO

CF4, CoFs, CsFg, CuFi0 % SF¢& WHEEH+E PFCs (Perfluorocompounds)Es F2 HHEHA|
Az2FTH, 48 Axdd, HEHdA AT, vtadlg(Mg) F234, 2AGER Y dd T F=2
AtgEY FgdE AESEY 9 10~50%7F wiEkg FEHEZ Oi7] oz wWERET. AU vrEA
FTAANA WlEFE+E PFCsE #H7F2Yw 2 AFE3t= CFC (Chlorofluorocompound) R U= #7|zF
G sgER g wEE B3 AAVE &oldAl R A F2dst AFrb olibstera iy
6,000~24,0008 o Z3l= EHMML A7 otk A GRS BEVEA AZ Ve BVl
FHoR AFEHo fom Aix WhHE U ide dhHolm fdFd Jlsoldst & 4 ey
B3t b wiEoll Absiubg ol ;e Jtde] desta, dAad wE 224 <l gi7]1873 A 7}
i Jhedel dn. HIUHA oqi”ét% A7) st Zgzeh, By 2 Esisty 34
7H‘”° st }12‘4 A &7 A, 1 oy g4 P 22 FHEEZ A8l oy Fol
ATH B AFoM e FultdlH S o] 83 PFCs A ZH oA 7FEavs A #AsE HFE CaO,
CaCO3 T LA LAAE AMES AEHoR A Ast 2AEEFY dEdd gste HEF &
gapgtomn wSLnw S Uil ZAd Fu HFFES ZTEZor Audds £ e FArEs
MtstaAal 3 tt. RE-RCS  (Reaction Enhanced-RCS)E HlEHE E344AE dxdFo=
atdste] 1) durlE B3 HEIF= Oﬂbﬂxlﬂz%é SUsted F 3, 2) A28 2 o4
AAE &sted Fvl W4 Fol 7hssiH, 3) 5 HFE—’F%@ WA= e ¥ FHES, 4 4)
CaFy Aikel o3 A3 7hs o ot G Ec] . o83 RE-RCSE Fdst7] #lstod
AxQ d=d AaAe FEZ AZE ¥gI|E *}&3}04 Zul/8LAE oz FZ A
J< Belstgdtt. olwf GHSV = 2,000 h'', ¥FgLE= 700CE Ao, MFCE
5, %71 ?r"ﬂ CF4 % SFelF: Zt7} 5,000ppme] HE% FFstslon, ~2HE AUk
iz o 2 A g A Fel) 2492 90%E FAgH
E]r‘i}ii %?Jif} HEgo|A = 98% o] & SE7F Jhestdth. ol st
oz AAE EIFALE FAAE Bt AASI HFPol FHH st =S
A Hkg-7]9 *3%% FFAIF I, ole] wet Py = dwel wkgo] HhEr o
Al EBE FEstReH olE Fote ARAAE PFCs AAREC] 58 3% F40l
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2) RCS : Regenerative Catalytic System
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A Study on the Nitrogen Recovery and the Production of Nitrogen Compound
from Animal Manure

Lee Eun-Sil, Yang Sun-kyu, Kim Ho
Bio Resource Team; Institute for Advanced Engineering

o] H/dqulE 3 Adste AFEtdAe sEvs Apgom A3 FEHAH AV

g 2
T Ao mebd FEER 9 FEAASAAT AAR AL 305 E AL 2 A8S F
A9 grHe A% AT L FEEFA U$d AFER A48 1% ATl Wed Aol
ool B ATNAE AEEn Wl EAdE FRUE 50% AFFoRM AAE 37 A
FHANA BARE 4 BAS 2HoE AAFoRM WHY EET UL 4 dd =@
358 gRUotE olgdle] duuolr, FAGRE 5 FuUcldBEL Azl AFHFoA
RMAE BET 5 el AA FAIG A Bl 2N BES AR + Ao ol 494

¥

TRAM 50% SRl B¢ HAH A3 IgE dRYoE olgste] dRYolsgE A4 F

Z2AS =539
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Prediction of Temperature Distribution Inside a Continuous Reheat Furnace

Dong Ryul Rhim*, Chun Sik Lee, Su Hyun Kim, Jung Uk Shin
Institute for advanced Engineering

A7 foke] tAdF o= LA (Billet) ol €3 (Slab) ¥ 22 X vAEFS 4% 7t 2%
oAl =ol7] $leke] A% 7MY Z(Continuous Reheat Furnace)?’t AF&¥x . &

HHA & (2A]) & A2 ~ 800T9 2XeA dAH2 7FE=d Aol Ha, A5 7FE= e 33
Aol AL A BAEHE Do HHZHQN 71ES Edle] AA7F 1150~1250C= 71<€d
A&2] MG 2o A wjEET. A5 JMEROA mEE 129 &le g4d 59 FAH4EY FHe AA
HZ dAlFo] Fvh. 4 FHE Walking Beam W]y Pusher ¥4 =& Walking Hearth
Wale] A& JhdEVE dekd oz ARgHa gloen, 7 dAFE Walking Beam W2o] A2
7t 2o e 7tE 2 WFe 297 X MEE USA REFEE d 5517 st 74 e
ER =

Mﬁdm

32t FAAEY Fx s Ag dFA s ZE=9 Ansys Fluent 16.1 ® AL AFg38lo]
APt dF Bd2 EF ke YRFEDS H L5190, dE5e WE(CHpY o2 78t o da
whe-2 wge] 19A g ¥Hg-2] (One- Step Global Mechanism)< AF&stgch g3y

o

AT adm FETHAE LA ARG a4 sre ¥ FUE AN A 649 Azl

FEsR e, 7 73] dag 7] 300C ~ 600CE ddat § A7l FHaAT.

ZHAL

2 ATE AHHESFY Adoez Aoy A7IEH MY (KETEP)S A9E& wol F3d3 A+
ZFAJYTH. (No. 20142010102710)

AaEd

1. Radihakrishnan, P., “Evaluation and Improvement of Heat Treat Furnace Model,” Ph.D. Dissertation,
Worcester Polytechnic Institute, USA, 2008.
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Process Simulation and Economic Analysis of Reactor Systems for
Perfluorinated Compounds (PFCs) Abatement

Boreum Lee, Sunggeun Lee, Ho Young Jung', Shin-Kun Ryi*", Hankwon Lim"
Department of Advanced Materials and Chemical Engineering; Catholic University of Daegu, 'Department of
Environment and Energy Engineering; Chonnam National University, *Korea Institute of Energy Research

Carbon tetrafluoride (CF4) with the high global warming potential (GWP) can be reduced by various methods
such as thermal destruction, catalytic decomposition, plasma abatement, and electro-chemical reduction[1].
Among them, catalytic decomposition is preferred because it has reality in most on-site applications in terms
of energy efficiency and economic aspects. Process simulation using Aspen HYSYS based on experiment data
obtained from Ecopro Co. was carried out to construct reactor systems with single and series reactors. A CaF,
yield from the reaction of HF and CaO at temperatures ranging from 550C to 750°C was compared for
single and series reactors and cost estimation focusing on operating expenditure (OPEX) was performed to
investigate cost savings by employing series reactors instead of a single reactor. As a result, the reaction
temperature in series reactors was lower than one in a single reactor by about 100C resulting in cost savings
and lower energy consumption for the overall process.

71-/\].

=

This project is supported by the “R&D Center for reduction of Non-CO, Greenhouse gases (RE2015001690003)”
funded by Korea Ministry of Environment (MOE) as “Global Top Environment R&D Program”.

1. Tsai, W. T., Chen, H. P., and Hsien, W. Y. “A review of uses, environmental hazards and
recovery/recycle technologies of perfluorocarbons (PFCs) emissions from the semiconductor manufacturing
processes,” J. Loss Prev. Process Ind., 15, 65-75 (2002).
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Reaction Characteristics Analysis of Oxygen Carrier for Chemical Looping
Combustion Using Solid Circulation Simulation Apparatus

Myoung-Soo Jang, Dong-Ho Lee, Seung-Yong Lee, Ho-Jung Ryu*
Korea Institute of Energy Research

&
olo
N

A%7]4 (Chemical Looping Combustion Technology)< F 709 Hk27] (7]
Tt AAE Fawes FEUAE o]&ste, Frld o F
S FE&AkslEe] gdutgo] WHile WS T]e A dojuyA st FINES

AERES7|AAE CO29F H 0% TAACEZHN HXol CO, T4y
HlE7t2~ F9 Ho,O $5Wes 1%%e COE &H3s & + e d& 5 COx 2RI
stieltt. miAIEE Aiv|E IS HAAE 2T, AYLe AaAGEdA gz s
HEg-7] Atole]l  mA|ERe] Jbwstn ZIAlY S HASE £ e fEs
Aot (1-3]. AFdAM=E Az Zdd LA EUA(OCNTI7T-R1ISU) gl #Hes A8

=

A
AHEE BF AIER AL AR AN DA TSR WHste] mWE AdsHIEI CO; AYEe

Xy
22

My 0 2 b

o
X

=
2
K 4 to O ¢ lo ;

Wae 23 2 ndSAT. B Aol s 98% o4 CO, HHEE 97 93 DALAEEES
A4F 5 gger o wgon 1EAFEFIIEREIOE THE 29 453 A det
IACBEES TR 5 deA FAsart

1. Ryu, H. J., Park, S. S., Lee, D. H., Choi. W. K., and LEE, Y. W., “Method for Improvement of
Reduction at High Temperature in a Chemical-Looping Combustor,” Korean Chem. Eng. Res., 50(5),
843-849 (2012).

2. Ryu, H. J,, Bae, D. H, Jo, S. H., and Jin, G. T., “Reaction Characteristics of Ni and NiO Based Oxygen
Carrier Particles for Chemical-Looping Combustor,” Korean Chem. Eng. Res., 42(1), 107-114 (2004).

3. Ryu, H. J, “COx-NOx Free Chemical-Looping Combustion Technology,” KOSEN Report,
http://www.kosen21.org (2003).
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1 m®/min ¥W7}2 U NO X & $1& A248A A2 S 3H
e EHE5A
478, F7 0
25714A7Y SAEAA o] G AH

Operation Characteristics of Catalytic Process of Dry Oxidizing Agent
Production for NO Treatment in 1 m’/min Exhaust Gas

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

71E AFE Tl AAASAE ol &3t EAF wivi~ Wl NO©| g dgdds FPsiion, 1
A3 NO7ZF AgdS =gk up qivh(1). AA w7lk=e NO ®rb ofygt CO, SO e 7%
ed=d 9 Soot FHO YA cd=Hel HFHoR dH dom, Alx®Hle ~AL-¢ B
AL FAE A AE o8 P S Fokol B 2N $AEY 24 B,
B AFdMdE 1 m?’/min 72 w72 W NO HEE 93 2AL-98 Hy0, Zvjia)A] 2]
SHAEYS zAsuA @ oE P 1 m¥/min e wrtasl Eaes wesls
AzstRq o™, He0p FuENE Tl AAASAES A/ F5 sidvh. ofwf AxiksiAle] FY &,
M7ls £%, NO ¥% 5¢ RUHIdGom, 2427 Wit We NO A3hes 2439

FaEd

1. Jang, J. H., Choi, H. Y., and Han, G. B., “Production of Dry Oxidant through Catalytic H,O,

Decomposition over Mn-based Catalysts for NO Oxidation,” Clean Technology, 21(2), 130-139 (2015).
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Study on Wet-Torrefaction Characteristics of Sherwood Biomass

Seongha Jeong, Sangdo Kim, Hokyung Choi, Sihyun Lee, Jiho Yoo, Donghyuk Chun,
Youngjoon Rhim, Jeonghwan Lim, Jeongbae Lee
Clean Fuel Laboratory; Korea Institute of Energy Research

