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Trend on Drying Technology of Low-rank Coal and Develop of

Coal Dryer Facility

Hyun-Tae Joung'*, Doo-Chan Chung!
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. Nigel S Dong, Utilization of low rank coals, IEA Clean Coal Center
2. Arun S. Muhumdar, Drying of Low Rank Coal, M3TC, 2011.
3. Mr. Noguchi in Tsukishimakikai Co., 2"LRCupgradingforum, 2010.
4. H. Osman, S.V.Jangam, J.d.Lease and Arun S. Muhumdar, Drying of low-rank coal(LRC)-A
review of recent patents and innovations, 2011.
5. Cahyadi and Hark Yurismono, Impact of low rank coal utilization in the coal fired power
plant that was designed to use sub-bituminous coal, 2009.
6. WAjel, "9 55 7Axo] o5t naE XSG Mero] nEst 477, FYrfeta, 13-16 (2011).
7. Dong-soon Jang. “Study on the Development of an Air-Agitated Screw Type Dryer for
Dehydrated Sewage Sludge Treatment" ICIPEC Conference. 2002.
8. "Industrial Drying Equipment", Marcel Deckker, Inc. 94-100 (1991).
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Compare Characteristics the Domestic Limestone for Desulfurization
of Circulating Fluidized Bed Boiler Furnace

Ji Hoon Shin, In Seop Gwak, Ye Bin Kim, Jun Yeong Jang, Hye Ri Shin, See-Hoon Leex
Mineral Resources and Energy Engineering, Chonbuk University
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Gasification Characteristics of Coal-slurry in a Entrained Flow
Gasifier and Coal-slurry fuel Preparation for Gasification Process

Sang Yeon Hwang, Sang Oh Ryu, Dong Hwan Jeon, Seok Woo Chung, Jin Wook Leex,
Won Seok Kang', Mi Do Kim'
Institute for Advanced Engineering, 'Korea District Heating Corp
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The Study of Steam Coal Gasification Using Minerals as Catalyst

Roosse Lee, Jong Ha Hwang, Jung Min Sohn*
Department Mineral Resources & Energy Engineering, Chonbuk University
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0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
Time(min) Time(min) Time(min)

<Oy 1. 2598 E&FAKSHS © (a) 900 °C, (b) 850 °C, (c) 800°C>

o
°
%
i

800°C 850°C 900°C

No catalyst 18.36 29.06 101.04
Dolomite 21.99 84.51 170.51
Silica sand 18.08 52.58 98.10
Kaolin 22.35 60.10 125.09

<E 1. MVRMZ 0|83 g2 wo] 2 Srg &% F3(k>

A3} o %] Ea (kJ/mol)
No catalyst 177.08
Dolomite 215.20
Silica sand 177.53
Kaolin 180.51

<E 2. MVRMZ 0| §3 93 2. wo] I Sg &% 33>
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Development of co-firing of renewable fuel and in furnace NOx

reduction

Chae Taeyoung', Lee Jaewook', Yang Won'x

'Thermochemical Energy System R&D Group, Korea Institute of Industrial Technology
Her sfeiad e dd AU F R A4 4% oS (084 7IR)E AMKIGHL 9l FR M A4
acro] stolch. WA ANIO|AQ] CO, W& 2Al: AIMABOIUA] R ZA|(RPS: Renewable
portfolio standard)oll 7|9+ £ 2% o] 20124%E AlE 7hed] 9lo] vjolonjAgt e AxAY
A= *}4‘1—1 @ED}%Q} e &8 AAAY CO, Aol ZAs] /7H e A4t & Aqte o
stedAo) gif2S APAIstAL Qe DR ofy A LoA 7E & d=
Uxlol &8 3 RPS of &A1 AAA tiu]S {Ih vio]ujA & I
7]& oluA] 2 g == #8&sto =Y
ol NOx s=& A<t Ao, &4 7]&9 AAE Sl 7IE Hy|9 dags da W YA Ut
g Bde] A oS JfAste WA aE penaltys FAotsto dgv] B T A oUA] Z&
e =wste= 7]&o|tt &
= multi burner furnace =
AAdA R A Al 4 " Rdago] 571 @45 NOX o’ﬁ %

o
FEAE NOx FATol FUI5hE g ¥ 4

!

UL ESEUE SRS 25 ol o
2 mEE NO| 4] o3t NOx AAase} ulol oujao] we 029] W2 3
sets adol olgh NOx Zh4 oot A7) Theo] NOxg4ol dxel 3o
& B4 Al WEHE NOx 74 amd] oistod 7] Az g4l o ENERR R
NOxg AjH4 FZHOlA B A7lE GIF F7ER W] e el g el
T 4 99

- Gasinlet
“ofeeoo- OFAinlet
-t cylindrical furnace

Measurement port

Reburn fuel port

Wall firing burner

LNG buner

Fouling sampling zone Gos Anayser

Induced draft(0) fan o e
I = = angential firing burner

]
V727277777777
(a) 80kW & A& HY d4AZ e (b) 1.2 MW & ¥E 8y d4=2 J=Fe
O 1 8] AR A4 A
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Isothermal combustion characteristics research of low grade coal

In-Seop Gwak, Ji-Hoon Shin, Jun-Yeong Jang, Hye-Ri Shin, Ye-bin Kim, See-Hoon Leex
Dept. of Mineral Resource&Energy Eng. Chonbuk Nat'l Univ.

T

B APoAL Chbet BobolA] AFBEIL Qb AESO 94 WSHE EAstel 44 U oo Wa
712 9h3 AtgE FAstAT. AE2 JFTBG, WH) 251t ofFAFAH(KPU, LG, MS]) 3535 AH&stA
o] AlRt QRALAIS olgatol 80T 650°CE gAlstel AAeLRT). 7t MEre] WalE HAES B
o AAME Al2E 400 ~ 900°C 2=R7ZoA 50 CtAoc g I&HFEM7]Q TGA(Thermogravimetric
analyser)of|Af &S24 93-S AlSfsto] 7]-1A ghg &= BHo] AEsiIch. 7]-1A 2H2
SCM(Shrinking core model), VRM(Volumetric reaction model), MVRM(Modified volumetric
reaction model)& AR&sto] ¥Hg &&= Aot =00 WAE ArrheniusAlol A-&opgict. MEre] A4
gSHolEHE AUsHAl F5h7] fsiA 2= Heldl dep sheits &4 F9i Alsgit &4 g9os
o] &4 g9 T Frequency factore} Activation energys =E5ttt ©F0] A Col&e}
7 gHoA o] ©Aa Aghg3 vlwsto] A4aRhgo] g Attt Bl ARSI AANS £8AS & F

sttt
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Technology Development of Corrosion Resistant Metal Filter for
Filter System in Coal Gasification Process

Seok Woo Chung*, Ji Eun Lee, Yong Soo Byun, Dong Bok Lee!, Yong Taek Kim?

Institute for Advanced Engineering, 'Sungkyunkwan University, ?Korea Westernpower co.,Ltd

Mg, ZAAR, AfIaA, f7)2 59 AFUEE AEEHA(CO)LE £4(Hy)7F /48 & d7ta=
A7) = 714 7|&2 7|& 7]eol vlol w2 oUA] &t 2141719 S41AlE &St B4 71
== Fr7iIEY. T2jn ) 37| d8dA 7le SHAANE O 24 F3E 4+ e 35
O 2AM 7tA%t 30l 7MY FEAIE Tef olet o] Mgdag ol&sto] Ydt 82 &80 Jhs
g AA7IAE MAske 34 E olgst A0IAe F/d7EA BARE A AR R 3A FTtstL 9
+ FAlolt}. J2]a MEvtASEA A|ARI Zo] Xg AsE o]&sto] AHVIAE AARSH: 34
o= U8 B71014 CO, Hy 59 47 714 Qoe H,S 59 &stsE 71A7F S ~24 ppm A
T AgEl =, dREAQD AE ®= g E710 vlol B4 O AZst BAEgo] WAsH| o] 1
2, 1Yo r AR ARVIASH ARFRY Fe detAlor SiC AMAY A2t dE g A&t ot
SHAIGE, ol2igh Azt ZE = AMAY S84 7IAA, 28 40 9ol udd & 1 iAol FoiA
o7 AXN AZLRQ FAIE YA A&H5H WA E=tAldo]l EASTE. vt S4B G2
v O #4715 FAdol hsotl A FHA 45t £ 7HXIRIRE E4d71A0 oJFE BA
Yoz Qs Yol Aths @S 7HIT:. TetA H,S 53 o] BAY d&o] mets 7tA%t ZHE
Ax S47120 &82 Holiie = FHA 71& A2telge e TEdg BAdstiA 1/ &9
Al QPZARI 240l Zhssh WRAY S4TEY Jigo] QH). ol2fgh FHoA & AFA = 7IE
Aletalgdeo] vl =g FA FEAA Al FETEHY GARN FANE IdAT 2 e Aty
A8 S45ZH digh e4v]= VIS A5t o] & Y8l 2 AFolA= Al Si, Cr 53 Zo] 7]E
of yRAdo] 4stthal Il 245S 2859 E-beam evaporation, sputtering, &7|=o 59
S A8 38
S 1

7le JhES AlSgstRlen, A2t 38 e SHAIES gides 300~700C =
=]
B

[e] o —
AL HS 24 Al9S AW & SEM, XRD 52 o83 $42 stk

B AT 20149 HAFYRAR YR ARo|UA 7| & HIHAKETEP)O] AU S Wop 53
LAY (No.20143030050070)
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A Study on the Synthesis of Phosphate ester-type Surfactants and its
Application of their Oil Cleaning Ability and Metal Corrosion Resistance

Ho Lim, O.Y. Lim, J.H Bael
IL SHIM Fine Chemicals. Co., Ltd. , 1The University of Suwon

The phosphate ester-type surfactant were developed for the removal of deep drawing lubricants,
extrusion oils generated in the manufacturing process of die casting and press parts . It was
prepared from lmol phosphoric acid anhydride and 2-4.5mol polyoxyethylene glycol monoalkyl
ether or a similar compound. The physical properties of the developed phosphate ester-type
surfactants were measured and their metal corrosion resistance and stability were evaluated. The
synthesized product was quite stable at 60~110°C without any decomposition. And its properties
show good colour, quite bright clarity, and excellent resistance to metal discolarization and acid
drift in storage. And a cleaner DTR-200 was formulated with the developed phosphate ester-type
surfactant and applied to cleaning of metal parts in the mechanical industry. It was found that
DTR-200 was comparable to the benchmark product in cleaning ability of oils and corrosion

resistance of metals.

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

Classification Physical properties

Specific gravity 1.06

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

Benchmark product(P-380) DTR-200

* 30 sec cleaning of metal specimen with 10% Cleaner solution at 50°C and 40kHz Ultrasonic
frequency
Figure 1. Comparison of Cleaning Ability of Two Cleaner Products

References

1. Bae J. H., "Alternative cleaning agents and alternative cleaning technologies for replacing CFC",
Prospective of Industrial Chemistry, 8(2), 25~40 (2005)
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Rechargeable Li ion batteries as view for clean tech and its role

Changkeun Back, Youngjae Cho, Hyunseong Seo, Hana Lee
EIG Co., Ltd.

