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10:00 (30) (CT-61) The catalytic fast pyrolysis of pretreated Saccharina Japonica alga in a
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Hoang Vu Ly', Seung-Soo Kim!, Jinsoo Kim? Hee Chul Woo®
(‘Kangwon National University, “Kyung Hee University, °Pukyong National
University)
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ot 41
S&' (‘94 dety stehgata)
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PA-01 HFC-134a Removal from Brackish Water by Semi-Batch Jet Loop Reactor
Devi Marietta Shegarﬂ Yong Sun Won'!, Tae Yoon Lee?, Jae Keun Lee?, Jun
Heok Lim'
('Department of Applied Chemical Engineering, Graduate School, Pukyong
National University, “Department of Environmental Engineering, Pukyong
National University)
PA-02 OlAH E2AE 0|8 Arh HEH F4Ust THO| 2A
Haider Niaz', Boris Brigljevic!, %!
(R7cpstaL ststg st
PA-03 Extraction and Characterization of Lecithin from Salmon Frame Bone by
Supercritical CO, and Ethanol as Co-Solvent
Monjurul Haq!, Byung-Soo Chun'
('‘Department of Food Science and Technology, Pukyong National University)
PA-04 Microwave Absorption Based on Multilayered Graphene-Polymer Composite Film
for Electromagnetic Interference Shielding
Van-Tam Nguyen'?, Yoonsik Yi?, Bok Ki Min?, Choon-Gi Choi'?
(!Graphene Research Lab., Emerging Devices Research Group,
Electronics and Telecommunication Research Institute, “Advanced Device
Technology, University of Science and Technology)
PA-05 Homogeneous Oxidation of 5-Hydroxymethyl-2-furaldehyde (HMF) to 2,5
Furandicarboxylic Acid (FDCA)
Nhan T.T. Huynh'? Kyoung Won Lee', Jinku Cho'?
('*Korea Institute of Industrial Technology (KITECH), ?Korea University of
Science and Technology (UST))
PA-06 Preparation of Furandicarboxylates: Marine Biomass-Derived Bioplasticizers
TanPhat Nguyen'?, Seok-Kyu Park?, Hong-shik Lee?, Jin Ku Cho'?
('University of Science and Technology (UST), ?Korea Institute of Industrial
Technology (KITECH))
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A Green Deep Eutectic Solvent-Based Ultrasound-Assisted Method to Extract
Polysaccharide from Brown Seaweeds

P. S. Saravana'!, Byung-Soo Chun!, Hee-Chul Woo?

('Department of Food Science and Technology, Pukyong National University,
2Department of Chemical Engineering, Pukyong National University)
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University)
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Microbial Electro Synthesis of Bio-Alcohols through Reduction of Different
Concentrations of Acetic and Butyric Acids using Mixed Cultures

Booki Min', Jose Andres Gavilanes Betancourt!'

(‘Environmental Biotechnology Laboratory for Water and Energy, Kyung Hee
University)

Leachate treatment and electricity generation by an algae-cathode microbial fuel
cell in a continuous mode operation

Hai T.H. Nguyen', Booki Min'

(‘Department of Environmental Science and Engineering, Kyung Hee University)

Increase of accessibility of mixed fruit waste for effective digestion

Shouvik Saha!, Mayur B. Kurade!, Byong-Hun Jeon'

('‘Department of Earth Resources and Environmental Engineering, Hanyang
University)

Pyrolytic treatment for the remediation of petroleum hydrocarbon contaminated soil
Jeong-Yun ]angl, Subhabrata Dev!, Do-Hyeon Kim!, Byong-Hun ]eon1
(lDepartment of Earth Resources and Environmental Engineering, Hanyang

University)
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I AUFeZE Wl 39 E COxqE 43T A= Oﬂl”QE} 2 3t AgEFs @457 Sst
o Evel 2A47tx TATFe 90%E AFA|E= COL9 ZV”]E 7H‘%}% f3te] v EE FAHOE
AR TS EEZAZ1A] goltt Hidol, 247F29] YmA 10%0] a3t Hlo]4ks g4 (Non-CO; -
CHs, NoO, HFCs, PFCs, SFg, NFyo] tist 7|/ de Ajdoz =2 2013d 9¢ 3IAFHFE Fxo
“Non-CO,2 A7 2= 7 /N EAIF @ o] SHSHA T2 ol AAAL] 7I& 7Ndo] 7hssiA
= Ao

Non-COAME &M= 7t S/E, sl&d9d S0 J3ds 7€ 7H‘:‘L° A A3t 20173@ 4¥€ 27t
A 1A AFYS mrEEsldar, 2017\ 5YERE 294 AP S olojA FZ3ka 9tk Non-CO,= CO,
of vlaste] HAYFL 1/10 Loﬂ =}3) l“ AAAAFLE CORET & ¥ vk ofg} A& =3
AEste] AA7EA] Tl Y 24A7F2 A7E A& A Non-COp-obrt 71 w2 Ao 2 Yephtal o
B o= 152 Non-COAFE Tholl A ‘_a d JlE MY de) oz T VeeEs 1
gotA &vfetazt gt
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Fine Particles Problem in Korea

Yong Pyo Kim!
IDepartmen of Chemical Engineering & Materials Science, Ewha Womans University

nARA et O QIR 2ras s B2 wRE] %?ﬁﬁé}i 1 gl l =7
qidE dols eEoly okl Es FHasta =1
El At 2P AR A4 = H‘r_‘r fr%oli}%f

FolAe= A 2005 FE 1093 32 de oS —Er%OPO:] FEHe| wAHA e} ojttatd 4
%_"—;3 =ol7] A% AH 1A 7] AgDe Alstedgkar, 201595 10d3F 4x53 el A&
ke Fdste] 22k ZIEAY S Al@Et] mAEA|, ojqtstd et A 2uAUAIL} &F FES
Zole AL Hy Yo =T AIFFHoZ 2013d 12¢¥0l Vﬂ‘ﬂ?q THHA S Tt At
Atk D= =78kl B2 wRlEo]l AR Z2uARA thFel wEshA] Far wetsskal 9l
ol &= (D mAA= Foldlx], Zga oH A4S dodl= 112 argsta, (2 Ul*ﬂ‘jdxl 5
Azte]l g2 dZled=ded ws oHe olwE AwWsta, Q) mARA EAE sAsr] 9T
stz Agtel, A ol el =2kt
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Air Cleaning Technology for Airborne Fine Dust Removal in Indoor

Sunghwa Lee!
.G Electronics Co. L&A Research Center

At EARL b AY BPoE: edwy, AV, +B4, 284, BWAE o
SrEgon FRE 7} glos, Az orlede) 4w eqle WA Ao wrlolz
=E2Age] e #aol B3 EoAL Atk 53 AuelA ATSHE ulgo] 95% ol go] HuA
Al B Bl R wael 53 FUHI glom, olg Astel My /1A AL A%

887% ] ge Bilo] 43I 9

A F/E RASE PMIOH 2& vIAEA, WA [ 4F | VOCs @ Felhash g by
FANA fHE PM25sE 2 Ul AAASG AP | 2ol B vlole sl 2L Bo Aerosol e
YAy BAL AANE 7% Awel Pasi,

=/ 8d A =

o —=

Non-thermal Plasma S8 &8 7| & M2 @M = S Ao &2

L e L e 3 — et -
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C em1o ) O ( pMmzs ) [) BloAerosol I} (777
% 58 2[% o We| B AT B8 e ol =3
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Plasma

Flazma
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 FH=E « Mybrid ey - Elestris Fiald =
- Padeal {THO2 + SiluenCu} . Magnesc Field 2|
#HE} o B oL 3 -.:Ecwltm e
L BAN SR - Becirle  Swid &8 T2
| Aiars i gl g4
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L5 LGHAHF)NA AU 7134 71ee 7HEs } A F2 7leR FRG AEZ2nE ol &%
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Status of Fine Particulates Control Technology Applicable for
Industrial Processses

Hyun-Seol Park!
IClimate Change Research Division, Korea Institute of Energy Research

H A A FA4 siAS fsl BFoAE =% AuEdbdis dA 7}%%% 7] ;—1]7] T A4 A
A WEa Jom, AAAAE APEAR] AR A Ags

Eﬂl?q uie} o] mAM A= AFdFAHUAA AAE & wiEEHE 13 “d o 7k O“HQE HHE
H 3 7] FolA FEEHg ol 93| ”“l"‘zki HetE = 22848 AR FREH, 23 |1A 9
AELAZ = 4H8EGOx), AA&AMSHENOX), 3 71718 E(V0Cs), dEYol Fol Sth upehi|
7] F vAHEAY FEE @F7] HelAe 1x3 "AXYd 23 WA YAdEHFH = SOx, NOx,
VOCs9| Hil=x A Eokyt gt % M= BA AAITAHA FAYTIeEA ALHIL As
PM, SOx, NOx VOCs A7t71<4 d3F 4 g3 7 &/ weks éﬁbﬂiLx} 3o},

2371ee aA A4, v, 54 1%i U =d 78H o2 SOxE F5AASHE 7I<olth. Iu
”F&H‘%ﬂ*ﬂl A= HH?E%%*%% o A3 e AR AL A4St B o] =9l
of ERtEE Mg Aste F4 A1 FAo] AL Jom, v 237 FA
o2 AHYrtz=e EIF AL A7 FA FolA E8&FHI A HT U HEAAE 7]E F2
gGgdn| o] 885 JMAEkY] 8l A7l SO, iE T2 WA, A8 AAZA 185 E3) 5o YHES
EdstAY HESta gt

EHQ dd7]|sS dREYots: SUAE Agsta HAgzx=
Ae 2= W/V,05/TiO, Agold, Zujeo A% % =35
HoME 2 BE&S A3 SO, ¥ ¢ 50 9%t
el w2 =go] 7 Aa ok T %_PZ“POHH g
Folazt st glow, ol & fa) gdAH| o a3 F7}
=3

HARA71&e A A7FHRGA G ARz o2 FREE, S A *Oﬂ/ﬂL &2 A3
715 ALsta doh. A7FR7F AR[{H7Y HREasEe 2% Z1soll Hl&| wW$ F=2
99.9% FFola HEF TEE YWkzxlog 1-10mg/m® A=Z X9t} %}% 22487 A8 o
Aol ZgtE]o] HEE = Aol vlE), v = AEH, ANES} o] AF ALkFA oy 717417}%
T e FEHS AT ALHH, ANEATFEE £FAA tHEF7A A8 Hevt HE}
7le2 71 Ay Aess AAE A JIe/iEd AANES & FOE UFHARE
FAY 5 & PFOR sEA o] A Yk,

Fu WA RIISFEVOCHY HFEES =4, A4 5 #7184 AN MEHE Ao
A dom, AVEEE GAEE ol &3 FEAV|EH 43171 «RTO, RCO)ol F& o]Fa JUth
FA % AS AP Adulgol wal AT m2s] WRe] fABYt Gold slwe] B
T8I7F Zow, 4sr|wo] A9 =2 AAdB|e) Ad8HES riHoE AT 5 Jde JlEEo]
2 g 5t}

2 dTe SF=iduAT|sdTFde FaAPeE FYg Ay ohBT7-2435-0D).
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Development of Super Ultra Low Energy and Emission Vehicle

Kwan-Young Lee'”’, Jae Hwan Lee!, Chung Sun Park!, Eun Jin Jeong', Seongho Lee?
'Department of Chemical and Biological Engineering, Korea University
Green School, Korea University
Super Ultra Low Energy and Emission Vehicle (SULEEV) Center, Korea University

HZ vARAR Q& olHE EAC Y B ALKHoR Fopxa glen ol Qs A
Ao E nAAA AAHS AZFs7] 3 =8-S 7] &o)a Yot mlAAA|(fine particles)= A4
&Z(particulate matter, PM)E FA4Ho] om 25 um ©]3te] 4 AVIE ZEe PMpse A
PA7E Hel FAHL daAe T =86 AT dudS B HAR T /LY F Uk
a7 T vARA sEe F2 OPEEE=A w=A vEda 9loy, 2060 PM B 2o
o =l FAA A STHES T AR OeoR M w8 Zer AYE ARE S
AR A A AR FEolth

ApFoll A AEE PMO] A Ane B9 AARE 18| PMol AR wlE(primary particulate)=| 3
dqom, HiEvizo] EFH EEFA HO, HF2ASE NOw), F4kstE (SO S9 3454
45248 FlM= PMol AA(secondary particulate)=7] W&o Z#F w77t PMe] 2, 7+
W&o 25 #dojsta Itk whebA mAEAl BAEe E017] fEiAe AsatlA A wEEe
H A A Rk opu gk v ETbso] EFE o] Qe AA4rEHE (NOx), ©3t+4 (HO), d4tstea: (CO)
o 2d=d B3 HYH o= AE oo gt

=, BEU & F& Ad=msdAMe vl 453 Astd AF dnl A 2 wEF A AgE
B3 A3olm oo wak NOx, PM, HC, CO 59 2¥EH g wE FA= dF 432
drgelt. ARt WMlETt: AFAE AFAVIeH AdREE &Este] ARTE sz, @A
VNe2e Ao Avl FH AF wErts edw AE T S5 fle %ol webA
A AAReR Ao ARl FF wiEF ARe SAd ARE F de Ve AL A%
ATE T8t o olF fsiMe MEVt: AeEu e AR &4 IS AUAHA et
2 AFAE s wobdl wEvtes ERAAE BE A3 H5S Hole MER A" AEs
a2 Axsst, vy 4 Tle, AdbaAgst, AAAl o &% dA7E s ok
Axtstel Aok Yiestst ZHE ol &st ATH As v, 55 stE &Y SvE fEsia
Atk =3 A FA-1L gF EAS ZE NOx 2 HC §FFHAE Mdsta &£388 €S 53
FHAE PM & Fuot dAsete 7les A7 Folth 1l AL HA ZuE g8
=837 Sl wiETts st R Aol 9 o) A Alx®e It AA @A A& Thed
A% - AWTA Fl Az"E Adstaa dTE Y Folth vdd Hd Ve % dTE
d 2ndnl-2AMES FA SR Y A 7le ALl 7]dstaa o

—
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Microporous V/TiO, Zul& A&3 533 SCR &9 NO, ¥
N.O A& &4

NOyx and N;O Reduction Characteristics of Hybrid SCR Catalyst Applying
a Microporous V/TiO, Catalyst

Chongpyo Cho’, Youngdug Pyo!, Gangchul Kim!, Jinyoung Jang', Yongjin Jung', Youngjin Shin'
Korea Institute of Energy Research

B AFs bAoA NOE AAAI717] flsliA AF85 = urea-SCR (Selective Catalyst Reduction)
Zu] A2ES FASE7] YA microporous V/TiO, Zujel Fe/Cu-zeolite &ZwjE B3 oz A8}
At wE7t AR o= microporous V/TiO, FulE il HZol Fe/Cu-zeolite ZvllE Hj X3}
vanadia A€ol w2 NH; F4Ed 7113 slip¥l&= NHyE HASSIES 33t

AP dFo 2= 57kWH 9 off-road A XS thFo = s on, g Axdox Zaj74e
Ax =F=ZHE DOCDiesel Oxidation Catalyst), DPF(Diesel Particulate Filter)9} SCR ] =AM =
AAste] APt

NO ®H3zg& 2 NO, W] <9olA Fe/Cu-zeolite ZmjZ%k o]Fojx SCR Z=wjo] WEgo]
microporous V/TiO, Zufjel]l Hl&l] A& o= FA Uetyt. 22y N,O vl &% Fe/Cu-zeolite Z vl
7} microporous V/TiO; ZvwjRth @ol, N,O &% A7t Ao A= vanadium A F el Zn) ALg&o] f
g3 Ao ® ATtk o3 7 Fujzte] Edol= ez #A(trade-ofNE AA3] o] &3t HFH
SCR Zuj& TA A

A3 Ao =W, 533 SCR vl NO HEHE 2 NO; HE& A Fe/Cu-zeolite Fvle} A
A EAE By, 42718 NoO/INO, A81&-2 Fe/Cu-zeolite FolETh 1 F2 =R 9 ollARt
FASE 2 NO AAdHI &S RS

ZERU R 533 SCR FujA2®"l2 NO, HHgolA & A543t glo] NOx Az dhg 93 N,O
A3 ATt.
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Biological odor control strategies to attain low biomass growth
and low energy consumption

Daekeun Kim!
'Department of Environmental Engineering, Seoul National University of Science and Technology

e ABAA) T BEH FHARN LR AelA A, A Aol AgHo] o} Bl @
C SR orRme] wAd S 4RI AE WA Askel AHG 29 AAE W
74 %sta otk ohA: F A4 oldel BAm FAEI T4 B4 4714 B EAlsh:
z 4AANE BE QERA A7} AT 2T, SF 9ETIE ol 2

Fo] wobA 3 U7t F7b B A el @ FelH Fo-4714
o i el A A AsE BT 4 e 4
£4 7)%o] %&%}Uﬂ, T ATeaE H gE T obe deng Adsad o a6, 599
P RS AARAL ol fotol ABEA 1 vpolerls ANRE THH A o
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lo rN
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W, BA, dohe Aol AT £ U K e Fels 4E3Al gedud @
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Fig. 1. Bacterial competition: Genomic Fig. 2. Fungal bioreactor for odor control:
classification of bacterial community in term Fungal species isolated from long-term
of relative abundance: Percentage of total operated fungal bioreactor(above); SEM
effective bacterial sequences in a sample analysis of packing-bed media in fungal

reactor



CT-07

Effect of metal oxide nanoparticles on shoot and root growth of
Lactuca sativa L. and Raphanus sativus L.

Eun Jin Lee!, Xin Yang!, In Chul Kong""
Department of Environmental Engineering, Yeungnam University

U= A (Nanoparticles, NPs)= 2129l FUoluyt Alaro] 93 &2 370 wEHo] thr], EY
2 Fd ode dle] Ak 1A AAAEA ALY 7P ZEAQ dES gdete AES O
3k 7304 NPsel HE3stH, NPsE F3tal Ao Zste 5 A8 7HA 4528& stA doh

NPsE F5% &S AHAT AvAY Adol= NPs7t FH=HW, =

7tete] BEsHS 4otk NP7t A=Ad 4 2 FHH™ 10 wzt AE54e vehes 34
of g AFE st /7 A EH NPsE tidoz o]Foj# githMa et al. [1). Lin and Xing [2]
< Al3} Zn NPs7F #ote] wrop gl Hejzbe] wzxle= FFS Hr7leth Gu et al. [3lo] @29
CuO, ZnO, NiO NPs7} Aot &/dol Tt 54 FFE Udetilen, NPso| Ff/ol wat Aold 7l
s Ut =3 Qo] A W Zn NPso| A &o] =29 NPso| v% S7iet Aa#AA7E
g3 B3 E S tHSohng et al. [4)).

B AFoME Lactuca sativa L. (“33)$} Raphanus sativus L. (FEFEIF)E o] 831 <443}
NPs(CuO, ZnO, NiO, TiO,, Al,O3)7F A ote &7] @ ]yl nx= F3FS ZASEYE T NPsoll of
g FFE AotH YA TR wEt Fold NBEE UENT. B9 NPs FF A ANA A3
Z7] 9 WS PHECHS TSP 2ok Z7); CuO, ZnO, NiO O 50 mg/L), ALOs, TiO, (> 1000
mg/L), #2]; CuO (0.25 mg/L) > ZnO (0.5 mg/L) > NiO (0.57 mg/L) > Al,Os, TiO, (> 1000 mg/L). &€}
g5 =7 9 HYSHYFHECHS o3 2ok £7]; CuO (11.47 mg/L) > ZnO (15.48 mg/L) >
NiO (16.09 mg/L) > Al,Os, TiO, (> 1000 mg/L), ¥2]; CuO (0.35 mg/L) > ZnO (1.23 mg/L) > NiO (2.85
mg/L) > ALOs, TiO; & 1000 mg/L). 471 <Ete]F Bt A& o wghsitta A AT

oY NPs AdoA &2 54 9SS H< NPs 3F(CuO, ZnO, NiO)®] ECsoll A3kl 1/2ECsy,
1/4ECso0ll 24 ¢ 25 %0 dd £3 2A12xPo= H4FS Tt 45 deaF F T9
E3HF 24x3) T2 HUH&(p-value < 0.05) 2.2 ZALE AT

A
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FaERA
1. Ma, X, Geiser-Lee, J., Deng, Y., and Kolmakov, A., “Interactions between engineered

nanoparticles (ENPs) and plants: phytotoxicity, uptake and accumulation,” Sci. of the Total
Environ., 408(16), 3053-3061 (2010).

2. Lin, D., and Xing, B., “Phytotoxicity of nanoparticles: Inhibition of seed germination and root
growth,” Environ. Pollut., 150(2), 243-250 (2007).

3. Gu, B. W., Lee, M. K,, Shi, Y. T., and Kong, . C., “Bioassessment of Nanoparticle Toxicity based
on Seed Germination and Germination Index of Various Seeds,” Clean Technol., 21(1), 39-44
(2015).

4. Sohng, Y. R, Nam, Y. S,, and Lee, 1. S., “Phytotoxicity and Bioavailability of Zinc, Zinc Oxide
Nanoparticles to the Cucumis sativus,” J. Kor. Soc. Environ. Eng., 31(7), 467-472 (2009).
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Chlorella vulgarise] A%+

Toxicity evaluation of binary mixtures of Metal-Oxide based on
the growth of Chiorella vulgaris

Mun Hui Lee!, In Chul Kong""
Department of Environmental Engineering, Yeungnam University

a4 (Heavy meta1)° HIS 4o]d9o g&os dF= nFdLazs HEstzor Fo4S 2t ¢
L= o A= 1A =2E Aede A=54S el ol Aslgdor Z #AEoklt S5
&L FE X}?iﬂ AA B B B Y FF T ASA Aol g FE =E2HY. v 2 4
shge, T d%ﬁ%,ﬂa4;%ﬂiﬁuﬂ@ﬂﬁ}W”DM14HWW ol FTEES AK
sHom 47 Xﬂﬂﬂll ge ¥ ooty AA W FH Aol At AR F=9 Fol FAH 54

bl

ol EI_]-/\-] E/\-] t‘l:_}/\g/\]?]q.

B ?35101]/‘15 Z3<4 72(Cu, Cd, Cr, As*, As”, Zn, N) £ odo] mA= IFL ny Hx
Chiorella vulgariss ©]&3ty ZASIAT EFE 2o Oid A 298 343e F 9
dAaxoz wgsty, A Ao v IFE FHetstsd Fad HRE AFTE Folth
ZH@lgae)es FAEAY F8 Y DA F /M SHES AAGE BAAEA A9 FEFEA Y
Hol2 AFH7] wiZel] Holdd] AN Fa3 JATE e AEoITh = FHELTL AAXA
2, AFY gold, &4, AuE o FHAA Holur] wiEe AElsAdB It w-g
BHASH AHEEE AETOIT Sx2Fo VA dFS FHE, FEEE 183 VAT S3l
A8t BrlstAaoh 7 Fe FEES EFsdew F 212l oiE] AT AdAd
2292 AdFgo] 57%2 71 =4 UEig e As2go] 29%, HUMEEo] 14%E /M WA
Helgth MAlG SAHNME mriAE Addgo] 43%2 M =2 Hl&S AR oH
FEAEE 29%, H7HRHE 24% =4 HlES UEWH o9k 2 FF =T HUFEo] 48%E 1A
=41 Uegten AgAgo]l 29% 8|3 FeFbgo] 24%= 7 WA JERTh Cre dR9

ZAPEe AP BE ZHNM F5Ag0] Yehigon 1 9 R FIEES FE G §o|
Jebgth mea 34 Bt dgdso T2 Jrhir e B 243 2dE 49 4edee
F2 uehits e ¢ 5 ok

FuER

1. Lee, M. K., “Toxicity evaluation of metals and nanoparticals based on the algae activity,”
Yeungnam University Master’ s Thesis, 32-38 (2016).

2. Elisabeth, A. H. and William, H. C., “Toxicity and bioaccumulation of a mixture of heavy metals
in Chirinomus Tentans (Diptera: Chironomidae),” Environ. Toxicol. Chem., 16, 319 (1997).

3. An, Y. J, Nam, S. H. and Baek, Y. W., “Fundamentals of ecotoxicity evaluation method using
domestic aquatic organisms in Kroea: (IINGreen Algae” Kor. J. Limnol., 41(2), 117-127 (2008).

4. Dutuibe, J. O., Ogwuegbu, M. O. C. and Egwurugwu, J. N., “Heavy metal pollution and human
biotoxic effects.” , Int. J. Physi. Sci., 2(5), 112-118 (2007).