It have been strongly required to reduce carbon dioxide emission due to resolve the global warming. If
biomass fuels are burned in the combustor of power plant instead of fossil fuels, a considerable amount of
carbon dioxide emission can be reduced. But it has been hard that biomass fuels were applied for power
generation applications, as biomass fuels have a high hygroscopic property and a low calorific value.
Torrefaction of biomass fuels is a very effective method to increase an energy density, because it makes that
the water and volatiles contained in the biomass fuels are released and bio-structures such as hemi-cellulose,
cellulose and lignin decompose. Torrefaction is generally conducted under atmospheric pressure without
oxygen, called dry-torrefaction. But we proposed that biomass fuels with water were contained in a closed
chamber and heated at the desired temperature, called wet-torrefaction. Since wet-torrefaction were conducted
in closed chamber, pressure in the chamber increased to saturated water vapor pressure of the desired
temperature without extra energy consumption caused by compressors. Accordingly, it could be achieved that
high grade biomass fuels were produced by a wet-torrefaction, while taking little energy. In this study,
wet-torrefactions of 15g sherwood biomass were conducted with 150 g water for 10 min and 30 min at
225C and 250°C in comparison with dry-torrefaction conducted for 30 min at 225C. Samples of
wet-torrefaction had lower moisture contents and higher heating value than those of dry-torrefaction. The
amount of fixed carbon and heating value of samples of wet-torrefaction increased with increasing reaction
temperature and time but the amount of volatile matter decreased. We also confirmed that wet-torrefaction
could reduced more ash in the biomass than dry-torrefaction.
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Application of Odor Sensor for Maintain Management of Odor Reduction
Facilities

Eui-Suk Jung*, Chan-Woong Son, Jin-Wan Kim, Moon-Hyuck Im, Chul-Ho Shin'
R&D Center, Envors Co., Ltd., 'Seohae Environmental Science Institute Foundation

20149 % GFuiEdA Ae2Alb Budel ostdl, dHARANEd R 2FAWIE 45.9%, &4
2ol 33.6%, EFAA 3.9%= ZAEew, ~Aivet @dvr FEFdo] 79.4% AA|SHE
Aoz ZIFAT. 53], ATE HeAd(AAA) e AR A Aol ot 771821 HA 7}
760§4E*1 74wl BAHT glem, oF Ade A% Awdon AW FAANHL Aol
et e Aoz s vk olek ol AlF} - vkl Awk el A FHuME A
o= A& o= s, A 0P7l AallA e FHAALL] fFA e Weko] Wiy TS nlsiH,
FAAAS] FAA fARE BgE E=dste] FHAVE g2l m=Estr] ol wAd ¢ e Wt
FHel 29 Aoz ATHIAY. ofd & AFolE A5 wkdibeke] YA HAA FHAHAIA
wjETell S AM S dAete] DA BUEHP S %1 As A7E APgsiden, AU A
FAl e Weks A 7|2ARE FESuz AdFE FHSAY. HAA FHAAE wETe SH 2
BEUHY A Fd@ES AAsden, oFHAA ‘43%‘ AAE 7hke] AA st FhEe] el
PHEd Tor A3 dFe] Ha} HEH St wMET REUEEY Ade 28 @9 Hagtel

[¢) h4

ole =R Aol ARHr, AN YERIYE ol §ato] DI 2AOR FAF & IR )
Qrzage mutd PEe] sl gash Azt AlE WA gom, BAM w4 A A%
tgol AFse FAol slvh RUHY A3} x900] AREs $Ad FAT QAR IS A @ F
Agevl, SAAYAAS EE FAS FANEN HYAL A TR 5 FE s
FES & QA ANMES AAEe] FBH S RGO 093772 S5 Aow WgHon
FBA S olgdtel BFAA FMuSR Wse] WET WA FAFEoR Bt Y

g 4 g9t oAnUEE  AnE  gqusz  add An 73 294D

800~1,000M%¢] dlDate Row Uegygon, zgol By ofztde 5004 old® Wol

Ao vehath 2gAde 9A® NEHE71FA 500~1,000052 FA87] e BY
A7k 4.0 st FAHES Belstelol v}, wrh dgme #elE: AAHE 500MF FF
3.7013k% westelol s o FeHA

.

FF M E Tl HANME AA ] A RUE PSS APD F5, 1) AE L FE FYHIS
Fate] A AR FAANL AHAAZL &S %E‘rfz—l T dem, olF &t 2) FHAS 45 2
E&s FAAoR dAdsted V9@ ¢ gl £, 3) FAAA e AN BUHP S Fsk]
FH42 sk oldell FAAE wASte] AR ARAHE D S dow, 4) AdF W 5ol
APGE kAo s eld o 9lo] dAARALY] fARE] HES woled VAT F e e
derE ATt

&AL

B ATE ASSAEAALAA 201588 AFALAGI AL (15-10-01-01-18-02) <]
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The Development and Performance Evaluation on High Functional Impregnated
Activated-Carbon for Removal of Acid Gases

Do hoon Kim’, Sang woong Kim, Chang ick Lee, Hee ah An, Dae hoon Kim, Jung wook Go, Hee seok
Jung
LeadGenex, Inc.

daddere vand 92 7 A 5 EEA 2 9 ATl AHE At @ g
3letE o] FH FAV|Foln, AAGRA e HAE AgRon FFAA T £ JdE AHo]
EA3g. 2P FNA HAslE SR EZRQ HFE, HCL, Cl,, HeS, SO 59 2H7tx=E
WlE5E %] ppm, ppb EE mg/m’ 59 @HE BEAHE A FE J9 At giEoH
FAS Hau Jded, dutgdAygee] A9 ghRE Hwol H|IFAoR o|Fojx glo] AL~
FAdTol g1, ue JAdAe FAAG Tl Yol e mARZ QI3 AAAdo] FA &S THo
EAech. AgAo] = HAEYRE ol & He A4S, TR S A AAFHA EHe]
7hedt7] wj ol AL Al AE HAEA o] e AF L sfdo] o] Fojx L 9},

E g E A s 2 nedddr Adeol F& JASAEE Mdstua FU FHo] folstan
H WAool 2 wdg oxz dAduetozRE F& F4EF HI} 4 3 4 HIUEE F
LGX-V2E& Mdetdtt. AHd7EAE o83 34 % H7F 9 BET, SEM 59 54 9 #Alx 97}
5& EAsgen, dA4 HF, HCL Cl,, H.S, SO; 59 27t~ AAEc=z AlgH1 e
RBAA3(Noritiit) ¢ ®lwstdtt. F24d%5 H7l= HF, HCI, Cly 7t&E o83 7t~ FH
One-Pass W29 FAAAE B3l o|FoHx, Ax drte SHEHT A4 vang Bl
Hrret v, LGX-V2 HaEAdAdete] A$ Agrix $dE FEd % HUA gE £ 24
Uetdlom  Azdr =3 RBAA3(34%/kg) 9 vluste] 12$/kgo2 Hoh AA|do] 43 3oz
A=

Ak

s ATtE AL B WA A < UE s & ZENEAIG o= P
AT (14-SF-EB-03) 44 t}. oo A=Y},
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Development of the Metal Corrosion Inhibitor Used in the Semiconductor
Process

Kyu Yong Choi, Ho Yeoul Lee, Kyu Hwa Oh”
AK ChemTech Co., Ltd.

2 AT s A, LCD, A71AA ARl a9 F4& B4 & F+ e 7714 FAUAA
AFNES APt 53] WA Aol Chemical Mechanical Polishing (CMP) &3l
AHE-E = Triazol ¥ TetrazolAl F2WAAE AEstdct. 55 wAddAd A7 8 2 diA gl
w2t CMP 3% % Damascene 3¢ EUEAL, FHo] PH o] Folx AAHA Z& Zelg
2 AriAle T 9 ZWE AS FAAA FHESE At wEA e AstAl7IE A 7F
gtk ol & A A Yl FAWAA, ZHEFAPA, A, AHSGA Fol xFTE MPAE
ol&3tE AF FHo FyHET. B Ao CMP FHd HLI Triazol ¥ Tetrazolil
BAUA A S Jfetele] & x| Aele] CMP 3 uAE Iy ad w2 FIAS
gl sk

ofr
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Construction of Corynebacterium Cell Factory for Muconic Acid Biosynthesis
via Metabolic Pathway Reconstitution

Sisun Choi, Sun ok Park', Sang joung Lee', Gie-Tack Chun’, Sang yong Kim®, Eung-Soo Kim"
Department of Biological Engineering; Inha University, 'STR Biotech Co., Ltd., *Department of Molecular
Bio-science; Kangwon National University, *Korea Insititue of Industrial Technology

The widely-used petroleum-based chemical industry faces drawbacks causing environmental problems
such as depletion of resources, energy crisis and global warming. Therefore, biotechnological
production processes using microorganisms are becoming required and are gaining attention.
cis,cis-Muconic acid (CCM) is one of platform chemicals and it is a precursor which can produce
useful chemicals such as nylon and plastic. Here we describe biosynthesis of CCM by using
Corynebacterium glutamicum. C. glutamicum is widely used for industrial production of amino acids
and its metabolic system has been well studied, which suggests that metabolic engineering for C.
glutamicum 1is easy. CCM synthesis in microorganisms has been commonly studied for biosynthesis
in the shikimate pathway with dehydroshikimate (DHS) dehydratase, protocatechuate (PCA)
decarboxylase and catechol 1,2-dioxygenase transferred by genetic engineering. Thus, we conducted
codon optimization to insert foreign genes and then promoted pathway optimization. We also
blocked competitive pathways to induce accumulation of DHS and PCA and the pathway which
catabolizes CCM, the target end product. Thus, we obtained C. glutamicum strain whose metabolic
pathway has been redesigned for a high yield of CCM.

FER

1. Xie, N., Liang, H., Huang, R., and Xu, P. “Biotechnological production of muconic acid: Current status
and future prospects,” Biotechnology Advances, 32(3), 615-622.

2. Blombach, B., Riester, T., Wieschalka, S., and Ziert, C., “Corynebacterium glutamicum tailored for
efficient isobutanol production,” Applied Environmental Microbiology, 77, 3300-3310 (2011).

3. Niu, W., Draths, K. M., and Frost, J. W., “Benzene-Free Synthesis of Adipic Acid,” American Chemical
Society and American Institute of Chemical Engineers, 18, 201-211 (2002).
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HAAR' 53

o
= , ’
"FANSw AP eATE, CTdcty sy F e, SR At 88t et

A AAReR AT AFARNLH FNAR] AAnd] me A& AAYANIA ARL
AF A77F 493 Ytk A2 A5715@ BaEP) AAo wolewat 4R 2 dgey
4% 5ol doledr 2 wolezAe] Aol sbseth(1-3). 53, dE£F (Macroalgae)s £3
dfol ouj st g AAA At Yt We AFL o §F & glov APSEI} w=n, MBS

PR — a=
AT Besk gol BAEAT BANIA gt FAL 7 vlelenan B8N Atw @ F
9rh(1-2). A, wheld AASE dEF dolorat B MU FHam go] U
AP el w4 % A Bl BAL #uE 5 o), gd@yel Y & 4

ATH3].

AA

2 AP es HAm dded ndE g2 AYAIRtE £33 & Twin Screw Extruder 331715
o] g3l <¢F 1~3 cme YAAPelZE I F FAdE R I EY wWAXE ol gt HAAT
S v &3} WESAIZH] W E g 3 2 EAFA ) g3 S ARG Y. B A Ao
gzt wde] mlo]l e AAE dEE dURA S FRFHe] a&S Eoled Vo9 4 b

H

B ATE R aue3ae A9dpd da FaEgon, ojd A=y

1. Song, M., Pham, H. D., Seon, J., and Woo, H. C., “Marine brown algae: A conundrum answer for
sustainable biofuels production,” Renewable Sustainable Energy Reviews, 50, 782-792 (2015).

2. Song, M., Pham, H. D., Seon, J., and Woo H. C., “Overview of anaerobic digestion process for biofuels
production from marine macroalgae: A developmental perspective on brown algae,” Korean Journal
Chemical Engineering, 32, 567-575 (2015).