With a growing concern on a environmental issues including global warming from the surged
consumptions of fossil fuels, clean technologies covering wide sectors such as, recycling,
renewable energies, information technology, green transportation have been come into spotlight
since 2000 with appealing considerable revenues over $300billion per year. One of widely
recognized clean technologies with vast investments mainly in North America, Asia, and Europe
reaches to renewable energy technology and its energy storing artifact. Li-ion rechargeable
batteries have been considered as one of outstanding promise as faced to global climate change to
alternate fossil fuels to clean energy by linking to clean regeneration energies. Li ion rechargeable
batteries had been successfully commercialized in 2001 by Sony owing to the realization of
reversible insertion and extraction of Li ions using carbon anode and LiCoO2 cathode materials.
Since the adoption of Li ion rechargeable batteries as power source in the sectors of small
electronics that can be portable, such as, cellar phone, note-PC, and camcorder, newly applied
markets are considerably expanded accompanying to heavily size up for electric vehicles and
energy storage system. In this talk, the role of Li ion rechargeable batteries and its prospect with
view for clean tech by linking to energy storing, saving, and efficiency, will be discussed.
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Development of cleaning agent additives with good biodegradability
and anti-corrosion; Study on the method for evaluation of the

cleaning efficiency

Ji heung jin, Jang eun seok, Lee dong gif, Bae jae heumi
Victorchem,, Korea testing & Research institutet, Suwon universityt

2 A4 Mono &Efo] 80% o]4Ql alkyl phosphateE A|&x5H7] oA ¥He2= U ¥HSAIZHS
Alofsto] ME/dS Hod & Qe 5/ v|&A solvents AMEEH ¥H3578S &dstl POCI3E ArE
SHA] 91l polyphosphoric acid & P2055 A&3to 2 Al HCI9] HAME ®HHX|E

Y BAE0] S Fagtcle Al 3L JNEstLA shlon] A|@Z4u Mono 0| 82.4%& 7Nd=
WEsHs ZuE 22 2 AT JNETIES Mgl $4ctl A ZRAGES e S0l AU
| A%5h= 7]+ 24 mono alkyl phosphateZt 80% ol%Ql Al&Z 7Ndst7] oA F574d vl&Ad
solvents AMEEH Al 34 7IYTC2N 7|E 7]e U HyPEs]ete] A8 Q= ST 2~ 9
Aom AEE solvent= A H|FHOR 3|7F §olsto] G AjF-Eo] 7hsoto] FAIA ot T
N7B7ds B7Ie ol B7rdslE A & 7igsto] A&shd=tul, KSM 2709, 2942 AFZ test &
UV A&TdE o] &3t N/ s B7HE AAlsHAT

1
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1. Method for producing a phosphoric monoester, Kao soap co., Ltd(JAPAN), 1982. 09. 21

2. Synthesis of mono-alkyl acid phosphate with high mono-content, Stauffer chemical
company(USA), 1987. 11. 21

3. Process for the production and isolation of monoalkyl phosphric acid ester, Stauffer
chemical company(USA), 1989. 10. 17

4. Japanese patent application No. 163792/1979 filed Doc. 17, 1979

5. KSM 2709-2014
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Development of industrial cleaners and their application

HoYeoul Lee, SooJeong Bae, JungMoo Heo
AK ChemTech Co., Ltd.

¥ MRAE AYAHC AIQIAPY Rofe] iekel avle} Blgo AQNBAel AT % At o)l 7
AR AgARIS AT AAE ARAS RS 2, £27, B4A 502 18T & grd 3
79 hud S0 B4 % 54 A% A Bk R SeAle dial AReth AR A gRop
e, 1LCD, M7 |AA} ElE g golme] §Ea Aasidon] ool tigt MAEE, edw U AFEAE
A 5e Wotstact,

Before cleaning After cleaning

Fig. Example of cleaning performance of the developed cleaner

73
1. Bae J. H., "Alternative cleaning agents and alternative cleaning technologies for replacing
CFC", Prospective of Industrial Chemistry, 8(2), 25~40 (2005)

2. Yoon H. K. et al., “ Determination of physical properties and cleaning abilities of
surfactant-free aqueous cleaning agents with their consecutive flux cleaning”, The Korean
society of clean technology (2013)
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Zeolite Membranes: from Syntheses and Industrial Applications

Churl-Hee Cho*
Graduate School of Energy Science and Technology, Chungnam National Univrsity, 99

Daehakro, Yuseong-go, Daejeon 305-764, Republic of Korea

oldxlZore] o]l stAoAA] 17, 7]sWstol] Ao tgot7] elide HAIAQ oHx]7]&o]
sy, o5 HaliAe AT oldA] tutolA(uiEe], BIFAA], ARFA] 5)oF AH Uz 34 7%
o] &W7 Fasith AW o|A] 342 v 22 oA 2ot ulg vhe e Ao A AK]
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Amino Acid MOF as Efficient Catalyst for CO, Conversion to

Propylene Carbonate under Mild Reaction Conditions

Dae-Won Park

School of Chemical and Biomolecular Engineering, Pusan National University, Busan, Korea.

Metal Organic Frameworks (MOF), porous architectures made from metal containing nodes
and exo-dentate spacers, have emerged as broad class of materials with wide scope of
applications including gas capture and catalysis. Gas adsorption by MOFs has potentials in
energy (H, or CHs for fuel) and commercial applications (CO, for fire extinguishers, or
value-added products). CO,; has unexplored potentials arising out of its utility as C1 feedstock,
which is also easy-to-handle (non-inflammable and non-toxic), inexpensive and abundantly
available (from combustion in industries and power plants). CO, can also substitute the usage
of toxic Cl reagents like phosgene or CO. However, the moisture sensitivity of renowned MOF
materials is a potential threat to CO, capture and transformation from flue gases. On the
other hand, the expensive synthetic ligands, and toxic solvents create setback in ecofriendly
applications and synthesis scale up of MOFs. We discuss the design and implementation of a
rapid, energy efficient, ecofriendly and simple synthesis protocol for metal organic frameworks
(MOF) by employing natural amino acid as building unit in place of synthetic ligands. A 3D
amino acid MOF {[Zn(H,0)(CsH/NO4)].H,0}, (zinc-glutamate-MOF) with zinc and -Glutamic acid
as constituents was prepared by direct mixing in room temperature: using water as the
solvent. Water stability, phase purity and structural purity of the material were confirmed by
physicochemical methods. The utility of this amino acid MOF (AA-MOF) in ecofriendly catalytic
process was demonstrated by its efficiency in the room-temperature chemical fixation of
carbon dioxide to produce cyclic carbonate, even under moist conditions. Open metal sites
and acid-base sites of zinc-glutamate-MOF catalyst and ionic co-catalysts supposedly
enhanced the catalysis. The catalyst was recoverable upon simple filtration or centrifugation,
and was reused successfully for four consecutive cycles.

References

1. Kim, D.W., Roshan, K.R., Tharun, J., Kathalikkattil, A.C., and Park, D.W., Korean /. Chem.
Eng., 30, 1973-1984 (2013).

2. Roshan, K.R., Kim, B.M., Kathalikkattil, A.C., Tharun, J., Won, Y.S., and Park, D.W., Chem.
Commun., 50, 13619-13858 (2014).

48



CT-24 ¥HI|E

Role of Catalytic Promoter over Catalysts for Direct Sulfur
Recovery

No-Kuk Park!, Tae Hoon Lee?, Jin Wook Lee?, Tae Jin Lee!*, Jeom In Baek?, Joong Beom Lee’
Yeungnam University, “Korea Electicial Power Research Insititute
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Energy-saving SF¢ Capture/Separations Using Metal-Organic

Frameworks

Youn-Sang Bae,* Min-Bum Kim, Tae-Ung Yoon, Seung-Joon Lee, Seo-Yul Kim, Seung-Ik Kim

Department of Chemical & Biomolecular Engineering, Yonsei University

Sulfur hexafluoride (SFgli= COz0l BISH & A UX|= FAT =AM BFAE] Qe 60 =
A7FA & shyoltt. SFex= COz0f BISH Tf7] SOl dRHol e 2 e AR, AF2debgrx]| 4
(GWP)7t COz0l Hlal 23,9008 L =00 Eﬂ7] & AlFAIRYe] 3,200 0] Z35h7] wiwofl Afolete Y]
oz WgEdud AUiFoz A AF2HstEs 8T 2 e 20|t SFex #7718 2AVE
AR 2 AMEEA Qlo, tiRE Nt 30}0}@] AREE] DL QITH 1] TebA, SFe/N, 8= 25E SFe
AR 2/weS et antA] fiyol a4E 1 lon, ouA] ZofA F4 w27t fUst 7ls & 5t
Uz ve{E]ly 9tk §877] stojlu]e UwA-ZA (Metal-organic framework, MOF)= Oj% 2 4]
WA (~7,100 m?/g) ¥ oflat 7|5 27]9} functionality 52 TgstA 28T 4 Qe S02e &
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Synthesis of [Mgy(DOBDC)(DMF);]@polystyrene with high moisture
stability and its carbon dioxide adsorption properties

Hyunuk Kim,*! Hyun-Sik Moon,' Jong-Ho Moon,? Dong Hyuk Chun,® Young Cheol Park,?
'Energy Materials Laboratory, Korea Institute of Energy Research, Daejeon, 305-343, Republic
of Korea
’Low Carbon Process Laboratory, Korea Institute of Energy Research, 152 Gajeong-ro,
Yuseong-gu, Daejeon 305-343, Republic of Korea
3Clean Fuel Laboratory, Korea Institute of Energy Research, 152 Gajeong-ro, Yuseong-gu,
Daejeon 305-343, Republic of Korea

The removal of CO, generated by fossil fuel-fired power plants has drawn a great attention
because 40-50 % of total CO, emission causing the global warming is coming out of such
stationary sources. In general, flue gases from fossil-fuel power plants have a very low CO,
partial pressure (~0.1 bar) because they contain 3-15 vol% CO,. Thus, the capture of CO, at
0.1 bar is critically important to prevent the CO, emission. Metal-organic frameworks (MOFs)
which are emerging absorbents, assembled from metal ions and organic ligands showed the
remarkable adsorption capacity and selectivity for CO,. In particular, MOF-74 with a
hexagonal channel structure of helical MO, chains connected by 2,5-dihydroxy-terephthate
linkers showed the exceptionally high CO; uptake at low pressure and room temperature. This
material, however, is rather unstable under high humid conditions, which should be improved
for practical applications. We synthesized the composite material MOF-74@polystyrene to
increase the water-stability. This composite material showed a high CO, uptake and

maintained the structural identity after the exposure of humidity for a long time.
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Analysis on Study Affecting the Guideline for Developing the
Uni-materialized Product : Focused on Cases of Electronics
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Korea National Cleaner Production Center, Korea Institute of Industrial Technology', WECOS
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Phaseolus lunatus and Cajanus cajan Pods as Natural Coagulants
for Turbid Water Treatment

Marjorie L. Baynosal'z, Gilleanne Estrada', Frances Daphne Garela', Mark Andrian Macalalad',

Analiza Rollon!, Jae-Jin Shim?
'Department of Chemical Engineering, University of the Philippines Diliman, Philippines,
2School of Chemical Engineering and Technology, Yeungnam University, South Korea

This study aims to test the effectiveness of Phaselous lunatus (patani) and Cajanus cajan
(kadyos) as natural plant-based coagulants for turbid water pre-treatment. The effect of
combining plant-based coagulant with chemical coagulant in reducing turbidity was also
explored. Three parameters were used to assess the results: turbidity reduction, total
suspended solids (TSS) removal and pH difference. The patani and kadyos pods were
sun-dried, ground and sieved. The active coagulant component was extracted from the
powdered pods using three different solvents: water, KCl and NH4Cl. The coagulation and
flocculation processes were conducted using a Philips and Bird Jar Tester. Rapid mixing was
done at 200 rpm for 20 seconds, slow mixing at 40 rpm at 10 minutes followed by 10 rpm for
20 minutes. Settling time was set to 30 minutes. The highest turbidity removal was observed
for the 1 ml kadyos coagulant, extracted with KCI, which exhibited 91.4% turbidity reduction
and 86.0% TSS removal. For patani, the 1 ml coagulant extracted using KCl also showed the
highest turbidity removal with 72.90% turbidity reduction and 67.07% TSS removal. The effect
of adding plant coagulant on the pH of the water was minimal with a maximum percent
difference of 2.09%. Based on these results, the 1 ml kadyos coagulant extracted using KCI
was combined with varying dosages of alum in the following ratio: 0-100, 20-80, 40-60, 50-50,
60-40, and 80-20. Pure alum performed best with 100% turbidity reduction, and the reduction
decreased as the alum dosage was decreased. Synergetic effects were not observed between

the kadyos coagulant and alum.
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Thermodynamic Modeling for Absorption Equilibrium of CO, and

H,S mixture in Aqueous Amine Solution

Jong-Ho Moon, Jong-Seop Lee, Young Cheol Park, Jong-Ki Park,
Byoung-Moo Min#, Bong Keun Kim!, Jeongseok Yoo!

Korea Institute of Energy Research, 'Doosan Heavy Industries & Construction Co., LTD.

The removal of acid gases, such as CO, and H;S, from synthesis gas, natural gas and
refinery using mixed solvents continues to be of interest. A mixed solvent may be defined as
one consisting of a chemical solvent and a physical solvent. In this study, Sulfolane was
chosen as the physical solvent because of its stability and outstanding affinity. MDEA
(methyldiethanolamine) was chosen because it is a representative tertiary amine and is
thermodynamically and kinetically selective for H,S in the presence of COs.