-45-



CT-09

1EFF

off

s

2
o

o] &3 AEE FAL AFHAA A TF

1 2
AAF, W

(FEelAAETA A=A - FAAT L, T4

9

i

ok

ERE R R

_fou

1=
T

Dry process for odor removal of high concentrated sulfur compounds
using high adsorptive desulfurization agent

Shin Dong Kim', Seong Soon Park®
IE & Chem Solution Corp. Energy & Environment Research Center,
’Dongkang College, Field of Health administration

BF712AAE ToAA SAEAVE, SAEAVIEAYS, drenA, FA4 £ T o8 ¥
Hpoj @7k Ak Aol AU A Hg Foiel ¥R stAl kst At o

A7471208e edshE QoA T 2 WA F shls Bgerx wale slel@t
KA WYZ, AFEAMY BAYTE2G} WY RSAHAM YAEE Hho] Qrbxo] =
wrEe $AG GABAE AP PREL AXATL. LHE FAD FHEAL AA

R o0 mE 30 o RS o §3te] AASE FAL AEHT YA, A4, SveA
FES AGFORA A 24 AP Ue] Hi Utk FALD 4HY WEEAA I
AASI 9% A4 FHL AW Sshel R FR AAFAAE Agshel 714,
o4 S FRsux AFE AYsth A2 TR AAHL Bus] Aske]
FUEES AU BIWME FArE FF AAR e =4S Fusgth FD
1200 Gsec ol Faaa ohEasol 0%E Afaon, 4B #9 Ax B Hao
F7ol WE FF 54 Fusidnh = FRA YA AE AZEY] Akl PR FRo

1

f

Lol
I B 2l ol Poofrt 2N mo fm N

—_

2L b X o o pfr pi ol pok o

53
A% BAL AFol AUt FF A AAETAY A4 FF 24 WSS APAPORA
BgerA AA D wlolerls g Bopo] 4P AAH ANE HolP oz oy

FuER

1. Do Khac Uan et al “Application of iron-based adsorbent(FeOOH) to remove hydrogen
sulfide(H,S) from biogas“ Journal of Science & Technology, 54, 2A, pp.35-41 (2016).

2. S. Haghighatafshar. “Management of hydrogen sulfide in anaerobic digestion of enzyme pretreated
marine macro-algae“ Master’s thesis, Lund University (2012).

3. Seoungwoo Lee et al.“ Adsorption characteristics of hydrogen sulfide on iorn-activated carbon
compositie prepared by ferric nitrate and ferric chloride“]J. of Korea Society of Waste
Management, 32, 8, pp.772-779 (2015).
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TYEYHAHS o] &3 A FA e AHse w &
BaMnAl;;0y9-5 9] Bl

1 2 1,*
A& AR 0 g5

'Zdusta o U A #8t7] ST E, AF)A AE] Ao 2(GNTNS)

Comparison of BaMnAl;;019-5 According to the Phase Change of
Precursor Using Homogeneous Method

Ji Yun Park’, You Shick Jung?, Young Woo Rheel
!Graduate School of Energy Science and Technology, Chungnam National University
2GN Technology & Solution

ol

AxEFvd dA7t=y g3a, dAasigs, AR EE 52 Jddaryg G
HAAog A AFA7E Zujoltt FHAALRE COY 2L Fall7lx =9 Usls &
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Abatement of Nitrogen Oxides (NOx) Using Plasma-activated
Catalytic Reduction Process

Byeong-Ju Lee!, Jin-Oh Jo!, Young Sun Mok""
Department of Chemical and Biological Engineering, Jeju National University

2 AdTelA e St 298 d3taea A9z S #9 (SCR) & 401]/‘1 setzrte] os) A
AskE(e]st NOY Agage] Fd=s el tsl =Astt :r”ﬁ < (Ag) Yx=dA (20 nm)
¢ y-AbOsE EREI FulE A=A, AxzE Agly-ALO;E el 883 g Fxlste] v ut
712 ARgEtth AFadY S F ] A Ezrpl A4EHES A5e AN @A
ZE n-3H <A (n-heptane) S /\}%’5‘}%{ W FEE 257 ppmgi aAgsFet. A, 4k, FE, NOx
2 FAYE 2A a7 72 fES 2 L mint, NOx B%+E 300 ppmel Atk 250TC ol 4] SCREA o] =
gtznts A¢dle 45l NOx A& &0l 80%s Lét R, SCR @538 < mol= NOx A4=
0] 10% olstdth. Zzk=mtel &3k SCRE A dds Hal7l &, + 7HA 7Hs Al
AA, E2t=rt7}b n-heptanes &8l A#H SCRoAA -3 %é Uetg= A4d=S UEo 2 A
oltt. &4, NO7} Z2t=utel] o] NO,= W= A *w}ﬂ SCRoll A NOZ7]' NORT} N, &2 F¢lo] %
2 Adoltt. 714 A=vtEIy] 248 T3 ETh=r7t n-heptanes EAA TR F& A4S &

T4 (partially oxygenated hydrocarbons, POHs)7} A8 ®H<S & 4 Atk POHse] NOx A7t 4%
= #lstr] 9fdl, POHs 5 ot ELH SOl =E SAAZ AHEste] NOx A% AddS w37 23,
SCR @=FAgoA = NOx AAE] 90%s sttt + WA 7Hdo] EP:H&FQE Asst7] #lshke
300C el A NOx (NO+NOp) =5 300 ppmo = JJE,%P FEll A NO; & ¥ #3stAl 78 SCR &4 9
ARy 447}?5‘}09«14 A A3 NO, &0 wobdrs = whgol 23k NOx AZE&o] Faddtts
e & F AT A Sl Ezts ﬁﬁﬂo W NOx AAZEe] F&H= 22 Eh=rt
of o] NOZ} NO.= 4F3ts7] wZo] ofyzt, n-3le|lo] Eaf= o] o] -3 POHs A4 =0l
HEoAY] HEoer dEAS 7 Ao

o] = AFustu AvtEIEet FANYA FHIUNY AHFEALDCK- 1)) A s Top
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A Study on Fuel Ash Characteristics for Coping with High Efficiency
Clean Power Plant and Fine Particulate Matter

Hueon Namkung', Young-Joo Lee!, Ju-Hyoung Park', Gyu-Seob Song', Se-Joon Park!,
Joeng-Geun Kim'!, Jong Won Choi’, Young-Chan Choi®"
Korea Institute of Energy Research

A Merslg e Evel BHY T oF 40%2 HA vlFS AA s JAAN HT 71EsE 9o wA
AR 7 Aol HHA R Aol FitHI = A&olnt. old wf, ARG He TS
O% o SdE A A4 E}E—%% 14 & 884, CCUS (Carbon Capture Utilization & Storage),
042%13& (Fuel Sw1tch1ng) °ﬂ oAl A o] Jheatth =g, HE IuddlA Aol Hi e AR
&l A=HE 7)Eo] FL3ITh

A= ?Ql-roﬂ W ‘—E.Hoﬂ%“‘ DRAEEFST A5HAE 7ls MES AsiA 71 AAHA A+ T4
%‘ Aog AdHET. ASE E3lshd AE{IZAHAA ANUAZ AZTEHHA, FAM LA FE Es
4 &8E FES TAHATIH, ol LA IJES FAHU FRAEHUA R a4l
Fouling/Slagging# %2 d4& of7|AlA dx 4o 8& Aste}t A4S A9 =29 BAA/A 2ot
ATz B 32 d s wAEA wAhe]7] = shrt. Fouling/Slagging @38 A&7t £
A= uH B EA o] FFS W] wEe), A5 EAlo wlE Fouling/Slaggingoll th 3k
AT77F Fastt 59, A2 @.E@‘ra"ﬂ Hio] Quj 27} EAEHAA 3 54 W7F 9 Alo] Wy
A7 O "AAHAA L A=
2 dAFodMes da 2 7kas 21049 d8d 3 B HILE k9, ole wE Fouling/Slagging

Aol tisf HlwH 7 SFATh %3], Hlo] @ w2~ 3] &Eojl&= Fouling/Slagging F4&E2¢l dZejAde %
*%{Na K)ol o] 2F=o] 7] wiol, nte]euj~E A5 & AHEA] Fouling/Slagging 3742 TS T
HIMs)A 378 dol B l'i_rxﬂ 2 oIANZ g ok wEkA, B dFeAE IR IRy Y eE
S AgHoz AAT IEALY d5et Uut A8 Fouling/Slagging A&43 38 EAE H7lstith
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Development of High Pressure Powder Fuel Feeding System
to Replace Lock-hopper System (II)

Seok Woo Chung’, Ji Eun Lee!, Mun Hyun Kim!, Ki Jin Jeong’,
Jong Sun Jung?, Tae Hwa Kim?
Institute for Advanced Engineering, SEINTEC

Qurdow mete] wrgrlel BA FEle AnE FFAY AAAEL Al FFehuA s
PALEE AFSE AREIASL s g FHE WRSHEA Y 4B PAARE
AgAEe FFE Frlos FFehe Zovlock-hopper) AxEE FHsA Hoh So)

HU

A2US ATe SY HHAM ATEASRE Frde $AGSE WolEd F adae
%

2B S50 FESt 1Y WU A BAE GEAA G AYAh T o] Yol
Bl AR SeAo) Bel Banel el sl GUHA ME e Sar Arel AAE
ol 2oy Wrel RAARE FH s u werIR FEIA Boh msh w82
BAGE FFol SEHW oA WHE B3 S5y Uy 4¥e MEs oA 279 3¢
AR WE F AYEARE BAASE A dolEolA] Hn odd dwe] FYo] FrHoE
e R ool BAARSL 2gH weTlR FEA

olgh ol AL FE Axde AES A YR JhY B P SAMBE, vent Hi
PAAE 2o A7E A BEA LY, AR AN AT WAL AZ7] 5 F/4H A
AL Basta ole wAe dxel met EAAZ FYol olFojxths B At =@
253 Azge A&l opd wHHom PAAR FYo| o|FolAx, FEHE I W
FAT FYAA JHgsE HAANA AL 1Yk AHgo] Baste, BAAR Y FEFF
¥ 4% 25y URelde Held wow s ag werlze AR EAAR IO
oML Bl e 7T

& AFANE oA GEA A A FU BAARE 2 e AsHos T
gste ItE sk AL, BY FOoE TAHE A% I¢ BAAR FUIA AEe A
A0 ey Sl N AR dfew £ ATAAE Q54 ng EADE 8 A4
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Operation Characteristics of Indirect Coal Liquefaction Process with
10.0ton/day Entrained Flow Gasifier

Ho Won Ra!, Myung Won Seo!, Tae Young Mun!, Ji Hong Moon!, Sung Min Yoon!, Sang Jun Yoon!,
Jae Goo Lee!, Jae Ho Kim!, Yong Ku Kim!, Heon Jung', Ho Tae Lee!*
IClean Fuel Laboratory, Korea Institute of Energy Research (KIER)

A

73 7t237E ol&ste AtE dAVtAE FEEAES JxHUEQd CO, Hyt FA4Eo|th
ojg|gt AVt AT ﬂﬁ A7), F}NF, #E HArtx, g s(Methanol,
Ammonia)5e 2 wE 4 Atk 100 ton/daymg EBFZ Jtxsly] A4S B AsA FF
ZAAs Mg 7t2g dhgr] 2R3, FA47ts 2AAWEE AP =3 diEd F47k
AA FAH<A Rectisol®a4 3 1sher—Tropsch T dAATHE T3 FH HAH ALES AT
723t FA8e d=md CWMI AHARl AFaE MUY E F3 &7F 7}i§}7] LH—ri 3=l
600Nm3/h«] A7t~ AxEAT. 723 FACANA Alxd VAT 2FEH EE=UHS, CO=
Rectisol ¥4 -30 T2 Jzt= UﬂF/PiO o] &3] 99%, 50%7F AA7F = AT Rectlsol A 2
AADAES AR A7t~ 2 Zn7t 59 Fisher- Tropsch A& A% % <F 6 barrel per
daye] F44/E A4itstAot
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oheole L
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]. a) Coal-water shurry H 2) Gasification process ” 3) Rectizol process ” d) Fisher-tropsch synthesis process |

___ preparation process

Figure 1. Schematic diagram and photographs depicting the KIER ICTL plant. (a)
Coal-water slurry preparation, (b) gasification, (c) Rectisol®and (d)F-Tprocess modules.

FaER
1. Hook M, Aleklett K. A review on coal-to-liquid fuels and its coal consumption. Int J Energy Res;
34, 848-64 (2010).
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Data-driven development of a general evaluation metric for
postcombustion CO, capture

Karson T. Leperi'’, Yongchul G. Chung®’, Fengqgi You®, Randall Q. Snurr!
!Department of Chemical and Biological Engineering, Northwestern University, Evanston, IL USA
2School of Chemical & Biomolecular Engineering, Pusan National University, Busan, Korea (South)

Smith School of Chemical and Biomolecular Engineering, Cornell University, Ithaca, NY 14853 USA

Molecular simulations and macroscopic pressure swing adsorption simulations and optimization were
carried out for more than 400 metal-organic frameworks (MOFs) to determine the most important
isotherm features in predicting the cost of post-combustion CO, capture, and to find promising MOFs
with low CO, capture cost. We find that N, working capacity appears to be the most important feature
predictor of the CO, capture cost, followed by the CO, working capacity, CO./N, selectivity at
desorption conditions and the heat of adsorption of N,. Using the data from pressure swing adsorption
simulations, we developed a general evaluation metric (GEM) which can be used to rank the
performance of nanoporous materials for post-combustion CO, capture. Spearman’ s correlation
coefficient analysis showed that the correlation between the cost of post-combustion CO, capture and
GEM is better than any other existing evaluation metrics reported in the literature to date, such as
Adsorbent Performance Index (API), or Separation Factor (SF). Based on the screening, we find that the
most promising MOFs will cost $30 - 40 to capture a tonne of CO..shielding devices.
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50 T/D H7|1& A&A9 F2A ¥Fx]: Ammonium sulfate
A7t g IF

=12 0d 2qsld = o1l o =13*
ARHF, o] A5, FARS FH=T, ole=

A EATFE L2ANURAAN 2R O, P F R Sa 7 A F S,
sl ed g dastn PN 2EFE, ‘&l

Corrosion prevention of 50 T/D waste incinerator: Influence of
ammonium sulfate as additive

Beom-Jong Kim'?, Jeong-Woo Lee?, Jae-Hun Song?, Chang-Kook Ryu?, Uen-do Lee!?’
'Thermochemical Energy system R&DB Group, Korea Institute of Industrial Technology,
?School of Mechanical Engineering, Sungkyunkwan University, *Department of Green Process and
System Engineering, University of science and technology(UST), *Hansol SeenTec

A s Ve dEo g Hr|E B nlo|lemaE FAoE 3 AANARY] 8Vt FUlEa
AARE = HIES AEE AMESteE AZAAELS aF2Ae FAE Qi AdFY 2"HS
Al Aol X3 Qo peRa]e Aguy E3E il dZEAR o) WGt Ho=
oo dazodld £§9 FUET BAsT £Esl FAW SopAE RAeAFHA HHol
Clorine-cycle® @4d3te] wiZHA 3 ALH o= FHe dong. 33y FAE s
Asl AsH, Fx37, d878 ZHAA BL A7t JYPHE Folth I T FHE A=
H7MAE o] &3 2R R 7)Eo] FEA 2o s o] ©e W] A gFo|th

B 3= 50T/D #H7]18 42804 H71A12l Ammonium sulfate®] ¥4 A%< Hrlatr] 913
Aot Az ALHES AMEERon Clo s%5 WAsy] fsk9 NaCle E43aoh

H7MAl= S/Cl ratio 0.5, 1, 1.b2 Fstgoen wjErt2=9] SOx, Cl, HCI % corrosion probeZE
o] g3to] EA33}It}. corrosion probex A179, A192, T11& AH&319a OMx2 7 Aet SEM-EDSE
o]-§sto] EA 3T

FaEd

1. Viklund, P., “Superheater corrosion in biomass and waste fired boilers,” KTL, Ph.D thesis (2013).

2. Kassman, H., et al. “The importance of SO2 and SO3 for sulphation of gaseous KCl - An experimental
investigation in a biomass fired CFB boiler,” Combustion and Flame, 157, 1649-1657 (2010).

3. Tobiasen, L., “Deposit characteristic after injection of additives to a Danish straw-fired
suspension boiler,” Fuel Processing Technology, 88(11-12), 1108-1117 (2007).

4. Hjornhede, A., “Reduction of furnace wall corrosion by the use of fuel additives test in fluidised
bed test rig with waste and demolition wood,” International workshop on high temperature
corrosion in Biomass Installations (2014).
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R&D Status of High Efficiency Low Emission Technology for Coal-fired
Power Plant

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

gelgAo] Hage wet 24V 5 AIFE] 2480 & =2 olxrt HAL, AVIE AA
&S # Aets AAAI =g oz Hdeo] Q75 vt FHZ oA mid 11d~49 7|3t
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Weo 2 olFsta th AUAYS AAEE 71EZHA JEde
bR IRIES] ANt ool ik T84 vt's Folof & Aol
R} dYS Fuwks F gle IHE Holghes HolA AgEda AP ES BASHE odyA <R}
FoETH FaAEojoF & Aol

NUA Y2 E=glo AT e Ul AHAL] JRAF] FEEE Jlds)or & Aoz BT
I8y, Ae SEUde o)4bge A wE SUet wAlEA g acle®E AgstEE . olegl
FAHS 28 4 A= a8 HHMHELE; High Efficiency and Low Emission) o] &7]%& 7]wto]

a3t AdAd A & @AM = ZAIelA T FolAY FAFEHI e AR HEIH
LH7lE T tete] iRy, S FZ FAR tiste] & staa ok
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1. Malgorzata Wiatros-Motyka, “An overview of HELE technology deployment in the coal power plant fleets
of China, EU, Japan and USA” , IEA CCC (2016).

2. Thermal Power EXPO Technical Conference, March 1~3, Tokyo, Japan (2017).

3. AF%, “mAHx <l Aekstd @3 =l oy | Clean Coal Energy Forum, July 20, COEX, Seoul
(2017).

4. Maria van der Hoeven, “Technology Roadmap High-Efficiency, Low-Emission Coal-Fired Power,
Generation®, IEA (2012).

5. Sam Nierop, Barry Vree and Izabel Kielichowska, “International comparison of fossil power efficiency and CO,
intensity-Update”, ECOFYS (2016).
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Development of a high efficient, zero-emission boiler and CO,
capture/purification technology for thermal power generation
based on pressurized oxyfuel combustion

Youngjae Lee!, Won Yang"’, Seukcheun Choi!, Myonghwa Lee!, Hyungjun Ahn',
Yongwoon Lee!, Chinsung Mock!
Korea Institute of Industrial Technology

A MAFSZ olitsterio] Hu HujEdd sELH LA CO, 2 ¢ AR 7l& H§o] 5
Aoz Q7HI o, gYgdt 71ed aFAGE A BEAZ £ e AR dEnde 7
= M LS oSt Utk oleh e AAY 55 &Kol e A9 olgEol 3Rl ENEL
FHOF 5MWth ¥ A77Mde] 5%, 7] DOEE 20129HE F 8/ #AAAE 7AW
A 5 AW CCS 7€ 7H FE3 Weto g Jgteatads 71Eo] fY, vF oA HZ3F
o8 FZHI ok ¥E, vt g duA] HfHo AR A AHe & 7 AdE 8l
o] FZalH, 7|FHste}l g3 22 AAY A Jlee] aFAE tid Vs A des 1
stal o MAY EFe mXAA Bt e Aot olef B AU YA JE MY &
FoA B AFE JIheAtads 7)hke] BHAsE RS 53 7€ wHAe COo, 2H AAE
add-on == retrofit 3= W2jo] obd, CO, negative FHLHALAS ANZE /pdsts WIS A A S
Rnom, 53 drAI2"e] A4 Mdul Bde] M 2HS T Aok obgd 7Y SAA A4
71k A7 B A" RS 9s) 28 L5/9h8 700°C/320bar o] WE/ A A AR 2
ol FHaAslg HAE A Alxg S BXEE ok B AF MY 5% 24 AAHNA F
AH oz asof st 4 7HxE Aunlg 2 9nE Hasl, a8l 231E COo AF AA
g FUslolt) ole} e Al FAE suroE JdE gt ads V) R A~Ee 3
S AAANG Aed sEdHr|E GE NEE §FFATY B AAZTE oA o7t Ak
ooyl H7F 247t AEEE 20300 IA 79T FAEE M 4 71EelH, CO, Aol&
& Ao &g 83 F VTS A S48 SFHAAE V|Hste vyt F ZoE o dd
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Gasification Characteristics on Operating Condition of IGCC Plant
Using Pressurized Drop Tube Reactor

Sung Min Yoon!, Tae Young Mun!, Myung Won Seo!, Ji Hong Moon!, Sang Jun Yoon!, Jae Ho Kim!,
Yong Ku Kim!, Jae Goo Lee!, Ho Won Ra'"
IClean Fuel Laboratory, Korea Institute of Energy Research

AQ0T Ao EA o Aol AWM A AAHoR AAAAEA} s)E B
EAMES Ay Ag A7st gwe WAHT Atk o % s1E dunde AN A
e M8 uslgel FEun g, Aeskss AEe duel ge a0l g o

ARESSHEHAGCO), FAEAFCTLAZE, HAAA7I=ONGOAZE & ©dFt ZofddlA &80
aca=d UHT"ﬂ Mete] &84 ZHdA FE3kH NOx, SOx, £3 5 O¥s dAEAE Fdstes
859 A &3 o AHEol HAA Tk 7t2d Ve T RS e Vel =
Aol et FElsty] "ol e 7hzg el Attt dHA Ao £FS
A/t e Wl g2 AFAZLE HEgo] o] FojA7] W&
Zlo] zasti

HE

B Ao A= Pressurized Drop Tube ReactorE o] &3te] A% = 7V23 SAFAY T3
A Martast dTE FIEAT Aol AHEE dREE QAR Lﬂ/\lo} Aed Fo MEs
o] &3l mlwatPar, w719 ¢H- 3bar, 2%+ 1,000 ~ 1,300C 2] WA AFS HAASH Y.