3. Choi, J. H., Woo, H. C., and Suh, D. J., “Pyrolysis of seaweeds for bio-oil and bio-char production,”
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The Efficiency Improvement of A/C Tower and Strategies for Waste-to-Energy

Jae-Ho Choi, Hee-Jae Park, Gu-Hoe Jung, Yeo-Jin Choi, Moon-Soon Im, In-Sub Kil®
Siheung Green Environment Center

A Aberelis oF 2,500709) oFHMEL AL AFE AT olE Al oFHow ohHWAANLL
AR HAA LGsop stk 20149 AT AFFRA AT EF 2693709 WAANE F o

2

33.6(L1UNE 9T FRTE ok WA SIS ITI] AR BAE A2 pgo
A% WAFY] v F5, DY AAYEOR Askol Char Coald AHEFE 5 BHG FHE £94
FARE A3 Utk mebd & dyelqt wgw g3l &8 A% dr] Fom wEs:
VOCSE M AR SEshad A BAE FEAY AL TR

17

g AN g E8lEs fEte] xstd &= EL%H% 228 VOCs9) oﬂdx]i/ﬂ g9
7hsAdell sk Jﬂ7}% Ayt SAder QYA Dell= 1) B A2(150~200C) BE2AIA, 2) &3
VOCs G414, 3) HY 35 A4, 4) ORC HHAAS zhEo] vOCsE 2o A HE] 7] *ﬁ*W}Xl rE
Hgs HAFsrnh gAd" ALY FAEE= (28 113 2t vOoCs & dFE = 7 UeE
Hpo disA Edos Afs sy st HAo vt &z xS goluigla, 23E VOCs
kA0 YA R AME TFsA S Azt FEEE LPGYY Wil wdelgdth

VOCs &&82 2237, gden g2 {3 e 1A, 22 Ay ¢tg S uet EdFo=w
G A wk, A o 7 g 7ho) 7,4_01743_, g EAVE ASFE 2218 SUls Y vOCcs
EW%1 Eolxwl #FAH FSHelME fFElskAR 2425 9357 9% LPGEaHol Eou]
ol AAAQ EAZE RS &2 fEFe wE vocs EEE2 AAl 2ol urA] Sk ANE dF
o] ~7P8}‘I‘ 272 2% FAE 93 LPG ¥FHel oy 297t S & Zow ddEh
22 VOCs 7kAe euxedo® E87bsdS [2F 219k #Zol gF FEVF FHolAlW AR
TEHE LPGYo] TrAdE Aom Mol Azt HEATE 83 g8 JlsAol U
&l P%it‘r

oap s ST BRITE ST

ml i 'll"l 'Ilr LT "l'!
g L L
ol L L L O 1
g S O Ay
B A AN LA
- : | ‘j B Il"-r Ty s
[,
L ] Jn_ --.'l‘:. - E= -
(29 1) BHY GAE B (218 2) &% VOCs ¥=¢ LPG 5%
' W3}

Al /AR O] (ehH) AgAb HFE A, daFAd A 2004, pp. 163.
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Zglzut EXZAL HA & Z344 2 DCS (Dichlorosilane)
O~

Improvement of Disposal Gases Elimination Efficiency by Changed Plasma
Torch Shape

Hee-Young Choi, Bum Ui Hong, Chang Sik Choi’
Institute for Advanced Engineering

b= A tetF oA WHAlEE 7FA~(He, NHiz, GeHs ¥ DCS (Dichlorosilane)) &2 Zubg H
545 AU 7t wlEA] A4 e W AdA falsty] Wi nEE&e vk AHErleE H
TNl Hasitk, weta, B AFodA e setEd T LAEE TR 9 S47MAE AAE
Tl AA stAY. FAF = Holahe dawrse] HIdeoz Agsta FAl Airg FE79]
Rl Fartzel dHAA RS fFEIINT. olu, Horlx A& HAFEE 1

d4(1100C)S ol g3t 24 = DCIV7IAE HAHo= AA . 7lA2 HAZgEES
FFA7171 8l Zetzvl EXE AMES Y. HErtae] AAA &8 FFE Ad EXE MA@
Azt 7t 7tz BaEEC] 4 10% A= S/EAT. ol Bd stxe '2&FA AHZE S8
TAMdel dasittes A AL %
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TP 7t ddF EAHA o3 AxdE 37/ FEH
&3 0% CO, E2%
A, A, 273, AeH, AFS, AEE, e
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Adsorption of CO and CO; on CuCl/Alumina Prepared by Impregnation and
Thermal Monolayer Dispersion

Sang-Sup Han', Taesung Jung, Kanghee Cho, Hee-Tac Beum, Jung Su Kim, Jong-Nam Kim, Youn-Sang Bae'
Korea Institute of Energy Research, 'Yonsei University

darstet e 24F, ddistols, ZEglRYolE, Zgdd 58 ARA 952A4 FEEYG. BB
Adrstet e 57 HEC 93 AU~ ARFAHI COG (Coke Oven Gas), BFG (Blast

Furnace Gas), LDG (Linz Donawitz Gas) &< FA7I2ZA AFH FHA dizd ZAHD
de=d, FHE olE TEEAASI FFote vlwel Wit #Ae]l Fristm v dwbkygo=w
ditsler o] FEeElols Aol H&F o gtoy FElago] 55 &3 oyA|rt &
&do]l ok, olo] ws] FFHI FFHol oAlyYA] H G SWoA] $e FHo] Ut

—‘:: 1, PSA
TSA 59 FFAHL =o] FUFoz fFElsled SHE ode BddolA 43 8ol =AA
7l = 2 9
o Apo e LDG thEFez ¥3td dr3lasrs 145}5%;1%1:4 Aelx oz Rzl 98l
SAHT 7tE dd S BAMHE ol &dte dAgAd T/ FuY AE FFAE ARSI, o5
drbsteta 9 o]ibslEb A FARE Y tia] Akt EE?&, HA7HE =8t olgo] dAlstera
GFAEA o nA = Gkl s TS
F1FA

1. Yang, R. T., Adsorbents: Fundamentals and Applications, John Wiley & Sons, Inc., New Jersey, 2003, pp.
216-222.

. Jin, M. et al., “Redox-buffer Effect of Fe*" Ions on the Selective Olefin/Paraffin Separation and Hydrogen
Tolerance of a Cu'-based Mesoporous Adsorbent,” J. Mater. Chem. A., 1(22), 6653-6657 (2012).

3. Miltenburg, A. V., “Adsorptive Separation of Light Olefin/Paraffin Mixtures,” Ph.D. Dissertation, Technische
Universiteit Delft, 2007.

4. Han, S.-S. et al.,, “Preparation and Characterization of Copper(I)-based CO-selective Adsorbent for the
Separation and Production of CO,” Paper No. 30, Proceedings of the 7th Pacific Basin Conference on
Adsorption Science and Technology, Sep. 26, Xiamen, (2015).
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Re-Use of the Effluent on the Liquid Accelerated Carbonation for Ultilization
of Construction Materials using Industrial Wastes

Hong Bum—Uil, Choi Chang-Sik*l, Jeong Chul-Jin ,Lee Min—Gooz, Park Jin-Won’
'Institute for Advanced Engineering, Yonsei University

EeholofAl, MEANA, S T AFFAETN o2 d

oA FEAor HriEe PA3e JFor AagSAe|=(Ca0)E 23 =

olEZALl=(Ca(OH)2) el Aoz d7te] HEFE 2 st & o

olgid ZAE aldsty] fste] IR ot AaS 28T Feitst vso] ddet
5 d s

43 Fo/A e 29k B E B olyg glFE direct gas-solid ©4tsl 7EE2A 2L 29 dEE 2
st W whg e Wa whg AjRte] ZoA s o @ JHAM, BAAAQ] WHeler & 4 vk whebA
& dTddA e AgiatE 3 dddrIEe 8cta rHEstE e AT 2dsAse] A5 fstn =9, 944
EAZE gl AT A A8 flste]l BE&A0lH AAAR FE SRS Zsd dEd A7E FPskv
. Table 1 Amount of CO, absorption
= e |
— T M E A cC O 2 Amount
,'r P Saturation . cC O 2
o ik el — 7= Concentrat . Feeding of CO2
i | . Time Supply .
ion . rate absorption
[min] . [L]
[wt%)] [L/min] [e]
5 42 1 6.3 12.38
3 i = = 10 66.7 1 10.0 19.65
Wrres [wf
20 121.7 1 18.26 35.86
Fig. 1 CO2 absorption curve 30 133 1 19.95 39.19
Table 2 Carbonation conversion
MEA Concentration Weight before | Weight after reaction | Production amount Conversion
[wt%] reaction [g] le] [e] [%]
5 1411.7 1412.41 0.71 1.24
10 1423.3 1425.37 2.07 3.68
20 1407.3 1411.53 4.24 7.52
30 1411.2 1417.04 5.84 10.34
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HE%, gAm], old &', /A o] &> o &
gAY Ed T, Eadetn, Y2y st

grtaA Zgxade vz Zetm, A2 Yy d3m, # rtREA &E Polyvinyl Chloride
(PVCO)e x7t=, dz=, EZA, o]z, uetAl o uadstA ArgE vk, skA7t pPVCe
A el AaeA 7IQste A& EZT PVC HEATHA AMEEHE g J&ZAC 9 VOC
W& wl o FAH o] oprjEojzlth, B AFE VCM A#e AFTxEZ AMEEHe PVC 955
gAsl7] 913 PVC-Free €@%% &5 /st 71E PVC & ZE digd A
g3t z} sk Tt

PVC-Free €%% 3slolBel= HE2 AMEZE Q8 E& 54171+ Styrene 725 X33sh= SEBS,
SBS, SIS % FAEZ A1g3te] AEY Styrene FFolu Acrylic Acidel el wa 2
AHRE gostuat sttt E8F 4 g Qs v &HE HAAKE Rheomix Internal MixerS
Abgsle] stk wldE A= DMA (Dynamic Mechanical Analysis)& %3l T.& &<lst9a,
UTME %3t d§& F£A9 AAe, die, REZHA 52 939, 433 PET & Alo]9
Az H2EE Z-gudlold 71718 eol&ste Ziz PET Z& Abeld €62 252 gudold +
Erichsen H|AEZ A3Psle] gl 20 mm/min £% &l 10mm NGe ¢ o2 Erichsen
H2ES s 43 Zaz PET €& AboloA SEBSE FAEZ A&t Eg32 59 Aol

$5% Ao FaAg.
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FTo|7Ivt A < o8& HA((ID HE

AAZ, AT, HIE
et sty et

Electrochemical Detection of Arsenic(IIl) with Paper Based Porous Gold

Ji-Eun Kim, Changjoo Yeom, Younghun Kim'
Department of Chemical Engineering; Kwangwoon University

gkl Aoz AMgEHE 59 AS P EH R Hollo] I4Ee =AY Ux gAz Alxd
Aol vlg] E&o] BojxARle o] . wHe] U dA2 Alxd AT 582 Fo
A Zau 3|Fufoe] Exelth olE Heslr] fd xHAHol Ha g4rt
Azttt O3 58 WE7] YA g3 FERAE Axstn o2 AR H F
Wyel de] A& ok gy o3 FRAE AZSHI7F HAET] widel o
AR FE & o] g3t gt W w tFAd \ g
Yz glo] AFez Apgstrld AFslig. Ax" A9 F2FH O EFE dolEy] $8)
FE-SEMCo 2 A% A3, vFAd a5 7|3 FFA IF4E A= sttt AlxdE uF
=9 AT 584 FQdlr] ¢18l Potentiostat= ©] &3] SWVAES P33 12
GCE®} Gold Foilz2 SWVE sttt 71743 Ag/AgCl (4.2 M KCl Saturated),
AN H=FLS Pt Wire A5 AFESAY. 1 M 94t 893 S/HRFE A2 & va 371 ol
A dolFAdtk. 1 A% bdFd 3 HAFZ Gold FoilelA+e Hl& 3717 HrbsEla s=7F
oA, E HAFHo FUtste AL AT F dAY. a8y GCEdAM = HuE ¥8s HolX
odth. W3 Gold Foil#t o34 9 AFZFS vlud A3}, Gold Foildl Hldl 9434 9
| =52 A8 4 St waka] v 37F AZEE Gold Foil2th th3A Feo ®E&0]
= AS & F AT AT 2, Gold Foilzt b3 & ASFoA vlie] HA AEw=e, Hu
TEE AT F AT o] AFE FI 3 5 s vE F de WS AAE Y,
3 = TZo HA& HEA 7Med AS AT AT}