The solubility of CO,, H;S, and their mixtures has been measured from 40 to 130°C in a
various mixing combination of Sulfolane and MDEA solvents by the static method. In order to
overcome non-ideality, activity coefficient model and fugacity coefficient model were
introduced. The activity coefficient take into account interaction between solute species in the
liquid phase. Debye-Huckel expression given by Deshmukh and Mather [1] has been
implemented to obtain activity coefficient matrices. The fugacity coefficients were also
calculated to consider non-ideality of pressure. All the solubility calculations and

optimizations (parameter estimations) were executed by using MATLAB® 2007b version.
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Diethyl aminoethyl hexanoate and Indole-3-acetic acid enhanced
the microalgal growth and fatty acid content for biodiesel
production

El-Sayed Salama, Akhil N. Kabra, Byong-Hun Jeonx
Department of Natural Resources and Environmental Engineering, Hanyang University, Seoul

Microalgae are potential source of sustainable biomass feedstock for biofuel production [1].
Enhancement/acceleration of microalgal growth with higher lipid/fatty acids and carbohydrate
contents would improve the algal biofuel productivity [2]. This research work investigated the
effect of various concentrations (107 107, 10°® and 10®° M) of phytohormones, Diethyl
aminoethyl hexanoate (DAH) and Indole-3-acetic acid (IAA) on the growth of microalgae
(Senedesmus obliquus, Chlorella vulgaris and Ourococcus multisporus). Microalgal growth
enhanced with increases in phytohormones concentrations and the optimum growth was
observed at 10° M of DAH and IAA. DAH promoted the growth of Senedesmus obliquus,
Chlorella vulgaris and Qurococcus multisporus by 2.5, 1.8 and 1.9 fold, while IAA increased
the growth by 1.9, 1.5 and 1.6 fold compared to control, respectively. IAA controls important
physiological processes in the plants including cell enlargement, tissue differentiation and
responses to light and gravity [3], while DAH promotes cell division [4]. The primary role of
DAH in cell division might be responsible for the higher microalgal growth under the
influence of DAH compared to IAA in this study. Total fatty acid methyl ester (FAME) content
of the Senedesmus obliquus increased up to 100 mg/g of dry cell weight (DCW) under the
influence of both phytohormones, and contained major proportions of palmitic, oleic, linoleic
and o-linolenic acids. Poly-unsaturated fatty acid content increased up to 59 and 56% at 107
M of DAH and IAA, respectively. The current investigation demonstrates that phytohormones
accelerate the microalgal growth and induce the quality and quantity of fatty acid content for
biodiesel production.
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Catalytic co-pyrolysis of cellulose and plastics over zeolites

Beom-Sik Kim, Hannah Kim, and Young-Kwon Park#

School of Environmental Engineering, University of Seoul, Republic of Korea

o2 BUAA A U 1y, hry
Woz. ARIIA ALl glo] shtel Jl4E F2wa Qo] 1

=T AT} xol dEaA 2orgdt
£ 2AZ BSOS 9002 ARG A ZetAs vl
Qatozm 750 uloloodo] AL Y BAES ALAAZF Ao JgHt. TF A
dpo] © 0 -3 WAI4E FUjQl A|l&2to]ES o]&3st 7S Foll /NAste] 1LEAQ Hio]e A3 Al
2 AT 9F Zo] vjo]uUjAL} ZetAHO] SdAR o d&sl7F 52740l HsfiAl=
oA AgtE A7 XisgE "Hg/do] 9l L FollofA] SetAado] —Er
= 2%7) olsste ¥ E o] AYX] mato] ofsf WEFE
shet=9] AJdol SR 2’\9-} Y F2jng ”EJEJ
(Random PP), A3

g3t E&6l 545 A5 Yol vls» 242 AAlsH |29 & dAS st HOH
25 H’\4(Thermogravunerlc analysis)S 43851900, o] =35 11 J7HoA ZejAEe] IBG| %E
7} ¥stet= Z1S &HolshYitt. Analytical pyrolysis system@l Pyrolysis-Gas Chomatography/Mass
Sepctrometer(Py-GC/MS)& o] &5l &5 17to) 2 dRs| AMAS AAFS mjorstgion], =AY v
A

5 S Y 5232 BoIel] sl Py-GC/FIDE 54 N 2ot

e
=IOL_"
rr
e
P~

- N
N
2
rr

o,
fu)
=2
ol
T
=
T ©
o lo
:%‘
>«
)
'_.
M
)
>
)
tjo
0 mR

9 ox L rR nf
tlo
ne.

°“ =°.'=’ ox o "
N4 ol ok i r}ov Jn ® 1o

o o
)
=
)
ﬂ 0.
pas)
o K
i
=
Mot
o
e
M
=OI\£
=
)
rr
E
o[o
m[u rlon
r-ﬁ

oA I‘I

o2
i)
rlr
Mo
o
i
kl
n
i)
i)

e rio
re
-
=2
e
rlr

to o

OO}:

A2

1. Huber G. W., Iborra, S., Corma, A., "Synthesis of transportation fuels from biomass:
Chemistry, catalysts, and engineering," Chem. Rev., 106(9), 4044-4098 (2006).

2. Lee, H. W., Park, S. H., Jeon, J.-K., Ryoo, R., Kim, W., Suh, D. J., Park, Y.-K., "Upgrading
of bio-oil derived from biomass constituents over hierarchical unilamellar mesoporous MFI
nanosheets," Catal Today, 232, 119-126 (2014).

58



CT-33 HjO| AR S AXY

248 ulol2ujA 7|3 voledE

ol

AR, A G, WP, SHER
GEREL LR EVET TR

-

Biofuels from Biomass for Transport Fuel

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

It is important that under the new Korean initiative, pilot scale studies evolve practices to
produce next generation liquid biofuels. Whereas the first generation of biofuels is based on
well established technologies, the development of processes related to the production of next
generation biofuels utilizing biomass in still in the early stages of R&D in Korea. This study
provides a production technology of liquid biofuels same as bio-oil, Biomass-To-Liquid(BTL)
using thermal and chemical process from biomass in Korea. BTL can be wused for
conventional diesel engine, pure or blended with conventional diesel due to its similar
physical properties to diesel. BTL diesel was first produced by Fischer-Trosch (F-T) process
with syngas(H,/CO),Febasedcatalystinlowtemperaturecondition(240°C). BTL with diesel
compositions after distillation process is consisted of Ci3~Cy3+ mixture of n-paraffin and
iso-paraffin compounds. Especially, it showed higher content n-paraffin products compared
with iso-paraffin products. This study was also focused on fuel application of bio-oil from
biomass by using fast pyrolysis to use heating fuel, power fuel and transport. Biomass fast
pyrolysis is a novel and most effective method to convert biomass into liquid fuel with yields
a high as 80% based on dry feed uses. In fast pyrolysis, bio-o0il is produced by rapidly
heating biomass to intermediate temperature (450 ~ 600 °C) in the absence of any external
oxygen followed by rapid quenching of the resulting vapor. Bio-oil has poor properties due to
the complexity of composition of bio-o0il so as to use effectively. So we bio-o0il fuel by fast
pyrolysis investigated components of bio-oil in Korea. The bio-oil from biomass are different
physiochemical properties from conventional fossil fuels. After upgrading process, it was
blended in transport fuels and it was also measured physicohemical characteristics in Korea
transport fuel specification.
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Catalytic Conversion of Marcoalgae-derived Alginate to Furfural
and Lactic Acid under Hydrothermal Conditions

Wonjin Jeon!, Chunghyeon Ban!, Geonu Park!, Hee Chul Woo?and Do Heui Kim'*
School of Chemical and Biological Engineering, Institute of Chemical Processes,
Seoul National University!

Department of Chemical Engineering, Pukyong National University?

The marine biomass including micro- and macroalgae is gaining great attention as a
promising renewable source for production of valuable chemicals. Alginate, a main
carbohydrate compound of macroalgae, is composed of mannuronic acid and guluronic acid
via 1,4-glycosidic linkages. Based on the cellulose-like structure, the alginate can be utilized
as a carbohydrate feedstock in hydrothermal treatment processes. In this work, the
hydrothermal treatment of alginate was performed over various types of catalysts in order to
investigate the effects of catalysts on alginate depolymerization and production of organic
compounds. Heterogeneous and homogeneous acid and base catalysts were employed in the
hydrothermal reaction in order to evaluate the catalytic performance and study the relevance
between the catalyst properties and activities. Over acid catalysts, the acid-catalyzed
hydrothermal decomposition of alginate enhanced the production of monomers, glycolic acid
and furfural. In contrast, over base catalysts, the lactic acid and dicarboxylic acids were
predominantly produced by the base-catalyzed reaction. Various analytical techniques were
used for quantitative and qualitative analysis of catalysts and products, such as HPLC, GPC,
GC-MS, LC-MS, 'H NMR, XRD, temperature-programmed desorption and so on. Our study
proposes that the catalytic hydrothermal conversion of alginate has a great potential for the

valorization of seaweed-derived biomass.
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Economic Potential of Macroalgae-based Biorefinery in Korea

Peyman Fasahati, Jay Liu

Department of Chemial Engineering, Pukyong National University

Potentials of seaweeds or macroalgae as a biomass feedstock have been studied in recent
years. However, their economic potentials have seldom studied in literature. This study
evaluates the economic potential of macroalgae as biomass feedstock for biorefinery
producing chemicals as well as biofuel. Proposed biorefinery have three main units composed
of biochemicals fractionation, mixed alcohols production, and pyrolysis of solid residues for
bio-oil and biochar production. A techno-economic model was developed to calculate return
on investment (ROI) and payback time to reach break-even point after 20 years for a 10%
internal rate of return and 100% equity financing. Two scenarios of with and without
incentives from COZ2 mitigation are considered. ROI and payback time for the case with
incentives from CO2 mitigation are calculated to be 34.3% and four years, respectively, and
for the case without CO2 mitigation incentives are 24% and 6.3 year, respectively. Results
show that incentives from CO2 mitigation can enhance the economics of the biorefinery. In
addition, low payback time and high ROI of the process shows the economic performance of

the biorefinery and, therefore, industrial practice of the proposed biorefinery is recommended.
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Production of bio-crude oil by hydro-/solvothermolysis of Kraft

lignin
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Isothermal vapor-liquid equilibrium and excess properties of
1-butanol+3-methyl-1-butanol, 1-butanol+1-hexanol for production
of biobutanol

Kyeong-Ho Lee, Soo-Hyun You!, So-Jin Park®
Department of Industrial Engineering Chemistry, College of Engineering, Chungnam National
University, Daejeon 305-764, Korea
'Department of Chemical Engineering, College of Engineering, Chungnam National University,
Daejeon 305-764, Korea

During the last few decade global efforts to reduce emissions related to fossil fuel
consumption, there has been a shift of focus for the production of energy from renewable
resources. Biobutanol is of interest as transportation fuels because it has many advantages
over bioethanol, such as the high energy density, low fuel penalty, low volatile and explosive,
good miscibility and non-corrosiveness. Moreover, it can be directly used in automobile
engines without any modifications and transported in a pipeline. Thus it is an ideal candidate
to replace gasoline. Butanol is obtained from the acetone butanol ethanol (ABE) fermentation.
This process is produced mass fraction of acetone : butanol : ethanol approximately 3 : 6 : 1,
but also byproducts are obtained such as acetic acid, isoamyl alcohol, acetaldehyde,
1-hexanol. Various processes are employed to separate this, such as distillation, adsorption,
pervaporation, gas stripping. However, its high energy consumption decreases economical
efficiecy, and volatile solvents cause environmental pollution. Therefore, in order to improve
separation and purification systems, experimental phase equilibrium data is needed. In this
work, the isothermal vapor-liquid equilibrium (VLE) data at 343.15 K for the binary systems
{l-butanol + 3-methyl-1-butanol} and {l-butanol + 1l-hexanol} as determined with headspace
gas chromatography (HSGC). The Wilson, NRTL and UNIQUAC equations were used to fit with
the experimental data of binary mixture for their correlation parameters. In addition, the
excess molar volumes (V) and refractive indices (AZ) for the binary mixtures were
determined at 298.15 - 318.15 K. The experimental data were satisfactorily fitted using the
Redlich-Kister polynomial.
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Fast pyrolysis of tulip tree in a bubbling fluidized bed reactor

Dong Hyeon Lim, Jae Wook Sim, Seung-Soo Kim, Jinsoo Kim!