Figure 1. Schematic diagram of Pressurized Drop Tube Reactor

il
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1. Harris, D. j., Roberts, D. G., Henderson, D. G., Fuel 85, 134-142 (2006).
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Development of Absorbents for Coal Gas Ultra-Cleanup in IGFC System

No-Kuk Park!, Byeong Sub Kwak!, Yong Han Jeong', Misook Kang',
Tae Jin Lee!’, Seung Jong Lee?, Jin-Pyo Hong®
'Yeungnam University, 2IAE, *KEPRI

EoATE MurtasiEne A4HE GAtAEE Hustd @48 vEER
MARAE AASY) AT 2HY HAG FFA WSAF] 2ARUG Hukae FHNUAR
g7 AN A7), Fi FAE 9 1T YU L FEIRE ABY 5 Aok ot
3
1

it

&,
Ao ziy oY 74 F83 oUAE @71 A ZAddleld Jidoelst & 5 A & AT
Aertzstz e Akl dAa7ERE ARAAE st d™Ee Adsr] 97 Vt2=AAE
FHo2ste DT Aol siFgET. el VTl ERE dojl dAVlzde gaet ditdtdEa
ol = &FatgtEd X Y FEEI 22 vdedEe] 2oEH vk EX9 Ffole 54
2IHHE ol &3st FAEY, Fad= @FTHANAN d4 For FAdy aga vdedES
TrAE olgste] AR FIFEL Th2EAHAAN FIraHS)e 7R ERHCOS) FHE
HEEM, o]l F COSt Al ZollA 7t&sl whsol ofsiA HS2 dad & H-AYolEE
AHgeEte BR3AAA d& Foz HAEANA AAZH. o' TS UFES =& AAEES
7HAe Aoz dEAd AT, AAE Heriae HFHoR ARPAM FFHZ wHEel
dA7tes 2A4E AATAe AA &Ads] AAHEE Aol v En. ofd & dAFolMs vEe
COSE AAst7] AR FrAlE MEstnr siadn. FAE Agsto] vZFdES AAste 82
A4 FAE2 Cu-Fe-AlAl 23AE ARgsHded, d47t2=9 AAE HHo=2 s wEol
Hg2xe AdAol m¢ Fastth IGFCEAds Hvrtz AATAH oo dagAo]l AAH]
AoH, olF A= Hertx T FAER] COE 42 AFsr] A% H2o= HIS, LTS
aga CO FastaAo] FHlEY. 82z COSEAE AT F5aA4dAA w2 =7F 250 Tolstz
A ok gty O-ol = Bt A4 & FreAde ALodA w2 BFAFES 7HAY] Wil
AZoMe & FFEE7F =HA & F8eHol fAastal, o|2RE WkeT|e AV|E F7HAFACK
st =ddd FAHALAE 278 do JEER FFAE ASHs aAle] AAk 3
+dzhe] HAHIE Tkl vF COS BATAH] AAARE =& Ao wWif Tasit. 4,
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Development of Corrosion Resistant Metal Filter for Syngas
Purification and IGCC Plant Slip-stream Linked
Operation Characteristics
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Validity of Cleaner Production as Offsets in Emission Trading Scheme
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A Study on the Development of Management Indicator and Communication of
Hazardous Substances in Product
- The Chemical Footprint -
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Application of the SMEs Customized Resource Efficiency Improvement
Program
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Performance and Implications of Toxic Use Reduction Act (TURA)
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Phytobeds with Fimbristylis dichotoma and Ammannia baccifera
for the treatment of textile industry effluent

Suhas K. Kadam!, Vishal V. Chandanshive!, Mayur B. Kurade?, Byong-Hun Jeon? Sanjay P. Govindwar'?"
IDepartment of Biochemistry, Shivaji University, Kolhapur-416004, India.
Deprtment of Earth Resources and Environmental Engineering, Hanyang University,
Seoul, 04763, South Korea

Phytoremediation is an emerging technology for the clean up of contaminated sites which involves the
use of plants and their rhizospheric microorganisms for the removal of pollutants [1]. Dyes are a
group of recalcitrant compounds present in the textile industry effluents, which may have toxic,
mutagenic and carcinogenic effects. The study of the potential and mechanisms adopted by the plants
with respect to the effect of physicochemical parameters, fate of metabolism, role of oxidoreductive
enzymes, and redox potentials in the removal of various textile dyes using in vitro cultures viz. hairy
roots, suspensions cultures and whole plants helps to convince direct involvement of plants providing a
new dimension to phytoremediation studies [1]. Phytotreatment systems such as floating islands, surface
flow and subsurface flow phytoreactors, constructed lagoons [2], phyto-tunnels [3], static rhizo-filtration
units and combinatorial reactors [4] have been found effective to treat textile wastewaters. Use of
various aquatic and semi aquatic plant species like 7ypha, Ipomoea, Phragmites, Canna, Iris,
Stenotaphrum, Salvinia and so on is advisable for nutrient removal as well degradation of dyes from
various wastewaters. In this work, Fimbristylis dichotoma, Ammannia baccifera and their co-plantation
consortium FA were found to degrade Methyl Orange, simulated dye mixture and real textile effluent.
Wild plants of F. dichotoma and A. baccifera with equal biomass showed 91 and 89% decolorization of
Methyl Orange within 60 h at a concentration of 50 ppm, while 95% dye removal was achieved by
consortium FA within 48 h. Floating phyto-beds with co-plantation (F. dichotoma and A. baccifera) for
the treatment of real textile effluent in a constructed wetland was observed to be more efficient and
achieved 79, 72, 77, 66 and 56% reductions in ADMI color value, COD, BOD, TDS and TSS of textile
effluent, respectively. HPTLC, GC-MS, FTIR, UV-Vis spectroscopy and enzymatic assays confirmed the
phytotrasformation of parent dye in to new metabolites. T-RFLP analysis of rhizospheric bacteria of £
dichotoma, A. baccifera and consortium FA revealed the presence of 88, 98 and 223 genera which
could have been involved in dye removal. Toxicity evaluation of products formed after
phytotransformation of Methyl Orange by consortium FA on bivalves Lamellidens marginalis revealed
less damage in the gills architecture when analyzed histologically. Toxicity measurement by Random
Amplification of Polymorphic DNA (RAPD) technique revealed normal banding pattern in treated Methyl
Orange sample suggesting less toxic nature of phytotransformed dye products. The aim of using
phytobeds was for cleaning the contaminated water bodies in constructed wetlands for on-site
treatment of textile industrial effluents for water reuse.
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Evaluation of the Bioluminescence Activity of Pseudomonas putida mt-2
KG1206 in the prescence of Chlorotoluene isomers
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Characteristics of Microwave Pyrolysis for Sewage Sludge
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Combined Heat, Hydrogen and Power generation system fueled by
seaweed biogas

Ivannie Effendi!, Jay Liu!
Department of Chemical Engineering, Pukyong National University

With the growing need for alternative power generation, biogas-powered solid oxide fuel cells (SOFCs)
have become economically prospective devices. Not only for heat and power production, but also for
production of hydrogen which can be sold as vehicle fuel. In this work, process simulation and
economic assessment were performed for a 3 MW biogas-fueled SOFC system using Aspen Plus®
achieving > 45% electrical efficiency. The composition of the anode outlet of the proposed SOFC
system contains CO, H,, HyO, and CO, which is comparable to typical high temperature water-gas-shift
(WGS) feed for hydrogen co-production. The conversion of CO in WGS reaction was 88% with the
hydrogen concentration of 35 mole %. Pressure swing adsorption was used to purify the hydrogen. It
was calculated that the produce hydrogen (60 kg/hour) had 99.99% purity. Heat from the high
temperature SOFC was utilized using organic rankine cycle (ORC). To our knowledge, this has been
the first work on modelling of a biogas-powered SOFC integrated into a combined heat, hydrogen and
power (CHHP) system.
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Improvement of acid mine drainage treatment using anaerobic
packed bed bioreactor

Subhabrata Dev'?, Byong-Hun Jeon!, Soon Woong Chang? Jayanta Bhattacharya®"

Department of Earth Resources and Environmental Engineering, Hanyang University,
Seoul, 04763, South Korea.
’Department of Environmental and Energy Engineering, Kyonggi University,
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Sulfate and metal-rich water generated by mining industries is known as acid mine drainage (AMD)
which possess serious environmental threat to the mining areas [1]. Microbial treatment of AMD by
sulfate reducing bacteria (SRB) is a feasible and cost effective alternative to the chemical treatment
processes [2]. The SRB reduces sulfate to sulfide that subsequently precipitates the dissolved metal as
metal sulfide [3]. The present study discusses the potentiality of anaerobic packed bed bioreactor (PBR)
for the treatment of AMD which was collected from coal and metal mine. Multiple process parameters
such as pH, hydraulic retention time (HRT), concentration of marine waste extract (MWE), sulfate and
total organic carbon (TOC) was optimized together using Taguchi design of experiment. At the
optimized conditions (pH - 7, 20%(v/v) MWE, 1500 mg/L sulfate, 48 h HRT and 2300 mg/L TOOQ),
sulfate was removed by 98.3% and 95% at a rate of 769 mg/l/d and 732 mg/l/d from coal and metal
mine AMD, respectively. The dissolved metals (Fe, Cu, Zn, Mg, Ni) were removed in the range of
94-98%. The contaminants in the treated effluent satisfied the minimum permissible limit of industrial
discharge proposed by Bureau of Indian Standard (IS 2490:1981). The present study established the
optimized condition for PBR operation for the complete removal of sulfate and metals from AMD. The
study directs the future research towards development of an efficient treatment process for AMD in
large scale.
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Pharmaceutical compounds (PCs) are a large and diverse group of organic compounds that are widely
consumed throughout the world. PCs residues are ubiquitous in aquatic environments, and recent
improvements in analytical methods have revealed the presence of an ever-growing spectrum of these
contaminants in aquatic systems, raising concerns of potential risks for humans and for the
environment [1]. Carbamazepine (5H-dibenzolb,flazepine-5-carboxamide) (CBZ) is one of the most
widely consumed antiepileptic agents [2]. It has been reported that approximately 13% of consumed
CBZ is discharged through the fesses and urine without any structural transformations [3]. It also
disturbs the predator avoidance behavior of fish, and inhibits the growth of human embryonic cells [4].
Mixotrophic microalgae have recently proven to be successful for bioremediation of both organic and
inorganic pollutants with subsequent utilization of its biomass as a feasible feedstock for sustainable
biofuel production [5]. The present study evaluated the toxicity and cellular stresses of carbamazepine
(CBZ) on Chlamydomonas mexicana and Scenedesmus obliquus, and its biodegradation by both
microalgal species. The growth of both microalgal species decreased with increase of CBZ
concentration. The growth of S obliguus was significantly inhibited (97%) at 200 mg CBZ L™as
compared to the control after 10 days; whereas, C mexicana showed 30% inhibition at the same
experimental conditions. Biochemical characteristics including total chlorophyll, carotenoid contents and
enzyme activities (SOD and CAT) for both species were affected by CBZ at relatively high
concentration. C. mexicana and S. obliqguus could achieve a maximum of 35 and 28% biodegradation of
CBZ, respectively. Two metabolites (10,11-dihydro-10,11-expoxycarbamazepine and n-hydroxy-CBZ)
were identified by UPLC-MS, as a result of CBZ biodegradation by C mexicana. This study
demonstrated that C. mexicana was more tolerant to CBZ and could be used for treatment of CBZ
contaminated wastewater.
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Ultrasound based sonochemistry: Implication for water treatment

Min Jang!
Department of Environmental Engineering, School of Engineering, Kwangwoon University

Cavitation formed during ultrasound irradiation which involved continuous formation, growth and
collapse of microbubbles allow generating -OH. More specifically, -OH is produced by the dissociation
of water and oxygen (O,), as well as association reactions inside the collapsing cavitation at extremely
high temperatures and pressures. Sonocatalysis of water involved both reduction and oxidation is
important for oxidative or reductive degradation of various types of pollutants.

In oxidation studies, the BPA removal by sonophotocatalysis coupled with nano-structured graphitic
carbon nitride (g-C3N4, GCN) was conducted with various batch tests using energy-based advanced
oxidation process (AOP) based on ultrasound (US) and visible light (Vis-L). Results of batch tests
indicated that GCN based sonophotocatalysis (Vis-L/US) had higher rate constants than other AOPs and
especially two times higher degradation rate than TiO, based Vis-L/US. This result infers that GCN is
effective in the catalytic activity in Vis-L/US since its surface can be activated by Vis-L to transport
electrons from valence band (VB) for utilizing holes (h+VB) in the removal of BPA. In another study,
sonocatalytic reductive removal of nitrate was conducted using magnetic layered double hydroxides
(mag-LDH) which were synthesized using economical metals (Mg, Cu and Al. The mag-LDHs were
synthesized using various ratio between Mg and Al. The result shows that high amount of Mg
incorporated mag-LDH favours a high selection into N, gas rather than NH4 due to high adsorption
surface for H atom which overall reduces the ratio between N:H. It shows nitrate removal percentage
of 87.5% and selectivity toward the formation of N, gas with 78.5% compared to NH; 6.1%. In
addition to BPA and nitrate, various types of pollutants were selected for studying sonocatalysis
coupled with nano-structured catalysts.
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Indium tin oxide (ITO) is widely applied in the manufacturing of conductive transparent coating for the
flat panel display. However the distribution of indium in the earth crust is only 50,000 t. Therefore,
the recovery process from the wastewater containing In* ion is required for recovery and reuse of
indium metal. Conventional process of metal recovery is the chemical processes such as chemical
precipitation, solvent extraction, liquid membrane, and ion exchange techniques. Most of the processes
are required to additional cost and further treatment for the recovery. In the previous study, we
demonstrated the successful removal and recovery of hexavalent chromium transformed to trivalent
chromium from electroplating wastewater by using microbial fuel cell (MFC) with a bipolar membrane.
Similarly, we applied MFC with bipolar membrane for simultaneous recovery of indium with current
generation. Even though current generations were presented as low level (but presented during long
period), higher decrease rate of the concentration of In®* ion in the wastewater was presented in
bipolar membrane MFC. Most of In was precipitated on electrode and bottom of MFC reactors. Further
study would be conducted the harvest of precipitation of In and large scale application strategies.
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Algae biomass has been investigated for the application of valuable conversion processes producing
various biofuels such as biodiesel, bioethanol, biogas, bio-hydrogen, and other co-products. However,
post-extracted algae residue remained as much as 50% of all cultivated waste. Some groups researched
recycle process for valuable products or reduced remaining total residue. In this study, algae residue
converted bio-electricity generation using microbial fuel cell (MFC). In the results, we obtained high
COD removal efficiency and meaningful electricity generation from MFC operation. In addition, we
enhanced generation of power density and high COD removal efficiency (85%) using a maximum power
point tracking (MPPT) method by real-time load adjusting which obtained approximately 0.37 V and
0.33 W/m? of maximum power density below MPPT-MFC operation. Also, we showed the effect of lipid,
protein, and carbohydrate variation by applying the different external load under the MFCs.
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Influence of voltage on electrode biofilms and methane production
in a single chamber microbial electrosynthesis cell

Carla Flores!, Booki Min'
Dept. of Environmental Science and Engineering, Kyung Hee University,
Seocheon-dong 1, Giheung-gu, Yongin-Si, Gyeonggi-Do, 446-701, South Korea

Methane potentially plays a key role in sustainable energy production and it could be upgraded by
microbial electrosynthesis cells (MESs) (Cheng et al.,, 2009; Logan and Rabaey, 2012). This technology
takes advantage of some bacteria ability to transfer electrons across the solid materials (e.g.,
electrodes) as part of their respiratory process (Khater et al., 2015). During the electromethanogenesis,
the exoelectroactive microbial biofilm on the anode oxides organic matter and releases -electrical
energy that is transferred to the cathode and consumed for the bio-conversion into methane mediated
by the electroactive methanogen biofilm(Logan et al., 2008). In order to upgrade the production and
purity of biogas simultaneously, several changes in operational conditions have prospectively examined
in MES. However, the influence of the microbial community on biogas production in MES remains
unclear. The aim of the present study mainly focus on the effect of three fixed voltages (0.5 V, 1.0 V
and 1.5 V) on the microbial consortium which will influence the performance of oxidation and methane
production on the electrodes and liquid. For this purpose, specific batch experiments were set up to
enrich carbon brush electrodes in a single chamber MES. A working volume of 270 ml was seeded
with an actively digesting sludge collected from Giheung Respia Wastewater Treatment Plant (Yongin,
Korea) in a 50:50 ratio with 2 g-COD/l of acetate medium (PBS 50mM). For each run, the
bioelectrochemical cells were conducted under mesophilic (35° C) conditions; and monitored for biogas
production (ml), gas composition (%), COD consumption (g-COD/l), current generation (mA) and cathode
potential (mV) during eight operation-days. When reproducible maximum current across the resistor (10
Q) are obtained for at least four batch cycles, steady data will be chosen to analyze the cycle
voltammetry and to plot figures. An anaerobic digestion (AD) was also operated as a control without
electrodes. For microbial community analysis, biofilm and planktonic samples will be taken from MES
and AD reactors, which might provide an insight on the mechanism of current-methane conversion in
each condition and determine which applied voltage and pool of methanogens upgrade the methane
production.

Keywords: Microbial electrosynthesis, acetate, methane, microbial community, methanogens
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The effect of Microbial electrosysnthesis to methane production and
maintain pH from anaerobic digestion at different
concentration of glucose
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The anaerobic digestion (AD) process is cost effectiveness and sustainable technology for sludge
stabilization and simultaneous bioenergy generation. However, it is highly demanded to develop and
efficient and innovative technology to enhance methane generation with high organic removal in AD
[1]. The effect of various concentration of substrate were performed in batch mode to investigate the
effect of applied MES systems to AD sludge (waste water treatment plant, Yongin-si) with different
concentration of glucose. The high concentration of glucose will produce more VFAs. The accumulation
of VFAs in most situations reflects an imbalance between acid producers and is associated with a drop
in pH. The reduction in pH can inhibit the growth of methanogens [2].

Methanogens are extremely sensitive to pH with an optimum between 6.5 and 7.2. Moreover, the
cathode electrode of the MES system can convert methane and VFA from carbon dioxide that can
maintain pH value in the reactor that affect methane production rate. In this study, single chamber
bottle type MES reactors, was constructed and operated with a working volumes of 350 ml. Carbon
fiber brush were prepared by winding the carbon fibers with stainless steel wire and used as an
anode and cathode electrode. The MES were operated at 35+2 C° by placing in low-temperature
incubator. MES were operated in batch mode with a supplemental voltage of 1.0 V with various
concentration of glucose (2, 4, 8 and 10g/L) as substrate. Along with MES, two additional sets of
reactors were operated as a control. DC power supply was used to supplement desired external voltage
with an external resistance of 10 2. Liquid analysis (VFAs and SCOD) and head space gas (CH4, CO2)
analysis were pursued at a regular time interval (24 to 48 hr) till the end of operational cycle. VFAs
were measured using ion chromatography (Model: 792, Metrohm, Swiss). Head space gas analysis were
carried out using Gas chromatogram (GC) equipped with TCD and carboxen column (Supelco, USA).
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Non-membrane type Seawater Desalination and Water Treatment
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Nanoporous Organosilicate Films for Antireflection Coatings

Suhan Kim'
IGreen Materials & Processes Group, KITECH, Korea

Antireflective coatings can remove ghost images reflected on the transparent media such as a window
and glasses as well as increase transmittance of light through the transparent media. These can be
applied to car windows or solar cell to take advantage of high transmittance of light. To achieve 100%
of transmittance of light on the glass substrate, refractive index of coating material should be 1.225
theoretically, which can be reached with a bulk material. By incorporating nanopores into the
organosilicate materials, refractive index of 1.22 was achieved and over 99.8% transmittance in the
visible rage (I~ 550 nm) was also achieved. To increase mechanical properties, chemical structure and
cross-linking density of organosilicates were modified. For optimized broad band antireflective coating,
bilayer thin films with different reflectance for each layer were prepared by inserting high refractive
index layer. Finally, broad band antireflective coatings with transmittance of over 98% in the visible
light wavelength were achieved. Fabricated coatings were characterized by using FE-SEM, TEM,
SANS(Small angle neutron scattering), XRR(X-ray reflectivity) and depth-sensing indentation.
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Optimization of Operating Condition in Purification Process
of 1,4-Butanediol
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Fabrication of hybrid carbon film and their application for proton
exchange membrane fuel cell (PEMFC)

Duck Hyun Lee!”
IGreen Materials & Processes Group, Korea Institute of Industrial Technology

Carbon nanotubes (CNTs) are of broad technological interest in electronics, photonics, energy devices,
and other applications. However, establishing a straightforward process for mass production of uniform
CNTs with desired structures and properties has been a long-standing challenge. In this research, we
have fabricated versatile hybrid carbon films composed of tailored carnon nanotube arrays grown on
mechanically compliant reduced graphene oxide films. A facile and robust hierarchical organization
process enabled the formation of size, wall-number, and atomic structure controlled vertical carbon
nanotube arrays. The overlapped nanoplatlets of reduced graphene oxide film provided the high
temperature stability and mechanical compliance of the prepared hybrid carbon films.

This novel method also enabled to fabricate the Fe-porphyrinic CNTs, which are outstanding oxygen
reduction catalysts via the efficient 4-electron oxygen reduction process. The X-ray photoemission
spectroscopy (XPS) analysis and work-function data, compared with the results of first-principles
density-functional theory calculations, have strongly suggested the existence of the Fe-porphyrinic
carbon nanotubes. The cyclic and the rotating disk electrode (RDE) voltammograms repeatedly
confirmed the outstanding oxygen reduction reaction (ORR) performance of the Fe-porphyrinic CNT, as
a candidate replacement of costly Pt. The facile synthesis of the efficient, bio-mimetic, rigid,
electron-conducting carbon nanotube catalysts shall have a significant impact on the wide deployment
of the current fuel-cell technology.
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Current Progress on Photonic Metamaterials and Metasurfaces

Choon-Gi_Choit
IGraphene Research Lab. ETRI, Korea

Metamaterials are artificially fabricated materials with periodic wavelength structures that exhibit exotic
properties such as negative refraction, superlens imaging, invisibility cloaking, extraordinary transmission
and near-perfect absorption etc.

Recently, metasurfaces reported by Capasso et al. are a kind of artificial sheet material with
sub-wavelength thickness that can modulate the behaviors of electromagnetic waves through the
specific boundary conditions rather than the constitutive parameters in the three-dimensional structure.
Metasurfaces can find applications in planar lens, vortex generator, beam deflector, electromagnetic
absorbers, polarization convertors and spectrum filters etc.

In this talk, I introduce the current progress on the fabrication and application in photonic
metamaterials and metasurfaces such as negative refractive media, sub-wavelength imaging, narrow
band-pass filter, spatial light modulation, etc.
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Roll Printed and Roll Imprinted Flexible Transparent Conductive Films

Jeongdai Jo!, Kwang-Young Kim!, Yun-Seok Jang!
Dept. of Printed Electronics, Korea Institute of Machinery & Materials(KIMM)

In this paper, we report a method to fabricate low-resistance and high optical transparent conductive
films (TCFs) using Ag metal grids and conductive polymer. First, a gravure-offset printing method was
used to fabricate Ag electrode layers and a doctor blade coating method was also used to form thin
polymer layers with a cell structure of substrate/ Ag grid/ PEDOT:PSS. The gravure-offset printing and
soluble printing processes made it possible to fabricate printed TCFs with a line width of 5+0.5 xm
on plastic substrates. The optical transparency and sheet resistance of Ag grid/ PEDOT:PSS were
controlled in the range of 86 ~ 93 % and 1 ~ 10 2/, respectively, by controlling the line width and
pitch of Ag grid. Second, to conduct a simple fabrication process and produce a high resolution printed
TCFs, the following steps were performed: the design and manufacture of an electroforming stamp
mold, the fabrication of thermal roll-imprinted(TRI) patterned plastic substrates, patterned plastic
substrates filled with high-conductivity and low-resistance Ag paste using a doctor blade coating, the
Ag metal grid can be easily fabricated in a plastic substrates and coated with a thin film layer of
conductive polymer by a spin coating process. The thermal roll-imprinting and soluble printing
processes made it possible to fabricate printed TCFs with a line width of 10+0.5 xm, a channel
length of 500+2 xm, and a pattern depth of 7.3+0.5 xm on plastic substrates. As a result of
measuring line widths and channel lengths of a thermal roll-imprinted grid patterns, the linearity and
uniformity characteristics for deviation and variation was good obtained. After the Ag paste was used
to fill part of the patterned film with conductive polymer coating, the following parameters were
obtained: a sheet resistance of 1 ~ 9.6 @/[], transparent ratio was 83.6 ~ 91. 5% % at a wavelength
of 550 nm.

Fherreal Bzll-foprisfng Megatise Bype
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Fig. 1 Fabrication of transparent conductive films using gravure-offset printing(positive type) and
thermal roll-imprinting(negative type).
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Synthesis of metal oxide hollow nanostructures and photocatalytic
applications

Ji Bong Joo!
Department of Chemical Engineering, Konkuk University
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Application of ITO Nanoparticles Recycled from Redundant ITO
Target to Transparent Heaters

Sung-Jei Hong"', Chaewon Kim? Mi Jung Lee?, Young-Sung Kim? Jae Yong Lee’
Korea Electronics Technology Institute, Kookmin University,
Seoul National University of Science & Technology, ‘Hanchung RF Co. Ltd.
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Upgrading of Biomass via Catalytic Fast Pyrolysis

Young-Kwon Park!
ISchool of Environmental Engineering, University of Seoul
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Steam Reforming of Liquefied Oil derived from macro-algae
over Ni/MTixOy based Catalysts

Yong Beom Park!, Hee Ju Ahn'®, Kwangsun Huh?, Hankwon Lim? Hee-Chul Woo®'
'Department of Chemical Engineering, Pukyong Naional Univeristy,
Department of Advanced Materials and Chemical Engineering, Catholic University of Daegu,
STAE YANG INDUSTRY
‘Department of Advanced Materials and Chemical Engineering,

Kyungnam College of Information and Technology
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Preparation of Silica by Biomineralization on a Microfluidic Device
with Improved Mixing Efficiency

Kyoung-Ku Kang', Ki-Su Park!, Ju Min Kim?, Chang-Soo Lee!
Department of Chemical Engineering, Chungnam National University,
’Department of Chemical Engineering, Ajou University

Until the biomineralization (biosilicification) was discovered, the synthesis of artificial silica was possible
under high temperature, high pressure, strong acid and strong base conditions. In this study, a
microfluidic device was fabricated to improve the mixing efficiency by using fluid instability by
viscoelastic polymer solution, and it was applied to the synthesis of silica under mild conditions through
the biomineralization method as biomimetic synthesis method. The biomimetic synthesis method was
carried out by using an R5 peptide derived diatom and PAH (polyallylaminehydrochloride) as the
biomimetic catalysts for silica synthesis. Compared with a conventional microfluidic device, higher
mixing efficiency was observed in the microfluidic device with enhanced mixing effect. As a result, it
was possible to observe the formation of silica in a short time under the milder condition than the
synthesis of conventional sol-gel synthesis of silica. In addition, the silica synthesized by microfluidic
device had a more complex structure due to a hyperbranched structure rather than a simple spherical
shape. These unique types of silica are expected to be superior in properties in comparison with
conventional spherical silica synthesized by conventional synthesis methods and are expected to be
applicable to various fields.
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Development of enzymatic biodiesel process using a pack-bed reactor
with supercritical fluid

Hong-shik Lee!, Aldricho Alpha Pollardo™?, Dohoon Lee'®, Sangyong Kim'*", Jaehoon Kim?
Korea Institute of Industrial Technology, “Sungkyunkwan University,
SUniversity of Science and Technology
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Software Development for Modeling of Complex Liquid Mixture
Products from Thermochemical Decomposition of Biomass

Boris Brigljevic!, Jae Hyung Choi!, Petar Zuvela?, Hee Chul Woo?, Jay Liu’
Department of Chemical Engineering, Pukyong National University,
’Department of Chemistry, National University of Singapore

The prominence of biofuel research is growing, as the global energy policies focus on renewable
energy technologies. Accurate process design and simulation is required when evaluating technological
and market capabilities of large scale, novel chemical production processes. Thermochemical
decomposition, which is employed in various biofuel production routes (pyrolysis, liquefaction, etc.)
usually yields complex liquid mixtures (bio-crudes) containing numerous compounds. Process simulation
of such processes must accurately represent the physical, thermodynamical and chemical properties of
bio-crudes, while reducing the complexity to a point where it can be handled by a process simulator
in a time effective manner. In this work, a software to tackle this common issue has been developed.
It comprises of a methodology with strict reduction of raw experimental GC-MS data. The program
output consists of a ready-to-use reduced mixture, including all product phases (liquid, gaseous and
solid) in mass balance with the Proximate and Ultimate analyses of the feedstock material. Six
different experimental data sets, were first optimized, simulated in Aspen Plus® and validated by
comparison with experimental values. Average reduction factors (ratio of the number compounds in the
raw data and compounds in the reduced mixtures) were 3 to 4.
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Biosorbents and Biosorption for Recovery of Precious Metals

Yeoung-Sang Yun'’, Sung Wook Won?
ISchool of Chemical Engineering, Chonbuk National University
’Department of Marine Environmental Engineering, Gyeongsang National University

Precious metals are widely used in various industries because of their specific physical and chemical
properties. Conventional methods for the recovery of low concentrations of dissolved precious metal
ions from solution phases include solvent extraction, chemical precipitation, ion exchange and so on.
These methods have significant disadvantages, such as incomplete metal recovery, high capital costs,
high reagent and energy requirements, and other waste byproducts that require disposal. In this talk,
biosorbents and biosorption-based processes are introduced as an alternative technology to recover
precious metals. To make the biosorbents competitive, required specifications of biosorbents are
discussed. Especially, strategies for design of feasible biosorbents are suggested with some successful
application cases.
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Recarbon Korea’s CO, Management Solution

Bong Jae Jang'
'Recarbon Korea, Hangang XI Tower B# 909, Gayang Dong, Gangseo Ku, Seoul, Korea

Since 2002, ReCarbon’ s core engineering team, with 130+ years of collective experience in energy
system R&D and design, developed and successfully commercialized innovative microwave plasma
technologies. We started a new project on carbon recycling in 2011. Proprietary ReCarbonTM
technology employing atmospheric pressure microwave-generated plasma. We are based in the heart of
Silicon Valley, USA with affiliates in Australia, Canada, Indonesia, and South Korea.