—_

&
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g7 AF-F4 AR (ITO) F=gda $33L o] &8
A ZHgE IGZO TFTsS EAF HE Ao digh 9

AD2, AAES olm A, FAAL
AAREFATFD, 2Rl stw, Aty

Study of Characteristics and Contact Resistance of Indium-Galium-Zinc Oxide
(IGZO) Thin-Film Transistors (TFTs) by Using Solution-Based Imdium-Tin
Oxide (ITO) Nanoparticles as a Buffer Layer

Chaewon Kim'? Yong-Hoon Kim®, Mi Jung Lee™", Sung-Jei Hongl’*
'Korea Electronics Technology Institute (KETI), “Kookmin University, “Sungkyunkwan University

R

JE-F4 A= (TO)2 F49

F_>.i

Fom olg

o,

e HEAQ =Holt. AW FAHL
azARN 7HH0] AHH R A ’3P A toll thgk EAlflol A A= ek, =3, ITOE
718k eEol7] witel ~¥E Y WHS ol & d ITO W2 A7 4199, &9 FFHo=
2 & gl d4o] o ITO v %5 o]&3std ITO Y= YaE XﬂJ—O}M.L ol &9
ZAo] 7153 FEE 7H7ﬂ0} 3tk B dAFdAE ITO Y Y3 E Silver Nanowires (Ag NWs) <t
A st =] AS0 2 o] &5t AAE IGZO TEFTs &atel] ¢33 e= A&t Ag NWs
e 2ot Egdo® AEA °F 0.013 cm?/Vso #7] oleEE A& F UUdANT, ITO ¢5F

2 AeTomA 0441704 cmi/Vse] ¥E A7) GEEE Q& & AT, BIE Ag NWs,
Ag NWs/ITO-NPs, ITO-NPs/Ag NWs/ITO-NPs¢| Fxz 247t AZ€gon, 100 €9

Hﬂ
N

o[}
P

o °1N

A2 dAEE AP, 2 A3 =L A7) olFEE 4E F e AHE A Y. o)<}
2o g Uﬂﬂ‘%%% HHOW] &, Simultaneous Extraction Model ©] &3t -V
ABRREYH HE AYS FE9d. 2 A3 1GZO TFTs 249 Mobilityet #HZF Aol

vhe g ste AL g9l o}MJﬂ ITO Yx=dArt gxZ=024 IGZO TFTs &9 HE=: AFgS
NAA A Mobilitye] &/l 7198 A& &g 4 ATk, o5 F3 Ag NWse ITO-NPs
slolBgle B9 HAZFE o|&35te] IGZO TFTsE AlFstden, &978k [TO ¢FFe] Frivtez
=2 A7olE=E 71 TFTE F+dE 4 Udv. o Ayes FYsta fds gdxaZdgels
TAstEd A 25EHY ITOE dAE + Jde P F Uz 71985 & = e ez
Az et

H ooz 20149 % }1\1.0‘:4] A} ]— _4 XHO_]OE @—%&‘ﬁﬂ%ﬁéﬂ‘%a%(KEIT)g Z]'?"_J.—Oa‘ EL}O]'
e A7 BAGUT (No. 10048248).

FaEd

1. Riccardo, D. P., “Simultaneous extraction of charge density dependent mobility and variable contact
resistance from thin film transistors,” Appl. Phys. Lett.,104, 193501 (2014).
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Toluened F%7] /& ¥HgolA FERF F5(Ce, Nd, Sm, Gd)9
z=v 523

el U A7) $ A9

AF

o FiN

A&, oE oA, Had® AHEd® BHIC &
FENn detd fF e, FHriedgndsn AdevArE,

¢

The Promotor Effect of Rare Earth Metal (Ce, Nd, Sm, Gd) for Toluene
Steam Reforming over Ni Cataliyst

Seo Yun Park, Kun Woong Oh!, Jae Goo Lee?, Ho Won Ra?, Myung Won Seo?, Tae Young Murn?, Sang Jun
Yoon'?*
Department of Environmental Engineering; Chungbuk National University, 'Advanced Energy Technology,
Korea University of Science and Technology, *Korea Institute of Energy Research,

dlo] Quj A 7pAstg oA HAYSE EFE(Tar)v F24, %3, &8 ASE 7IAH 7] wie &
Ag3 MA AF7E o] FAA 1 Stk 53], YAFELS a2 Fd E /A Hold 5t Jd5H
F&o0 7 7P Hol 2olm oy, A (Carbon)o] what AH3gAo] e Zwjeol w2 w] A}
Aol 9}, o] Wl FEo] Ni¢l Carbon A S EAAFE ZFE Hr7leg. 2 AfoME g 29
HEEZ Toluenes WACZ CH, /HEE FCR-4 (Nil2wt%/a-AD9F Ni (12wt%) Basedel
R F%(Ce, Nd, Sm, Gd)S 1 wtn¥ ZFW=z H73 oo Ad aHE AR,
22 = (400~800T), &3t £%=(10000 hr!), Steam/Toluene & H](25) To| Whs ZHd W&
Ag7rz=el 24 2 Toluened & wWEgE s, AwtxHo=zm 2x7t Frhgtd uhel,
Toluene & H, A Zo] F7iste AFEFS UeWt. #$2% 400C 7oz &S
H 2 3tH FCR-4% < 14%, AxHE ZFvle] A5 Gde 2F= A71e Sole M8 =2 <F 43%9
A& BHovh o o, Hool AT 3 7FE =4 Yt SEM #4 23, FCR-4 ZFujelA
&l Fiber Carbone| AdE o wE & AHE opZ|AIHeH, GdE H7IE Zvl= Carbono] A<
AREA Zhes & F Utk oA, JER 50| Toluene 737 /& A 55 B,
AAlge] E FEHELFE 2FEA ¢ 2 597 dEd AL & F AT
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In®"-doped SnSyZE o] &3 27| FFFo] 671 ZE AP P&
%5
MAE AGE
Beetn shebz e

Effect of Initial Adsorption on Photocatalytic Degradation of Cr(VI) Using
In’**-Doped SnS,

Sungmook Park, Younghun Kim®
Department of Chemical Engineering; Kwangwoon University

FEufE o] &gk XA AR FA e FofddA FEHue o] JHA] Fad =40l aFEY. LHEH
ale FFuje] HEWAo]l YWESFE E&Ao7] " t3de FEHwE Axste T 724
545 W37l A7 @8] Hd Folth, o dAFoA e FFu xWo EAlete SLdE5HY
ol FEEo oW JTFS nA A BAHI}AY. FAd =E2HAS W 54S /K E 67 A5S
cdEAR  AMAEC oAz golBz  Azd 339 FTRZ A= <Eo] wIH
ZeF 4 (InSnSy) = ol &3te] 7R Gl =S4l gl 7t AroR FAATI= AdE
P 3EA . InSnSe7t 671 AEod =& AZte] wel InSnSe FH| 67F ZFo] F2H™ 243t
o]Fol F-=2 HEPo| =Lt} InSnS; FHd FFHH 671 ZE9 o wWE IY TL&S
Hlwstdth, AlZE InSnSeo F+x9 v EWA LS SEM, BETE Olﬁo}oﬂl EA st on o zHF,
AA FH FFE 67F A2 Fe Azt UV-vis BFFEAed f=2dZezn BEFEAIE
o] g3te] EASATE. Alzte] wEt & zkR[IE 67F AEC] S ‘QZM] 29 67F A8 F=
g S &+ den %7 FFH met BE 67F AFeo] 37 AFoE FdEH= Algto]
G S Felstdth. InSnS, EWe 67F AEe] Bol FHAEFE Fdaso] Ttk en FA-23
HYo =g Af o ol &3t YEUA Zskth. 67F AFL 7 WA InSnS.o xEW ol
F3o] Ha o]F Yo w=ZH S W InSnSyo EWA Feukgo]l x| wjiE] 27 FAFo|
67} AESL AHAJ] IS vAe= A FAsAT. oAt Y FEEY FHAAA
et Ao &84 Zolt}.
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Synthesis of Bio-Based Plasticizers in Replacement for Conventional Phthalate
Esters

TanPhat Nguyen'?, Anh H. T. Vo'? Nhan T. T. Huynh'? Bora Kim’ Seok Kyu Park’, Hongsik Lee?, JinKu
Cho'*”
'Korea Institute of Industrial Technology (KITECH), “University of Science and Technology (UST)

Phthalate esters play a huge role in worldwide plasticizer market. Due to eco-unfriendliness and harm to
human health, they are considered being replaced by new generations of plasticizers. Bio-based plasticizers are
thus potential candidates. This study has focused on the syntheses of somekinds of plasticizers originated from
biomass. Di- and/or tri- alkyl ester products of isosorbide (ISO), 1,1,1-trimethylolpropane (TMP) and
furan-2,5-dicarboxylicacid (FDCA) with fattyalcohols were obtained, isolated and characterized by 1H-NMR,
13C-NMR and EI-(+)-MS spectra. Whilst their plasticizing properties are still underinvestigation and will soon
be reported in near future.

FaEd

1. Taguchi, Y., Oishi, A., and Ilida H., “One-step synthesis of dibutyl furandicarboxylates from galactaric
acid,” Chemistry Letters, 37(1), 50-51 (2008).

2. Amarasekara, A. S., Razzaq, A., and Bonham, P., “Synthesis and Characterization of All Renewable
Resources Based Branched Polyester: Poly(2,5-furandicarboxylic acid-co-glycerol),” Research Article,
Department of Chemistry, Prairie View A&M University, Prairie View, TX (2013).

3. Rahman, M., and Brazel, C. S., “The plasticizer market: an assessment of traditional plasticizers and
research trends to meet new challenges,” Progress in Polymer Science, 29, 1223-1248 (2004).

4. Yang, Y. et al., “Isosorbide dioctoate as a “green” plasticizer for poly(lactic acid),” Materials and Design,
91, 262-268 (2016).
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UV 733 d3E ol &3 FHAS 39 W& 548 F4
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AARFATY Oagd oo P EATAE, [(F) P dH 2

Enhancement of Corrosion Resistance by Acid of Transparent Conductive
Electrode Layer by Using UV Curable Ink

Soo-Min Song, Sung-Jei Hong', Yong Jin Hwang', Seung Il Chang'
Display Materials and Components Research Center; Korea Electronics Technology Institute, '"MM Tech Co.,

Ltd.