Department of Chemical Engineering, Kangwon National University, Samcheok, Korea,

'Department of Chemical Engineering, Kyung Hee University, Yongin, Korea

Tulip tree (Liriodendron) grows to great size, sometimes exceeding 50 m in height, which is
one of the most productive renewable energy sources. Fast pyrolysis is a thermal conversion
process at a temperature range of 400 ~ 600 °C, in the absence of oxygen, and at short
vapor residence time (<5 sec). Tulip tree pyrolyzed in a bubbling fluidized bed reactor for the
production of bio-oil. Total liquid yield of tulip tree was 34.65 ~ 42.20 wt% between 450 °C to
550 °C, and those of gas yield was 31.93 ~ 40.88 wt% with increasing reaction temperature.
The higher heating values (HHV) of bio-oil were 23.89 M]/kg at (500°C, 3.0 Uy). The bio-oil
has high selectivities for furfural, phenol and their derivatives such as 2,6-dimethoxy-phenol,
2-methoxy-4-(1-propenyl)-phenol, 2,6-dimethoxy-4(2-propenyl)-phenol. The gas compositions
were similar for all reaction conditions such as CO, CO;, Hj; and C;~C4 hydrocarbons, and
CO, selectivity was highest 34.32~49.79 mol%. The *C NMR results showed that shorter
aliphatic carbon and lower molecular weight compounds of phenol, methoxy and the
derivatives of aromatic compounds were generated during pyrolysis at higher temperature due

to secondary decomposition reactions.

Keywords: fast pyrolysis, fluidized bed reactor, tulip tree, lignocellulosic biomass, bio-oil
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Microalgae biorefinery for the production of biofuels and chemicals

Eun Yeol Lee
Department of Chemical Engineering, Kyung Hee University, Gyeonggi-do 446-701, Korea
TEL: +82-31-201-3839, FAX: +82-31-204-8114, e-mail: eunylee@khu.ac.kr

Microalgae biomass are promising feedstock for production of biofuel and chemicals[1-5]. The
lipid and carbohydrate of microalgae are valuable cellular components for biodiesel and
bioethanol production, respectively. In this study, total lipids were directly converted to fatty
acid methyl esters (FAMEs). In the following step, the residual biomass after lipid FAME
synthesis was subjected to thermochemical conversion to bio-oil using fast pyrolysis and
hydrothermal liquefaction. The reaction conditions for direct transesterification, fast pyrolysis
and hydrothermal liquefaction were analyzed and optimized. Residual biomass was used for

biopolyol production using solvothermal liquefaction.
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Differential catalytic action of Brevibacillus laterosporus on two
structurally dissimilar azo dyes Remazol red and Rubine GFL

Mayur B. Kurade!, Tatoba R. Waghmode?, Sanjay P. Govindwar?*, Byong-Hun Jeon'®
'Department of Natural Resources and Environmental Engineering, Hanyang University, Seoul,
South Korea.
2Department of Biochemistry, Shivaji University, Kolhapur, India.

Colors are considered most undesirable contaminants present in wastewater from textile
industry, mainly caused by dyes as compared to other contaminants [1]. Azo dyes are the
largest group of dyes with great deal of structural and color variety used in textile industries
representing up to 70% of the annual production [2]. Azo dyes are potential mutagens,
carcinogens and cause harmful disorders in mammalian cells [3], which necessitate proper
degradation and safer disposal. Biological treatment of textile effluent is an environmentally
friendly and cost competitive alternative to physical and chemical decomposition. Based on the
previous report; decolorization efficiency of azo dyes is limited to several azo dye structures
and it is influenced by the chemical structures of the dyes [4]. Hence, the effect of different
dye structures or their various functional groups on decolorization rate is an important and
interesting aspect in azo dye degradation. Therefore, the present study was carried out to
investigate the versatile action of a bacterium-Brevibacillus laterosporus MTCC 2298 on two
structurally different azo dyes (Remazol red and Rubine GFL). B laterosporus decolorized
100% of Remazol red and 95% of Rubine GFL within 30 and 48 h respectively, under static
condition at 50 mg L' dye concentration. Significant increase in he activities of azo
reductase, NADH-DCIP reductase, veratryl alcohol oxidase and tyrosinase was observed in the
cells obtained after decolorization of Remazol red; whereas these values were totally different
with complete inhibition of azo reductase during decolorization of Rubine GFL. The plausible
pathway of dye degradation obtained from Gas chromatography-Mass spectroscopy (GC-MS)
data confirmed the different metabolic fate of these structurally unidentical dyes. FTIR and
HPTLC analysis of extracted metabolites confirmed the biodegradation, while phytotoxicity
study assured the detoxification of both the dyes. The results obtained in this study suggests,
i) sulpho and hydroxyl group present at ortho position to azo group stimulated reduction of
azo bond by azo reductase in Remazol red, ii) the same reduction was totally hampered due
to presence of ethyl-amino propanenitrile group at para position to azo group in Rubine GFL.
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In the production of biofuels, pretreatment process is utilized to decompose the original
structure of the substrates for better reactivity in the subsequent hydrolysis and fermentation
process [1]. Tt is vital for pretreatment processes to enhance availability of the substrates
(reducing sugar and protein), while minimizing energy and cost input [2,3]. In this study,
ultrasonication and enzyme hydrolysis processes were optimized prior to fermentation stage.
Cultivated microalgal species including Chlamydomonas mexicana, Micractinium reisseri,
Scenedesmus obliquus and Tribonema aequale were used as substrate, and their biochemical
composition were determined. C. mexicana showed the highest carbohydrate content of 52.6%
and was selected for further investigation. Sonication pretreatment under optimum condition
(50C for 15 min) released 742.7 mg g of total reducing sugars (TRS), while the combined
sonication and enzymatic hydrolysis treatment enhanced the TRS yield by 4-fold (280.54.9 mg
g!). The optimal ratio of [E]}[S] for maximum TRS vyield was [1]:[5] at 50C and pH 5.
Combined sonication and hydrolysis treatment released 7.3% (27.10.9 mg g') of soluble
protein, and further fermentation of the dissolved carbohydrate fraction enhanced the soluble
protein content up to 56% (228.4 mg g!). Scanning and transmission electron microscopic
analyses indicated that microalgae cells were significantly disrupted by the combined
sonication and enzyme hydrolysis treatment. These results demonstrate that the combined
sonication and enzymatic hydrolysis pretreatment enhances the conversion of microalgae
biomass to simple soluble sugars, and subsequent fermentation of the sugar residues
significantly increases the release of microalgal proteins which can be utilized for generation
of higher alcohol. Through this approach, it is possible to render the algae based biofuel
technology cost-effective by increasing the conversion of microalgae biomass to feedstocks
(TRS and protein) for bio-alcohol production.
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Biodegradation of carbamazepine by the freshwater microalgae
Chlamydomonas mexicana and Scedesmus obliquus
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Department of Natural Resources and Environmental Engineering, Hanyang University, Seoul,
South Korea.

Carbamazepine (CBZ) - an antiepileptic agent, is one of the most consumed and ubiquitously
detected pharceuticals in the environment due to its widespread application and persistent
nature [1]. Optimization of wastewater treatment processes such as advanced oxidative
processes, activated carbon adsorption to remove CBZ are not cost-effective [2].
Bioremediation using algae has been demonstrated to be a successful approach for the
removal of both organic and inorganic pollutants due to their endogenous catabolic systems,
heterotrophic capability [3]. The present study was focused on the cellular responses,
bioaccumulation and biodegradation of CBZ using the freshwater microalgae, Chlamydomonas
mexicana and Scenedemus obliquus. The 96-h ECsy of CBZ for S. obliguus was 186.8 mg L',
while for C mexicana was more than 200 mg L'. The dry cell weight and total chlorophyll
content of both microalgae decreased with increasing CBZ concentration. Growth of &.
obliguus was significantly inhibited at 200 mg L' CBZ compared to C mexicana. The
carotenoid content in both microalgae was increased with increasing concentrations of CBZ.
The optimum concentration of CBZ for enhanced carotenoid synthesis was 50 mg L'. CBZ
induced the activities of superoxide dismutase (SOD) and catalase (CAT) in the microalgae,
which play a defensive role against various environmental stresses [4]. After 10-days of
cultivation, 37, 24, 23 % of CBZ were removed by C. mexicana and and 30, 23, 17 % by S
obliguus at 1, 10, and 25 mg L' CBZ, respectively. The highest rates of CBZ biodegradation,
35 and 28 % by C mexicana and S. obliguus, respectively, were achieved at 1 mg L' CBZ.
Comparing the UPLC-MS analysis of the samples revealed that there are two metabolites after
the CBZ degradation of the selected microalgae, which were identical to 10, 11-epoxy-CBZ
(EPCBZ) and n-OH-CBZ. 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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Contamination of surface waters due to inorganic and organic pollutants is not only
hazardous for inhabitants and aquatic life but also a potential source of ground water
pollution and ultimately causes an eco-imbalance. Organic pollutants are more in number and
carcinogenic also but generally biodegradable. Heavy metals being persistent have
biomagnifications feature and well known protein binding tendency leading to prevention of
cell division and replication of DNA [1-2]. Although various chemical and physical methods
like aeration, filtration, sedimentation, electro dialysis, reverse osmosis etc are being used for
water purification; the effectiveness of free floating and submerged aquatic plants
(macrophytes) is presented in this paper. The macrophytes namely Eichhornia crassipes and
Hydrilla verticillata and metals like chromium, nickel, copper and lead have been selected for
the study of lake waters. Metal concentrations were determined using AAS/ASV. Control
(certified sample), replicates and blanks were run simultaneously. Cr, Ni, Cu and Pb
concentrations in the lake waters range from 0.03-0.08, 0.08- 0.35, 0.02-0.07 and 0.05-0.28 ng
mL ' Although both the macrophytes are good metal scavangers: order of level of metal
concentrations (mg/kg dw) in A verticillata is more or less similar 4.02 (Cr) < 5.08 (Ni) <6.80
(Cu) <8.69 ug g! (Pb) for all the four selected metals. On the other hand, differences were
observed in case of E. crassipes 5.36 (Cr)< 17.8 (Cu) <18.1 (Ni)< 61.6 ug g' (Pb). Role of
temperature on the uptake capacity (seasonal effect) is significant. Such macrophytes are
grown generally unintentionally in aquatic systems rich in nutrients. So, phytoremediation may
be an effective and economic tool if used for bioremediation as compared to other more

conventional methods.
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Permeability is one of the important rock properties in oil and gas exploration as essential
input data of reservoir characterization and production simulation. As production of
unconventional resources such as tight gas/oil, shale gas and coal bed methane increases,
there is a growing need to measure the permeability of tight formation rocks. Direct
measurement by conventional steady-state flow methods, however, is limited due the length of
time needed for pressure equilibration. In this study the pressure pulse-decay method is
applied to measure low permeability (lower than 0.01 md) rocks. This method is based on the
analysis of unsteady-state gas flow. The dissipation rates of dimensionless differential
pressure (A P,) with time indicates permeability of various core samples. The low permeability
measured by using the pressure pulse-decay method, is compared with the permeability
recovered from the steady-state method for validation. These low permeability measurements
are conducted to six tight sandstones from the Gyeongsang and Janggi basins, South Korea
and Tsushima Island, Japan. The permeability measured by the pressure pulse-decay method
was approximately twice higher than permeability measured by steady-state method. By
comparing the relationship between permeability and mean pressure, this may result from gas
slippage effects.
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Effect of liquid crystal display (LCD) wastewater on the biomass production and biochemical
composition of a green microalga Nephroselmis sp. cultivated in Bold's Basal Medium (BBM)
was investigated. Different dilutions (1/250-1/10,000) of LCD wastewater with BBM were tested
in the presence of 5% flue gas CO,. Nephroselmis sp. showed the highest growth (0.37 g L),
lipid productivity (14.2 mg L' day’!), carbohydrate productivity (12.5 mg L' day!), B-carotene
+ lutein productivity (74.2 ug L' day™) and nutrient removal (35.0 mg TN L! and 11.6 mg TP
LY with 1/1,000 diluted LCD wastewater after 6 days of cultivation. Cultivation with LCD
wastewater increased the microalgal saturated and monounsaturated fatty acid contents up to
9 and 24%, respectively. Application of LCD wastewater improved the growth,
lipid/carbohydrate/carotenoids productivity and nutrient removal efficiency of Nephroselmis
sp., which can be a cost effective strategy for micEffect of liquid crystal display (LCD)
wastewater on the biomass production and biochemical composition of a green microalga
Nephroselmis sp. cultivated in Bold’s Basal Medium (BBM) was investigated. Different dilutions
(1/250-1/10,000) of LCD wastewater with BBM were tested in the presence of 5% flue gas CO,.
Nephroselmis sp. showed the highest growth (0.37 g LY, lipid productivity (14.2 mg L' day™),
carbohydrate productivity (12.5 mg L' day’!), B-carotene + lutein productivity (74.2 nug L'
day!) and nutrient removal (35.0 mg TN L' and 11.6 mg TP L') with 1/1,000 diluted LCD
wastewater after 6 days of cultivation. Cultivation with LCD wastewater increased the
microalgal saturated and monounsaturated fatty acid contents up to 9 and 24%, respectively.
Application of LCD wastewater improved the growth, lipid/carbohydrate/carotenoids
productivity and nutrient removal efficiency of Nephroselmis sp., which can be a cost
effective strategy for microalgal biomass production.
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Biorefinery based products have the potential to deliver viable alternatives to conventional
petroleum based refinery processes. However, the biological production of platform chemicals
is currently limited by a number of metabolic factors, in-particular the development of
intracellular redox imbalance. This is caused by build-up of electron equivalents and NADH
under reducing/growth conditions, which can lead to high levels of byproduct production, low
conversion vyields and increased final purification processing costs. Shewanella oneidensis
MR-1 is well-known for its capability to facilitate extracellular electron transfer (EET), a
process where electrons can be transferred to solid metals or electrodes under anaerobic
conditions. This process provides the basis of a metabolic control strategy to modulate
intracellular NADH/NAD+ levels and modify redox balance in order to improve target platform
chemical production. In this study we focused on the production of a platform chemical,
3-hydroxypropionic acid (3-HP), where the NAD® regeneration system is assumed to be a
major metabolic limiting factor. We demonstrated the biological production of 3-HP using a
recombinant S. oneidensis MR-1 dhaB gdrAB KGSADH strain grown in a batch culture with
chemical mediators and terminal electron acceptors (TEA), and employed an electrochemical
bioreactor array (EBA) to investigate the effect of different applied potentials
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Metabolic flux analysis is widely used technique for estimation of intracellular metabolic flow
in various fermentations. Microbial fuel cells (MFCs) are electricity generation systems from
electron transfer mechanisms from oxidation of substrate to electrode by exoelectrogenic
bacteria. Various reports were suggested about electron transfer mechanisms, however little is
known about intracellular metabolic flux change during electron excretion in MFC. In this
study, we tried to find out the difference of metabolites production and metabolic fluxes. Also
in vivo enzyme activities of pyruvate formate lyase and pyruvate dehydrogenase were
measured in non-MFC and MFC fermentations. Metabolites profiles suggested significantly less
production of reductive metabolites in MFC fermentation compared to non-MFC fermentation.
Also in vivo enzyme activity suggested pyruvate dehydrogenase were activated only in MFC
fermentation even in anaerobic condition. Metabolic flux analysis proposed intracellular
metabolic fluxes of MFC fermentation were similar with microaerobic fermentation. This study
is first attempt to calculate intracellular metabolisms using metabolites and suggested MFC