ReCarbonTM is a novel carbon recycling system that uses proprietary microwave plasma technology to
efficiently convert CO, and CH, into syngas (H2+CO). The system is designed to be modular. It is
easily scalable with quick ramp up/down times to meet customer needs.

There are several benefits for our system; 1. Directly reduces CO, 2. Produces H, and CO 3. Positive
short and long term revenue streams 4. Supports green fuel economy 5. Adds value to natural gasLow
CAPEX and OPEX 6. Easily scalable to meet demand. Also, ReCarbonTM Technology features optimized
power delivery, non-thermal plasma, most energy efficient atmospheric pressure operation, high
capacity, simple, and low cost system, unique reactor and igniter with reaction temperature control,
reliable, low energy requirement, low cost microwave components, low capital and maintenance costs
Simple modular design, scalable, configurable, and serviceable, proven and sustainable technology and
business.

Key words : Microwave, Plasma, Carbon dioxide, Syngas, Hydrogen, Non-thermal, Recarbon
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Membrane contactor and absorbent for removal of
carbon dioxide from flue gases

Hojun Song"’, Honggi Jeong'? Sukyoung Kim!, Sehee Kang'? Youngjae Kim*
Korea Institute of Industrial Technology, *Yonsei University
SPusan National University, ‘Pukyong National University
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A Study of Eco-energy research for Actions on Climate Change

Chi-Hyeon Lee!, Haeyoung Jeong!, Yunjang Gu'?,
Eunmi Im'?, Taeyong Kim!, Dong-Ha Lim'
Korea Institute of Industrial Technology, Energy Plant R&D Group, Busan, Korea
’Pusan National University
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Improved de-NOx efficiency and characteristic of rGO support
added Mn-Ce SCR catalyst at low temperature

Bora Ye'?, Jeong Min Baik?, Hong-Dae Kim!”
!Green Materials and Processes Group, Korea Institute of Industrial Technology
?School of Mechanical and advanced Materials Engineering,
Ulsan National Institute of Science and Technology

The SCR catalytic reaction is one of the most promising methods for removing NOx, and V,0s series,
which currently exhibits activity at a high temperature of 350 to 450, have been used for a long
time. However, due to physical and chemical poisoning phenomena and differential pressures of the
catalysts through the exhaust gas, the performance and the life of the SCR catalyst have continued to
deteriorate. Therefore, in order to prevent this, it is necessary to study the catalysts which position
the SCR catalyst at the rear end and exhibit activity even at low temperatures[1].

Currently, Mn and Ce are mainly used as the most active catalyst for low temperature below 250C,
but it has a limit of high activity when a large amount is added. In order to improve this,
rGO[Reduced Graphene Oxide] support was used to nano-disperse the active catalysts such as Mn and
Ce and then, this was added to the TiO, support[2]. When graphene is applied, the catalyst properties
can be improved through high specific surface area properties and activated catalyst acid site. These
results confirmed the improved catalytic properties of SCR catalysts compared to conventional catalysts
by analyzing the properties of SCR catalysts and evaluating De-NOx characteristics using a fixed bed
reactor.

Reference

1. Zhang et al., “Promotion mechanism of CeO, addition on the low temperature SCR reaction over MnOx/TiO»a
new insight from the kinetic study,” RSC Adv., 5, 27785-27793 (2015).

2. Choi et al.,, “Synthesis of Vanadium oxide supported on reduced graphene oxide for de-NOx,” J. Nanosci.
Nanotechnol., 15(10), 9083-9087 (2015).
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Fostering Hydrogen Energy Industry Utilizing By-product Hydrogen

Hang Soo Woo'", Sueng Hwan Jo', Eon A Kim!

Energy R&D Center, Ulsan Technopark
Jongga-ro 15, Joong-gu, Ulsan-Si, 444126, Korea

Carbon nanotubes (CNTs) are of broad technological interest in electronics, photonics, energy devices,
and other applications. However, establishing a straightforward process for mass production of uniform
CNTs with desired structures and properties has been a long-standing challenge. In this research, we
have fabricated versatile hybrid carbon films composed of tailored carnon nanotube arrays grown on
mechanically compliant reduced graphene oxide films. A facile and robust hierarchical organization
process enabled the formation of size, wall-number, and atomic structure controlled vertical carbon
nanotube arrays. The overlapped nanoplatlets of reduced graphene oxide film provided the high
temperature stability and mechanical compliance of the prepared hybrid carbon films.

This novel method also enabled to fabricate the Fe-porphyrinic CNTs, which are outstanding oxygen
reduction catalysts via the efficient 4-electron oxygen reduction process. The X-ray photoemission
spectroscopy (XPS) analysis and work-function data, compared with the results of first-principles
density-functional theory calculations, have strongly suggested the existence of the Fe-porphyrinic
carbon nanotubes. The cyclic and the rotating disk electrode (RDE) voltammograms repeatedly
confirmed the outstanding oxygen reduction reaction (ORR) performance of the Fe-porphyrinic CNT, as
a candidate replacement of costly Pt. The facile synthesis of the efficient, bio-mimetic, rigid,
electron-conducting carbon nanotube catalysts shall have a significant impact on the wide deployment
of the current fuel-cell technology.
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Characterization of Oil Properties and Operation Condition Optimization
for Oil Production in Pyrolysis of Macro-Algae Biomass

Gi Bo Han', Jung Hee Jang', Hee Young Choi!, Hee-Chul Woo?
UInstitute for Advanced Engineering, 2Pukyong National University
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The catalytic fast pyrolysis of pretreated Saccharina Japonica alga
in a bubbling fluidized-bed reactor for upgrading bio-oil

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

Macroalgae contains significant amount of inorganic compounds (K, Na, Mg, Ca), causing the problems
during thermal processing (ash fouling or agglomeration of char and bed material) [1-3]. Saccharina
Jjaponica, a kind of macroalgae, was demineralized with diluted acid solution to remove inorganic
species before using this material for pyrolysis in a bubbling fluidized-bed reactor. The effect of acid
washing on the product yield and the quality of bio-oil were systematically investigated. When the
pyrolysis temperature increased from 400 ° C to 500 ° C, the bio-oil yield was between 39.70 wt%
and 45.87 wt%. The major compounds in the bio-oil were levoglucosan and di-anhydromannitol. The
fractional catalytic pyrolysis of pre-treated S. japonica using H-ZSM-5 catalysts (calcined at 550 ° C)
was investigated in fluidized-bed reactor at same conditions. Pyrolysis of the pretreated sample with
catalyst resulted in 32.82-34.39 wt% liquid yield, was lower than those of using silica sand. Using
H-ZSM-5 catalytic pyrolysis bio-oil showed a reduction in dianhydromannitol, 2-furyl methyl ketone and
in the formation of aromatic compounds such as derivatives of phenol, indole and naphthalene. In the
comparison with previous work [4], the effect of pretreatment by acid washing and the catalytic effect
on the pyrolysis product distribution and compositions were clarified.
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Thoughts on Designing an Industrial-scale Biofuel Production Plant
converting Seaweeds via Fast Pyrolysis

Jay Liu
Department of Chemical Engineering, Pukyong National University
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Bioactive Compounds in Seaweeds and its Possible Health Effects

P.S.Saravana!, Byung-Soo Chun’, Hee-Chul Woo?
Department of Food Science and Technology, Pukyong National University,
Department of Chemical Engineering, Pukyong National University
"E-mail: bschun@pknu.ac.kr

Seaweed biomass is already used for a wide range of other products in food, including stabilising
agents. Biorefineries with seaweed as feedstock are attracting worldwide interest and include
low-volume, high value-added products and vice versa. Scientific research on bioactive compounds in
seaweed usually takes place on just a few species and compounds. Seaweeds are known for their
richness in polysaccharides, minerals and certain vitamins, but they also contain bioactive substances
like polysaccharides, proteins, lipids and polyphenols, with antibacterial, antiviral and antifungal
properties, as well as many others. This gives seaweed great potential as a supplement in functional
food or for the extraction of compounds. Physiologically active substances in marine algae are
classified into two types based on the difference in the mechanisms: (1) non-absorbed high-molecular
materials like dietary fibres and (2) low-molecular materials, which are absorbed and which affect the
maintenance of human homeostasis directly. Most of the polysaccharides stimulate human health, for
example by the creation of a better intestinal environment or because of their antiviral, anti-tumour
and hypocholesterolemic and hypolipidemic properties. As an example, fucans are in large
concentrations in large brown seaweed species. These are easy to isolate and have numerous health
benefits, which give them the potential to serve as a valuable bioactive ingredient in natural health
foods. The choice of species to exploit the content of bioactive compounds relies on the aim and
property of the polysaccharide. Proteins, peptides and amino acids from seaweed have shown positive
bioactive effects in the treatment of diabetes, cancer, and AIDS and the prevention of vascular
diseases. The amino acid profile of some seaweed species is similar to that of animal foods. Extracts
of valuable amino acids for feed supplement could be of potential because essential amino acids
cannot be replaced by other compounds.
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HFC-134a Removal from Brackish Water by Semi-Batch
Jet Loop Reactor

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

Mineral salt components (Na', Ca** ,K', Mg®, etc.) are naturally excluded during the gas hydrate in
which water molecules form cavities by hydrogen bonding and guest gas molecules are encapsulated
into the cavities to stabilize the overall gas hydrate structure. Refrigerants, inparticular, draw much
attentions for guest gas recently because they provide economical operating conditions (e.g., about
10°C operating temperature at atmospheric pressure). However, when using refrigerants (e.g.,
HFC-134a) for guest gas, there is an issue that refrigerants are still left in resulting brackish water
after the desalination process because of their generally high solubility in water (e.g., 2040 mg of
HFC-134 a per 1 L of water at 25° C). Although 99 mol% of HFC-134a is possibly recovered by
degassing during the thermal dissociation of gas hydrates, it still needs an additional method of
removing refrigerants from resulting brackish water completely because the final goal of the
desalination is to provide potable water. Meanwhile, jet loop reactors (JLRs) are employed very often
in many commercial applications because of their high mass transfer capabilities.

In this study, a semi-batch type JLR is introduced to improve the degassing of HFC-134a from
brackish water with a salt concentration of 3.5 ppt. The effect of various parameters such as initial
HFC-134a concentration (772-200 mg/L), liquid circulation (40-80 L/min) rate and air flow rate (10-30
L/min) are studied. The removal efficiency and overall volumetric transfer coefficient have been
calculated and based on those it was determined that increasing air flow rate have a high effect on
Kpa

Keywords: HFC-134a, jet loop reactor, gas hydrate formation, brackish water
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Simulation of Hydrothermal Liquefaction (HTL) of Macroalgae
Using Aspen Plus®

Haider Niaz!, Boris Brigljevic!, Jay Liu?
Department of Chemical Engineering, Puyong National University

This work focuses on carrying out the Hydrothermal Liquefaction (HTL) in the stoichiometric reactor
model using Aspen Plus®. HTL product forms a complex liquid mixture of various compounds, usually in
the hundreds. Addition of compounds not available in the Aspen Plus database is complicated, as
compounds have to be replaced with other similar compounds (resembling in physical properties) to keep
the stoichiometric balance and converge the stoichiometric reactor. Feedstock for this work is
macroalgae. The number and the type of compounds used in Aspen Model to represent HTL oil and
associated aqueous phase must reasonably match key properties such as chemical group, density, heating
value, GC-MS data. Compounds available in the Aspen database were chosen as replacements with the
compounds present in the original experimental results based on their closest resemblance. Algae feed of
140,000 Ib/hr was fed to the HTL reactor, 100 % conversion of the Algae and a balanced reactor was
achieved vyielding 76.5 % water soluble, 8.59 % of gas phase and 7.95% of non-soluble products.
Furthermore, production of H,, by the gasification of the aqueous products followed by the Water Gas
Shift Reaction and pressure swing adsorption shows the production of 65% of hydrogen and 35% of the
off gas comprising of the CH,, CoHs, CO, CO,, N, and a minute fraction of H2. Future work will observe
downstream processing of organic phase and the production of stable fuel products.
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Extraction and Characterization of Lecithin from Salmon Frame
Bone by Supercritical CO, and Ethanol as Co-Solvent

Monjurul Haq!, Byung-Soo Chun*’
Department of Food Science and Technology, Pukyong National University
"E-mail: bschun@pknu.ac.kr

Marine lecithin is important for high phospholipid content, rich in omega-3 fatty acids, and good
emulsifying property which make it specialized for using in the feed, pharmaceutical, and cosmetic
industries. This research work is attempted to evaluate the extracted lecithin from the Atlantic salmon
frame bone using conventional organic solvent extraction and supercritical CO, + ethanol as co-solvent.
Atlantic salmon frame bone was prepared by freeze drying for 72 h and then crushed using
mechanical blender. De-oiled salmon frame bone residue was obtained by supercritical carbon dioxide
(SC-COy) extraction at 45° C and 30 MPa for 3 h. Lecithin was isolated from SC-CO, extracted
de-oiled residue by ethanol extraction and supercritical CO, + ethanol as co-solvent at 45° C and
different extraction pressure (200 MPa to 300 MPa) to evaluate the effect of SC-CO, density on
lecithin extraction. Extracted lecithin will be analyzed for a wide range of physico-chemical properties
such as vyield, phospholipid content, fatty acid composition, acid value, and peroxide value.
Lecithinextracted from the salmon frame bone will be analyzed by thin layer chromatography and
phospholipids analysis of the extracted lecithin will be done by High Performances Liquid
Chromatography (HPLC) equipped with ELSD detector. This research work may be helpful in extraction
of lecithin from marine resources for researchers and food/ pharmaceutical industries.
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Microwave Absorption Based on Multilayered Graphene-Polymer
Composite Film for Electromagnetic Interference Shielding

Van-Tam Nguyen*?, Yoonsik Yi?, Bok Ki Min’ Choon-Gi Choi“*’
IGraphene Research Lab., Emerging Devices Research Group,
Electronics and Telecommunication Research Institute, Daejeon, Korea
?Advanced Device Technology, University of Science and Technology, Daejeon, Korea.
"E-mail: cgchoi@etri.re.kr

Unwanted Electromagnetic wave and electromagnetic interference (EMID which are emitted by electrical
and electronic equipment, have increased with the rapid development of information technology. They
not only lead to malfunctioning and degradation of other electronics but also threaten human health
and the surrounding environment. EMI shielding has been the effective method to protect human and
environment from the electromagnetic disturbance as well as a key technology in both civil and
military fields. Here we introduce a graphene composite because of a high electrical conductivity 2.62
x 10° S/m and thin skin depth of graphene, leading to the degradation of the electromagnetic field
caused by absorption loss within the shielding material. In addition, graphene is a robust, lightweight
and flexible material which can be a promising candidate as an EMI shield in comparison to traditional
metal shields.

In this study, we present the theoretical design and demonstrate a flexible EMI shielding based on
multilayer graphene-polymer structure. Due to a high shielding effect which is dominated by
absorption, this multilayer graphene-polymer has great potential for flexible and stretchable EMI
shielding devices.
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Figure 1. (a) Structural configuration of multilayer graphene-polymer composite, (b) Simulation of
electromagnetic shielding effect.
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Homogeneous Oxidation of 5-Hydroxymethyl-2-furaldehyde (HMF)
to 2,5 Furandicarboxylic Acid (FDCA)

Nhan T.T. Huynh!? Kyoung Won Lee!, Jinku Cho'?
Korea Institute of Industrial Technology (KITECH)
Korea University of Science and Technology (UST)

2,5 Furandicarboxylicacid (FDCA) is considered one of the top 12 building block compounds derived
from biomass that can lead to a sustainable development of a new chemical platform. FDCA has a
potential as the replacement for terephthalic, isophthalic, and adipic acid, which are widely used
components in the polymer industry.

In this research, we focused on the homogeneous oxidation of 5-Hydroxymethyl-2-furaldehyde (HMF)
using N-Hydroxyphthalimide (NHPD) and metal co-catalyst. The desired product, FDCA, is achieved
through 3 steps of oxidation as shown in the scheme below. Several metal co-catalysts and solvents
were screened and optimized for the reaction. Latest results show that partial oxidation was achieved
and the major product was 5-formyl-2-furan carboxylic acid (FFCA). HMF conversion was 100% and
the selectivity of DFF, FFCA, and FDCA are 18.7%, 48.4%, and 22.3% respectively. New experimental
conditions are being tested to further push the oxidation in order to achieve higher selectivity of
FDCA.

Q 0 s) 0 o)
N o_J \__0 o I
HMF DFF FFCA FDCA

Keywords: 2,5 Furandicarboxylic acid (FDCA), 5-Hydroxymethyl-2-furaldehyde (HMF), oxidation
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Preparation of Furandicarboxylates: Marine Biomass-Derived
Bioplasticizers

TanPhat Nguyen'?, Seok-Kyu Park? Hong-shik Lee? Jin Ku Cho%
Wniversity of Science and Technology (UST)!
Korea Institute of Industrial Technology (KITECH)?
"E-mail: jkcho@kitech.re.kr

Galactaric acid which is a sugar acid derived from marine carbohydrate biomass, was used as starting
material for a one-pot reaction in alcoholic medium to produce furandicarboxylic acids (FDCA) ester. A
series of products were successfully synthesized, isolated and structurally characterized by spectra.
Those products could act as bioplasticizers in polymer matrices with the core being 2,5-FDCA or
2,3-FDCA. This research provides information about the effect of alcohol solvents on the formation of
products. Also for the first time, the plasticizing effects of 2,3-furandicarboxylate on poly(vinyl
chloride) matrix is unveiled through some methods, namely Fourier transform infrared spectroscopy
(FTIR), scanning electron microscopy (SEM), differential scanning calorimetry (DSC) and
thermogravimetric analysis (TGA), tensile test on universal testing machine (UTM) and migration
analyses.

Keywords: Marine biomass, Carbohydrate, Bio-based, Furanic, Plasticizer, Galactaric acid, DOP, FDCA,
2,3-Furandicarboxylic acid ester, 2,5-Furandicarboxylic acid ester
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Improvement of V,0s-WOs/TiO, Supported Catalytic Filter for
Simultaneous Reduction of NOy and Particulates

Ajit Dattatray Phule!, Joo Hong Choi®’, Jin Hyoung Kim? In Soo Kim?
Department of Chemical Engineering/ERI, Gyeongsang National University
’Kyungsung Industry Co., LTD

NOy is blamed for the formation of ozone in troposphere, the production of acid rains, and respiratory
problems to mankind. Also the fine dust emission which negatively affects the human body has
intended to increase every year in a korea. One of the most efficient technologies for the reduction
of NOy emission as well as particulates is the selective catalytic reduction (SCR) with NH; over catalyst
based on V;05-WOs/TiO(VWT).

These catalysts are utilized in the rigid forms supported on the surface of ceramic filter elements in
the industrial fields. However, plugging of their gas flow path is one of the serious operational
problems which leads to the limited-application of SCR catalyst working at the dust free stream only.?
In order to overcome the problems pointed above, highly effective catalyst supported in the pores of
the ceramic sheet filter elements is one of the solutions to prevent the plugging problem and to
provide a low pressure drop of the system as well as keeping an important advantage owing to the
simultaneous treatment of particulates and NOx.

In our study we are using the simple solution (which has been prepared by using ball milling proecss
to receive the particular size distributed catalyst particles) coating technique to fabricate the
VWT-supported catalytic filters for NO, reduction with NH;. We observed the effect of coating
solution concentration to improve the NO, reduction performance of the prepared VWT-supported
catalytic sheet filter. Particle size distribution of catalyst has been analyzed by using ball milled coating
solution. As the reaction time is the important factor for completion of the NOy reduction reaction
which performs at the surface of the catalytic filter, we studied the the effect of face velocity on the
No conversion performance. Microstructure of the coated and virgin SIC sheet filter nhas been
characterized by optical microscope to make sure that the pores of the sheet filter has been
completely filles with VWT catalyst.
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Optimal Design of an Industrial-Scale Ethanol Plant Using Macro Algae as
Feedstock

Rofice Dickson!, Jun-Hyung Ryu?, Jay Liu'
'Department of Chemical Engineering, Puyong National University,
“Department of Nuclear and Energy System, Dongguk University

High energy demands have culminated in increased fossil fuel use. Extensive fuel consumption has
caused numerous environmental issues. Therefore, alternative green fuels which could potentially yield
lower CO, emissions and techniques which could efficiently remove CO, are needed of the hour.

This work addresses the problem of optimizing Saccharina japonica-based bioethanol plant through the
use of mathematical programming. The aim is to maximize profit of plant. In this work, first of all a
superstructure of alternative designs containing various unit equipments and utility streams was
proposed. The objective of this study is to optimize the structure and decision variables in the
superstructure by minimizing the energy requirement of an entire plant. For obtaining this target,
mixed integer non-linear programming problem is formulated involving the mass and energy balances
for all process units in the system and solved in GAMS (general algebraic modelling system).

It is believed that once aforementioned objectives are successfully met, it will provide sufficient data
for commercial utilization of bio-ethanol as a fuel. Potentially, this research will benefit society by
providing cleaner fuel with less hazardous emissions.
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A Green Deep Eutectic Solvent-Based Ultrasound-Assisted
Method to Extract Polysaccharide from Brown Seaweeds

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

"E-mail: bschun@pknu.ac.kr

Brown seaweed consists of about 2000 species, making it the second most abundant group of marine
algae. In addition to its long-standing uses in alginate and fertilizer production, in seaweed meal for
animal and human consumption, focus on the utilization of seaweed has been growing in the recent
years due to the bioactive compounds it contains, which can be potentially used as pharmaceuticals
and nutraceuticals. Fucoidan is a sulphated fucan; the exact structural characteristics have not yet
been elucidated, and only little regularity in the structure is known at the present time. Fucoidan (FU)
is composed of fucose, uronic acids, galactose, xylose and sulphated fucose. Fucoidanhas been shown
to have diverse biological activities including anticoagulant, antithrombotic, antiinflammatory,
antitumoral, contraceptive, antiviral and antioxidant. Alginate is composed of mannuronic (M) and
guluronic (G) acid with a(1,4)-linkages and the structure varies according to the monomer position on
the chain, forming either homopolymeric (MM or GG) or heteropolymeric (MG or GM) segments.
Alginate (AQ)is gelling in presence of divalent ions like calcium and consequently it is widely used as a
food ingredient. 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,
ultrasound extraction (USE) is an excellent choice for the production of extract with functional activity
from brown seaweed. Deep eutectic solvents (DESs) were recently discovered, which can be used as
an alternative solvents to conventional solvents, the application of the DESs is increasing exponentially
in various applications. Further the properties of DESs such as non-toxicity, cheaper cost, ease of
syntheses, etc., make them lucrative for number of applications e.g., as reaction media, reactants, and
catalysts. In the process of PLE, DESs will beemployed 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 USE combine with DESs as a green technology can be used for
the extraction of FU and AG from brown seaweed. The objectives of this study were to optimize the
process of FU and AG extraction from brown seaweed by USE technology. The influence of
temperature, pressure and DES ratio on FU and AG vyield will be studied. The molecular weight,
chemical composition, and anti-oxidant activity of recovered FU and AG will be investigated.
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Green Synthesis and Sensing Application of Triangular Silver
Nanoplates

Yosia Nico Wijaya', Jinwoo Kim', Mun Ho Kim""
'Department of Polymer Engineering, Pukyong National University

While there has been remarkable success in generating silver (Ag) nanoplates, and they have
considerable potential applications, their degradation behavior in certain environments remains poorly
understood. Controlling the shapes of Ag nanoplates at the initial stage of their formation became a
focus in the most of previous study.In the present work, triangular Ag nanoplates with a high yield
was successfully produced by one-step and eco-friendly water-based synthesis regulated by the
presences ligands which act synergistically to promote kinetically controlled reaction. This new method
was based on a one-pot green synthetic method, yielded Ag nanoplates in bulk quantities, without
requiring the preparation of seed particles in advance, no need for special equipment also used
non-toxic reducing agent and solvent media.