2 AFoNME, B4 A=A AF(TCE)o] =¥ @ & 7% 9o BES J3aE I¥Ysta UV 4st=
2 Y HAEAd HAF(TCE)TS 24l EHHF)e=ZRE H3 gt d3as UV ZAsd
Z4 52 Monomer, Oligomer 2 Acrylic Groups X3t Pre-Polymer ZAEZ FIAIAZ
Formulations} st th. Hgh D7]€ Y=dxE Hristed 328 54& gttt UV As Jdas=
TCEZF Z®EE f&7|#3 TCEZF ZH HA ¥ wtdg "o ZEett. &% WE IYs ¢ U
AA7In 28 ®H J3 FL& HF L’WZ&E} O A3, TCE & HFel 2& ¢£4=A gt
i s fA8k7] falAes TCE & 9o Z"YE UV A Jdase] A= 2 HEAAgo] ook
Stedl 2 Aol UV Add ZEwe Ax=E 4 H ol 945 & Jdx, 3FdE S35
T AY F HT Ja==S vy 3 23 TCE 22 EdsleE 7 7139 4= Iue £45x
¥ gsstden Hr] 9 @By SR F fX ]Q . HF =% A% #W A3 ¥sle 1%
nRkollom 550 nmollAle] F F&e WslE 1% vivrelAdnt. wepx, UV A3t J=3 Fo it
570 E TCE & 2 f8 7]de] AY ’\"LE] P 4=

ZHAY

2 AdFE 20149 AAEAALEY APz d47IeN TL (KIAT)S] A9S ol 33t
A A dYtt (No. A007700085).

ZanEd

1. Allen, N. S., J. Photochem. Photobiol. A: Chem., 100, 101 (1996).
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&g AUx AR dFEQA vy E dE52~ EEHAA(Vanadium Redox Flow Battery,
VRFB)dl A&7l flsted  AH7ie] &@sbeaA 2849 Poly(phenylene oxide) (PPO)E
EEZste] o] 2AEAE Foste mEATem gtk Axdd olxd=Ad mEA e
et A S A7 7] et A 1 EAQ] Poly(vinylidene difluroride) (PVAF)E =%3kaL,
T A BRI AWJMIEAELES AT st FRd FE3tAIQl Urethane Acrylate
Non-ionomer (UAN)<& 7l HFwte =z A=xsiitt. Azxd 5o 7|2E43% VRFB
o) Ao e AeS H7g A3 UANe| A7tEwA sPPOS PVAFRZRe] Aty Aol A=<
gelstact. dE Aty del st mEA geo] Aol fastin, FHEI volx VRFBAY
FE&o] S oz AdHT

%l
2}

i)
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T A3t AAd ©E NAPL AAFTHY &8 St 4+

b, A7, Aar
FYGL FEADFET-AUAD AL

gl

B

Enhanced NAPL Removal Using Hydraulic Bamriers of High Viscosity

Da Yeong Ahn, Jae Gyung Choi, Heonki Kim'
Department of Environmental Science & Biotechnology; Hallym University, Energy and Environment Institute;
Hallym University

=290
= =

2L [of

2 dAFoAe Addd R 2xd =234 2d S /\}ﬁ‘é}oﬂ Source Zonel & A &}
HAsA717]1 918 A7+7F AP =HJT. o] AF9 HHL2 dFFolAe NAPLe Al AAS = 3% oA
Source Zone THo| =& AZE Zte 84 AHE AEFoZN dFFOoZRE NAPL &3
AAE SUA7E A Uttt PCE® n-Hexane &89S NAPLS tiste] ALg3tdict. &9
5SS A ¢33 FEFd AHo=zE 0.05% Sodium Carboxymethylcellulose (SCMC)
FEHS AR TY. EHAY UEE 1.013 g/cm?®, BHEE 2.817 cPolH FH4Y HEE

1.010 g/cm®, H=E 0.961 cPoZ &9l 1 AtH(25C EEdH). 2 el SCMC &9l
AA e e Ak Flux 3 Astsde] eaedel A% FluxE 719 100% s7H171& 214
dHoz 2Ag3te Aoz IRIFHT. o E}E <7 2% Control 239 3+&HET SCMCE

ALg3 Adoale] F4Eo] 2¥] E5S Aoz FHAT. wEkA ed®l A E M gl 9l
Source Zone FHWd| =& HxZ zl= J3lE= AL Source Zones E3+ ‘1]204%@94 e
WS vl ¢ 9o 5Ex LAEA AAE AT Aoz EEAT

¢
2
2
[o
(0
2
ol
[r
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IEA-CFBC 2492 ©| &3 Oxy-fuel CFB FX| &

1%

001:7‘8_%1.2,3 7é_/r_ﬁ_13 01%51,2,
A7) EA T D UAA 2| IE, 278 Ed st
‘GaoluA VA Td FEP §3979

Numerical Simulation of Oxy-Fuel CFB with IEA-CFBC Model

Changwon Yang"**, Suhwa Jeong'®, Uendo Lee'??, Taeyoung Mun’, Byungryeul Bang'*’
'"Thermochemical Energy System R&D Group; Korea Institute of Industrial Technology, “Department of Green
Process and System Engineering; University of Science and Technology *Future Energy Plant Convergence
Research Center; Korea Institute of Energy Research

o 2 i

A FEvEtsE 20309 wlEH WA (BAU) div] 37%° sldstes 2471~ 6l AR 53X
st COP21 olF S| oldd Hagt thakst HHAUx] 7y Adss 18y
ATk o] HFE GAs] HAAe AAAdUA Hg et dA 1A duRAe] 85%c°ld =
A sk S AR ol & Ala"le] FE&ENT AV HlE AAVE FEIF Hasit
T 247t wEES AYEW dux] Foprt F 87.2%F AXAstn JeEdHl It FHA A
A7), AFslsr, AHMES Zo] oA thad] Ao HlFo] =2 FE F oAt g I e
40%E B93te A st 2472 vMEE F 83 Aot
Aet 3tg o] olAkgletA A 7S A= CCUS (Carbon Capture, Utilization and Storage) 7<=z
HEHoF ol olE falx= olibgErAe] EFo] HfAH ol COy EFL "Wy uet
ALH-AAE2T-ALST 72 Us F 9o B d3es dAAaAF If 7e2 /e oita da
7ol gk Ul -goltt.
AL Ve didd a3t ASgAE 7] Uil LR XS5t FHsE VIEE AR

g AHgtEg W&Vt 23 olAbsletAaEwt A HE O wEVtxe A-EE HEE AXW &
sled & . AEAE AHAR blE A da AHA =

JE 5 fElg Ho] BXAW 3000=7F Y& 9d3tyd vt
ol w77k Aled, A48 dud 5 By ] 2ZAlo] ®icto] HfHoln 53
(CFB, Circulating Fluidized Bed) 2482 4 $ F&AY ©8F = T8 AA}o|t},
£ Oxy-Fuel CFB FH3]4& 98] [EA-CFBC Edl& A&ttt [EA-CFBC 2dl&
A JAEY FE5, SEAY A7) £x wWE, A 253 1A dsHg)e §bg
Homogeneous, Heterogeneous ¥, €zxg S5 X3 FHdA o] 7ls
ALz F8 EAS AHEV| A3 ndg FHrypda g, o] Rd & o] &3 vtk
Ho] gkou FAbA A& dlMe FE3 e =F ez WA [EA-CFBC 2dS
FB aldd A& A5 mdo < S vlusty] & Az 37| SAtaEs
| el ¥ln HESIC. Bk A AtsAle] A WE, F5AF 2 Adde] WHEE
LAl 5 Eu f53FHCd £2kA A AoriEd #AAH FAEA Hes 4
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Preparation of Porous Au Electrode Using Polyaniline Template

Changju Yeom, Jieun Kim, Younghun Kim®
Department of Chemical Engineering, Kwangwoon University

b v gonA g3 FRe F3 2 d7)sisr FokdlA 2 s wn . o9E A
*—rLZ:L whub e gL Uy 2 ZuAS 2] widd d5 xWHy Adajd ko] Aol ol
L&A oA 1, B 71FE AlelddA wE A7|ge dhgo] dojdtt, dntd oz gy Fx=
AR g8 F%507 a3 e T Agxozg 3 7] 52 833t DealloyingZ| S o] &3k},
SHAIRE ol = FES wEs HAFo] st &aste o] A dHo] k. wetA A A A <
T 9IS BA Zu g FEE AxT £ e Templating 71HS AFESte] A 23+

ol AFoME HEA 1EAQ Polyanilne (PANID)S o] &3le] tad &F FX2AE A ZR3A

(o]

PANI= AxAol dx a2t Aol Fom FeHgto] tsitt= /_‘}7‘401 Att. PANI/Au =3
TZAE Self Assembly Sol-Gel&WH-= &l Azttt o FXAE= PANISE Aurb A=
A&EH o7 A~ ES Interpentrating Polymer Network (IPN) F%& A3tz Ath. Porous
Au (PAWASE IPNS A8t = PANI/Au 53 FXAA PANIE &Addte] Al xdot.
Az GAEE SEM, TEMS &3l 75 ZAssth. d71sistd ge2 g<s7] 98 =347
Ay AFALENE S 2138 R 3, 4-Nitrophenol (4-NP)E 4-Aminophenol (4-AP)= 3dsl=
Aeg APsAtt. GCE, CGold Foil, PANI, PANI/Au F+ZAE3 vuddS A3t PAu
A9 A7skets g&5 gstAtt. o] dFE B3 IPNS A3 = PANI/Au +2AE
o] &3l PAUTFS TEE AES WS AASAT.
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Beuge A AN EALY FHLHE FA Fo9 Az B
2332 H7t
SA o, HBA, 82
FAd et getgety, A Rostn 2448k

Synthesis and Screening Test of Heteropoly Acid and Metal Oxide Supported
on Catalyst for Oxidative Desulfurization

Hyeonwoo Oh, Seong Chan Lee, Kwang-Sun Huh', Hee Chul Woo"
Department of Chemical Engineering. Pukyong National University, 'Department of Advanced Materials and
Chemical Engineering, Kyungnam College of Information & Technology

dfe el A wet Friele s ER Qe dREEEH 4 F e dae Ho
vrolz] 11 gt} O]Eﬁf} AH=2FEH s A5 EA8ts F33dES da Al HFedS dod|+=
143}5}(802) e Ak (Sulfate)d] e wiEdo. old wel g3itEe] A7 d4aA]
e g3 i dAAdE F, 53 AFAE Afo IE FEdES FE+= 10 ppm °©|stE
A = 3L /V\‘;]‘ A oE 94 g@35A A8 vE] Fddez =2 duyx "xEE A3 §lof
AsdA Y A5ZA vi§ A3 Ad52 HriEn oy AR £ & A2 A5HdAdd AMEEHE
Zu e AT 5 AYES oA daHxe s S FaAz. w}ﬂ"ﬂ AEAA o ALEEH =
% = St 2E & Ue gFFHol dFHoltt. AF &9 FIFE AAE
g1t g3 FHorRE FAE O HISY & FdgFLE AIAA AAS = FHES(HDS,
Hydrodesulfurization) &% o] txAeoltt. gy o] I =& %, =& 4=He 873H
o2y FslgEed dgiE] vf @Ee AAZES YRR A5HA ) AFEsr] g AR AARE
ERo= 3te @¥dFHoZe APSHA @t olo FIEL AsRkgE FI Ho & A4S we
e R HIAA o5 EHg e }\}ﬂ'a’?’]‘(ODS Oxidative Desulfurization) 3382 Y& 2%}
7l gl M= 73t TXJE]—%]—O ]/‘1 AAs7] oEE 9y FsgES AA7 Jhesivhe
Aol 9ttt B AFqMdE AH(3 2 250 ppmw) & FIEL AAS Yo AtstgstzE o
Asl 2wl [WI  (Incipient Wetness Impregnation) WHE E3 JHEZEA E=

4% (Impregnation) & 58 344382 478000 FANA Azade. 221 a2
2ot FAE AFE3E ARSI oM EUo] E-™ (Acetonitrile) S SR A3 FEIAHS 54
Az Fuje Astgg e ~3a8yY H/ME FPEA

FaEd

1. Arellano, U. et al., “Dibenzothiophene oxidation in a model diesel fuel using CuO/GC catalysts and H,O,
in the presence of acetic acid under acidic condition,” Fuel., 149, 15-25 (2015).