could be applied in various anaerobic fermentations.
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A microbial fuel cell (MFC) employ exoelectrogenic bacteria to generate electricity from
wastewater and organic contaminant by oxidation of microbe on the electrode. However, due
to their low power and potential, power management systems (PMSs) should be needed to
increase power density and potential. In this study, we applied logic based algorithm on
control automatically load tracking method as maximum power point tracking (MPPT) using
LabVIEW™ and a circuit box for flat plate MFC (FPM). The effects of operating parameters
such as organic load rate (OLR), hydraulic retention time (HRT) and sampling-load shifting
time have been extensively investigated between fixed load resistance (FLR) and MPPT
operation. These parameters have affected bacteria uptake pathway module. The results show
the optimized OLR of 1.953gL'h™! and 5min sampling-load shifting time for FPM operation on
MPPT. These results provide a strategy of MFC field scale application and consider the critical
information for high power generation and sustainable bioenergy recovery with simultaneous

wastewater treatment.
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A study on the deodorizing efficiency of a block impregnating
deodorant solution
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Park. Y. G., “Study of toxic gas removal characteristics by chemical analysis of essential oil
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VOC adsorption by the activated carbon catridge of an annular type
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Odor Emission Source Real-time Monitoring Using Sensor

Eui-Suk Jung, Chan-Woong Son, Jin-Wan Kim, Moon-Hyuck Im, Chul-Ho Shin’
R&D Center, Envors Co., Ltd, ‘Seohae Environmental Science Institute Foundation
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Design Considerations of Packed Bed Gas Scrubbers for Improving
Odor Removal Efficiency
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Study on the regenerate of the odor by contaminated water in the

wet scrubber odor control facilities
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Recovery of Cobalt from lithium ion battery waste and fabrication
of cobalt compounds

Byungman Chae, Deukhyeon Kim, Dong Hwan Kim, Dae Hoon Yangl, Hyo Seok BaeZ,
Ingyung-Jung3, Jaegun-Seo3, Sangwoo Leex
KMC Co., Ltd., 1IGM Tech Co., Ltd., 2GM Korea Co., Ltd., 3Gyungbuk EIP Development Division
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1. Jingu Kang, Gamini Senanayakec, Jeongsoo Sohnb, Shun Myung Shinb., "Recovery of cobalt
sulfate from spent lithium ion batteries by reductive leaching and solvent extraction with
Cyanex 272", Hydrometallurgy, 100(3-4), 168-171 (2010).
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Recovery of Nickel from lithium ion battery waste and fabrication

of Nickel nano powder

Sung-0Ok Hwang, Byungman Chae, Deukhyeon Kim, Ki Sang Park, A Ra Go, Sangwoo Leex
KMC Co., Ltd.

A} oAbl A2 W2 gtEo] o
sbe EAlolc}. olAbdAl 22
P sled, elga Yyadast oeF aheeoll, 5
70| e matElojglo] YAl #4501 507]F0] %
A LNO, NMC w7122 A%, AHgAe 53] Fanaga
YA e Rere RAsHACE o ABAl 7] 2(LNO, NMC) R S ﬂﬁ@% A w% =35
g0 fETpgoly wAste W22 RE SASUARE, 24 U olztg 5, 3
fesfstol A gong Masteict AA SAUARRE AMATAL Eof UM r B
Axstct AR e E5f 50 2e2
WNEALAS £ o 250nme] U £

et op] ALgo] Zhsic.

ofm
ol
—-1
=>‘.=
i
obo 2

oZ
ol

U

B
m =

P koo 2 2 omo nlo > pE o
: ||
» H
e

ojn "
L
_CL

Fuid
1. Md. Al Hossaini Shuva, ASW Kurny, "Hydrometallurgical Recovery of Value Metals from Spent
Lithium Ion Batteries", Am. /. Mater. Eng. Tech., 1(1), 8-12 (2013).

AAL
© AFe AGSYAERe hmAdvleg ey Al

(No.10050964)

o
el
>
[
10
ne
ot
lo
u
N
o2
1
9,
)
T
O

104



PA-03 ZEAE{AUHE

staol 2gElol gt Ui Zn0o) AAZIE AL 2 S4B}

Development of removal technology of ZnO nanoparticles in sewage
and its ecological toxicity

Hyun-Sang Kim!*, Young-Hun Kim? Young-Hee Kim® Sang-Ku Lee!
Uniens Co.,Ltd", Department of chemical engineering in Kwangwoon University?,
Hoseo Venture school in Hoseo University®
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Woodrow Wilson Center PEN CPI9] 2011\ Hio] m=2W 2005W~201087HK] YA A2 3F9]
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FAVEONA ol2igh Yl ZnO9] {olidg7iet &7 ol Follgtste= 7le7lgo] Basity. & AoA=
=175 o] &5to] A Zn09 f[allld HIF AdS 23R, RolldS A6l Hsh AREE o]
&35t 2A89 ZnOE AlAsts AdE e85t U ZnO7t A1 oA odst faliidE ZAeAlE
dotH 7] sl FAE ol &g BEI=HAY Zut ZnO Smg/LofA 7130l UASI AL, 10mg/Lof|A] =
MERA dF2 BT olF AASH] Hsll NasS, NapHPO, & ©]85to] ZnOE AHAIZ A, F 9y
RE AAEE 99% ooz Ao W& Znol AONA AARES AAHJIH. AHME2 ZnS 2
Zn3(PO4), ¥ 1L, ZnS= Znit S7F A9 1112 ¥hgsto] AR 2t D2 Zns(POs)p= Zn¥ o} ko] POy
7t ¥bgsto] Zno mHS FHSAY, Zns(PO4).4H,09] HOPEITER EAXsh= 7oz wHhent. /dst
ZnSet 7Zny(P04).8] W S5 AdoAe =40l YA oot ZnOoj vls =70l Add AZ =<l

0

rre

¢

<A

= A7 A8 fEARAE e/ ARG (2014000140002)00 <5 aa3=glon], Al
Zate iy,

Fasd

Woodrow Wilson Center PEN CPI (September, 2011)

Mei Li, Lizhong Zhu and Daohui Lin, “Toxicity of ZnO nanoparticles to E. coli: mechanism
and the influence of medium components”, Environ. Sic. Technol., 45(5), 1977-1983, (2011).
Rui Ma, Clement Levard, Jonathan D. Judy, Jason M. Unrine, Mark Durenkamp, Ben Martin,
Bruce Jefferson and Goregory V. Lowry, “Fate of zinc oxide and silver nanoparticles in a pilot
wastewater treatment plant and in processed biosolids:, Environ. Sci. Technol., 48(2), 104-112,
(2014).

Rui Ma, Clement Levard, F. Marc Michel, Gordon E. Brown, Jr., and Gregory V. Lowry,
“Sulfidation Mechanism for Zinc Oxide Nanoparticles and the Effect of Sulfidation on Their
Solubility”, Environ. Sci. Tech., 47(6), 2527~2534, (2013)
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Characterization of Indium Galium Zinc Oxide (IGZO) Thin-Film

Transistors (TFTs) Fabricated with Indium Tin Oxide (ITO)
Nanoparticles Ink

Chaewon Kim'?®, Yong-Hoon Kim? Mijung Lee®, Jae-Yong Lee®, Sung-jei Hong'x
'Korea Electronics Technology Institute, ‘Sungkyunkwan University, *Kookmin University, *Han
Cheong RF Co. Ltd.
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M2 A CO, 0,5 ol &gt DMC&DMM /g A+t

29l 9HY, 255
FRAA 7S A PY, ABAFYATA

methane)2 SHAHE 8 ool 2 F, /\ﬂﬁ Al, A2H7A, AEA 52
o] 2oli it} o] & A2 HEZ1 CO, O.=28F Fuj vh3o o5t ™ =

¥R 2 AAPE Zasit. & AFolA= DMCE &7/dst7] #sto] Ceria FullE A7dste st
EJr Ateztddeoldo Aget Fuje] 215 AV 95ty @48 & 44 2%(400 ~ 700 C)o T
= HJ g2 AEENT. Est %é Cu(l)g FE(10~40wt%)2 FAI5to] DMC g7 FA9] Cu(l
2Fof| tfsto] ALt AlA2E £Uj: batch reactor2 0]835to] 130 °C, 30 bar9] =71o]A] HErS
ghs 7FA(CO, O)= MFCE ﬂ*o}@l 2:19] 28|22 2 § vh3silth. DMME €757l ¢1sho
alumina ballo] Zr(IV) ¥ Fe?} Cu(l)E Alet & 7HX] FUjE AWz AAsie. d&5" & 719
S 44 9EVE ARESRen Al WAl ¥hg7]= 300°C, & WHA] §F57]= 130°CE RAISHI o,

DMC(Dimethyl carbonate) i ﬂﬂﬂﬂ Dol g4xlets gAe A g7180, sted Eot
A, 9JoF 9 =oFo] Z7ha|, AU 3}st Az £ I 2QaFo] ZFAs] Zrtstr 9Qom, DMM(Dimethyl
oz A3 A& Agatsted B

b

—

LDW

RIS ES

T+ 9r37] 2% 5 bar?] 2ZOA AstAY AMlAa" Fuij= XRD, NH:-TPD, H,-TPR 522 U £
4 2AS sigen], AEg S0 ol8sll A @ A7, DMCE 14.5%¢) MEET 88.8%] ke
AE=S A9l3, DMM2 92.8%° Aghaat 100%9] AHES 42 4 ol
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Gasification of Coal with Air and Oxygen Mixture in an

Entrained-Flow Gasifier

Sang Jun Yoon, Ho Won Ra, Myung Won Seo, Sung Min Yoon, Gun Ung Oh', Jae Goo Leex*