We also investigated the chemical stability of triangular Ag nanoplates. When the Ag nanoplates were
aged with poly(styrene-4-sulfonate) (PSS) at room temperature, they were irreversibly degraded the
corresponding localized surface plasmon resonances (LSPR) of the Ag nanoplates changed as well. The
shape evolution of Ag nanoplates was found to depend on the external temperature when the Ag
nanoplates were aged with potassium persulfate (KPS), and the Ag nanoplate solutions showed different
final colors when different external temperatures were applied. We believe these results exhibit
important implications for the behavior of triangular Ag nanoplates in a wide variety of plasmonic
applications to develop a novel class of sensors or indicators.
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Single-Step Synthesis of Ag Nanoplates with High Aspect Ratios Based on
Non-Toxic Reducing Agent and Solvent Media
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Department of Polymer Engineering, Pukyong National University

Agnanoplates with high aspect ratios have been attracting attention for applications such as electrical
sensors and stretchable devices because they can reduce the percolation threshold and show good
conductivity. In this presentation, we report the one-step synthetic method of the Ag nanoplates with
high aspect ratio through a coordination. Ag nanoplates were synthesized in the presence of
acetonitrile, which is an eco-friendly solvent and plays a crucial role in the rate control, co-solvents
and ligands to form complexes with Ag + ions. Coordination complexes between Ag+ ions and
acetonitrile could decrease the rate of the reduction of Ag+ ions. Consequently in nucleation step, the
number of seeds wasdecreased. Decreasing the number of seeds in this way, while keeping the
concentration of the Ag precursor constant, led the formation of larger Ag nanoplates. Ag nanoplates
with high aspect ratio specifically were formed with lateral dimensions exceeding 1 im and thickness of
30 nm by new synthetic method. When these Ag nanoplates were deposited on PDMS for printed
electronics, they showed electrical percolation in a short sintering time and high electrical conductivity.
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Synthesis, Property Control and Chemical Delivery Application of
Hollow Mesoporous Silica
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One-Step Synthesis of Hollow Dimpled Polystyrene Microparticles

Sung Hwan PARK!, Jinwoo KIM!, Mun Ho KIM"*
Department of Polymer Engineering, Pukyong National University

We have developed a new and facile method that can synthesize hollow dimpled polystyrene
microparticles by using a dispersion polymerization method. This new method has several advantages
over previously reported procedures. First, this template-free method directly employed the dispersion
polymerization of vinyl monomers, giving rise to a one-step synthesis of well-defined hollow polymer
microparticles. The dispersion polymerization of styrene monomers was conducted at 70° Cusing
ammonium persulfate (APS) as a radical initiator, and polyvinylpyrrolidone (PVP) as a steric stabilizer.
This method was carried out in as single-phase medium, without requiring an additional template
removal step. The synthetic results were reproducible, yielding hollow and dimpled PS microparticles in
bulk quantities without the need for special equipment. By varying the concentration of APS and
polymerization time, we were able to control the average size of the PS particles and their degree of
concavity. Finally, the microparticles were highly uniform in size and showed excellent stability in that
they remained dispersed and retained their shape over an extended period of time.
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Bio-Oil Upgrading from the Fast Pyrolysis of Coffee Waste
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Sulfur-Functionalized Microporous Carbons
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A variety of surface functionalities, typically carboxylic, lactones, phenol, carbonyl, and quinones, exist
in microporous activated carbons. A relative distribution of these functional groups on the carbon
surface can vary with thermal decomposition at different thermal excursions. It is well-known that
elemental mercury easily reacts with sulfur functionalized to form HgS due to a strong affinity
between the both components. Therefore, we have investigated sulfur-functionalization of activated
carbons by using different techniques and those performances in the adsorption of elemental mercury
with high concentrations at a chosen high temperature.

A commercially-available activated carbon with an appropriate amount was treated at 100, 500, 800
and 1100°C for 6 h in flowing N,, designated to ACI1, AC5, AC8 and AC11, respectively. These AC
samples were subjected to two different surface sulfur functionalizations. One was that each AC
series is mechanically well mixed with elemental sulfur (S/AC = 3) following the functionalization at
600°C for 3 h under a N, flow of 100 cm®min, referred to as ACn-MS, where n presents the thermal
decomposition temperature. Another was an sulfur sublimation technique whose protocols consisted of
the loading of each desired amount of elemental sulfur and activated carbon into an independent
reactor, a N, gas flow through the sulfur-containing reactor and an introduction of the sulfur-bearing
gas stream into the reactor with the carbon at 600°C for 3 h. These sulfur-functionalized samples was
denoted to ACn-SS to distinguish it from the ACn-MS series.
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Fig. 1. Breakthrough behavior in the adsorption of elemental mercury at 135°C
on:
(& ACn-MS, (b) ACn-SS.

A sample of ACl1 had a relatively low mercury adsorption at 135°C; however, this after sulfur
functionalization using the mechanical mixing and sublimation showed a great increase in the
adsorption capacity (Fig. 1). The latter technique always showed a higher mercury adsorption for all
the ACn series, proposing that the molecular size of sulfur gas plays a key role in effectively
functionalizing the carbon surface. In situ and ex situ DRIFTS spectra of ACn samples indicated that
they have different functional groups, suggesting that all of ACn-MS and ACN-SS will possess sulfur
functionalities with different binding affinity to the elemental mercury adsorption.
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=38 TiO, 4AES FAAT T ZEol:= TIO, ¥A TFAl AHLEHE AWSAA HPC
(Hydroxypropyl cellulose)E ®4& AFAZ ARE3Sta [3], €48 34S 2Este] g@47F =349 Tio,
AAE FASAY (3] olgA AxdH BFaE3F TiO, YAE o]&sle], 3384 Phenole] E3s2
AR T Ad AFolA st e S ol&std Axd FIFO FEoE TIO, YAE
U A Tt 2ZoA dAEsty EAEAS JYPsk F Fastd s B vs AEe
APt d48 F 4253 TiO, YA+ FEFYA & FAste Jdow, AAAY ¥F glo]
BAFSHA FASL AATE BA = TO, YA FIEACNA AT AMERT Fe 2EoA
FEFLRutile) 284S 2t AL 9 g neolA 83 dx = TiO, A7 & dH=
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Enhanced NOx Removal and Dispersion on the Surface of SCR
Catalyst by Adding Graphene

Minwoo Lee'?, Heesoo Lee?, Hong-Dae Kim!”
!Green materials & processes group, Korea Institute of Industrial Technology, Ulsan, Korea
“Department of Materials Science and Engineering, Pusan National University, Busan, Korea

The selective catalytic reduction of NO with NH;3 by using V,05-WO3/TiO, catalyst is widely used for
NOx removal. However, the catalytic activity materials, vanadium and tungsten are heavy metals, and
they are not only harmful to the environment, they are also rare metals that continue to rise in price,
should be decreased the using the materials. Therefore, to reduce the use of the materials, we
synthesized the catalyst supported on RGO with less amount of the materials and similar efficiency of
NOx removal. Due to the high specific surface area of RGO, the materials are evenly dispersed on
the surface of RGO.

The synthesized catalysts were characterized by FTIR, TPD, XRF and the catalytic activity was
measured in a fixed-bed reactor with analyzed NOx reactant by CLD at the operation temperature of
250 - 450 C. The catalytic activities of the catalysts supported RGO were about 10 % higher than
standard catalyst with same amount of the materials in. In addition, the dispersion of the materials on
the RGO surface of the catalysts was shown by TEM, and the materials were dispersed well. From
these results, we confirmed the improved catalytic activity is related to the dispersion of the materials
on surface of RGO, and the high deNOx efficiency were resulted by evenly dispersed materials.
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Plasmonic Sponges for Removal and Identification of
Environmental Pollutants

Yunjeong Lee!, Chang Min Jin', Seungki Lee! and Inhee Choi'”
Nanobiointerface Laboratory Department of Life Science, University of Seoul

Removal and identification of environmental pollutants are very important tasks. To get rid of the
pollutants, development of efficient materials which can absorb and detect such compounds has been
consistently required. Herein, we demonstrate a simple and inexpensive method to eco-friendly
fabricate sponge-like nanoplasmonic materials (plasmonic sponges) composed of polydimethylsiloxane
(PDMS) matrix and metal nanoparticles. Stacked sucrose crystal template was used for constructing a
porous structure and dissolved after filling and curing the mixture of liquid PDMS and metal precursor
solution. Structural and optical properties of the fabricated structures were optimized by controlling the
concentration of reagents, the size of the sucrose crystals, and the thickness of the sucrose template.
To demonstrate the performances of the plasmonic sponge as an adsorbent and an optical signal
amplifier, the fabricated sponges were further applied to absorb and detect volatile organic compounds
(VOCs) and chloromethylisothiazolinone/methylisothiazolinone (CMIT/MIT, main compositions of humidifier
disinfectant) via surface-enhanced Raman scattering (SERS) signals. We believe that our results would
contribute to the environmental problems and health care by further practical applications in the
fields.
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Phase Equilibria for the Vinyl Methacrylate and Vinyl Propionate in
Supercritical CO, at Five Temperatures and Pressures Up to 16 MPa

Jae-Kyung Lee!, Jae-Hwi Bong!, Bong-Seop Lee?, Hun-Soo Byun'
Department of Chemical and Biomolecular Engineering, Chonnam National University
’Department of Fire and Disaster Prevention Engineering, Kyungnam University

The (CO; + vinyl methacrylate) and (CO, + vinyl propionate) systems at 313.2, 333.2, 353.2, 373.2 and
393.2 K as well as pressures up to 16 MPa have been investigated using variable-volume high pressure
view cell by static-type. The solubility curve of vinyl methacrylate and vinyl propionate in the (CO, +
vinyl methacrylate) and (CO, + vinyl propionate) systems increases as the temperature increases at a
constant pressure. The (CO; + vinyl methacrylate) and (CO, + vinyl propionate) systems exhibit type-I
phase behavior. The experimental results for the (CO, + vinyl methacrylate) and (CO, + vinyl
propionate) systems correlate with the Peng-Robinson equation of state using a van der Waals
one-fluid mixing rule including two adjustable parameters. The critical properties of vinyl methacrylate
and vinyl propionate were predicted with the Joback - Lyderson group contribution and Lee-Kesler
method. RMSD for the (CO. + vinyl methacrylate) [k;=0.032, ¢;=-0.015] and (CO, + vinyl propionate)
[kj=0.0, ¢;=0.0] systems using two parameters determined at 353.2 K were 4.32% and 3.45%,
respectively.
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Deactivation Mechanism of Zeolite Cataylst in Endothermic Decomposition
Reaction of Fuel

Tae Ho Lee!, Sung Hyun Kim!
Department of Chemical & Biological Engineering, Korea University
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Synthesis of Hollow Rutile TiO, Nano Shell Structure for Visible Light
Photocatalysis

Hyeon Kyeong Lee!, Ji Bong Joo'*
Department of Chemical Engineering, Konkuk University
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Cu Ion Movement Between Physically Mixed Zeolite by
Hydrothermal Aging

Hwangho Lee!, Seunghee Youn!, Inhak Song!, Sungha Hwang', Do Heui Kim!
ISchool of Chemical and Biological Engineering, Seoul National University

Diesel engine has more fuel efficiency and power density than conventional gasoline engine. However,
NOx emission from diesel combustion engine causes serious environmental problems. For reducing NOx
emission, there have been a lot of catalysis technology and among them, SCR(Selective Catalytic
Reduction) is regarded as the most efficient NOx removing technology. Cu ion exchanged zeolite
catalysts (Cu-SSZ-13, Cu-ZSM-5 etc..) is one of the most common SCR catalyst because of its high
NOx conversion and stability. It is known that isolated Cu ion is active site of SCR reaction. There are
some researches about characteristic of Cu ion and one of those is that it is quite mobile binding with
H,0 in zeolite structure”. For proving Cu ion mobility, in this research, we compared two samples, one
was highly physically mixed Cu-ZSM-5 + H-SSZ-13 (PM H), the other was loosely physically mixed
Cu-ZSM-5 + H-S5Z-13 (PM L). PM H sample was mixed by mortar grinding so it has high particle to
particle interaction. On the other hand, PM L sample was mixed after each particles(Cu-ZSM-5 and
H-SSZ-13) was sieved separately, so it has lose interaction between particles. Each samples was
hydrothermally aged at 800°C for 16 hours. By hydrothermal aging, Cu ion could move within zeolite
structure. Cu ion could move from Cu-ZSM-5 to H-SSZ-13 in PM H sample because each particles was
attached. However, in PM L sample, Cu ion could not move to H-SSZ-13 because each particles was
separated. Our aging condition was so harsh that Cu ion in ZSM-5 could not maintain its SCR activity
but Cu ion in SSZ-13 could do. So PM H sample where Cu ion moved to H-SSZ-13 showed higher NOx
conversion than PM L where Cu ion was placed only in ZSM-5. So it means that Cu ion could move
between zeolite particle with H,O and this research directly showed mobility of Cu ion by physically

mixed zeolites.
. I
/’/r
Temperature(°C)

Fig 1. Scheme for PM H Fig 2. NOx conversion curve
and PM L in SCR reaction

‘ —=— Cu-ZSM-5+H-SSZ-13 PM H HTA 800
—e— Cu-ZSM-5+H-557-13 PM L HTA 800

nversion(%)
& 2 8

NOX Cor
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Development of Functional Catalyst Based on Porous Nanostructures for
High Efficient Hydrogen Production in Steam Methane Reforming

Eunmi Im"®, Haeyoung Jeong', Yunjang Gu'®, Taeyoung Kim', Geondae Moor?, Dae-Won Park’, Dong-Ha Lim*"
Korea Institute of Industrial Technology, Energy Plant R&D Group, Busan, Korea
’Korea Institute of Industrial Technology, Advanced Surface Coating & Processing R&D Group, Busan, Korea
SDepartment of Chemical Engineering, Busan National University, Busan, Korea
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Development of Electrochemical Ammonia Synthesis Technology by Ti
Metal Complex Using Water and Nitrogen as Raw Materials Under
Ambient Conditions

Eun-Young Jeong'? Cheong-Yul Yoo!, Jong-Nam Kim!, Seong-Geun Oh? Hyung-Chul Yoon'*
Korea Institute of Energy Research, “Hanyang University
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A Study of Preparation of Metal Foam Based Catalyst for SCR-NH;3 of
NOy on Ship Exhaust Gas

Haeyoung Jeong', Yunjang Gu'?, Eunmi Im'? Taeyong Kim!, Kyung-Chyul Jeong®,
Seon-Yub Hwang®, Dong-Ha Lim""
Korea Institute of Industrial Technology, Energy Plant R&D Group, Busan, Korea
*Department of Chemical Engineering, Pusan National University, Busan, Korea
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Ay 718 FAE BFz o2 73)staa =A 8 Ab7] F-(International Maritime Organization, IMO)=
v & 7141 X & (Emission  Control Areas, ECAs) ©JulelX &sists =g Auto] ois] wjzl7t2= U
Aa4E(NOx) WiE#e Tier I iyl 80% ol FEol=Fst= Tier Il A& 2016 195FH
astdth AdaislEs Agste A8 7|l EAEt e Jdov, Asd Tier Il 7S WE5A17]7]
Y= Az =a) 3 H(Selective Catalyst Reduction, SCR)o] 7Ha Az o2 Agtsitta d#
UTHIL A¥kg SCR Fwj Al2®Hle F2 Agy sy Fo] 58S Adb A3 Foko] 9 o J)
st @ge FhE AA S "ok olgd Algty sy v RES b o g SCR Zv powder,
HFQIH(Binder), #7FAl(Additive) 52 &3t 12, 1%t slollA AFEA F(njection molding)S 53
HAFHoE U FHE AxFH JoHzl olgd At YR FHule dWHoE FErh va,
Adk Wi E7k2 9] =2 wlEE5=(Outlet velocity)oll sl A A=, o3 ZAHCRE Qlsto] Aty
AUA Ff AeS AstAIZ 4 3o SCR Fuje] A /o] e 7HTh =3 dAAZ &3 Aty
Agef @& dAELERE Q3] NOxE AAL & A+ 300 ~ 350 Co] &% FA #& 2 AHg3HAo]
EFsiAE EAAES 7T B dFeAE A7 s At dyf 71dk SCR FHwjol] tigh
TAAN HWFAE, dAEE 9 =83 EA4S FHANNIA 55 FERAE ol&std EFFE
& &3t ANZ P9 SCRE vl ZES AASATHIL olEA Axd F& F=2A 7|4t
SCR Fvle= 5 AAAZE whgrlol] st v wi77baep fARRE Z2dskelA NO, A%
A5H7HE FdEAT Axd 55 F2A 79 Sao] Wi NO, AAEL A& Ay U
S ey Hwstdw. =3 R Fue] dess AAeE RUEHSIY 824 x99
oA kg3t AIZES gRIstdew, 5% F2A 7|8 SCR Fulo] oigh Wirt=Ed AlFS T
At AU Fuje] HeFd HFAEES NSt FE, AA Adubo &S 93 Prototype w4
T4 SCR v & td Scale-up ATE F7HH oz AP o Holth

FuEd

1. Sounak Roy, M.S. Hegde and Giridhar Madras, “Catalysis for NOy abatement” , Appl. Energy, 86
2283-2297 (2009).

2. Martyn V. Twigg, “Progress and future challenges in controlling automotive exhaust gas
emissions” , Appl. Catal. B: Environ., 70 2-15 (2007).

3. Sooho Kim and Chang-Woo Lee, “A review on manufacturing and application of open-cell metal
foam” , Proc. Mater. Sci., 4 305-309 (2014).

-151-



PA-32

3xtd Yxgst ?Zﬂlﬂ‘ﬂ} gt EFHE ol E&% 4
7 29 1= HE

*

N

A9, AAeH, Hugh
MqeAdgaty Ayass ASLERA ZOEF A2 163, 130-743

High-Sensitive Detection of Pollutants in Aqueous Environments Using 3D
Nanophotonic Well-Based Raman Scattering

Chang Min Jin', Jung A Kwon', Inhee Choi""
Department of Life Science, University of Seoul, 163 Siripdae-ro,
Dongdaemun-gu, Seoul 130-743

Detection of pollutants in water system such as river, lake and ocean thought to be very important
issues in environment field. Recently, surface-enhanced Raman scattering (SERS) has been regarded as
one of the most promising tool to directly analyze environmental pollutants. Due to advantages in
terms of label-free, sensitivity and specificity [1,2], SERS is well suited to detect environmental
pollutants. However, detecting solution sample in itself via conventional solid SERS substrates has been
challenged because of molecular convection induced by laser illumination. Herein, we present a novel
and powerful method for effective solution-state SERS by wusing spontaneously formed
three-dimensional (3D) nanophotonic wells with liquid polydimethylsiloxane and metal precursor solution
[3,4]. Owing to spherical feature of the fabricated wells and plasmonic effectof the integrated metal
nanoparticles, SERS enhancement was maximized at a specific point in 3D space (ie, near the center
of the bottom in the well). We also optimized the SERS effect via the precise control of the volumes
and concentrations of the metal precursor solution. Moreover, we demonstrated additional SERS
enhancement by injecting a mixture solution of gold nanoparticles and analytes into the optimized
nanophotonic wells. By these optimized protocol, we successfully detected organic pollutants including
cyanine compounds, micro-plastic, and disinfectants based on their intrinsic Raman spectra. We believe
that our findings will contribute to develop a high-sensitive SERS detection protocol to directly detect
aquatic pollutants.
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Optimization of the Middle Layers of the Four Layers Heat Blocker

Gyung Hee Park?, Won hee Lee!, Jin Gyu Choi®, Su-Chul Yang®, Jong-Min Kim?®, Sang Mok Chang®®
IGreen ChemTech, “Department of Convergence Science and Technology, Dong-A University,
SDepartment of Chemical Engineering, Dong-A University
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Ao g =74 FLIR thermal picturefh ¥ 255 A3t &43t3 0
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Fig. 1. Changes of the Surface Temperature of Heat Blocker
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Catalytic Decomposition of Ammonium Dinitramide-Based Low Toxic and
Eco-friendly Liquid Propellant over Mesoporous-CuO Catalysts

Sujeong Heo!, Bo Kyeong Jeon? Ji Man Kim? Wooram Kim®, Young Min Jo®, Jong-Ki Jeon'
Kongju National University, “Sungkyunkwan University, *Kyung Hee University

Hydrazine2 717 AWty o2 ALEH+= FA Edolt}, AT #H hydrazinee] Z4 02 A3 oA
Edo] 3 AFrF dutelA AyH gk A M FHe w4 33E F dHurl ammonium
dinitramide (ADN, NHN(NOgyolth. ADNS 73 4AtsiAl2 #-83t, =271 4F BEdES THEA
gor=z ADN 7|9k H4FZA = hydrazines thAE =2 & A sttt kAR ADN 7]8F H44F2 A=
FE Stgo] Fol HEUl oJHuE EAFo] Atk wEbA ADN 7]HE dAFHA= ZuE o] &3}
Su 3] & dfoF gt

B Aol ADN 71k 34l FujgsiE Hs) U HAME o83kl meso-CuO ZHwj&
[e]
o

A xR FHAHE o] &3t bulk-CuO =w|Z A x3dtYtk. ADN 718k A} F=xA49 RHaj
A& AA| A=ZE batch WHS71E o] €393 ADN 7|qk 2 F=RA9] EaiMA =9 o4y HEE
gttt 71F Z71E g2A4 sto Az F e EE3Ez EA BE4S 98 BET, XRD,
EMS o] &3}t
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1. Eloiridi, R., Rossignol, S., Kappenstein, C., and Duprez, D., AIAA Journal, 19(2), 213-219 (2003).

2. Amrousse, R., Fujisato, K., Habu, H., Bachar, A., Folet-Houttemane, C., and Hori, K., Catal. Sci
Technol, 3(10), 2614-2619 (2013).

3. Courthéoux, L., Amariei, D., Rossignol, S., and Kappenstein, C., Appl Catal B: Environ., 62, 217-225
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N.O Decomposition Characteristics of CosO4 catalysts

Ra Hyun Hwang', Ji Hye Park!, Sang Goo Jeon? Kwang Bok Yi*"
Graduate School of Energy Science and Technology, Chungnam National University,
’Korea Institute of Energy Research,

SDepartment of Chemical Engineering Education, Chungnam National University

EH 247t F U] NOE AFdsted wAs dFo] COt vlAE 99 <o 10%
AEAT AFL2U3 A7 CO0 HI3] 310wi7F E=ow o] FoA w9 <ASS 120068 F<F
ZERslY 2 E2FE Bt EEZ 4EA Ak Hol N0 wiEFo] g 24712e vls] F24 3
SoUHA NO Azbel] tigk o] FolAa Aok oy dd o]fF= N,O A FFHo] ‘?%8
AF7F Bostth N,O A7 7eoles G, SulEsy 2 A9 Fo Uy Sol U
ZujEHe 7 ged FHoE FHuFS FHAIIH EE st Noot 0,2 ®llshe %'—é o],
LA TE AFEEA ol o] HEIthE Aol Ak FulEd] FAH AMEEH= Fule ol2ndh
Aol E, B3FE44stE, ddFE3E, dFA0E 48 E, F450 5o Atk F4548 5
£3lE Coj04 Ele 932 A Fe 2 gddoi £ A wEo HZ Pol] AF7F Ha T
Cos0y Fullol ZZFulEs H7istd E4E Fo| AU, %ﬂﬂ%“—?% =33ty S =ole ATVt
Hyxo . B AFAE Z2Fd9 Hrieh K=EFd dist N0 ®awg 54 vushd
B39t 2=Em2E Cedt Zre A&t om Ce/Co, Zr/Cod HIE&L 0.058HI2 T3 3l
Aze93, Ko =3L KCO:E A&t 1 wtn= st Zmje] 54 BET, SEM, XRD,
H,-TPR, XPSS &3 24331 AH7IE 250-375 C =g oA 25 € 7HFo 2 GHSVE 45,000
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Analysis of High Temperature Corrosion on Boiler Tube Material
by Alkali Chloride

Beom-Jong Kim'?, Hyeo-Soo Kim?, Chang-Kook Ryu?, Uen-do Lee*
"Thermochemical Energy system R&DB Group, Korea Institute of Industrial Technology,
“School of Mechanical Engineering, Sungkyunkwan University,

SDepartment of Green Process and System Engineering, University of science and technology(UST),
“Yonsei University

A71% 9 wolenlaE ARE AGS B AT Aol EASE Pas 2B FRe] weoA
ARULRE FAs] Luoh oAl Qe dmarel RAEL. BAE gaugns tsus
AAS Chiorine cycleg 4ste] A%zow FUE £447 /b5 T8 5 EAHE WAAUG

Ze] gRE AR 27be] A9 olEd LR Fs] s AL, AL 2€E Ade
Solth % 44 Sewd slee) Aoz AAMARE WALud FIANE welo] Frhso
Fo 1R BEAE weA sjdsolsts Aot weRAS HAsy] dsHH oo AL
zt= A g9 /\}%o] a} i} o] T},

2 e By FH AFEE g o BARE dopry] st HdY FHE ASHE

AT, Als2, TILE Ao Aselel AAUALAo] BE HAGEE ST FHYLAL Nl
5 7% TE&d& AW =Xt A== 400, 450, 500C=E #H 7=

KCl& AHgatAaL 74 3, &

aztEe] B FE FHLES} fASHA AT ASTM G1-03 EEAAHHE ol &3 243 F
AR ArstE S 21174 st Al §2 H/E FARE FAse] RAEEE 45T

e

1. Viklund, P., “Superheater corrosion in biomass and waste fired boilers,” KTL, Ph.D thesis (2013).

2. Tobiasen, L., “Deposit characteristic after injection of additives to a Danish straw-fired suspension
boiler,” Fuel Processing Technology, 88(11-12), 1108-1117 (2007).