2. Bakar, W. A. et al.,“Effect of transition metal oxides catalysts on oxidative desulfurization of model
diesel,” Fuel Processing Technology., 101, 78-84 (2012).
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DMC #74uts Al SujAlz & F3He I9F

A2, §19,

! 3
o7l Ed e, P gta

Dimethyl Carbonate (DMC)¥ A2ox FA Tzl A o 3gE=Z FHZ 374 23179l
o

R §]—"|1_.
FZI2EEIA] 52 WEgsiAlz ey, 2o wgl SAde] et xxdlloly divE 9@ oju®
A7t oatE = guegal 5o g 42 FES T e EAE 43Ewa . o8 1A
gt Fo] FHAZAME 2 &=7F g kst ez O F87F RFEE| S A=
AdEn flom AFadae Serts wol7] 13 HI7MAZA Y AHE7tsAd® EolkA L AT,
DMC Az #HHe A4y dve2isiy HEg Bl Jda"HE2 w3y se] dom olF
HEAkeH e Ay VgHoR UEs & dow, wege] AksHo] <3t DMC FAdEsA
o537 2t

2CH30H + CO + 1/205 — (CH30)2CO + H»0

E AT E CuCly, 55 Zeolite Y NHzoll sHxeleE Wy o g A %3l Batch 1 HES-7] ol A

T EFuE  o]&3 YuEIIEM]E(DMC) Aol dste] AFsATh. DMCeE WEES
dAitstebro) Atrg AR e st2Edgete] FAEAT. Suldd FRIEHES 50 wtxE A3
FeEA F5E FHse WHoeRE SSIE, $vFEFE(E, e, Jd8g, dRyolsy) aFn
A Z3E (Microwave, Ultrasonic)® W3IA|A A Z35F T}

Zn] 54 ¥4 BET, TPD, SEM-EDX &% ©]&39tt. DMC $4dWkg-2 Batch 2vH-s7]
AbeEtgom Wegy ZmE Yo T MFCE o]&ste] FYFA(CO, 0y, Ar)g ¥
FYstel 30 bar, 110C= Attt vg T AdELS I EHZ AqHste GC(FID)E ol &

2 (2, Y, Al S A FAE F SujA T el WE WA tiete] ATkt
T
1. Han, M. S., Lee, B. G., Suh, I, Kim, H. S., Ahn, B. S., and Hong, S. 1., Journal of Molecular Catalysis
A: Chemical, 170, 225 (2001).

2. Merza, G., Laszlo, B., Oszko, A., Potari, G., Kaan, K., and Erdohelyi, A., Journal of Molecular Catalysis
A: Chemical, 393, 117 (2014).
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2R setpest, RAUsSn FYYNEA TR

Study for Volatile Fatty Acids Production from Acid Pretreated Alginate

Seong Chan Lee, Huiqing Jin, Hyun Joo Kwon', Hee Chul Woo®
Department of Chemical Engineering, Pukyong National University, '"The Institute of Cleaner Production,
Pukyong National University

Recently brown algae has received considerable attention as a feedstock for biofuel production due to its fast
growth rate and high carbon fixation ability. Alginate is the major component of polysaccharide in brown
algae, however, it has low solubility in water and low biodegradability due to its chemical structure. The
objectives of this study are to evaluate the effects of acid pretreatment on volatile fatty acids (VFAs)
production from alginate in anaerobic fermentation. The dilute sulfuric acid and Amberlyst-15 were catalysts
for the pretreatment of alginate, and different variables (catalyst concentration and reaction temperature) were
investigated in order to enhance VFAs production. A series of anaerobic fermentation tests were carried out in
a glass bottle of 250 mL with working a volume of 200 mL and placed in a shaking incubator of 120 rpm
at 35C. The molecular weight of alginate for all conditions was significantly reduced by acid pretreatment,
and increases of catalyst concentrations and reaction temperatures. The maximum VFAs production yield of
45.4% from alginate of 10 g/L was obtained 3% (w/w) at 120C for 2h, which was 1.5 times higher than the
control set in dilute sulfuric acid. And in the Amberlyst-15 pretreatment, the highest yield of 18.1% obtained
was 5% (w/w) at 80°C for 4h. These results indicate that acid pretreatment of alginate could be affected by

the reduction of molecular weight, and could enhance the VFAs production compared with raw alginate.
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2E AdAE £33 Fes04@8i09-Pd-Si0y YA A I} 21
A

a3}

Synthesis of Pd Nanoparticle-Embedded Fe;O4@SiO,-Pd-SiO, and Catalytic
Performance

Hye-jin Lee, Younghun Kim’
Department of Chemical Engineering; Kwangwoon University

< AYHAAME AAEo] 7 222 Faele dAdte FHE
9. 1 & 4-Nitrophenol (4-NP)<& 2] #71& 5 o}
obdgks nzth wEkd 4-NPS Hu SAJo] “e

o
k1
S

gHgxcr dHA . FEgE A =& &
= SR A8 F o, ZetEs 4R &Y S
WAool =245 v, a8y dAY A7 FEFE
, Jo] AStAl o] Fujel Aol astes FA|H ]
S ZgE UAS AEE] 2 38S EFolwiNRE ZgE A
g F Je WHE e
579 A4S AY AARE gold Al H U dAE ol &3t
A2 F sttt 2 F dS Aotk F Y fJAE o] &g Core-Shell
Az A F 20 nme g AP & ZHSTE o] F
ZetE AAE 2 ¢d g Z# o] A (Decoration)dt H oA A7t & 3 A
Zets dAE T2 Y A EH & AT F JeonAE E4E yErd
Az A7tz I’ JS o ZE dAe A5 F3do] "olAd &
a2y Mesoporousd 5 % o HFL Zets YAVE AR FES A2 F o 21 €4
Uebd 4 A "o
o #}HI} Mesoprous AEl7} ZEE Edle] FwHo]l JHZH Core-Shell YAES o] &5l A S
HAPEPoen, FiI3BALAUEFE SloA 4-NPe S #HESIT. UV-Vis Spectrometere
FFEE St T HIE Flstden, 53] HbE HddE st FHul @45 HIkeA
meka oyl A AR FEtES ol&d WIAAH = =1, FA AL F e 77
H71E &3 Sl 7tsd S ARSI

i 1
¢
2
°
N,

{0 =
I
N
_O|L
N N
L)
kel
8]
y
HF
oo
i)

(12

o=
ol r_<|)l_|‘ (¢} 1
£ 4

)

i

o
olo N

ol

ol

Oio
)
= o
=
£
2

N
|
ol
N

i HE
o -

F

jin)

>

(@)
o
~
K
w
=
@,
4y F -
BN
lo rr
(o]

164



PB-18

HF AAE 1Z&AAE 913 Ca0/Si02 AlZ R HsH7t

ARt AFA, ey, F5G
Agistn g7 oy 2] 3ozt

R

ox,

to oL nlo

ol &3t W7t~ Ul HFE AAs7] st HF9 CaO/Si0O; JF3A] w84
Atk 700TCY WHEZoA HrEY|2RE wjEEH e 7IAlE FT-IRE 4sdoer §3
golsly] 9sled BET, Pore Size Distribution, XRD, SEM/EDS %9 7|7] &A%
. FFHAE Ca(OH)o7F 60 wt% 2 FAE Wl 22 A5E EAom 650TAA 441752
7bd Adstda PVAS 71 1388dA4E 2 wt% 4wl 71338l 7PE 2 AL
B Aol 7b% Ao, A7l ndSAA L HFY wheA S AuE Ay =& A% o=

dot N B X, i 9 of
rS ol oX o ox
L ok
3R
v
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“dd FFoRE S Aiste WHEE LfstuA v dtzow
FE71€ AH&ste B84 €43 (Physical Activation) W3 dstoldolnt 1A
st 3std A3} (Chemical Activation) WHoez yEs < Ut B Adore
| E Algetglon A3 o rE A JHA S AMESIG e A HAREe I
Wl HAE ol &dte] ®slE 3 F Ao ® UY & o] olitslea=
sl Z7]o AR B3 E 3 FH wgr] =& A g o4tk
HE AHgstden wixgto g A3 Z7|HEE wpA97pA] olibslebAnt F9f
ol Al 7kAl &3 WS B @4de 54 WgE AYEAgY. AsEe 3
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Study on Catalysts for Decomposition of Green Energetic Ionic Liquid

Sung-Hoon Hong, Su-Jeong Heo, Sung-Kyeong Seo, Young-Min Jo' Jong-Ki Jeon"
Department of Chemical Engineering; Kongju National University, 'Department of Environmental science and
Engineering; KyungHee University

ADN (Ammonium Dinitramide) 7]1%te] Togx] oA A} GAFAA = 7]Fo] AlgHd
stol=ebxl s Al & = e A 54 FAA9 AEe $Holth, moyA] o] A F31A 9
FHoz2E stel=gixldl wvls] A=A, AZidd, muFE, A, AR Sol dvk. "=
B sta AAl F=3 713 F8A], ADNE FiEEgFo] Eol Hslrt ofHrh, welA ADN 7]yhe]
FAAE Zvjo] o Rajrt A olth. HFo| ADN 71HE =214 Ea]g Zufjo] tigr 54 2 23
ool tigk AF7F o] FAAA L ok, ey, FHu 2 2Fu], Fuje] Ax, il A 9 FH
5ol diste FHez i AeE e =82 g 2 d4E Aluminadl CuOE A8 Zv|

ZelA ZnO 717 ADN 719ke] 44 F30Ae] Zuf Zallo] mxle fFS AFskin.
CuO, AlO3, Zn09 3 EA FHvle 3+3dHS &3l A=

StA T ADN 7|8k 3 Fx1A| o] Zvl &3
Hhe-o DTA-TGE Al&dd. Az Zn E% 8 megs ¢FrF AZ &g Y1 ADN 7|uk
AF FHAE 5 L H7FEFAT. Ny 725 T8 F9HA 10 C/min 2552 98 718te] Azt
2 A%y exo WHIE 7|39 Y. DTA-TG AFH2FE FAo HzHd 23 B A 225
vl A8
ADN 7]vF A4 A Zv] ¥ wbeS Fg3 Ay d Fa) vy Zn) I wkgel w2
Age s gt ADN 718k 94 FAAE ad Eo] dHd] 7|dd Fo dd ¥ksS
Futsl FA43 E&7F ol Fo] Mk AA FH 7|FAA FRA 9 ozt wkEste]  FalE 7] 7HA]
g F7to] EAstE HS ndstd Bl A LxE 2o A%S AFsteE F2 AAolth. Zn02
shaFol wel zhzhe] Fulo A B3] MAl 2= Aol E Bt

1. Amrousse, R., Fujisato, K., Habu, H., Bachar, A., Houttemane C. F., and Hori, K., “Catalytic
decomposition of ammonium dinitramide (ADN) as high energetic material over CuO-based -catalysts,”
Catal. Sci. Technol., 3, 2614 (2013).
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#H LCD TV 3jA-&£2] A&’ 75 &g A7
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Establishment of Database (DB) System for Waste LCD TV Dismantling

Mi So Kim, Ye Lin Kim, Hyeon Jeung Sang, Yong Kim', Hun Su Park', Hyun Seon Hong"
Department of Interdisciplinary Eco Science; Sungshin Women’s University, 'Basic Science Research Institute;
Sungshin Women’s University

9 92T A9 G918 oS T DB TV I2Y GREE AA HAu F2oE A
~gdeld B ARE A% 2 ADE A2 AT ol R Frelt ol e B A

H tgxZgole aHAd ElsA & E% L %ﬁ S 2HE & 7Medd FEAde] S AES
Aste] 5 AF Fdy ZWUE FFH5 2L 8o Q3 dolHuo|AE FHStuA . #H ¢
gdlo] B4 ZAjoM HHHow Zokrg e of 22/ PCB= <% 9%, 71 sidF 7t oF 31%c°la ©
o] Yz F&7F= o 3

718 vlwA <ko] H&
e ¥ fgaZdels Ad 4 Uvhd AAAG SHoAM e AV 1S AR ARHY. 2 A
A Aol H gaZgo] delHuolAy H LCD Ax AES AELEE IS B2 HUE DA F

a3e T3 AF4 =94 A/ T A ='E FESe 719 Aew dddEn

>
i Hm ir o

—_—

8 %z 2, & 72 56 7} Adol FHEC UL Aoz FHUE POB
Ao UehgAw, FF A trBdel ARE /%9 FE3} ol FoAAA

e

nEH

1. Hong et al., “Overview and Future Concerns for Recycling Display Wastes”, Korea Industrial Chemistry
News, 13(1), 10-19 (2010).