Climate Change Research Division, Korea Institute of Energy Research,

'Advanced Energy Technology, Korea University of Science and Technology

hasiet e S0 AR2YE AseN HHTHES Sl 49 YASEAIL YR AN &

§7tAg AL, 018 olgalel A 7] 58 BAAL 4 U AHHE BE s|solch MEIAs

e A9, ol NErtAstEiE, Astls), Molg YHAATIAPN IR Ao

O, $AtA JpAS) 7leEe] Fsle] gtk Tei 24ta FFE IR WG9 AARYPAE AM

H W godul gBolM 2 ¥YS F1 Ak metA, 8719 ALAS EWSIO AFGAlE B9 Atawe B

X9 M L 29 BYL FoiF 4 ATk B APOIME /Y e EF £ 02 4 2R3
S

= > =
7tAsb7lo| el MEr JtAast B4 Wat AE 88ttt 7rAsE 42 1000-1220°Ce
excess air ratioZt 0.25-0.65, air/O, ratio?t 2.17-6.0 B¢ Z7AA] 43iE] Tt

oo ro J= P
i Me

bk urg 2wt

Z7kgel wet §471A W) 7kd 4R Hy CO9 @ae F7bsh: AFe Hgon, 1200C olgel &
AolH 27k 16% FEO| PFL BTk EF, COx sAst 20| weh PASIERL, CH Qe
1o 255 JtAsh AYAY A YA Uk 1S ol8F JtASIR dstel BYH FHIA
a7k 50% FES AXSLD AUck JtAsk 25 Fvlo] meh SANEN Wirage FUhe

e ®glon], 12000C oo LEAN TaRLN WHAREL 27 A 96%, 61% o4l
1t FH& Bt Excess air ratio’t 0.5 2 F7]2 o]83t 7tAst SAA FAETEA Y
Hy, CO, COz9J &2 B71ske &2 B >
o £e LARAE 71Ash] ) Atao] g
oz Zbshe Wl JH94o] Hy COE Zashs %
2t CH, stFe 7h4A35H3ith. Excess air ratio’t £7}1go whet

oo Lo E

=]
o
[N

2 35351 excess air ratioZ} 0.5%
Ax70] A8 A|HA COp= AIEA
C}. E35H excess air ratio’l Z7}pgto| wh
E}

HAREL ASR0R Futete) 2l

L oot WA § 89 749 excess air ratioZ}t 0.52 FEoA 61%2 A}S B § asts AT
HAAt weta, A9 JtAast ag2 A7) YA excess air ratio’t 0.5 oA AIE oo &2
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ITO 939 Over-coatingo] 2]t Ag NWs &3 A=9] 1.2
X124 3FAF

O oo

A5, EgA ', olA 8’
AR EA Y CAZ ol REAMAPHE, @ 4 RF

Enhancement of High Temperature Reliability of Ag NWs
Transparent Conductive Electrode by Over-coating of ITO Ink

' Seung-Jae Cha!,Sung-Jei Hong', Jae-Yong Lee?

! Display Components and Materials Research Center, Korea Electronics Technology Institute,
Seongnam, Gyeonggi-do 463-816, Korea
2 Hanchung RF Co. Ltd., Incheon 405-816, Korea
s A 4tehzE (Indium-Tin-Oxide, ITO)% e = WY =l AV A s FAO] 2=
M=zA FPd70=2 2] AMEHN. ITO B34S Hii H B3 (sputtering) SAIC.2 AATE o]
717F ti% =t o] & siastr] st ITO giAl &A12 2 Ui-oto]oj(Ag NWs)7t Tho
U Ag NWs Abel vhgo] A dojyn], SAF ZEE ITORT YE/Go] Rk

rlo
3

M o
4m

[

S
e Hosh] st & AqolM= Ag NWsE Ee JHsh= 25 ARSI, B8 3
ITO Ink T8 A83519ch 100 “CoA] 25 °C A0 2 225 C7HA] & AR HAEZ X|5Y

3

et 24,
%71 19.63 Q/J o|9¥ Ag NWs/ITOQ] 2 layert 225 °C. 1A|1319] A4 HIAE Folx= 30.62 @/
2 YT AlEAgol fAEH. Eot 550 nmoflAe] &) 71Ee] FRAES £7] 83.49 %oA 8l

1
91 %2 e AZHY HAE So|E 80 % ol4o] Fuhgg Uehhglch Wd] £UF Ag NWso 1
layer'= 225 cow SUF A EAEA Ag NWs7t dMoz &4so] Aol A3l 3 o)
of gebA, B A7E 54 Ae ugoRE AR JHsE 93 /N ITO BE nYste Mgdow
X Ag NWs ?ﬂg M3 ne A= Fystact

tjo
N

[e]
)
4>
o2
roL
re,

rO

=
A7 20149% HAEARARC] Ao FAAY7| S 1 A(KET)] A
AYch (No. 10048248).

. K.-I. Kim, N.-R. Lee, S.-S. Lee, Y.-S. Lee, and T.-W. Hong, “Evaluations of life Cycle
Assessment on indium-Tin-Oxide Electrochemical Recycling Process”, Clean Tech., 19(4),
388-392 (2013).
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Corrosion Characteristics of Ceramic Coating Metal Material using Vapor Deposition
Method

Sang Yeon Hwang, Ji Eun Lee, Seok Woo Chung#*, Min Jung Kim', Dong Bok Lee'
Institute for Advanced Engineering*, 'Sungkyunkwan University

Helag 742 AF drd AHe o|gste] AASA(CO)} 2AH)T AAEA THIAE Alx

she a2, derg 7)Ee] Al i)

agoldME BANORE FRSHA A8Y & ok 19

A ¥HS Al RS HS, COS 59 @8t 7pAst 2M-23 ppm A& EeHEof
1

_]
o -

AR RAF Sk e A7 SRS YoslA ek 2.29) SO, 7hAd] ogh RAlo] A atat/Atet
O

30| Ao Loju®A FeS, CrS, CrsSe?t Z2 &tz Fey03, FeyOu4 FerCr 049 22 AtstzEo0] A3
JEa, Cr &o] J7IEaE 249 yAaldol S7ste] 25 AAYo] HaoAl ©F A7d= wHerd
2 oo, &efaAa(HpS)o ot 849 12 A9 Heos ZA O AdZet BAAAAS @A = A
oz IYHX|IL Ao}, EFH IGCC ZHEQ e o JIAHW SYolE9] B3 S Qoto] ¥/d7tAo =
=l 5 m ol d=9 F41Z 10 ppm o]st £EVHR] AAslof sh=d dvt F45EHE A8Y 4 &
g7tao] metE BAM JEAQL HpS 5ol ool F45E8H9 3ol ufe FolX|= FA|I7do] Qlo] Aletald
HE A&sty ot 22y Ntelges AAe] 5444 7IAA, €4 F40 os) opeE 4~ . I
Ao AOAlos AXN XGRS AIE A A&EEH SHAA BH/do]l EXsiY, F45TE =
&/g7EAo] ofst BAlo] o5 o] ATh= TS ZHAAL QT mebA AE HgUEA A8 12 /0
Z2A0A FE5ZES ALSE A A A5 S Ao e =2 7IAA Fes 2 EA/sEHA
Ut/dol Zotn YWRANS 7HX+= L/148 YRAY F452E<9 7go] edt. & A= 2
E4R AlHS OgiIdez 71 SA Y-S AEsto] Aetd 243 Al BUHo| I®Fg & BAY TEAS
o] g3t AFE Foll £ 5 AlFE TSR

B d7E 201495 AUSARAR] YUoR ARUA 7|4 WIHAKEPTEP)O] AlYg Wob 233
A A Yc (No.20143030050070)

ot

w3

1. Lai, G.Y, “High Temperature Corrosion of Engineering Alloys”, ASM, Ohil, pp. 231, 1990.

2. Hyun Cho, Kwang Hyun Bang, “Thermal properties of the surface-modified Inconel 6177,
Journal of the Korean Crystal Growth and Crystal Technology, Vol. 19, No.6, pp. 298-304,
2009.

3. AH% & U8 YA ARIA Ag&e AT URAAY S45TEH Iitet Jle N diRbVIAIS
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Steam Reforming of Dimethyl Ether Using Coal-supported Nickel
Catalyst

Soohyun Kim, Donghyuk Chun, Hokyung Choi, Sangdo Kim, Jeonghwan Lim, Youngjoon Rhim,
Sihyun Lee, Jiho Yoo"

Clean Fuel Laboratory, Korea Institute of Energy Research

DME (CH;OCH;)= 228 o] LPGY AL % H/C Bl&2 A4 A thelo] WAystr| ool A
A1 240] M olgAQl AR WA DME 4571 /4] o7t 42 Aol s A7 Fol k.
DME $37] /18& %2 Cu/ALO: SUl7} o] 85ln 9lon] 207 W32 1Go|A ALO:, zeolite 5

=21 o
9] acidic &0f ¥F2 02 DMEZ} Methanol (CH;OH)2 7858 B 284914 Cu, Pd 59 & =0

7§-¥rS-0 2 Methanolo] syngas2 A gHEch 2 JLoA= AEto] o] wdt E4S 835t0] nickel

fud -1 o=
T40]2S AeFAE AAAC] BAAA FO0iE Alxstct ojmf 10 nm ©]5Fe] nickel YARS©] 17
wt% (Ni metal basis) A|X|Alo] 127 FA4tE &S TEMa ICP 45 ol =lstyd e o]= DME
257] 7§Ao] HEsto] 2=, F4

-

o K

= stk S/C ratio (steam to carbon ratio), GHSV (gas hourly
space velocity) A& Edf 2™ 27 Aottt DME 7fAe S/C ratio, &%, Ni gigfo] S71L=E Qi7h
SHA S7Fstal GHSVZE S7Kda% dasiiict. A" AAA Juie &850 oi¥], Hp
poisoning, coking resistance, long-
Uhe A Ewo] AT glo] AT A

yield, sulfur
stability B7HollA] QAFSIAL 948 S-S UeRdh 3
9182 sHelsteict

UO
N
o
=
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A Study of Molding of Mn-Based Solid-Acid Catalysts Using the
Various Supports and Substrates

Gi Bo Han'", Jung Hee Jang!, Heeyoung Choi!, Jung Sik Han? Byoung Hoon Jung’
Clean Energy Team, Plant Engineering Division/Center, Institute for Advanced Engineering
2Agency for Defense Development

+ AFoME Mn gE 7IREe R et e R 2o et Aol Qlsl AlxE AALE SS9
distd AAA & 7129 SR/E 2elste] 28" dFEolM Boet 2ES FAetels A+E st
Aot RRAE v-AkOs H Fe:07F AMRE LN, 7[E=E U, HEE 5ol ARZEHAH. 712 glo]
e Yol et 7iyol EYElen, Yol Argd AGeolle HEF ®Ao] AR
ot F7t= JYagoiA e g4 Hstrl fistol 771 R /71 2APE ARE I ol V1A ARE
. 23 ARA R 712 SR ot 4 & FAstE 50y VIAR/EA 80l gRtEe
AT 4 Qdflen], 4eol F7kz ARgE /71 R 771 2YAY AR R W = o] ot 49 =
s 3 BEEE FAdEtol ik egdol FepRTh
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A Study on Scale-Up of Catalytic H,O, Decomposition Process for
NO Oxidation Process

Gi Bo Han, Jung Hee Jang, Heeyoung Choi
Clean Energy Team, Plant Engineering Division/Center, Institute for Advanced Engineering
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g AAR2e HolF4 BAS B¢ H0) AE A7

Rlex, 53, ANE, 87, AEY. YR, YR, oA E
FYARATY, AROIUA7|2A 7Y

Preparation of Transition Metal Catalysts Dispersed on Coal

Support

Jiho Yoo*, Soohyun Kim, Sangdo Kim, Hokyung Choi, Donghyuk Chun, Youngjoon Rhim,
Jeonghwan Lim, Sihyun Lee

Clean fuel Lab., Korea Institute of Energy Research

ME2 2 W carboxyl group®] of2ugo] o5 metal complexS T 4 Utk & dFAAM=
20 FAHS Hol: kst ZAE5S o]wdhe Ed HEJrOﬂ BALsHSI T} 5] Etstp4 steam

reforming £0j AZE ol nickel®] F4H3 £2 Aoty A& X|X|Al= 7|& alumina Tjd] of2

e A=ttt AE9 aromatic Jw2 oo Ruf HE *1{% =9 249 $715 U & 2l
o, coke® MEA FAFo] o5l cokingo] °Jgt H|ZHS}E YL & Ut AL A © &0 sy
A= AFEsto] ¥hg A JOj9 pre-reductiono] TR Qi AME £ FOjojA R7F 49 27t &

olsttt. 3t FAIdo]l Holu A dwo] ohy/doll osli Ful #7429 tailoringo] 7hssttt. Nickel
ResaAdgos FAiF Al GA|FY 34 precursor /o F5tA 10 nm o|st F7[2 127 F4tE
AL, MEO] acid A2fof] 95l nickel FAIFS S7HAIA 4 UAS FdstAct. ojnf JE&FujERTt S50t
2 A&de UERHT SRS 5SS AAAR ARE Al A R 24 E70] AshE
Copper, iron, chromium, zinc 52 A& X|A|A 29 T4t Al 49 2A0M= ARPE doiRlez 2
FH 2 FRE At F& FAe}t FAF 51% e AT Bastt
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A study on waste resource(waste heat, waste oil) recovery and
reusing from thermal processing equipment generated exhaust gas
in textile dyeing process