3. ZHAO, W. Y., et al. “Inter-phase selective corrosion of y-TiAl alloy in melten salt environment at
high temperature,” Progress in natural Science: Materials International, 21(4), 322-329 (2011).

4. Lee, S. H.,, “High-Temperature Corrosion Phenomena In Waste-to-energy Boilers,” Columbia
University, Ph.D thesis (2009).
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MoS; Coordinated 3D Porous Graphene Network-Based Hybrid
Structure for Enhanced Performance of Pressure Sensor

Shuvra Mondal®, Seong Jun Kim', Choon-Gi Choi®"
Graphene Research Lab. Emerging Devices Research Group, Electronics and Telecommunication
Research Institute, Daejeon, Korea,
?Advanced Device Technology, University of Science and Technology, Daejeon, Korea.

Recently, graphene-based 2-dimensional materials have attracted much attention due to their
outstanding flexible, bendable and stretchable properties for potential application of pressure and strain
sensors. Especially, graphene porous network (GPN) assisted with Ecoflex as a graphene supported
elastomer showed great electrical conductivity and mechanical stability. In addition, MoS,-based piezo
resistive sensor exhibited high mechanical properties and gauge factor. Herein, we fabricated
GPN-Ecoflex composite containing molybdenum disulfide (MoSy) with different concentration (0.2, 0.5
and 1.25 wt%) that showed a type of small flakes for the enhancement of sensing performance. The
presence of graphene and MoS; were confirmed in MoS,;-GPN-Ecoflex by X-ray photoelectron
spectroscopy (XPS) and Raman analysis. The pressure measurements of GPN-Ecoflex and
MoS,-GPN-Ecoflex were carried out. The results in dicated that sensitivity of MoS;-GPN-Ecoflex was
higher than that of GPN-Ecoflex. In addition, the sensitivity of MoS;-GPN-Ecoflex was enhanced by
increasing the MoS, concentration.
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Electrochemical Ammonia Synthesis Technology by Polymer Electrode

Chan-Hee Jung?, Cheong-Yul Yoo!, Jong-Nam Kim!, Mun-Hee Han? Hyung-Chul Yoon!'
Korea Institute of Energy Research,
’Graduate School of Energy SCIENCE and Technology
"E-mail: hyoon@kier.re kr

7153t e 9 24Vt~ ZE o3 34 AR e wE tiHlE s AAAUA AEE
FooF 3t} StARE AR o AFA ©EH FAIZ A oAUA ARAA 7 asty, HT
AR AFA == Aglol(renewable energy carrien) 24 F4iA EE dRYolr Be AAS
o ok I F dryots 49 AFAANT7.6 wth H2)olw, A2 8.57|delA AA AEjo]r] w o
Faol Hlg} AA g oo]Fo] &oldtthe Aol Ak A dEUYols AAACE A 2 AE ol
st -Hap FAS T3l A4kt ok H-Ea 3AHS B Ve dedE B dEYor ¥4
Al 30GJ/ton NH3 ©o]/de] @& o|yAE A&stal om, SMds MEAS 53 T4 AXE TF9
CO2 ¥jZst+= (216 kg CO2/kg NH3) ¢ #AIRo] ot olelst @S sjAsty] fste HZ =3
HAAE 45E ©@a wE glo] ArIsistdor drYols: FAdte AT MEe] @S #AS v
AT B dAFoAE B AAE AEE ¢ 17)5EE drYol A Fa AT vkl Ha 3§
HHSE Folal AA/FA AU FAE At AS5S AxSAT. Ar|EEgd dEyol FAAA
o]-g3te] e Aol Mt HE dRYolE FAdsta Hlw EA AT
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Optimal Eco-Friendly Approach for Photoresist Strip Nozzle Process

Ko Hyeong Ho!, Kim Joon Hyun!, Lee Ki Sung? Joo Gi-Tae’, Kim Young Sung**
ISeoultech, “Seoultech Graduate School of NID Fusing Technology
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Fig. 1 Nozzle spray analysis with 0.7mm orifice diameter, 50mm distance, 45°C stripper

. Kim, J. H.,, Kim, S. H., Jeong, B. H., Joo, G.-T., and Kim Y. S “Green Photoresist Stripping Process with
the Influence of Free Surface from Dip Withdrawal,” KSMTE, 25(1), 14-20 (2016).
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Oxidative Desulfurization of Marine Diesel Using Heterogeneous
Catalyst and Various Organic Solvent

Hyeonwoo Oh', Hee Chul Woo"
Department of Chemical Engineering, Pukyong National University

YHE U F71EER o|Fod EFERZ olE BESHF 2 AA A I @3rs AAARE
dE 5 Ut FERH 48 F Ae HAASE T AHE ouA U=yt =on, AdHAo] =of
Sukal A o] goldths AFo] Aol ABAA AT2A ujg HFEA AR a8y
Aol oUdd FR/9 FIFIFEEC] =A3H, 60% ol’de] E] LI (thiophene)} 7‘8 o3y
F3EY O FEAZ olFoA Uk FEIE F AR MATANA FSFaHSE HAFE
ATHA o] ALEEHE =] = AZd IE 4L dor ARHA &S ZAAIYL ol
AHE AdsHAA g duEA AL fdAME F FEE 1 ppm OlFE 9E £ AeE IAE
@33 el  Jigo] FAFHoth  AAARS  FE& AAS] AT dzEzFHA EFFAHo=
SH DG THMDS, hydro-desulfurization)e] Utk Telu} +HSFEHL 1., mgte] QT ghuA

FA7F AREEZ] dEe] | ge] Ho] £ Eg FERF YA FNE <l DF 3y F3l3rE9
AANE wlEa&Z oty HrAo] Asg3y4g(ODS, oxidative desulfurization)s WS #33HE9
AA BHHo|H F4VF o] A @il FE 259 9FY SloA 73 JHed] UHE—Oﬂ H-& ol A
et Adel Au2l *PEZ}EL?@L%ZJS 2kl Hbg-& Bl AAS] oEe tEE $sigtEo
FAE STINA AAE &olstA = atsta A ststd FIFES AASE FETHLE o] FoH
dtt. FEFAHAE FE N EYE-(ACN, acetonitrile), T w & EEo}u] =(DMF, dimethylformamide)<}
Ze fr1gurt AFEET B AFME AHE 5 9F 200 ppmw)e] & w55 7] 9 43
Zu|E A zxdgon HAES4AMH0, hydrogen peroxide)E  AMEA| R o] R3] A3 FAHS
FPtde. 4kstE FgtEe AAE A% FE O SUWE MAEYUELE, YuEIEME=
o} M| EAHACOH, acetic acid)®} ol &F&(EtOH, ethano)S Al83le] = {249 A%S vl

FuER

1. Yang, Y.-z., Liu, H.-g. and Xu, B.-s.,, “Recent Advances in Molecular Imprinting Technology for The
Deep Desulfurization of Fuel Oils,” New Carbon Mater., 29(1), 1-14 (2014).

2. Ho, H. P., Kim, W.H., Lee, S.-Y., Son, H.-R., Kim, N.H., Kim, J.-K., Park, J.-Y. and Woo, H.C,
“Adsorptive Desulfurization of Diesel for Fuel Cell Applications: A Screening Test,” Clean Technol.,
20(1), 88-94 (2014).
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Upgrading of Vegetable Oil by Hydroprocessing using Ni and Ru
Catalysts
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1. lkeda, R., Tanaka, H., Uyama, H., and Kobayashi, S., “Synthesis and curing behaviors of a
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Study of Cu-Mn Mixed Metal Oxide as Oxygen Carrier
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Hydrothermal Stability of Zeolitc Imidazolate Framework (ZIF) Membranes

Seungju Lee!, Jaesung Kim!, Doohwan Lee'
'The University of Seoul, Department of Chemical Engineering

In this work, we studied the thermal and hydrothermal stabilities of supported ZIF-7 membranes at
various temperatures (423 - 673 K), H,O vapor concentrations (10 - 40 mol%), and metal oxide
supports (alumina, silica, magnesia, silica-alumina). The alumina supported ZIF-7 membranes prepared
by the seeding and secondary growth method showed high hydrogen permeance with good selectivity
over larger CO, CHs; CO, gases at elevated temperatures above 573 K. However, the alumina
supported ZIF membranes suffered from fatal hydrothermal degradation of the ZIF crystalline
membrane layer even at relatively low temperature of 473 K, and this structural degradation was
facilitated as temperature and H,O vapor concentration increased. Surface acid/base properties of the
metal oxide supports had critical impact on the stability of the membrane as the ZIF-7 structure
exhibited severe hydrothermal degradation on the acidic alumina and silica-alumina supports.
Conversely, the ZIF-7 crystalline structure remained stable on the neutral silica and basic magnesia
support surfaces even at the severely antagonistic hydrothermal condition (573 K, 20 mol% H,O). These
findings provide important new insights for the effective construction of organic-inorganic hybrid ZIF
membranes with significantly improved structural stability for practical and relevant thermal and
hydrothermal operation conditions.
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Fractional Catalytic Fast Pyrolysis of Saccharina Japonica
Macro-Algae in Fluidized-Bed Reactor

Hoang Vu Ly', Seung-Soo Kim!, Jinsoo Kim?, Hee Chul Woo?
Kangwon National University, Kyung Hee University, *Pukyong National University
“E-mail: sskim2008@kangwon.ac.kr

Fast pyrolysis is a thermal conversion process at high temperature (400~600 °C) in the absence of
oxygen, and at short vapor residence time [1]. Fractional catalytic fast pyrolysis is an updated
pyrolysis method in which the biomass can be directly converted into higher quality bio-oil by
catalyst. In this concept, catalyst can be used instead of sand, and it has a role bed materials and
catalyst [2, 3]. Catalytic fast pyrolysis has attracted a lot of attention as a promising method for
producing high quality bio-oil from biomass feedstocks [3, 4]. In this research, the catalytic pyrolysis
of Saccharina japonica macroalgae using both of zeolite and metal catalysts was investigated in a
bubbling fluidized-bed reactor at atmosphere pressure and different temperature. The bio-oil yields
ranged from 25.6 wt% to 37.4 wt% under the investigated pyrolysis conditions, the gas yields were
slightly increased from 27.6 wt% to 36.4 wt%. The gas products include CO, CO,, hydrocarbon
(C1~Cyp were similar for all pyrolysis conditions, but the selectivity of gas composition varied with
conditions. Using catalyst in pyrolysis of Saccharina japonica macroalgae resulted in a reduction of
dianhydromannitol and 2-furyl methyl ketone, but resulted in formation of 1-hydroxy-2-propanon
(acetol). The aromatic compounds were found to be higher than those from fast pyrolysis in the
absence of catalysts.

References
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Demonstration Study on Odor Removal Using Dry Electrostatic
Precipitator and Catalystic Ozone in Textile Industry
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A Study on Acid Leaching for Wet Recycling of NIMH Waste Secondary Battery
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Nak-Kyoon Ahn!, Dae-Weon Kim!, Soo-Hoon Jung? Joong-Yup Choi?, Dae-Hoon Yang?,
Hee-Lack Choi®
'Advanced Materials and Processing Center, Institute for Advanced Engineering(AE),
’GM-Tech CO., LTD., *Department of Materials Science & Engineering, Pukyong University

slo]B et A7|A%A (HEV : Hybrid Electric Vehicle) R5%7] A2 20003 4= @A ©o)
AbEEta e "EoldA tidld YAFAFAAZE FEOALHJAD @A AR £
YUAFLHAA 7 dAst e 20149 ¢F 360Ee] UAFAAAZE gud A AT 2000
FA HUARAFLRHAY  AFELS 28 AHoE HEYUA  AMAEAA  AHEEHAoH,
TUoll e oA AFdHoE A&Go] Estr] X3 AAotk B AFdAE UASTL HHA Y
A AFEE fdsted FAMHA o AL I FE2ATEA A A o3 A=EHRE
Bz ggen, 1 & A= i IeiEs AYstaa stk daE #HolAHAERE WA
2 & g /B 2 BFES AH d& A= 2338 XRF (X-ray Fluorescence analysis, NITON)Z
ol g3l T4 A& EAES AAEFeH, FAHEN e JAEFste 42 fUtEE w5 MP-AES
(Microwave Plasma-Atomic Emission Spectroscopy, 4200)& ©]&3] YA, IXE, JEF T 59
FTEE GstAth HUAFAAA A BYE A5 2a3fys JAE: A 2H0E2EE GHHESEAHS0,,
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AFAE
2 e 201795 AdEAAd ] Adow d=4rleg g 7HLKEDS] A
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rechargeable batteries” , Waste Management, 29, 2332-2335 (2009).
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selective precipitation in the recovery of valuable metals “, Journal of Power Sources, 193,
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3. L.E.O.C. Rodrigues and M.B. Mansur, “Hydrometallurgical separation of rare earth elements,
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A Study on Separation Process for Efficient Recycling of NIMH Waste Battery

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

Ni-Cd A= 1899 7T oz /e 7 AdA 2okl dx 5 w37
875 E &5 AREEJARE B2 olUA] AFEES} JtEFS] fFeidoR ARETol

FUAAE DB QA7 UA-A=E AolAdA AR s YA, 1 5 e UAn =g
NHAE o3 AAPHe]l ALHIAT Utk oleld WEe TRl ojyx 4u B =gl o
W7l eqdolae S BAE Tatela Qo] & o AAH0l AAH o HAo] AkE T
glont opx el A RakEl T A ke Aol

B oAFIME AE UA-ZSF AAAY Ao AYH AEE st AW %
A g e NzAFRA AAA Beue B 8 BPE AF YRS FF @ o3¢ ¥EE
Cut mil #3)715 ol g3te] E5tm olF w4 /2 RIHAUG =G w4 AHAE PH
Mastel O EEAS Akl BT E8H ABEL Astel A3 AFEY WAASEe

Rl matel FgH o waanA s

Table 1. Results of particle size analysis and magnetic separation on sample crushed by cut-mill.

Cut-mill Mesh (Imm) Cut-mill Mesh (2mm) Magnetic Separation
>25mesh < 80mesh >25mesh < 80mesh Magnetic Nonmagnetic
Fe 58.8 6.4 55.7 4.1 59.8 1.3
Cathode Ni 40.2 86.1 431 89.1 39.1 91.5
Cd - 1.9 - 2.6 - 21
Fe 93.2 122 95.0 114 94.6 54
Anode Ni 12 2.0 3.9 1.2 1.2 0.9
Cd 44 85.3 - 87.3 3.2 93.5

A

H AF+= 20168 =
AT FA LY THNo. 2016502101280)

FY 532 5o Ader oA 7] <H7HAKETEP) o] A d& ol 33
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1. J. S. Park, K. H. park, H. S. Chon, J. S. Shon and B. G. Kim “Recovery of nickel from the spent

nickel-cadmium battery” , J. of Korean Inst. of Resources Recycling, 8(5), 28-33 (1999).

2. E. Rudnik and M. Nikiel,

batteries” , Hydrometallurgy 89, 61-71 (2007).
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Study of Black Pellet Production by Bench Scale Torrefaction Process

Sangdo Kim"", Sihyun Lee!, Hokyung Choi!, Donghyuk Chun!, Jiho Yoo!, Youngjon Lim!, Jeonghwan
Lim!, Hyuk Im!, Munjun Kim? Jaehun Shim?
IKorea Institute of Energy Research, Clean Fuel Laboratory
’SMK Energy
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1. Linoj Kumar et al., “Integrating torrefaction in the wood pellet industry : A critical review” ,
Energy & Fuels, 31, 37-54(2017)
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A Study on the Treatment Method and Application of
Acid Mine Drainage

Seung Hyeong Ryu!, Youngjoo Seo!, Junyong Lee!, Shin Dong Kim"*
'E & Chem Solution Corp. Energy & Environment Research Center!

© stde st A7la, AdE A Ake] Ask 9 —7—“4 T4 3 EY @
Fi do. ol#d AAFAeE SRl ArleEA dg BE IS FFAE
= *—lﬁl(Ca(OH)z)Q} 714 2=t+(NaOH) 2 Tﬁ}ﬂﬂ%‘: WHol AR o=
A3 Hrle2H B A n&o] LAY ojFA AP &A=
of A ol st flem, ofE FEskA ol AEste AL AdA, vl &t
ol sidstrIels A J%l7l%i AGH A e AHdE s S A o i Z8Weko] &b
ArEe A AHH1-3] & A= FeE Ye, HegolA wes = AHd34<=(Acid Mine
Drainage)& #lglstar, T4 <Ae] ZE&UGo=N nlole 7tzdA WAEH= Fal7l= F
sl Fsteas A A F2HA AL ATl s EEstaat ok
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1. Do Khac Uan et al. “Application of iron-based adsorbent(FeOOH) to remove hydrogen sulfide(H,S) from
biogas” , Journal of Science & Technology, 54. 2A, 35-41 (2016).

2. Jung-Hwan Jeong et al. “Characteristics of By-product Ochre from Acid Mine Drainage (AMD)
Treatment and Its Potential Use” , Korean J. Soil Sci. Fert, 43. 3, 304-314 (2010).

3. Young-Goo Park et al. “Neutralization Treatment of Acid Mine Drainage Using Ca(OH),”
Korean Ind. Eng. Chem, 16. 3, 391-396 (2005).
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Separation of Dimethyl Carbonate/Methanol/Water Mixtures by
Pervaporation Using Zeolite 4A Membranes

Jong-Ho Moon!, Woong Jin Oh'?, Dong-Ho Lee!, Hyunuk Kim!, Young Cheol Park’,
Jong-Seop Lee!, Jae-deok Jeon!, Hyung-Keun Lee! , Jeong-gu Yeo!, Churl-Hee Cho®
Korea Institute of Energy Research,

’Chungnam National University, Graduate School of Energy Science and Technology

A novel membrane reactor process for DMC synthesis from carbon dioxide has been developing in
Korea Institute of Energy Research. The scheme of direct synthesis of DMC from COZ and Methanol
is “CO2 + 2MeOH < DMC + H20” . Among them, reactants are CO2 and MeOH, product is DMC,
and byproduct is H20 (water). According to Le Chatelier’ s principle, removing byproduct (water)
can shift the reaction equilibrium to the right (DMC production). The main purpose of this process
is removing water during the reaction. For efficient in situ water removal (dehydration) and DMC
separation, zeolite 4A membranes with very small pore diameter and hydrophilicity were introduced.
In this study, pervaporation performances of binary and ternary DMC/methanol/water mixtures were
evaluated.

FuEF

1. Won et al., “Separation of dimethylcarbonate/methanol/water mixtures by pervaporation using
crosslinked chitosan membranes,” , Separation and Purification Technology, 31, 129-140 (2003)

2. Chen et al., “Composite hybrid membrane of chitosan-silica in pervaporation separation of
MeOH/DMC mixtures,” Journal of Colloid and Interface Science, 316, 580-588 (2007)
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Aqueous Stripper for Electronic & Display

Won-Gook Shin!, Won-Jun Jeong!, Byeong-Jo Kim!
'AK ChemTech Co., Ltd

FPD(Flat Panel Display) % PCB(Printed Circuit Board)e] A]7-2 afimity Aikske]l F7171 o] A1
A3, 53] FH] ARzl 7]<(Photo-lithography)& AR&ste] HA7]71e] A=, Hwebs|E, ZHE
HiA 5& ttes FACAE Bo FEd F3H(Fine-Pattern) e 273ty Udth AFEZDS 53
o]F A= Image A=A 1= ALAH FBAEES a7 i, AFY F4E 2 A7HEA
ZHolA Wl F83Y.  Image AxFAHLS  AFEZ  Z"®(Coating), =3FHExposure),
& /dDevelopment), 2] Z+(Etching), =He|(Stripping) 3o Z2 o]Fojx . B A= ®EH Image
Ao Ad=o wet a7FH= v 29 ¥y YH, Z7]E Alojskr] flsl 9d8E, s&E,
25 ks Y. 53 FE(Cu) AMFEEZ o|FHZ PCB 7|do] gk Ajd FFda A4k
Zgel dFS Fv= WAl dE Hrt=s sl g5k

1. F. M. Alkharafi, A. M. El-Shamy and B. G. Ateya, “Comparative Effectcts of Tolytriazole and
Benzotriazole Against Sulfide Attact on Copper,” Ind. J. Electrochem. Sci., 4, 1351 -1364 (2009).

2. Tulin Kiyak, “Inhibitor effects of Tolytriazole on zinc, cupper and brass surfaces to corrosion
effect of environment® J. Int. Environment Application & Science, 2(1&2), 26-32 (2007).

3. C. H. Lee, G. H. Jeong and A. S. Shin, “Evaluation of Water Absorption Phenomena into the
Photo-resist Dry Film for PCB Photo-lithography Process® Appl. Chem. Eng., 24, 6, 593-598
(2013).
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The Case of Improving Manufacturing Process Using LCA Approach

Heekyung An'
Korea Institute of Industrial Technology
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AFEAR Y] AR gATeRZA RFIEFE MAT F AsS AAEAeH, LCA E4&
s Agtrle HAgoem A AdAzTAHY ALdndQl2nida), AT2ds (19.1%%H8),
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Parameter Study for Nanofiltration (NF) Membrane Modelling:
Relation Between Membrane Charge Density and
Solute Concentration

Jin Kim!, Hyeon Jung Kim', Yoon Hyuk Jang', Dae Ryook Yang’
IDepartment of Chemical and Biological Engineering, Korea University

The issue of water scarcity has been rising worldwide and there are many efforts to secure clean
water like collecting rainwater, reutilizing domestic sewage, and desalinating seawater. Among these
methods, the seawater desalination can supply the water steadily and without limit. In case of
seawater desalination, there are two ways for producing water: the thermal method and the method
using membrane.

The membranes are categorized into four types which are microfiltration (MF), ultrafiltration (UPF),
NF, and reverse osmosis (RO). NF membrane has pore size of approximately 1nm, which the size is
in the between UF and RO membrane. Like RO, NF is used to separate inorganic salts and small
organic molecules but it possess distinct feature that it shows high rejection performance on the
multivalent anion and high water flux. To fully understand the potential of NF, the predictive model
and the parameters included in the model are needed.

The predictive model used for the parameter study is Donnan Steric Pore Model and Dielectric
Effect (DSPM-DE) which explains the separation mechanism by size exclusion, charge effect, and
dielectric effect. Former models has been pointed out that it includes a physically unrealistic and
DSPM-DE solves this problem. DSPM-DE has four parameters, which are pore radius, thickness to
porosity ratio, pore dielectric constatn, and membrane charge density.

In the previous study, Roy et al. [1], the author mentioned the possibility of linear relationship
between membrane charge density and solute concentration. It was also stated that the three
parameters except membrane charge density can be assumed constant when the membrane and
solute type are determined. Unfortunately, most of the parameter studies are carried out in the
range of low solute concentration, which is 0.001M~0.01M. As the NF process can be used to
develop a new hybrid system for various applications, there exists a necessity of finding the
parameter value in the range of high concentration and identifying the linear relationship. If the
linear relationship between membrane charge density and solute concentration is verified, the time
and money for parameter research will be greatly reduced and applied to the predictive model
usefully.

As the experimental data is not enough in the range of high concentration, the ROSA simulation
program provided by Dow Chemical Corporation was used. From the result simulated by ROSA, the
value of membrane charge density was calculated using Matlab.

References
1. Roy, Y. et al, “Modeling of flat-sheet and spiral-wound nanofiltration configurations and its
application in seawater nanofiltration,” J. Membr. Sci., 493, 360-372 (2015).
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A Study on the Process Improvement for the Production of Pheromone

Joo Hee Yang', Seung Han Woo!, Chul Woo Lee'”
Department of Chemical & Biological Engineering/RIC, Hanbat National University
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The Characterization of Cationic of Cationic Gemini Surfactants

Joo Hee Yang', Li Jingya!, Chul Woo Lee"”
Department of Chemical & Biological Engineering/RIC, Hanbat National University

Gemini Surfactant is believed to bea novel surfactant with a special molecular structure. It has a
higher surface activity than the traditional surfactant but lower CMC value. And it is more easily
aggregated into micelles, with excellent wetting properties. Besides, ordinary surfactants have a good
synergistic effect. Due to these excellent performances, in recent years gemini surfactant has
become one of the hottest topics studied by various researches.