2. Cryan et al.,, “Demonstration of Flat Panel Display Recycling Technologies”, WRAP (Waste & Resources
Action Programme), Banbury, UK (2010).

3. Lee et al., “Disassembly and Compositional Analysis of Waste LCD Displays”, J. of Korean Inst. of

Resources Recycling, 22(2), 29-36 (2013).
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Study on Preparation of Cured Material using Alkali Activation with
Desalination Concentrated Water

Byung Hyun Park"’, Hae Gi Kim', Ju Yeol Lee'?, Jin Sic Choi'?
'"Technology Institute; ANYTECH Co., Ltd., “Department of Applied Environmental Science; Kyung Hee
University
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A Study Utilizing Surplus Energy for the Construction of Resource Recycling
Network in Gyeongju Industrial Complex

Jaegun Seo, Ingyung Jung’, Geunhwan Goh Seokjae Yoon Sangmin Park’
Korea Industrial Complex Corp. Kyungbuk Regional EIP D1v1s1on, 'Korea Ass0c1at10n of ESCO (KAESCO)
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The Development of a UAN (Urea Ammonium Nitrate) Manufacturing Using
Ammonium Nitrate Waste

Jaegun Seo, Ingyung Jung’, Tackwon Seo', In Kim'
Korea Industrial Complex Corp. Kyungbuk Regional EIP Division, Sung Eun Corp.
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Construction of Recycling Network for Metal Processing Waste Oil in Pohang
and Gyeongju

InGyung Jung*, JaeGun Seo, GilGeun Jin', Donggeun Lee'
Korea Industrial Complex Corp. Gyungbuk EIP Development Division, 'Dongyang Eco Corp.
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Development of Manufacturing Technology for Resin Coated Sand Using
Recycled Sand

InGyung Jung*, JaeGun Seo, Useung Shin', Jaewon Lee'
Korea Industrial Complex Corp. Gyungbuk EIP Development Division, 'Daehwasaneop Corp.
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A Study on Monitoring and Control Methods for Improving the Efficiency of
the Fermentation-Extinction of Food Waste

Eun-Suk Jang, Eun-Sil Lee, Seok-Hwi Kim, Ho Kim"
Plant Engineering Division; Bio Resource Team; Institute for Advanced Engineering
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Optimization of Binder Content and Substrate/Support for the Improvement of
Shape and Thermal Stability of Mn-Based Heterogeneous Catalyst

Jung Hee Jang, Gi Bo Han’
Energy Process Team; Plant Engineering Division/Center; Institute for Advanced Engineering
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Application of PSA Process for the Efficient O, Supply
in Building Ventilation System to Improve the Indoor Air Quality

Jung Hee Jang, Changsik Choi, Gi Bo Han*
Energy Process Team; Plant Engineering Division/Center; Institute for Advanced Engineering
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Investigation of Pyrolysis Characteristics and Oil Properties for
Generation-Refinery QOil Production from Indonesian Bitumen
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Energy Process Team; Plant Engineering Division/Center; Institute for Advanced Engineering
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Thermogravimetric Characteristics and Pyrolysis Kinetics of Water-Washed
Saccharina Japonica

Jae Hyung Choi'?, Hee Chul Woo'?, Jinsoo Kim* and Seung-Soo Kim>"
'Institute of Cleaner Production Technology; Pukyong National University, “Department of Chemical
Engineering; Kangwon National University, *Department of Chemical Engineering; Pukyong National
University, *Department of Chemical Engineering; Kyung Hee University

Brown algal Saccharina japonica as macroalgae is a potential source of renewable energy (e.g., bio-oil and
bio-ethanol), as well as of bio-materials (e.g., fucoidan and fucoxanthin). A pre-treatment process from S.
Jjaponica biomass have been required for desalts and dewatering because salts in biomass feedstocks can cause
severe problems, including corrosion and slagging[l1]. The desalt process from S. japonica for minerals
removal can simply be treated by water washing method. In this study, the pyrolysis characteristics and
kinetics of water-washed S. japonica (WWSJ) cultured high-density were investigated using a
thermogravimetric analyzer and micro tubing reactor[2]. Most of the materials decomposed with endothermic
reaction in temperature range of 200 °C and 350 °C at different heating rates of 5-20 °C/min, meanwhile the
remainder decomposed with exothermic reaction in temperature range of 350 °C and 900 °C. This observation
implies that the pyrolysis vapors generated from biomass lead to catalytic secondary reaction with many
minerals of biomass at a high temperature[3]. The calculated activation energy increased from 72.68 kJ/mol to
526.50 kJ/mol with increasing pyrolysis conversion between 10% and 50%. The kinetic parameters of WWSJ
pyrolysis at 360 to 380 °C and for the reaction times of 0.5 to 3.0 min were determined using nonlinear
least-squares regression of the experimental data assuming first-order kinetics.
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Development of Mn Oxide Catalysts for Acetaldehyde Removal from QOil Mist

Minhye Seo, Minseok Lee, Sooyoung Lee, Sungsu Cho, Sunghyun Uhm'
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Torrefaction Characteristics of Waste Biomass Mixture
Using Waste Wood and Sewage Sludge

Jae-Hoi Gu’, Yong-Taek Lim, Su-Nam Park, Sung-Bang Nam, Dong-Ju Kim, Jachong Min, Yun-Myung Kim',
Gil-Ju Park', Sang-1k Nam'
Plant Engineering Center; Institute for Advanced Engineer (IAE), !Creative Engineering Services (CES)
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Process Modeling and Simulation of Pyrolysis of Brown Algae: Modeling of
Bio-oil

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

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

This study aims to simulate and evaluate the pyrolysis conversion pathway of macroalgae in an industrial
scale, using bench scale experimental data in Aspen Plus V8.6. Primarily, representative liquid product mixture
was determined in order to simulate the conversion accurately and efficiently. The original liquid product
mixture, containing around 200 compounds (detected by GC/MS analysis) in liquid and non-soluble organic
phases, is reduced to 21 representative compounds based on chemical structure and boiling point range
similarities. Simulation of brown seaweed pyrolytic conversion and primary liquid solid separation was made.
Future work in pyrolysis process simulation will include appropriate pretreatment methods for ash removal i.e.
acid washing as well as product upgrading steps and solid products combustion. Ultimately, the process will
be techno economically assessed and strategic points of integration with bioconversion platform will be
determined.
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Production of Either 2,5-Furandicarboxylic Acid or 2,5-Diformylfuran from
Switchable Base-Free Oxidation of 5-Hydroxymethylfurfural

Dinesh Kumar Mishra', Tram Huynh Nguyen'?, Kim Sang Yong', Yong Jin Kim"*"
'Green Process and Material R&D Group; Korea Institute of Industrial Technology (KITECH), *University of
Science and Technology (UST)

5-hydroxymethyl furfural (HMF) is a platform molecule which is derived from cellulose through
isomerization/dehydration of hexoses[1]. Among various transformations of HMF, the oxidation of HMF is one
of the most promising routes to produce either 2,5-furandicarboxylic acid (FDCA) or 2,5-diformylfuran (DFF).
FDCA has potential to replace the terephthalic acid (TA), and has various applications[2]; DFF has also
various applications in the synthesis of drugs, fungicides, and new functional polymers[3]. For the production
of FDCA/or DFF, supported gold (Au), platinum (Pt) and palladium (Pd) catalysts in HMF oxidation have
mainly been reported, except ruthenium (Ru) based catalyst4.This work reports the spinels cobalt-manganese
microspheres supported ruthenium nanoparticles, Ru/MnCo,04, efficiently switched the base freeoxidation of
HMF to FDCA/or DFF with high yields at almost complete HMF conversion (Schemel). The reaction path
way is also determined by kinetic studies which reveal that HMF oxidation to FDCA in aqueous phase
proceeded via the formation of DFF and 5-formylfuran-2-carboxylicacid (FFCA) intermediate products.
MnCo,04 and its carbonate precursor (MnCo,CO;) as prepared, and its corresponding ruthenium nanoparticles
catalyst were thoroughly characterized by different techniques such as Scanning Electron Microscopy (SEM),
Transmission Electron Microscopy (TEM), X-Ray Diffraction (XRD), X-ray photoelectron spectroscopy (XPS).

(on 0 )

Oxidation

Scheme 1. Production of FDCA/or DFF from switchable base-free oxidation of HMF.
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Extraction and Characterization of Oil from Atlantic Salmon (Salmo Salar)
By-Products Using Supercritical Carbon Dioxide

Monjurul Hag, Yeon-jin Cho and Byung-soo Chun’
Department of Food Science and Technology; Pukyong National University

Atlantic salmon, including its by-products is rich of oils containing omega polyunsaturated fatty acids,
potential for reducing the risk of various diseases, especially cardiovascular diseases. In the present study, oils
from different by-products of salmon namely belly parts, trimmed muscles, frame bone and skin was collected
from Wooyoung Fisheries Co. Ltd., Busan, Korea and extracted by supercritical carbon dioxide (SC-CO)
technology and organic solvent (hexane). Supercritical carbon dioxide (SC-CO,) extraction method was applied
at temperature 45°C and pressure 25 MPa for 3h. Pressed belly parts oils was collected from the same
company and was compared with SC-CO, and hexane extracted oils regarding physical parameters (color and
viscosity), biochemical parameters (acid value, peroxide value, free fatty acid value, oxidative stability index
(OSI), p-Anisidine value and Total oxidation (TOTOX)) value and fatty acid composition. Freeze dried
salmon by products contain over 40% oils and extracted oil yield by SC-CO, is around 70~80 of total oil
and physical parameters such as oil color and viscosity of SC-CO, extracted oils is superior compared to
pressed and hexane extracted oils. Oil stability parameters namely acid value, peroxide value, free fatty acid
value of pressed and SC-CO, extracted oils showed better quality than solvent extracted oils. p-Anisidine
value and OSI value of SC-CO, extracted oils was lower than pressed and solvent extracted oils. So, it was
concluded that, SC-CO, is an effective and environmentally friendly method to extract edible fish oil of high
quality rich in omega polyunsaturated fatty acids from salmon by-products.
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Synthesis of 5-Acetoxymethyl-2-furaldehyde (AMF) from D-Fructose

Nhan T. T. Huynh'?, Anh T. H. Vo'?, Tan Phat Nguyenl’z, Bora Kim', Seok-kyu Park’, HongShik Lee',
Jinku Cho'*’
'Korea Institute of Industrial Technology (KITECH), *University of Science and Technology (UST)

5-Hydroxymethyl-2-furaldehyde (HMF) and its derivatives are among the promising biomass-derived platform

chemicals, which have the potential to become “carbon-neutral” feedstock or building blocks in a green,

renewable and sustainable industry. Various methods for HMF production from carbohydrates have been

widely studied; most of those included the use of acidic catalysts and high boiling point, aprotic polar

solvents.