Seung Han Ryu, Dong Hoon Shin, Jun Hyung Park, Young Jeong Oh', Jeong Soo Oh!, Tae Jin
Oh'!
DYETEC, !G.S.System

MAYE grledsds U FRd WrI7iAs QI grjEEedeAlrt ASA o sl
/\}9475. Ao AdE T I FUSY BAKH S st Qo Ald 39 Bed €48 O
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F7F BAEAL, 1Y A Al 2R s a5 D oJ¥THA] Lﬂio}@l Aol 7<J°“Qt A 7Hes7ol
oh "H3E2 25 150~220°C HHoA EA7tes Aldstn] 2o Ao sl dioll =ad FAH
(A=A oF 4~8%), R&AA, MUY 5ol 7IstEo] {5710l mist) FE = vi7[7FA0]] ZDTE
o] wjEdct. 1947 HE37d2 QUAEER B ”SLWHE o] &3to] Al (Chamber) W& 25
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% E‘”JEi w482 Y HARLLRE JNEsto] w7 7kA 300m/mln T2 EﬂEiﬂ*”Kloﬂ g3},

2 9aste A0 AMFEsts S0 Hi7I7kA00 ERE AREN ®H RALES AATELezA

LW QM 2 QAEZA AAF 7}00}0%} ElE 7phAdv] vj7)7tA og%ks 837,000kcal/hr(150°C 7]3)
Fon, mAs Lo o5t et 30°C(YF2E) — 70°C(EF2E)2 40°C7t dSotes a5 e
on, oo W HAF S AFS 223,200kcal/hr(26.7% LoUA] 342 SRIE A}, of-&2] HE3]4
B FAFCR AAE = ey GAGRo ost HuggA] yHel e 2ol FATt JHs
St Auto Scrapers ©o]&35to] A|Aste] Fpstoz A FAIHS sfAsHs Al RAMEO] Heds sy
& 5 QAo

YA

7 ShRAQIuA Erke] AEAATA REAIQ A QAT A7FEAA o AR w7 7bA
of HALmY, Hed) &5 U AUL YEYL 2EAYe] dgtoz AuEYon], ojo] AAEAL
c}.

23

1. Pang, S. K., Cho, W. J. and Sohn, J. Y., "Characteristics of VOCs Emission According Interior
Finish Materials and Working Phases of New Apartments", Korean J. Air-Cond. Refrig. Eng., 18(6),
486-492 (2006).

2. Bai, C. H., Lim, Y. H., Gulnora, D., Park, J. Y., Kwak, K. M., Chu, E. S., Kim, Y. S. and Kim, ]J.
Y., "A Study on the Characteristics of a Total Heat Exchanger under Various Conditions", Korean J.
Air-Cond. Refrig. Eng., 17(10), 891-897 (2005).
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Development of Recycling Process of Waste Filler in Industrial
Cooling Tower

Keunyoung Kim', Jaiwan Choi!, Kwangsun Park!, Jaegun Seo?, Ingyung Jung+’

GMTECH Co. Ltd.!, Korea Industrial Complex Corp. Dagegyeong Regional EIP Division?

AT gfRe wHE Soadg e

HEeraee] AEgH Molge A HAA e

T ool 12 Folk ol L8l AxHe AAEAG] 2

AT S0 oh) she du] 2L 7]aol sjAol

A g B2AY "ol RAARAA HEele] A

getag AEE ARAPIN apsie 2Eo
Q

ox
g
i)
10
2
b
=2
1o
=°L_"
)
o
o
o
i=)
ié
)
rlr
—L|
- by
Hu
-
—|ru
2
o)
;O
N
)
o
(@)
(@}
<
E=)
)
S
. 19
er for
r_>i

Oﬂ d%aﬂ IOOkg;} 3j6}§7ﬂ/\ 5= Eozlo}o:] A ZesjAe A
A | Axg= Aoz Uephton olet e 3X JEL F|ME0 1
SOREoIUA HRIEE G2 A ¥ ¢ 2E 402 oL S uD AU
i 71 A

& dolst o] Mabo] R AGSH AVEE ViR WARL2 AFAN 1Yo T
o, A A AN Ea0] Lol 30 mmol T, £717} 20mme W) Hjg e 269 Mpacln
HEe 9290008 1 94w Aow Uthith ¥ ARE Bl el MUE Felola e U8
SR T AN-RIEY PO Jbse 2F UAY B AV B % ol 4EAEE 48
2 29T 4 AUt

123



PA-22 ZAE{YUHL

Oxide Metal 579 ZA4dEE H7 & ML UEHI 5

A, g, A’
@S, ARAATR BT hHUEP AT

Network development of solution fertilizer resource recycling for
the waste of ammonium nitrate from the oxide metal
manufacturing

In Kim, Taekwon Seo, Jaegun Seo', Ingyung Jung'*
Sung Eun Co., Korea Industrial Complex Corp. Dagegyeong Regional EIP Division’
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Study on low lank coal gasification using DFBR (Dual Fluidized Bed

Reactor)

Jong Su Kim!, Chang Won Yang?Byung Ryul Bangl*, Tae U Ryu!, Uen Do Lee!?
Korea Institute of Industrial Technology(KITECH), University of Science & Technology(UST)
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Study on the Preparation and Improve Properties of natural
powder/PP Composites
JeongHwan Yoon, SungHwan Ryu, Juho Yun
Clean & Energy Materials R&D Center, Korea Automotive Technology Institute
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Plant Engineering Center, Institute for Advanced Engineering

Pneumatic Feeding System for Ash-free Coal
Seok Woo Chungx,

Feeding and Refill Operation Characteristics of High Pressure
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Preparation of Coal/Biomass-Water Fuel

Sangdo Kimx*, Sihyun Lee, Hokyung Choi, Donghyuk Chun, Jiho Yoo, Youngjon Lim and
Jeonghwan Lim, Jeongbae Lee
Korea Institute of Energy Research, Clean Fuel Laboratory

AR oz 2A7FA AZbo ti&st7] fste] A s AN 4 2 AoUA] &8 7F gubAQl tfoto
2 giFEa AARE, FAOU A 7]FH(IEA, International Energy Agency), Ul= oL X7 E 2] 7] FL(EIA,
Energy Information Administration), BP Energy Sof 9J5lH St A RO oAt AFEHFS AL Z7tst
o &0 our|der Argd Zog oEsty ot AR st AMRO T E SFedS 3
Astst7] st 128/ F(HELE, High Efficiency Low Emission) A& &87]&4& IGCC, USC 7]&
o] &3} GAX e &2 40 ~ 44%= TS 1559 Wi7|eS TR sif. A7 g3 o
| o]&& 4 7] ol 50% o] ras& o] Jhsst Adoeg BAEY oy 1
SO sl go] ohet AR ol AR, CWEZF AFgE|gie], oliettag Fol7] gl @R chy
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ol At&3H Meka upolQujal 7p7h QlRUA|o} ofelelal 1 AZoe oj2ojd FUL A&
Cf. Mehat ulol oA 712t HAElS AASHAET], AEhe STD(steam tube dryer) o] &3] 42t
To] 21.8wt%ollA] 8.8wth= ZFASIAUTE HIO|QUfAE AAFL7|0A 260°C 5= 20 2o
AEE AARSIITH vlo]RUjAL] x7] HEAF2 30%00A oF 10%=2 45T st Alg=
2 SMAZLES ojgsleirt. MA Y Aeim} voleujAL EaRoz Saetn, 2ol MEE
250 |5t UlReHE stoitt. vlolenjal MR LAES Zm 97| o] ujio] the ojeier), ut
gohA] olwetest TS HAT & Yotk AT Aul2 vlol QuiAL 5%, 10%F EsHATh. e
/utol el A8 BHARES AAsh] Yl FulE ARo] QAT it AVTHMR UnLA SEN
(NSWR, Naphthalene sulfonate water reducer)S Ap8stF T U8FAQl H jof Q]stH Hlo|QUjAE
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=2 37M1717] Aol e £ A" 53 282 Foll 2AlsEE T S AS AR Jh
Hl=d, & AY Ay} vpo]UfA 5%7F SLEQS HAE/Eo|jA-F SHARS] VATHES S22
A= 1,000cPE 7]&E30ES o, oF Slwtw= UERT AxE AEehs 20 S22 A
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1. Wei He et al., “Rheological study of comingled biomass and coal slurries with Hydrothermal
pretreatment”, Energy Fuels, 23, 4763-4767 (20009).

2. Agnieszka Kijo-Kleczkowska et al., “Experimental investigation into coal-biomass-water fuels
combustion in a circulating fluidized bed”, Waste management and Environmental Protection,
16(2), 85-92 (2014).

3. R. Chen et al., “Preparation and rheology of biochar, lignite char and coal slurry fuels”,
Fuel 90, 1689-1695 (2011).
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Effect of Nickel Promoter on Cu-SiO, Catalysts for Glycerol
Hydrogenolysis to 1,2-Propanediol

Maeum Lee'?, Pravin P. Upare!?, Dong Won Hwang'?, Jong-San Chang'?
'Research Center of Nano Catalyst, Korea Research Institute of Chemical Technology (KRICT),
Korea
’School of Science, University of Science and Technology (UST), 113 Gwahangno, Youeong-gu,
Daejeon, 305-333, Korea

Due to the focused attention on the depletion of fossil fuels and environmental problems,
bio-chemical industry and biorefienery, which produce high value-added products by using
biological and chemical techniques based on renewable carbon recycling biomass which can
replace conventional fossil fuel, are getting attention. In 2004, US department of energy(DOE)
selected 12 types of high-value chemicals which are biomass-derived and announced them.
As glycerol is included and several hydroxyls are contained in the materials chosen, they can
produce a variety of high value-added products. 1,2-propanediol(PG) is one of them and it is
widely applied in polyester resins, pharmaceuticals, cosmetics, etc. While currently it has been
produced using the propylene which is industrially derived from crude oil, it is a trend that
its production cost is increasing due to the limitations of the process and the soaring oil
price. Therefore, the development of the catalytic reaction process which can replace it is
required. In this study, the effect of introducing nickel to copper-based catalyst in
1,2-propanediol conversion reaction which is by hydrogenolysis of glycerol was studied. The
catalyst was synthesized using a co-precipitation and the catalyst performance evaluation was
carried out through a gas phase reaction of reaction temperature 220 °C, pressure 3 MPa, a
space velocity of 0.5 h™! - 1.0 h™! and feed ratio (Glycerol : Hj) of 1:8, 1:16, 1:50, 1:100 while
filling a catalyst 1 g in a fixed-bed continuous flow reactor. As a result, NiO-CuO-SiO,
containing nickel catalyst showed better catalytic performance in the selectivity of
1,2-propanediol and the catalyst stability than CuO-SiO; catalysts that do not contain nickel.
It was confirmed that NiO(3)-CuO(77)-SiO, catalyst has 99.9 % of the glycerol conversion rate
and has 95.6 % of 1,2-propanediol selectivity, maintains the catalyst activity upto 280 hours
in reaction time and shows the most excellent catalytic performance among the catalysts
which introduces nickel. When performing the reaction and comparing in the same conditions
using the CuCr catalyst which is known as an excellent catalyst to date, it was similar in the
conversion rate and selectivity but obtained excellent results in catalyst stability so that It is
expected that it is enough to replace the CuCr catalyst. In addition, in this reaction process,
despite using a small amount of hydrogen where the feed ratio is 1:8 in a low pressure
condition of 3 MPa, an excellent catalyst performance could be obtained. Therefore, the
catalyst performance having excellent catalytic activity and stability was obtained by
introducing nickel to copper-based catalyst in 1,2-propanediol conversion reaction by
hydrogenolysis of glycerol.
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Characteristics of Ink-coated Layer for Protection against Acidic
Elements by Curing with Ultraviolet Light

Sung-Jei Hong!, Ji-Yea Lee!, Ae Jin Han!, Seung Il Chang? Yong Jin Hwang?