In this paper, six cationic gemini surfactants were synthesized by one-step method. The surface
tension was measured by surface tension meter. It was found that compared with the conventional
surfactants, the cationic gemini surfactants had smaller surface tension and lower critical micelle
concentration as well as it is complex with common anionic surfactant, SDS. The surface tension of
the compound system was better than that of the complex system after SDS.
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Study on the Preparation and Photocatalytic Property of F-Doped
TiO, Nanoparticles by Wet-Chemical Process
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TIOE ¥& BEE W ohe 2 97l U BU Hd AL 2w Yb HEA
FEu) F shboln] ATl ol FYHel Sdtel Hul, BFRA AE, 2N, FE F
e Aleiola 9 4§ T Sk Jeiu WEA oUA7 32 Ve ol A9 930

nmel A &84S et g8l AFE wolgtr] wifol 7EA3A(400~700nm) FHA A = F
A4S HEF st dF7F s JdFHT o dEF 29, TiOe W= =dEs 98]
Sol20 7 =33} conduction band 2 valance band Abe]2] ZHA L Eolal EF AO]EE TWHEY
7HAE HEs F54T 7 JES e A7 A¥YEHT do =3, 2, H, bidg, 95y 22
THO| Ee HolgHoE st WHEel BRuFHJSY do Hekgk A4, ¥ A% T
TAR =] TSR H=o], FE FA o «lﬁﬂ S35 g2 AAH A4, 53 ¥4 59
TAZ Bt gA Ax 7hssta 7HAE 99dA S FEM E&S UEHE Vsl 87FH
At
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Effect of Ammonium Sulphate addition on Fine Particle Alteration
Measurement and Analysis in Circulating Fluidized Bed Combustion
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1. “In-Furnace Fine Particle and Flue Gas Measurement Services” VTT Technical Research Centre
of Finland, (2014).

2. Katlsson, S., Amand, L-E. and Liske, J., “Reducing high-temperature corrosion on high-alloyed
stainless steel superheaters by co-combustion of municipal sewage sludge in a fluidised bed
boiler,” Fuel, 139, 482-493 (2015).
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Sorption Enhanced Catalytic SFg Hydrolysis with Multi-Stages
Catalyst-Adsorbent Three-Bed Reactor

Shin-Kun Ryi'", Sung-Chan Nam!, Hankwon Lim?, Ho-Young Jung®, Jae-Yun Han!, Chang-Hyun Kim!
Korea Instltute of Energy Research “Catholic Unlver51ty of Daegu, *Chonnam Nauonal University

ul

S E318Sulfur hexafluoride, SFp2 =2 Ad A, 4 - 333 AL vedd =49 A
AU do] H7AEgelA nHet HAAEE AEsSta, vavsd FE A NEA H
gaEgol Az A TN F2 AGET Aok Ty SFee 19979 Had T oA Ao A
6o 2AFE A JtxE FAFJL, olisEAd HlE] 23,9008 E2 A T23}A $(Global
warming potential, GWP)¢} 3,2008) %< X]—’—.'“—/\IZED% AYm deA) - g aZgo] Aol whA o
wel FxHom mEwel FUlstE FACIHZ oEde] RujE(Zero-emission) A2H) :rlg‘??)r
Sl 38 71 7ol ALHo ok qhth. SFeo HH% Az g 34E A% FHEE 5, 2
E‘l al7lEo] Atk FFIAF LS FE FTFAE ol &3t FF —‘? gatsis WAooz g3kd sAs
T 5 ZHAP%Ol 7VFestth 18a %ﬂﬂ%% HiE71A4 & SFRbe &eElste] 3¢ & AJALE st
o7 Fe EErisd o ¢33 FA4ol JhestAR, dEe] wiEA Agele FAHS
o] Utk ®RHH] FarleS diVied Eozvt A 2 S Aol Ae=dH, i
HiZ71A] Aol &olsttte Aol Joy darjed 129 4 25 FAE sl 18]
o] 511, Z¢&Rnl Xy 9@ & FAL A T AAE+= HE, SO.F,, 502 T TE E3EH

o

= o ot
o Jﬁ—l

_4

H3EE 7494 H*g*é%%ol =45 AU Adoke= 5—;‘101 ATk kA E=L SFs wilE %’”‘éﬂ
A FALESS] 54 °J><4X4°§ atdsts 7l Jide]l Fagh /2750]13} 2 AFdAeE 2
ArEeole delLe Chateher S pr1nc1ple) ZlHto g G4Ruj Zuj9} Faksldg F2A 9 1:}1:}
745 53 BE gAAE FEs5ta, JtrEARES A EEe BAEES dHFoE AR F
Ae A="S FAAT O]Q‘r Z2e /‘l*E“ < T3] S8 A=W600 FEH wgrE A&t

Wiol &dFuv Sujet Fastds F2AE o ® A Fste] SF wal 5SS st ol
SFe= A F3F =& 7]Mass flow controller, MFO)E &3l FgF3td 1, =& 5000ppme] = =5
3t o F7F4E5(Gas hourly space velocity, GHSV)= 2,000 h'& A8t w3 7t2afuks
A FF71e FF71AY 8%7t HEE AHWAAFEZE ol &3ty Tttt 18a HETE A
&9 7|AE 7b2a 20 E 28 39(Gas chromatography, GOE 243t & Zm Za) A3
Zu-§2A 39 B3 Ade v ZAd, dd FHu ¥ksU)= %XJ%E 650C oA 89%°] Haj&S
Ebd wbA 39 FHul-F2A g wEgT)e= 99% ol ®Il&S UERTH ‘Eﬂ R A nty

U
E&A| o ols] E3A(Hydrogen fluoride, HF)¢} 3315 =3 H H A gFo} -3 SF, E3l
A gEY 54 FAAEL wlEo] 0% 7t deS Ze WUt :rL?ﬂH‘}i o] FH AT
oj¢} e FHul-FFA to FA o E3Ut Ay risd o5 ti&F, 1aEE& B3t

Aot B FAHIEol 7E &8 T W& frizor did Azd" 740 Ths & o=
aeE

FuER

1. Stocker, T. et al., Climate change 2013 : the physical science basis Working Group I contribution
to the Fifth assessment report of the Intergovernmental Panel on Climate Change, Cambridge
University, Cambridge, pp. 166 (2014).
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Continuous Injection Characteristics of a Device for Powder Materials
into a High-Pressure Reactor

Jieun Lee!, Ki-Jin Jeong!, Mun-Hyun Kim!, Seok-Woo Chung!, Tae-Hwa Kim? Jong-Sun Jung?
UInstitute for Advanced Engineering (IAE), “Seintec Co., Ltd.

71Eo| 7F2StERE, SISHEWE FoA et 87 e a9 REgTldl Adete] EAAS(r] g
st s F)E ?ﬂé’—ﬂ o2 Fsr] fste F= % 3 (lock-hopper) A 28-S AL-&-&f t}.

o] Z35 v (lock-hopper) A28l EAATL] ALEHQ T3S At 44 7 =4& HHESHA
A BAASE AAASE 1753 3 (storage hopper) g Hhgr] dEEYG =2 IQEHE
+AEY BEAARE JIFTFE WAoZ wkgrle FFdte= FFEd(feed hoppen), 7k gt

[e) H
FElE WHESIAA A HEQ) ﬂ% THol EBAAEE 7 HIY FEEHE AE FEEe
23 9(lock-hopper) 502 FAHE BAAdE FIAN2ES Hesta Yt

olglgt T Foy AxHlE ZAFS s LY HAAE ol &% ieF E A A, AH AAE
S kis 7&%‘/?}‘” AZ7 59 F7EA S AdH 047417} ZdQsta BEx3g At wep EAASE FYol
o] ZojXThE TS 7AW, o9 A d42lo] ofd HiX|(batch)2] o2 BEAAR F9o] o]FoH
TEey W RS #@™ fAVE BUbsstl SEHE Fasdet Y€ SEH7A pdske
FAG A AR AAIVFA AFLo] HQsiH, EAAZR U FEIF giar =& AFAS
B2 A (bridging) Aol o3l Fad oA FFITHE EAAET WHA e EAH ] T
B AFoNAE Fde BAAEE 7IAH Asol o st Fucte WAlSs HAEFoEN 1Y

-1 =
87 EE W] Ue] skx 9RE PAFS FA BAGRE ALHOR FUF £ U=
DU BAGE AU A AR g BARE FUBAE A D A4S BANE 20
AEe WAl BAAEE FYEHL et
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A Study of Degradation of Methylene Blue in Aqueous Solution Using a
Novel Perovskite Photocatalyst

Chi-Hyeon Lee!, Hyun-Gyu Kim? Dong-Ha Lim!"
Korea Institute of Industrial Technology Energy Plant R&D Group, Busan, Korea
’Korea Basic Science Institute, Photo-Energy Application Research Team, Busan, Korea

#Z v (Pothocatalyst = WoUAE o]&ste] 383 w3 dovle &4, WolUA7l ZAEH
7FA At (Valence band)ol A Ax}-A F%(Electron-hole pair)e] A AT ojuf F=vjel wl=xY
Al A(Band gap energy) Et} & WolHA7} AW AA-AEHL Zel¥o] HAAKElectron)=
7FA Ao A A =tf(Conduction band)Z oJ7]=¥ a1, A F(Electron hole)2 7FHZdjeo] YA Hth
Axt)el A= 37 F AHAe Wgste] s FAtol=  gpr]Z(Superoxide radicals ¥ Adshal,
HRAEd e AEe 7] T T §Este] stol=54 it Z(Hydroxy radicalDe A% of 714
FAE FHSAE gz sto|l=E4 guzde vkgA o] mj$ Fsled f718FEL S EHshe
ojitslet o) B3 22 FEA4 EAE AFAZ F v FFue fUIE B, olitsieka A3
= &3, 28l 2AaA T &850 gton, A<l FFu EHELE o|4SEEHE(TIO) 7]14he
WA o)ty 28y o] AStEEFE TR oA 7} 3.0 ~ 3.2 eVE EL duUAE 875 A9
ZAF sl ARE &4 o] Jhesithe o] Ut ol g o|4lslElEHE S EAE sAst] A =%
Ee HEES olitEEHEHT AA Yo EFsiAY tE RIEA BRI fFAste] MER dquAE
GEE JleEol AMEEHO] St JEy olE fdAlAE ATEH 22 Ut =3 EE REEA
EAS AMgStofof st A4k @rrt ZopzlthE EA17F ot

mets] B AFoxe TR E E4s THAE A Whge] hdd &
e FH 2B ~7lo] E(Perovskite) FEu]E /el o, o]F o]&sle] thEAQ A
T 295 WA EFE BIste A4¥S FH3AT PbBiNDb,Oy FE5mE

EF AA APe st dAF] vEd EFE SR} TS AdF oG8
A z¥ PbBiND:Og FEFmE Hol TFeAT EFAS wWA7|HA FgA A=Az
ZAREF] WG AT 2 WYgd EF AAEZES gtk HhgAIgke] SUMESE <l
Aol g dojon, o 1508 AT Ad Foe= vEgd EF7F diEE AA" Aoz FA=Th
getA FF HEgd EF AA APES FAA HZB2T0|E 729 PbBiNb,Oy FEul7F 7FAFA
ZAF st A] 73 A4S THAE AR RIS o, Tl JHABAd ZAF Shell A PbBiNbyOy
FEuE o] g3ty 7] olxisletAE WEy e AMARZ HEsta, B EIE I FAE
Aiele ARES F7HH R 3 Zlojth

rr

>

1‘
et
o,
oL

%

'/

ALl

1. Kim, H. G,, Hwang D. W., and Lee J. S., “An Undoped, Single-Phase Oxide Photocatalyst Working under
Visible Light “, J. Am. Chem. Soc., 126, 8912-8913 (2004).

2. Du P. F, Song L. X,, Xiong J., Xi X. Q., Chen J. J, Gao L. H, and Wang N. Y., “High-efficiency

photocatalytic degradation of methylene blue using electrospun ZnO nanofibers as catalyst “, J.

Nanosci. Nanotechnol., 11(9), 7723-7728 (2011).

la!
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Investigation of Continuous Pyrolysis Properties of Indonesian
Bitumen-Like Oil-Contained Resources

Jung Hee Jang!, Hee Young Choi!, Yeonsu Kwak!, Gi Bo Han!"
Plant Engineering Center, Institute for Advanced Engineering

71E ATolA AEuAotllA FEE JAHA ede] dFE dRERE 2dE Iy AT
o IS dTeden, A3 xR did 3AEES ALse] AU FRHE eds
aHHor 34T £ AT B AFdAME AL EE S 72 &8s S Wi 29
ARE Z&ste] AR sAH A&t 2d I dPe FHFLA Fen, ol sk
gadEs B verlE AA 2 7= s 75dE v dEs werl= AlE 20 kghre
HA4 2<do] Frd YEE FUY F AEF AAHNCH, &8 25 350~550C7HA] =4
T At 95 FYEE, dEdeEsel wE e IaTde Fd sn. IgdE ede
V12EAe Tt UL, FFY, FEIESS v‘i‘—“ﬂa‘ M, 2443 7€ F(heavy oiD¥}
H 23k S Ade &2 et 3" 2dS 48 Tl 2HES /I -] Albsdth
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Enhanced Catalytic Property of V,0s5-CeO,-ZrO, Catalysts for
Low Temperature

Bora Jeong', Jinwoo Kim'?, Myeung-jin Lee'?, HongDae Kim!"
Korea institute of industrial technology, “Pusan National University

Nitrogen oxides (NOx) emitted from the stationary sources and mobile sources. Vanadium-titania
based catalyst are widely used for removing NOx. However, these catalyst components have a
various problems as follows ; toxicity of vanadium oxides, narrow temperature window of 300-400C,
limited industrial applications. Therefore, we focused on the development catalytic activity with low
temperature. To obtain the improved the catalytic property, we using CeO, and ZrO, CeO, was
noble metals used automobile sources of three-way catalyst. CeO, has non-toxic component,
improving oxygen storage capability (OSC) and en increased redox performance. ZrO, was promoted
catalyst carrier and elevated thermal stability. In this resion, we synthesized V,05-CeO,-ZrO, catalyst
by various methods such as hydrothermal and impregnation method.

The enhanced De-NOy efficiency and SO./H,O durability was confirmed Fixed-bed reactor. And the
crystal structures and mophology of catalyst were characterized by X-ray diffractometer (XRD) and
high-resolution transmission electron microscopy (HRTEM). Brunauer-Emmett-Teller (BET) and
surface analysis.
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Deterioration Grade of the Stone Cultural Properties in Gyeongju

Jong-Hyeon Jung', Min-Ho Jeong? Young-Gyu Phee!, Seung-Hun Han!, Gyeong-Seon Jeong',
Joon-Hyung Cho®, Byung-Hyun Shon’
Faculty of Health, Daegu Haany University,
’Gyeongju National Research Institute of Cultural Heritage,
SDept. of Environmental Engineering, Pusan National University,
‘Dept. of Environmental Engineering, Hanseo University

AFACols Be IR MzESAs BEsn on, oo 4z, Bel, et
BEoj7l HzEASeY, AFA ADE, AE, FIHE AWF, ¢FE, dIW UAdY, e
Sate], R §99, AW SHE, FEW PFY Fol LxHo] Utk AA a2

o HuF MERHAZ dAGe] Exsm k) B dTode H 10 ¥y w
Aush B3 9F BNARE olgstel 3 Fss dE 57 % o9 YA
AT NERAAE EWe] ANss Wk, FBol, o7, 27, AAF Sl g% A&
WA @ ouhe] omeEy, qrMEwel 93, FAlZk ARAH Boby, AwHs @ TzA W,
e g B SR 5A - gelagel o@ A&, Mol o A&, HAGEAe] dF ),
A2Ae FHE Sol o Aeggol FANYU =W, Hard, B, 4B L g 29l
st #E BPHom At Zom BUHED. ol WA A A5 U HNAm
Aggel F7h Bo BAL skl EaAl A& S5 89 FH SFel AEHHn Y= gow
SRS

A}
o] @TE 20l6dE FHwsMe AUcw ARATAU AU Wob FqA o|FY jUszaT
A ¥AINo. 2016-R1D1A1B03-936168)0]H, o] o] ZALEHUTL

FuERA

1. Jung, J. H., “Effects of air pollutants on the health/environmental risk assessment and weathering
of stone cultural properties in Gyeongju and its vicinities” , Daegu Haany University, Ph,D
Dissertation, (2008).

2. %4, BANE, &9, o232, AAE, A@, MBS Al sUbi BUE - B R - SRR R
g aEE o RS, AlekEs), 31, 107-135, (2008).

3. AT, &¥Y, AVE, 935, A4, A, dleet drlegEde] HxESAC vAe T
T2AA] A4S FA0R", =3 B85 7], 33(4), 325-337, (2007).

4. BAZFH, HM, ALYl o3 AxIIA AE AFgERA 9 BREQH” | S RNTGA RS
S AF=wF, 5-28, (200D).

5. AFH, ANE, HAE, &9, B, BN G R - 08 Sl EYE - R ERT e
33, 107-135, (2009).
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Weathering and Monitoring of the Eastern - Western Three-Story
Stone Pagodas in Wonwonsa Temple Site, Gyeongju

Jong-Hyeon Jung', Min-Ho Jeong? Young-Gyu Phee!, Seung-Hun Han!, Gyeong-Seon Jeong',
Joon-Hyung Cho®, Byung-Hyun Shon®
Faculty of Health, Daegu Haany University,
’Gyeongju National Research Institute of Cultural Heritage,
Dept. of Environmental Engineering, Pusan National University,
‘Dept. of Environmental Engineering, Hanseo University

2 B4 ARE o BAYe Fasn.

e
R
-
i
o
o
2

¢}
A7AFAN Y olsE WAAY ATAGlE SYUSE gESE FASAA L] ANt
slom, AFAY QR PHA G B3 gt Ao FAAG 53 AAAA 5 A AEAG
Fuiele] A9 A4gdel U@ Algel FAFUL. uAXge BASHE BAT A,
AR 5 A HFAY FHols pRol ALHoR FFHE AT H9ZoE FUH| Ytk
AAAA A FFAY Fools 24T 8 e 480 AN Y3, olHd FAZ st
B wE B AA

otk olsh A AYAA F - A A Edelz FFol, o]7]
x%, AoF, wHecl 53 Lo T rldRe] ANsm gtk FHYT o
FAROE AAA B A AFAES FAAYG H44BF ws 2 ANAYS  FYstgnh?
TE, AU 5 A AEAE Ewo mARe AASE Bl B A HFAY %
€8 oz puHEg. FF AR JFL v b EaAE DAY A9 mo AR 24
9 vt a7dEh =%, A9 FES mgde Hustn 71408 49 F
2o - g8t AR - QA9IA - F2A 29 53 2L AE ANE Agshs Wk dnslor @

AA ol
AFAL

of dATE 06ME AR@HPY Ao dRATAT AUL wol FYE o3
M7 227 A LAINo. 2016-RIDIAIBO3-936168)01 1, ofol ZHALE guic.

E
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A1E3

1. AEY, AVs, HL9E &4
Aers3l, 33, 107-135, (2009).

2. AFE, AWE, &89, o2&, AAZE, DA, T fodscely mqb - R AR - 2
WY SJE %S hnoZ-C AeEs), 31, 107-135, (2008).

3. AFY, £9¥d, AvE, d3F, A4, A, ‘S driedE"e] HxE3A mA=
W FeAA AFHHE TAoR" =R A ], 33(4), 325-337, (2007).

4. AFH, JAAq,  “FALLHA ¥ HxEIA & ddxA "W REGHY”
=S ANNEFANES A FE=EF, 5-28, (200D).
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The Effects of Surface Treatment with Silica of Zinc Flake on
Oxidation Reaction

Hun-Seok Jung', Young-Bok Jung!, Ha-Sik Shin!, Jung-Goog Jang', Jun-Heok Lim*"
Metal Face, Inc.
Department of chemical Engineering, Pukyong National University, Busan, Korea.

old e YT 7wl AT WAVIEE kR dEHL LAEA AAA AEE, Y F2EE
P2 =52 dE] AgEogt 53 =82 HE&d u W4 ofde 78 ool w3 o & WA
s 7Hz Aoz deiA ok HZ Ao U 272 F84 PAERY U Favt wobel
nel 844 =50 &Y 5 e ofdET GEd UiF A7yt 2FHA Atk 84 =5
Hgatr] Al w2 A F8A FEolA ot Aty AV Fasith webA WA
ofdell gt 2 FAlA 9 ks whgo e APES AT

B APelAe okd 4] Ed AE B 4 FAHNA opde Ashubge] WA YFE
dotr gttt otAde Wi YAAI] 46wm o] FH ofAdRLE o] &t WIHIIFE T HA
2P Az At Ax®E WY od RIS olgste] WIsE A, F ZUAYE
AYPstgon Fd Ao oF, e wet st wge] A=E FASACT MY AAE
Zleer W Ao &It s WAE AT HH Hd AYA FTHR B AHY 2de
LHER AT

FaERA

L HEY, o)8%, w8t and EA1E, “SlaneA 771 slolE= A8 et uied FE =R T1e

7 “ CORROSION SCIENCE AND TECHNOLOGY, 12. 6, 295-303 (2013).
AEE, FAF, 9], HXF, o], o) dul, Y, olHT, “AvAEEA TR Wsp Et
Zo)¢dere] EAo mx]= H3k” Korean Chem. Eng. Res, 49, 3, 285-291 (2011).

o
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Synthesis of New Water Adsorbent for Adsorption-Type Chiller, and
Measurement of Water Adsorption Properties of This Material

Kanghee Cho!, Sang Kyum Kim'?, Hee Tae Beum!, Jong-nam Kim"'
Korea Institute of Energy Research, “Chungnam National University

H AAe TH met HAHYG FA "L SFIAS FAE AF 2dIE AT U Aso=
Wb art 543 FUkste] MAA ALkE d-®e 15%, HA 78 2 APE AEY 45% B=Ee
AR 7E Wre] FHOZ AEEHI . 53|, AFHos Wz s 7] oyA AHTL
AFHEA & o, XY A d= ZA 75 o7 =E §th old His| oA FH st
A ZNA AiEE dolluA = 8EA £l H7EHE A7 2ok 122 H4E ouA= 1
Bt duAdefr|ee] WEE go|dtAl IFEHo FEHI|E AT 90T o]t ALo=
HE A= #de vpEs ARSA7E §lolA HEAE A97F g2o e, olye dux B3
FAE AEAT F Ade ZIEo Ui Fol A sy Atk A AAAES 71FAEs g H8)
AL #HEdg AN FoluA e A&ZA F&r|se] &FHI J3, 53] IuloA 2 AP =
AAA A doux FF YJFIFAERHO, renewable heat obligation)oll tHRIE}7] 9|3l
stA7)e &8=7F 92 HE 2 A FAUAE o] &3 WHr)E T B BAo] olofx
ATh ZH2A YulE AMESEa B2 o 7] AdUAE AMESHE 7€ d7] bE2 WY X =
stA7] AY FZF 2472 dlE, 2ES Y Y EAE oflste WA, AEE WA 3@
el F&24 Wik AxE AL dU960~90T) =E AR dYdow TEEHI, YrE & Wes,
dryol 5& AHgstd WHdG~15C) =& dAFAI (-20-00)S AieteE T Ady A
WA 2 gl o] T},

FEA WY AAE A Gzt Z1stEe] 1A FFA FRE o dse % FE A
g 718 dEgR s vk FHAAVE FES FEAse ¢ v U AES AASEA
Wade Aztetn Fatel dRdE FAAE A ddoF ANIE AAES NEsSE Yds
A&H oz WYY, dF 5o, FHAE A&t 25-35C, o 8~12 Torr +357] dfollA &5
FZA 713 65~80C, ¢F 30~42 Torr 571 ol A FHA Fod E& @HA7IE AlolES 59
Sl A 10~15C A= WES ANT F vk F22 W AR A 7Hg Adlo] He RES
oA FAA T F2A W Ao FA 2AA Jted B2 ¥ FES FAY 4 A, wH
g2 zAdME Hu e 259 gdozn fiREe FHAE SRS 44 2F3NZ F e
FHAE AgEtE AX WY A 2 58S IA FIANZ F Atk o] AT e wS
g TR UxtIAd SR FAAES sty AA FEOFEA 9w AV FEEe
249 T2 FE FAHFE, 2 2ddA AL 4749 FFF] e FAAT. T4
FE FHEFE AT FAF 38 FANE AES] FHH25~-35C, oF 8~12 Torr), 22H65~80C, °F
30~42 Torr) =7 AtolE oyl A&l Fm Al FAA & F2AF Hsls A=A 7T
T Atk =3 A FR FAAEY FE FH FAE Ay 2RdA FHI} F O AARERE
FE FHEE FAHSAY 1 A, FE F2A W0 X0 A S FF e Hole 8
THAE A ALY, B A FAAEL 7S FR 34 W AA o) ALHE 4E FR
FZA9 Regular-density 221712, AQSOA™ FAM-Z series (w]22B]A] Av)Zapo] nls] 2-3u] &
T FE FAFE BYS AT F AUk ole} tiEo], AR ML TR FAAES AgHoR
288 F ARE A ke dAPsta AL FERE FVHVIE A7E 34 Jdsan £
Rz FIAHE FE FAAY ABE olE & 4A FHE AFsAY dT AX AESHE
dugriet 2o A8 54 ®Ho ZHsE WHES MLEaAch
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Carbon-Based Nanoporous Adsorbents Suitable for Separation of
Siloxane and Ammonia Composed in Land-Fill Gas

Kanghee Cho!, Hyung Chul Yoon!, Hee Tae Beum!, Sang-sup Han!, Jong-nam Kim""
Korea Institute of Energy Research

A peldetels T Ao FR FEd YAE FH 20 olge] U s wPAol
Azo] Ao} gk of 2dy] WPels BEF AT 2], SHE A/E AF A/E Sl
MY E, odl AZES of dY1ESe] @y 3l HwA we ool wlgAsbaLandfil gasE
WEakA Hth wgA kst s gREe] Egsel QtE #71%c] RaHwy wAss
Weks oldsteart F8 olErh YWMHORT 40-50%°] WE, 30-40%8] o HSEAE T,
MYA 7he 23 A FUSE B oF 5-10% A= EFH| Ak EF, FE ASE A71E 24
A Eel MABE Faiea, AT 2d7] 9 SR B A FE BASE 454 2 dEuot
ppm S9IE EFH Utk oA AFE A ol MAA shx el FPael weke] xubw ol
97 wEe] WMYA FaE distel U USE BEY F AUtk A, olF AR A7)
Aol wlF I FBFh, R GEUcks wMEA AAN Aok Bk FEFAE f3 BA
27 Fol B A% FAT 4 AT D2 A SOxE WAL F A ASH JES B A4
ol A g A 7hsg AxAD W Aeste dgse] dmey), W, A7 Sl A% DoHll o)&
Hul 4% 2 5y Asl B Aast. dmyets A% R4, £y
FET 5 UTH2). FEFAE Ao FASUEF 78S o
S, A D Frijohs d FYOE AASE A

A2, GEUolE AAHOE A
e AEHE FE FHAS s 25% Ay
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Activated Carbon Properties for Siloxane Removal” Environ. Sci. Technol., 48(12), 7187-7195 (2014).