In this research, we are interested in synthesizing S5-acetoxylmethyl-2-furaldehyde (AMF), an ester derivative of

HMF, which is considered to have better physical and chemical properties compared to HMF. The synthesis

consists of an enzymatic esterification of D-Fructose into 1,6-Diacetyl-fructofuranose (DAF) and a direct

dehydration of DAF into AMF. This approach has several advantages such as high yield and selectivity of the

DAF intermediate; simple separation of interested product from catalysts and solvents; etc.
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Pressurized solvent extraction of fuocidan from brown seaweed

Saravana P.S, Hee-Chul Woo and Byung-soo Chun’
Department of Food Science and Technology; Pukyong National University

Brown seaweed consists of about 2000 species, making it the second most abundant group of marine algae.
Fucoidan is a sulfated polysaccharide and it has been shown to have diverse biological activities including
anticoagulant, antithrombotic, antiinflammatory, antitumoral, contraceptive, antiviral and antioxidant. Generally,
fucoidan consists of a-(1—3) - and (1—4)-linked-L-fucose residues, that may be organized in stretches of (1
—3)-a-fucan or of alternating o-(1—3)- and o-(1—4)-bonded L-fucose residues. Fucoidan is typically extracted
by using large volumes of aqueous or acidic solutions at temperatures from room temperature to 100 °C for
several hours. Recently, the extraction methods employing ‘green technology’ have been preferred these
technologies allow for the extraction of natural ingredients without the need of toxic or chemical solvents in
various industry. In this regard, pressurized solvent extraction (PSE) is an excellent choice for the production
of extract with functional activity from brown seaweed. In the process of PSE, water in subcritical phase
employed as a solvent at elevated temperature under pressure modifies the dielectric constant and changes its
polarity, thus selectively extracting different classes of compounds. Therefore, the PSE as a green technology
can be used for the extraction of fucoidan from brown seaweed for safe and rapid methodology. The
objectives of this study were to optimize the process of fucoidan extraction from brown seaweed by PSE
technology. The influence of temperature, pressure on fucoidan yield will be studied. The chemical
composition, and anti-oxidant activity of recovered crude fucoidan will be investigated.
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Hydrolysis of Alginate into Uronic Acids over Glucose-Derived Sulfonated
Carbon Catalyst

Chunghyeon Ban, Wonjin Jeon, Hee Chul Woo', Do Heui Kim"
School of Chemical and Biological Engineering; Institute of Chemical Processes; Seoul National University,
'Department of Chemical Engineering, Pukyong National University

A wide range of biomass such as edible crops, wood, and algae, has been utilized to alleviate the
environmental problems and to reduce a heavy dependence on petroleum-based chemicals and fuel. Among
these biomass resources, algal biomass is regarded as a potential renewable resource owing to its rapid
growth, inedibility, and lignin-free structure.

Alginate is composed of two uronic acids, B-D-mannuronic acid and o-L-guluronic acid, and can be
hydrothermally depolymerized into valuable organic compounds, such as lactic acid, succinic acid, and furfural.
To effectively hydrolyze alginate, employment of acids is essential. Despite the effectiveness of mineral acid
for biomass hydrolysis, the use of these homogencous catalysts causes significant issues such as separation,
purification, and neutralization. Thus, development of solid acid catalysts easily separable and having a high
catalytic activity has drawn world-wide attention. Among various solid acid catalysts, carbon catalysts are
reported to be hydrothermally stable.

Hydrolysis of alginate into its monomeric compounds was conducted over glucose-derived sulfonated carbon
catalyst. Three functional groups of phenolic OH, -COOH, and -SOsH were incorporated into the catalyst by
partial carbonization of D-glucose followed by sulfonation. It was found that strong brensted sites (-SOs;H) are
required to effectively depolymerize alginate into two uronic acids. The sulfonated carbon catalyst showed
higher activity than sulfuric acid and other commercial solid acid catalysts in spite of low surface area. The
high activity can be attributed to high acid density and hydrophilic functional groups of the sulfonated carbon.
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Ruthenium-Catalyzed Formate Synthesis by CO, Hydrogenation

Thanh Tung Nguyen'?, Anh Vy Tran'? Sang Yong Kim'?, Yong Jin Kim'"*"
'Green Process and Material R&D Group; Korea Institute of Industrial Technology (KITECH), *2University of
Science and Technology (UST)

The use of Carbon dioxide (CO,) as a C; feedstock has now become more and more important because CO,
not only is abundant and inexpensive but also needs to be reduced from the environment to prevent
greenhouse effect. In this research we present the hydrogenation of carbon dioxide using various ruthenium
complexes with inexpensive ligand systems to generate formates under basic aqueous conditions.
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Transformation an Acetone-Butanol-Ethanol(ABE) Mixture to Biogasoline by
Using One-Pot Alkylation and Hydrodeoxygenation

Seungmi Yeo, Huyen Thanh Vo, Hyunjoo Lee’, Sangdeuk Lee’
Clean Energy Center; Korea Institute of Science and Technology
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Synthesis of Deicer from Dolomite and Bio-Oil from the Pyrolysis of Corncob

Seung-Jin Oh, Gyung-Goo Choi, Won-Seok Chang', Joo-Sik Kim®
University of Seoul, 'R&D Institute, Korea District Heating Corporation (KDHC)

Sodium chloride and calcium chloride have been widely used as deicing agents on the roads and highways
due to the ease to storage and transport, the applicability over a wide range of temperature and low cost.
However, chloride ion contained in these deicers causes corrosion of roads and motor vehicles. In addition,
these deicers can be harmful to environment. Current research on deicer focuses on the development of
non-corrosive and environmentally friendly deicer. Calcium magnesium acetate (CMA) is a biodegradable
deicing agent with low toxicity that can replace existing deicers. CMA is composed of physical mixture of
calcium acetate and magnesium acetate. However, the production cost of CMA from petroleum-derived acetic
acid is very expensive. Pyrolysis of biomass is one of the solutions for decreasing CMA production cost,
while producing bio-oil having a high content of acetic acid. The aim of this study was to produce CMA
from dolomite and acetic acid-rich bio-oil obtained from the fast pyrolysis of corncob. In the experiments,
corncob was pyrolyzed in a pyrolysis process equipped with a fluidized bed reactor to produce acetic acid-rich
bio-oils (Fig.1). The bio-oils or distillates from the bio-oils were mixed with dolomite to synthesize CMA.
Characteristics of the synthesized CMA will be presented on the conference.

0

Figure 1. Diagram of pyrblysis unit

24}
This work has been supported by the Korea District Heating Corporation (KDHC) as a parts of the
Project of “Development and utilization of technology for optimum production of pyrolysis oil from
biomass®“ (1003542015S015) in Energy R&D project.
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A Study on Electrochemical Reduction of Nd,0:;-NiO in Li,O/LiCl Molten Salt

Min Woo Lee, En Mei Jin, Sang Mun Jeong
Department of Chemical Engineering; Chungbuk National University
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Dehydrofluorination of 1,1,1,2,3-Pentafluoropropane (HFC-245eb) to
Eco-Friendly Refrigerant 2,3,3,3-Tetrafluoropropene (HFO-1234yf) Using a
Chromium Oxyfluoride Catalyst

Seo Yeon Lim'? Kwang Ho Song’, Hong Gon Kim'**, Byoung Sung Ahn', Jeong Myeong Ha'**"
'Clean Energy Research Center; Korea Institute of Science and Technology, *Department of Chemical and
Biological Engineering; Korea University, *Green School; Korea University, ‘Department of Clean Energy and
Chemical Engineering; Korea University of Science and Technology

1,1,1,2-Tetrafluoroethane (HFC-134a) was widely used as a refrigerant for mobile air conditioners because of
its zero ozone depletion potential (ODP). Recently, environmental regulations regarding refrigerants with high
global warming potentials became stricter and there were efforts to find alternatives having zero ODP, low
global warming potential (GWP) and high energy efficiency. 2,3,3,3-Tetrafluoropropene (HFO-1234yf) with
excellent environmental properties is selected as a new refrigerant for automobiles. We studied the
dehydrofluorination of 1,1,1,2,3-pentafluoropropane (HFC-245eb) to HFO-1234yf using the surface-modified
chromium oxide catalysts prepared by modified sol-gel method. To elucidate the origin of catalytic activity,
the catalysts were characterized by XPS, XRD, N2-physisorption, elemental analysis and TG.
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Successful Recovery and Upgrading of Prussian Blue from Petroleum
Oil-Based Sludges in a BTX Absorption Process

Il Hum Cho, Joung Ho Park, Moon Hyeon Kim"
Daegu University

Coke making plants in iron and steel, and petroleum distillation companies usually heat raw coals to high
temperatures for allowing removal of ready-volatile components. During this processing, benzene, toluene and
xylene (BTX) are emitted and these are recovered by using iron oxide-wood foam oil scrubber[1]. In doing
this, a small fraction of the oxide is converted to ferric ferrocyanide (Fes[Fe(CN)g]s), commonly known as
prussian blue, through a reaction with hydrogen cyanide[2]. Prussian blue is widely used as chemicals for
dyes and pigments in textile and coating industry. Thus, the prussian blue existing in the absorption oils is
required to be recovered and upgraded to high purity for such a valuable use.

A mixture of absorption oils, and suspended solids in which small amounts of the prussian blue are present,
was firstly separated using a high-speed centrifuge. An appropriate amount of the resulting sludge (ca. 50 g)
was placed in a 1 L round suction flask with a rotary evaporator, prior to making a mixture with a 100 mL
solvent. The sludge-solvent mixture was vigorously treated at 60C for 2 h. The solvent treatment was
repeated three times and the mixture was finally dried at 110°C overnight before use for ICP, XRD, and IR
measurements.

A test, that had been simulated by making a mixture consisting of pure prussian blue and an absorption oil
with a weight composition ratio of 1:9 in a 150 mL toluene, was shown that the prussian blue was insoluble
in the solvent, as expected. This was consistent with a XRD measurement for the artificially-contaminated
sample whose spectrum was very similar to that obtained using the mother chemical. However, the
contamination could not be completely purified according to only such a solvent extraction; thus, further
treatment processes are required. A total cyanide content in sludges after separation from an on-site sludge-oil
mixture might be 3~6%, depending on sampling batches at the BTX plant. This proposes that the prussian
blue we want may be less than the total cyanide amounts. Speciation between cyanides will be required for
determining the feasibility of the prussian blue recovery process.

Prussian blue could be successfully extracted from an oil-rich sludge using treatments in organic solvents, and
its upgrading to high purity can depend on many purification parameters, representatively the kind of

petroleum solvents, the overall time exposed to solvents, and the treatment temperature.
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Production of Low Sulfur Containing Pyrolysis Oil from Scrap Tires Using a
Newly Developed Two Stage Pyrolysis Process
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Steam/Oxygen Gasification of Dried Sewage Sludge in a Two-Stage Gasifier:
Effect Ash of the Activated Carbon

Yong-Kon Choi, Ji-Ho Ko, Gyung-Goo Choi, Joo-Sik Kim"
Department of Energy and Environmental System Engineering; University of Seoul

Gasification converts biomass into combustible gases that can be used in various ways, such as in the
production of heat, electricity, hydrogen, methanol and in the Fischer-Tropsch process to produce synthetic
petroleum. However, one main obstacle that needs to resolve with biomass gasification is the problem
associated with the production of impurities (tar and NH;). The aim of this work was to produce a
hydrogen-rich syngas with low concentrations of tar and ammonia from dried sewage sludge. In the
experiments, a gasification of dried sewage sludge with a diameter between 0.6~3.35 mm was conducted in a
two-stage gasifier consisting of a fluidized bed gasifier (lower reactor) and a tar-cracking zone (upper reactor)
in series. The feed material contained 58.6 wt% of valatiles and 28.8 wt% of ash. Nitrogen content of the
feed material was about 5.73 wt%. The feed rate were about 30 g/min. Equivalence ratio (ER) maintained at
about 0.25. Natural olivine, with a diameter of 150~300 pwm, was used as the fluidized bed material. 1500 g
of activated carbon with a size range of 3.35~10 mm was used in the upper reactor. Runs 1 and 2 were
performed without activated carbon and with activated carbon, the comparison of which would reveal the role
of activated carbon. Syngases obtained with activated carbon contained 0 wt% tar and 26.2 ppm ammonia,
which were significantly lower than those of Run 1 (without activated carbon). The syngases obtained in the
experiments had LHVs above 9 MIJ/Nm’.
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Development of Production and Envoironment-Safety Convergent Consulting
Platform for SMEs
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Effect of the Stripper Flow for the Photoresist Strip
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