2. Qajar, A., Peer, M., Andalibi, M. R., Rajagopalan, R., and Foley, H. C., “Enhanced Ammonia Adsorption on
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A &L Calcite 7]¥F A+4AuE 331E] Alx 2 EA dF

A Study on an ORC Originated from Recycled Calcite

Daechul Cho!’, Jong-Soo Kim?, Sung-Hyun Kwon®, Hong-Jin Yoo!, In Hyoung Rhee!,
Byunggi Park! Dongjin Kim*
ISoonchunhyang University, “Sunmoon University,
3Gyeongsang National University, *Hallym University

Calcitegs FHES=Z 3 =& A4t Ca0. & HAFE st 4AtawE 3HFE(ORC; Oxygen
Releasing Compound)$ 43ttt (part of up-cycling). AFAWZE 33ELS ofg FAHNA AAS
TEY T dv EAol Ao AEH A - B 9 A AEE ¢ Aok o2 calciteol A
Ca0, & g3t 8 whgolth

CaCO, (s)at825C — Ca O+ co,
Ca O+ H,0 withice— Ca(OH)2

Ca(OH)y + H,Oy — CaOy + 2H,0

MillingS &8l 2% dofxl Iitstzdgo =4S TPt

1. Nelson, Joseph R., Needs, Richard J., and Pickard, Chris J., “Calcium peroxide from ambient to high
pressures,” Physical chemistry chemical physics : PCCP, 17(10), 6889-6895 (2015).

2. Lu, S., Zhang, X. and Xue, Y., “Application of calcium peroxide in water and soil treatment: A review,"
Journal of hazardous material, 337, 163-177 (2017).

3. Wang, H., Zhao, Y., Li, T., Chen, Z., Wang, Y., and Qin, C., “Properties of calcium peroxide for
release of hydrogen peroxide and oxygen: A kinetics study,” Chemical engineering journal, 303,
450-457 (2016).
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A Study on Peeling Process According to Process Parameters of
Water-Based Striping Solution for Carbon Reduction

Ki-Seong Lee!, Seung Hyun Kim!, Joon Hyun Kim? Gi-Tae Joo', Young Sung Kim'
INID Graduate School, Seoul National University of Science and Technology
Department of Mechanical and Automotive Engineering, Seoul National University of Science and
Technology

Ave BE ITAEY ZFEZHER 4 RFOEA, HAFEHE ¥R S48 2 FAA2H,
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1. Kim, J. H, Kim, S. H, Jeong, B. H., Joo, G.-T., and Kim Y. S “Green Photoresist Stripping
Process with the Influence of Free Surface from Dip Withdrawal,“ KSMTE, 25(1), 14-20 (2016).
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Adsorption Property of Porous Materials for Removal of Small Content
Mercury Contained in Coal Gas

No-Kuk Park!, Byung Chan Kwon!, Yong Han Jeong', Misook Kang', Tae Jin Lee!’, Seung Jong Lee?,
Jin-Pyo Hong®
Yeungnam University, 2AE, *KEPRI
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1. Izquierdo, M. T., Ballestero, D., Juan, R., Garcia-Diez, E., Rubio, C. R., Pino, M. R., “Tail-end Hg
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Research of New Renewable Energy Using Statistical Analysis

Im Eun-Jung"’
"Department of Chemical and Biological Engineering, Korea University

Anamro 145, Seongbuk-gu, Seoul 02841, Korea

4z Q¥ me AA YA (New Renewable Energy) 8ol 2nfEZ oux] Aaksh Apg-o]
7Feazl AU AY fgAEsE FXA7IE dyA 400 AdE AYgFelth. AR oldAdE
Energy 1.0, A AR&AItH Energy 2.0, AAAIAA] A-&AIHE  Energy 3.0 colgti FETh
AUAE Afet AAYANIARZ FRE HHstn dok AAQYAIAT AMZE AR g
AT A BFE 3T ARAA L Fad|A So] AlduyAd Lata e, BgE, vie] 29k
9, 74 Fol AddUA &3tk trled M Z1FRE g, A AA ALY g F
ThFst Hofol mEgiz| Al BHE 8 AR AL #d Exyp FZ2E oz HyHEn
obef 1™ AAAUAL] FEHe AW Utk NSA TAEHE o8&t ARl A <
ATEFS AHEI RD #oks 4, d=3taAt g

S73, B8 WA 2 DEHY, MEAN
Stinfight W& 7Hl, T e o e R

o ALR, B T2 W TR 2|
W2, Ho| 2R BREE 2y 82

B TR SENY T, 4 RN

Wind force et mpo) T4 Rl 20| oD =uEK W

Ocedn energy

[Fig.1] Pros and cons of New Renewable Energy

Faed
1. KOTRA Invest Korea, “2016 Investment Opportunities in Korea : New Renewable Energy” (2017).
2. French Embassy, “New and renewable sources of energy” (200D1).
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Odor cause material removal efficiency maximization by
Electrolysis & Oxidation Regeneration reactor optimization

S. 0. Hong', M. J. Han', T. H. Lee *
'Woo Jin Co.,Ltd, Soongsil University
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A Study on Surface Property of the Ni Metal Mesh Prepared by
Electroforming Process with Variation of Current Density

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

A5 = F(Electroforming)] 71%2] F 842 Photolithography 713 Af= o] ZE AW 2k Eofke]
A Zle= Ay A dn AT E AEsE A% Ve s ARFA, HErHo, AFAtat
d, FETFA, AN, G oA A A Antel Bgasr a4 H2 4% A
AAFF] BH das} e FA Featr] 98 AF Aakel ol &= WA rE2 nF A3kt
Ao mAErE a7Ea glon, o 7|EY A sAe £FFst=t oEee S5t A

o
>
N

=549 =2 photolithography 8= A Ed = H=A712B0mm x 80mm x 0.5mm)E
ZyME 989 rackel] AHste] ALY, TS YAFE ARSI AFUES 1~5A/dm® o8
HIAZ T YA =59 Aani YA =598 AMSStY 3 pHE 2A387] 9 84F 459 &
7F folely HEAH S wAF7] 9138 NiClIE A3t pHE 4.0, %= 50C oA Ni metal meshE
At AFEFFAHANA AFLEE 0.5~5A/dm*E H3IAA Ni Metal mesh-s A Z3te] v A 22H
ste} A =4S 493k Figlell =A8HAT

Fig. 1@, A B5o] sjele] g4 2 tAoe] #d3tH, (O E™ E(hole)e] 272 61um, FX]
7= ¢F 15 umzZ A ZHAT}

(@) () ©
Fig.1.SEM micrographs the Ni Metal Mesh
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IR and Thermal Properties of Liquid Sodium Silicate(KS M 1415-type 3)

Young Bok Ryu!, Man Sig Lee”
Korea Institute of Industrial Technology(KITECH)

&z dgAclEalkali silicates)= A 7Hsilica)ot L2 e FE54AEM0)0] dFe vle=2 295t
I AE FFEES DIt E3] EfT(waterglass) 2 SAHEH = Adr4kAtHliquid sodium silicates)+=
A2]7ket NayO £¢9], &49] s=(F&8 ol wet s S4S detd=r, o83 54L& o &
st MHAHZMA, =28 vld, J3A, Suds, 238E 9 Asa 5 TUIEA, 2235 &
AAEAY dEZSA T FHSHA &L Yot sHARE ol#ldk EfEle] A tigh o]s)et
Ag = obAAA Rt Az APA Q] 22l ofEste o] &stal = AAolnh B AFolA =
AT ATHKS M 1415-type 3¢t dE&EH] R SAAESE 3 EAEALTEE AHE}on, o
Fatatat dxAe] dAe] 2= g SIS AWFoEN AR S A1 gl oIt
EARSE dSFste AEE &E&IASATH
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Properties of regenerated foundry sand (RFS) as recycling efficiency of
used foundry sand (UFS) from inorganic binder system

Bu Yoon Kang'? Kyeong Ho Kim!, Dae Won Park? Man Sig Lee"
Korea Institute of Industrial Technology, “Pusan National University

=

= BN WSS AZEAE F2IHAY WIS A7 B BNE AT Az= ana
of WHHI govt, AFEAY AP T T2 FH) AAEIE Wk hF AFE vFY
Aolth. moba] & @l AE RIS AR A48T AFEAL kA A4 bl o
g AYstgon, Wl AA Aol wE A4te Bel - sga S4¢ BASAT. =9
AN FAe] A B4 AL GFe 2AS] sl AAS AFBA) EFE WE
FAo) AEEAE ¥, 2dAA

> 1> o2 X

getron AMs] A AFEA AnE F2A FANANE Edsd ez Axsdr.
AFEAE AR AP %ﬂ g8 Jbg ESHA SAAPPPOR Aelstel AYAE
Azstgor] E, 54, 4%, 9%, AEEAS B Al 22 - H5k4 54 RS

Sawas wa A B AA4 2s Amee BAdd @8 ANEES wdw
SAAAERO g AAA AAREE oF 95% o4 Ao BAHYCH, AMAL YTEE
U xYES ERW BE B -85 B4l AAsh fASHl Yehkth Friuelbs)
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Study of optimal Palladium recovery of Pd/C catalyst by wet
process

Ji Soo Kwon'?, Ji Sun Kim®, Mi Yeon Byun!, Hak Sung Lee’?, Man Gig Lee"
Korea Institute of Industrial Technology, “University of Ulsan,
3The University of British Columbia

WFE 24 3 sh)ol Palladume BAel B3 53 Aswrge]l B AHAL A 9o
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Edgo] FduiHer a3 griegel TAstE @A o]
Palladium 38 AP, TIY +45 WE A A
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Physicochemical Characteristic and Database for Systematic
Management of the Stone Cultural Properties

Jong-Hyeon Jung', Min-Ho Jeong? Young-Gyu Phee!, Seung-Hun Han!, Gyeong-Seon Jeong',
Joon-Hyung Cho®, Min-Ho Hwang?, Byung-Hyun Shon?
Faculty of Health, Daegu Haany University,
’Gyeongju National Research Institute of Cultural Heritage,
SDept. of Environmental Engineering, Pusan National University,
‘Dept. of Environmental Engineering, Hanseo University

AAREdE Be B3 fHol BEST AT MEAEY K EHAGE e NxEaa)
BEST gt B3, @ @ ASAGe GARAAT} 7 AdzdH 9d fdam
AAFAHALE F2Q000. 11)NA AARSFFIORE SAROEA AFFEF Efiow

AsuA HA sHuete] £3FAE F=o =EAdAStone Henge)et 2ol F - Ar1F o=z {3
A4S &Y e 3R ALOoRY FEo] Jhed AFelH, HETHHoRERE FaAcl
FAEAY 4ol Wgts= Aot dF A= il Ft v, E N, 'BFE, vk 59
add osty AAH FIUF AAHL A, HIZe 4F FHedeEde] ddFe=R I3 "
FEntgol 7hEsE Ha lol EEUFC] wig AlE' AAelth oA el i &4,
stetd S FPAFEZSAAT AN AT A B42F, AYTHSIO), EFPIvHALOy), 4hst
A2-4Fe05) ol FFol FAES olF Ja, WAAS AACAM AHT e =AHe
AE7HSIO) Aol Ae #FFT =4S dEhH, dFIHALOYY FEE AIAHA AU
Mg YA dzEsAE 4F B - 88 - AESH v A g3, 3 kR,
ArEhghed, wHtsl gl AgolEst Ago] MYPH Qla, A4S HIHor ZEste MEEIA
e, A B 2ATEE AT AR AENT. dF £33 T3 & AR AAT
T =2 o= dAdHY, AAVHRES F3A BEUe A S T2 mfstoiof
& AR ol
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o] ATE I6EE FR@SH AU R FFATA T AL wol Y o]
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1. Jung, J. H., “Effects of air pollutants on the health/environmental risk assessment and

weathering of stone cultural properties in Gyeongju and its vicinities” , Daegu Haany University,
Ph,D Dissertation, (2008).

2. ATH, AVS, &WH, “BEMNMER fos el b - B R, AlekEs), 30, 243-272(2007).

3. AT, ANs, &9d, o2&, AAE, A, M Al sbi e - BB R - SRR
Wy g ass hoo 2" AlgkEs), 31, 107-135, (2008).
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White Phenomenon and Weathering Factors of the Cultural Properties

Jong-Hyeon Jung!, Min-Ho Jeong®, Young-Gyu Phee!, Seung-Hun Han!, Gyeong-Seon Jeong’,
Joon-Hyung Cheo®, Min-Ho Hwang®, Byung-Hyun Shon*
Faculty of Health, Daegu Haany University,
®Gyeongju National Research Institute of Cultural Heritage,
Dept. of Environmental Engineering, Pusan National University,
‘Dept. of Environmental Engineering, Hanseo University

gaAE 24 E2aAe AWAR a4 2 uAA BaAR pise] @esa glom,
FAANY EHAF FR BB FLTILHA AL @ AAEE 9 Feausdm 5o
FEHL. i HARESAE KIS, FEEHA, dE L uEE= ER9
PRANAE FHU HEFY BHA #elE st HzraA), BEZaA, AR, AR
5817, 227, 2% 5 BAF 2 43 JVF FO2 BRse] delsn vk UF REHAL F3
9ogEuksel AAEE Wawel A&s¥n Yok wsEde WAL gt FHARE
B} AEAR, A 13% Aw, B2 dene Wem Sol I, RE $9d fAs
glol EFaabol WART Atk T, REEdol o|F FHA4NT WMa@Aol WAL 1,
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#700 EFE Q¥ EE BHLABFol o] FH 9 FEurso] WIS e, o
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1. Jung, J. H., “A study on reaction characteristic of SO,/NOx simultaneous removal for alkali
absorbent/additive in FGD and waste incinerator process” , Pusan National University, Ph,D
Dissertation, (1999).

2. Jung, J. H., “Effects of air pollutants on the health/environmental risk assessment and
weathering of stone cultural properties in Gyeongju and its vicinities” , Daegu Haany University,
Ph,D Dissertation, (2008).

3 ATH, AVE, &Wd, “BEMME Aol el BAE - B AR, AleEs), 30, 243-272 (2007).

4. AFTH, ANE, &HE, o2, NS, A, " AUkl BUb - B R - 2EES
Y =l adss o2, AleEsg), 31, 107-135, (2008).
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Microbial Electro Synthesis of Bio-Alcohols through Reduction of
Different Concentrations of Acetic and Butyric Acids
using Mixed Cultures

Booki Min!, Jose Andres Gavilanes Betancourt!
Environmental Biotechnology Laboratory for Water and Energy, Kyung Hee University
Global Campus, Yongin City-South Korea

Bio-alcohols production through the reduction of acetic and butyric acids using microbial electro
synthesis systems (MES) was assessed under different volatile fatty acids concentrations since it is
well known that high concentrations of organic substrates could inhibit the microbial metabolism. It
is worth and challenging to find an appropriate carbon source configuration which achieves the
better performance of the system. The aim of this work is to estimate a close approach to the best
initial input of these organic acids for the operation improvement. Four double compartment MES
were operated in batch mode with 1.5V applied external voltage and adjusted pH of 5 at the
beginning of the operation, the reactors were fed with different amounts of an equitable mixture of
acetic and butyric acids (1:1 ratio). The initial concentrations were 2, 4, 6 and 8 g/l COD and the
analysis procedure was focused in the changes and products observed in the cathodic compartment.
pH variation was followed as the most important key parameter since alcohol generation happens in
the most efficient way at low values around 5, this study found that at lower initial COD (2, 4 g/,
the pH increased from 5 to 7 in 3 days and substrate degradation was around 50 and 75 %
respectively, while for the higher concentrations (6, 8 g/, the same pH variation took around 5
days and the acids degradation was 88 and 75% respectively. Alcohols generation was observed
within the first day in small amounts and lasted until 5 days of operation when the catholyte pH
raised to values above 7; moreover, after 10 days it was not alcohol production observed or further
substrate degradation. No butanol generation was observed. Current generation showed higher
values as 0.4 mA when 4 and 6 g/l COD were used, which means more intense microbial activity
under these concentrations of substrate. The pH changes affect significantly to alcohols generation
due to the development of methanogens.

Key words : Bio-alcohols, pH, substrate concentration, volatile fatty acids, microbial electro synthesis, COD.
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Leachate treatment and electricity generation by
an algae-cathode microbial fuel cell in
a continuous mode operation

Hai T.H. Nguyen', Booki Min'
'Department of Environmental Science and Engineering, Kyung Hee University, Republic of Korea

Microbial fuel cells (MFCs) are innovative bio-electrochemical technology due to the ability of
electricity generation and concurrent wastewater treatment based on the activity of microorganisms.
MFCs with the combination of algae in the cathode shows more advantages such as the higher
power generation as well as better nutrient removal efficiency than a typical MFC with physical
aeration to the cathode. Landfill leachate contains high contents of ammonium nitrogen and other
toxic compounds, which should be treated prior to discharging into the environment. In this study,
we investigate the efficiency of landfill leachate treatment by an algae cathode MFC along with
electricity generation in a continuous mode at different hydraulic retention times (HRTs; 10, 20, 40
and 60 hrs). The double chamber cubed MFC with algae growth in the cathode chamber was used.
Leachate wastewater was first pumped into the anode chamber and then the effluent was fed to
the cathode for electricity geneation and algae growth. The compositions of the leachate wastewater
(15% leachate) in the inlet were 416.6 mg COD/L, 428.8 mg NH,-N/L, and 2.9 mg TP/L. With HRT
of 20 hrs, the cell voltage reached the highest average value of 300 mV, compared to 200 mV at
HRT of 40 hrs and nearly 0 mV at HRTs of 10 hrs and 60 hrs. The maximum DO concentration
was 5 mg/L at HRT of 60 hrs and remained approximately 0 mg/L at HRTs shorter than 40 hrs.
Nutrient (nitrogen and phosphorus) removal increased with increasing HRTs from 10 hrs up to 60
hrs. For instance, the ammonium removal at HRTs of 10, 20, 40 and 60 hrs were 23.7%, 31.2%,
63.9% and 76.4%, respectively. The TP removal at HRTs of 10, 20, 40 and 60 hrs were 0%, 44.4%,
85.9% and 86.3%, respectively. The highest COD removal of 26% was observed at HRT of 60 hrs
while lower COD removal efficiency was found at other HRTs. This study suggests that algae
cathode MFC in a continuous mode operation can treat landfill leachate with nutrient removal and
simultaneously produce power in field-scale application.
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Increase of accessibility of mixed fruit waste for effective digestion

Shouvik Saha!, Mayur B. Kurade', Byong-Hun Jeon!"
Department of Earth Resources and Environmental Engineering, Hanyang University,
Seoul, South Korea

Agro-food industries are generating enormous amount of fruit and vegetable processing wastes
(Zeliquid and solid) to be dumped into the environment [1]l. These huge amount of fruit and
vegetables wastes is sufficient to create a series of serious environmental concerns; as emission of
greenhouse gases (GHG) eg methane (28-36 times more potent in atmospheric warming) is
correlated with the wastes deposited in landfills [2]. A proper waste management strategy for the
waste generated by the agro-food industries in the form of anaerobic digestion could be appropriate
to avoid the landfills. Pretreatment of fruit waste (FW) for better bioavailability, is the first step
towards complete utilization of these valuable substrates to bioenergy production [3]. Optimization of
pretreatment for better bioavailability requires extensive study, which may consume extensive time
and efforts. Statistical modeling using Response Surface Methodology (RSM) could be promising for
the optimization study, which can eliminate the need of multiple trials [4]. The maximum sugar
recovery of 95.01% (actual) was achieved from the FW, considering the retaining carbohydrates
(701.7 mg g Y in the pretreated FW with fairly release of reducing sugars (21.92 mg g ) in the
supernatant during the pretreatment conditions of 0.2 M acetic acid, 62.5 ° C and 30 min. These
high sugar recoveries retained the high C/N ratios (45.34) and organic matter (93%), suitable for
effective bioenergy production through the fermentation of these pretreated FW. Fourier transform
infrared spectroscopy (FTIR) and thermogravimetric (TG) analysis further confirmed the presence of
free cellulosic portion in the pretreated FW rather than complex hemicellulose. Scanning electron
microscopy (SEM) allowed to visualize the disruption patterns during acetic acid treatment, enhancing
the porosity and the roughness of FW for better microbial attachment and utilization. The
pretreated biomass at optimized conditions was subjected for anaerobic digestion. Increase of
methanogenic activity in pretreated FW (6.35 mL g VSyiia d™) and higher methane yield (53.58 mL
g! VSpua) were the indication of the better accessibility during digestion process. Thus, optimized
acetic acid pretreated FW is an effective approach for better utilization and conversion of biomass
to methane.
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Pyrolytic treatment for the remediation of petroleum
hydrocarbon contaminated soil

Jeong-Yun Jangl, Subhabrata Devl, Do-Hyeon Kiml, Byong-Hun Jeon™”

Department of Earth Resources and Environmental Engineering, Hanyang University,
Seoul, South Korea.

The crude oil spills lead to serious contamination of soil which has been considered as one of the
severe ecological risks due to rapid developments in industrialization. A tremendous effort and >10
billion dollars is spent worldwide each year to clean the oil spills. The USEPA reported that >98% of
oil spills occur on land with an average of 70 spills per day. Such heavy hydrocarbon contaminated
soil is environmentally hazardous and exhibit significant challenge for environmental engineers. The
thermal processes such as ex situ thermal desorption, incineration and pyrolysis are found effective
in removing hydrocarbon from contaminated soil. The temperature for ex situ thermal desorption
and incineration is ranged between 600-1200 ° C; whereas, the pyrolysis occurs at relatively lower
temperature (300-500 ° C) for a short time. The pyrolysis of contaminated soil also helps in
improving the soil fertility. Therefore, the pyrolysis is an alternative method among other available
technologies for the treatment of soil contaminated with hydrocarbons. The present study focuses on
the pyrolytic treatment of the soil contaminated with crude oil and optimization of process
parameters to improve hydrocarbon removal. The study was conducted on soil contaminated with 5%
and 10% crude oil. The temperature of pyrolytic treatment was varied between 300-400 ° C.
Similarly, the heating time was varied between 30-60 min for respective variable temperatures. The
optimized temperature and heating time for pyrolysis was found to be 400 ° C and 60 min,
respectively. Pyrolytic treatment of contaminated soil at the optimized condition removed 99% total
petroleum hydrocarbon (TPH) and lowered its concentration to 199 mg/kg. The results of the present
study showed an improvement in the removal of hydrocarbon from contaminated soil. The present
study creates a future scope for the development of a sustainable, cost effective and eco-friendly
technology for the remediation of crude oil contaminated soil. Further study is required to scale up
the process in industrial scale for commercial application.
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Membrane for hydrogen separation coated with Pd-based metal using
electroless plating
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Evaluation of Sustained Load Cracking resistance test for high pressure
hydrogen storage cylinder application material
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GOAL
To Secure Seaweed Biomass on‘velop Application

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

Process

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

A B R ‘ Aquatic Biomass
Research Center

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