! Display Components and Materials Research Center, Korea Electronics Technology Institute,
Seongnam, Gyeonggi-do 463-816, Korea
2 MM Tech Co., Ltd., Siheung, Gyeonggi-do 429-849, Korea
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1. N. S. Allen, “Photoinitiators for UV and visible curing of coatings: Mechanisms and
properties”, /. Photochem. Photobiol. A: Chem. 100(1-3), 101-107 (1996).
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CFD Simulation of Desulphurization unit for Molten Carbonate Fuel
Cells

Agnesia Permatasari, Jay Liu

Department of Chemial Engineering, Pukyong National University

Sulfur content allowed to molten carbonate fuel cell (MCFCs) modules is less than 0.5 ppm,
because it can poison the fuel cell and affect its performance. Sulfur component can also
poison catalyst in the steam reformer. Diesel fuel contains sulfur components, such as
dibenzothiophene (DBT), benzothiophene, and 4,6-methyldibenzothiophene. For this reason
desulfurization is required to reduce the sulfur content of diesel fuel prior to reforming.
Among many types of desulphurization, the adsorptive desulphurization is considered in this
work. It uses typical adsorption process with a particular adsorbent and examples of
commonly used adsorbents are activated carbon, zeolite, and silica gel. Diesel feed containing
10 ppm of sulfur components, will reduce to 0.1 ppm in order to secure entry to a steam
reformer and does not interfere the performance of the fuel cell. For a detailed study on the
phenomena in adsorptive desulphurization systems, Computational fluid dynamics (CFD)
simulation is studied in order to investigate temperature and sulfur conentration profiles

inside the desulphurization unit.
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Photocatalytic reduction of aqueous Cr(VI) using SnIn,;Sg under
visible light

Sungmook Park, Younghun Kim®

Dept. of Chem. Eng. Kwangwoon Univ. Korea
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1. Wang, Lin, et al. "Efficient photocatalytic reduction of aqueous Cr (VI) over flower-like Snin

4 S 8 microspheres under visible light illumination." Journal of hazardous materials 244 (2013):
681-688.
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CoryneBrick vectors: A synthetic biology platform for gene

expression in Corynebacterium glutamicum

Suah Jo'?, HyojungShin'® Sun-MiLee!, YoungsoonUm! SungOkHan?® HanMinWoo!**

!Clean Energy Research Center, Korea Institute of Science and Technology, Seoul, Republic of
Korea
2Green School and °DivisionofBiotechnology,KoreaUniversity, 145,
Anam-ro, Seongbuk-gu, Seoul, Republic of Korea
*Correspondence to hmwoo@Kkist.re.kr, TEL: +82-2-958-5249, FAX: +82-2-958-6858

The standardized synthetic platforms which are the tools for the production of industrially
promising chemicals have been developed and applied in microbial cells. One of the
well-known industrial micro-organism, Corynebacterium glutamicum is important for amino
acid production. However, insufficient study about synthetic tools for Corynebacterium
glutamicum makes limitation of industrial adaptation. In this study, we constructed a synthetic
biological platform (1), named CoryneBrick, i.e. a collection of E. coli-C. glutamicum shuttle
vectors with different inducible promoters, and antibiotic resistance markers in a framework
of BioBrick standard parts for controllable gene expressions in C glutamicum. We expect this
platform be used in Corynebacteria industry for bio-refinery. This work was supported by
Creative Allied Program (CAP) of the Korea Research Council of Fundamental Science and
Technology (KRCF)/Korea Institute of Science and Technology

Reference

Kang et al., Synthetic biology platform of CoryneBrick vectors for gene expression in
Corynebacterium glutamicum and its application to xylose utilization”, (2014.7). Appl.
Microbiol. Biotechnol. 98:5991-6002
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Characterization of BiVO, nanoparticles by microwave-assisted
method

Ji Hong Park, Younghun Kim’
Dept. of Chem. Eng. Kwangwoon Univ. Korea
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1. Lili Zhang, Jinxin Long, Wenwen Pan, Shouyong Zhou, Junwu Zhu, "Efficient removal of methylene blue
over composite-phase BiVO, fabricated by hydrothermal control synthesis" Materials Chemisty and physics,.,
136, 897-902 (2012)
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Redox Characteristics of Ni-based Oxygen Carrier Particle for

Chemical Looping Combustion(CLC)

Ji Hye Park, Jeong Hun Baek, Jeong Min Jeong, Hyo Been Im, Chang Ki Byun, Jeom-In Baek!,
Ho-Jung Ryu?, Kwang Bok Yi’
Graduate School of Energy Science and Technology, Chungnam National University,
'Korea Electric Power Corporation Research Institute (KEPCO RI),
’Korea Institute of Energy Research (KIER),
*Department of Chemical Engineering Education, Chungnam National University
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Selective recognition of cobalt using Ag nano-prisms as a naked

eye in aqueous solution.

Hey-jin Lee, Uiseok Jeong, Younghun Kim"

Dept. of Chem. Eng. Kwangwoon Univ. Korea
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solution. (b) Reaction mechanism aof glutathione and metal ions.
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Dispersion of Copper Ion on Catalytic Coal Support

Paul Victor" %, Soohyun Kim? Donghyuk Chun? Hokyung Choi?, Sangdo Kim? Jeonghwan Lim?,
Youngjoon Rhim?, Sihyun Lee?, Youngwoo Rhee!, Jiho Yoo* *
!Graduate school of Energy Science and Technology, Chungnam University

’Clean Fuel Laboratory, Korea Institute of Energy Research

Coal is able to form metal complexes via ion-exchange associated with the carboxyl functional
groups. Lately, coal supported nickel catalyst has been successfully tested for tar reforming.
In this experiment dispersion of Cu on Indonesian low-rank coal (Eco coal) was tried. Firstly,
4 different copper precursors (Cu(NOs),, CuSO,, Cu(CH3COOQ);, and CuCly) were wet-impregnated
on Eco. TEM results indicated that 5 30 nm copper particles were found on Eco with 17 19
wt% (metal basis) loading. Also, the effect of pH on the dispersion was investigated using
CuCl; precursor solutions, where pH was adjusted to 3.5 and 9.0. The copper was finely
dispersed (< 10 nm) under the acidic pH with low loading (~2.5 wt%), whereas relatively big
particles (~30 nm) with higher loading (~20 wt%) was shown by the basic pH. Further
optimization will be performed to minimize the particle size and enhance the copper loading,

varying the property of coal and precursor solution.
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Separation of Oil/water mixture using hydrophilic TiO,
nanoparticles coated mesh

Sunhee Jo, Uiseok Jeong, Younghun Kim®
Dept. of Chem. Eng. Kwangwoon Univ. Korea

Hgoter Allo] wsteiA Adas} € M0 gEo] FUAsH olzolAln k. I} SR
Ag 9EAII} WM WAstL, Aeste AE AE 5 Auie] Rouis g
F7kstn glek ol2 Aelely] gt 7129 g4k JsolHE Yoz Ag
of. sPAlek 8lgo] W J]2o= 9% 9tal @il glou, e A7Y 59 7]
Aejv]go] =2 ARl ot ¥t R4 A4S o8 A Yo ot " el dido
299 Fgol Mgl glov], WEel 53 glo] B2} shsst 9

71& Ba7|£9] UAL YISt AL Stainless steel meshof %1
2 WElS Azt Mast WEIS Woks] el SEM, A&7 547]2 Argstgich w3t o}
Adof st Ea] 7I=AHE dotd 7] ]85 hexane, rapeseed oil, hexadecaneg A}E5}

2 A9 7]5327]o] T hexane?] #2] 88 I AMAMEALES Frioiloh. AdAn ogst 4.
Qo tis] g4walrt 7s3ion, wAlel |2 27|17t Belago A4S 0jRs AL sl §
1,718 3 Aoblas welage] VL HAstAh & o] A Ude g A
83 =2 Felaed Fe¥o2r FElf Jhset BEHEHN PR AM2auws 7h
o
=

ad
A l"O\'

e
¢

> €2 Mo

W
-

T
B2

2
!

38

in)

r

N

o 4 oy =
3

-~

Ul
4>
0 A2 o fo Hr rf R =2 %O roh >

ol T k

0il

Aned

1. Mohammed A. Gondal, Muhammad S. Sadullah, Mohamed A. Dastageer, Gareth H. McKinley,
Divya Panchanathan, Kripa K. Varanasi "Study of factors governing oil-water separation
process using TiO, films prepared by spray deposition of nanoparticle dispersions” ACS
APPLIED MATERIALS & INTERFACES, DOI: 10.1021/am501867b (2014)
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Study on the Characteristics of A K-Mg-based Sorbent for CO,
Capture at High Pressure and Low Temperature

Chang Ki Byun, Hyo Been Im, Jihye Park, Jeongjun Baek,

Jeongmin Jeong, Kwang Bok Yi*'
Graduate school of Green Energy Technology,

"Department of Chemical Engineering Education
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1. Lee SC et al., “Development of regenerable MgO-based sorbent promoted with K;COs for CO, capture
at low temperatures”, Environ sci. technol., pp. 2736-2721 (2008)

2. Fagerlund ] et al., “Kinetics studies on wet and dry gas-solid carbonation of MgO and
Mg(OH), for CO, sequestration”, RSC Advances., pp. 10380-10393 (2012)
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Transcriptome analysis of CO,-fixing cyanobacteria for nitrogen

starvation response

Sun Young Choi'?, Byeonghyeok Park® In-Geol Choi®, Sun-Mi Lee!, Youngsoon Um', Sang Jun
Sim?, Han Min Woo!?*

Clean Energy Research Center, Korea Institute of Science and Technology,

Seoul, Republic of Korea
2Green School and °Division of Biotechnology, Korea University, 145,
Anam-ro, Seongbuk-gu, Seoul, Republic of Korea
*Correspondence to hmwoo@Kkist.re.kr, TEL: +82-2-958-5249, FAX: +82-2-958-6858

Synechococcus elongatuse PCC7942, a photosynthetic bacterium, has great potentials for
biofuel production due to autotrophoic growth. It is useful to understand the metabolic
changes that occur under nitrogen limited growth for investment in storage compounds like
carbohydrates and degradation of resource acquisition mechanisms. To study a
comprehensive analysis of a cyanobacterial transcriptome, we performed RNA-sequencing of
Synechococcus elongatuse PCC7942 according to nitrogen or not deprivation condition
integrating data. We identified physiological response changes for up or down regulation
genes among differentially expressed genes (p value < 0.01) during N starvation. Gene
ontology analysis was performed by assigning GO categories to each gene according to the
cluster of Orthologous Groups (COG). In addition, we also proposed overall model mechanism
of the S elongatuse PCC 7942 transcriptional response to N starvation focusing on the
regulation. Finally, this study might be given to insight a kind of applying way for engineering
microorganism of S. elongatuse PCC 7942 under nitrogen starvation condition by using RNA
sequencing of high thought resolution analysis tool. This work was supported by the National
Research Foundation of Korea grant-funded by the Korean Government (Ministry of Science,

ICT & Future Planning) (2015, University-Institute cooperation program).

1. Orily Depraetere,. “Trade-off between growth and carbohydrate accumulation in nutrient-limited
Arthrospira sp. PCC8005 studied by integrating transcriptomic and proteomic approaches” PLOS ONE/
DOI:10.1371/ 2015
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Activated carbon adsorption characteristics of multi-component

volatile organic compounds in a adsorption bed

Jong Hoon Cho, 'SiHyun Lee, Young Woo Rheex

Graduate School of Green Energy Technology, Chungnam National University

"Korea Institute of Energy Research
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Drying Characteristics of High Moisture Low Rank Coal in a
Fluidized-bed Dryer by using Carbon Dioxide (CO3) and Air

Jae Hyeok Parkl, Chang-Ha Lee!, Dowon Shun?, Dal-Hee Baez, Ji-Bong Jooz, Young Cheol
Park?, Ho-Jung Ryu?, Jong-Seon Shinz, Jaehyeon Park?*
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The Kinetic Study on the CO, Gasification Reaction of Low-Rank
Coal Mixed with K;CO3 and Ni
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The Effect of Biomass Treatment Methods on Product Yield and
Composition of Bio-oil from Pyrolysis of Saccharina Japonica in
Bubbling Fluidized-Bed Reactor

Hoang Vu Ly, Seung-Soo Kim!", Jinsoo Kim, Hee Chul Woo?
Department of Chemical Engineering Kyung Hee University, Yongin-si, Korea,
!ADepartment of Chemical Engineering, Kangwon National University, Samcheok, Korea,
’Department of Chemical Engineering, Pukyung National University, Nam-gu, Korea

Biofuel production based on thermal conversion of macroalgae has attracted a lot of attention
as a promising method. Macroalgae contains significant amount of inorganic compounds
(mainly alkali metals as K, Na, Mg, Ca), causing the problems during thermal processing such
as ash fouling or agglomeration of char and bed material (in fluidized-bed reactor). In this
research, the Saccharina Japonica macroalgae was pre-treated by diluted acid solution at
different concentration to remove inorganic species. The pyrolysis behavior of pre-treated
material was performed in a bubbling fluidized-bed reactor. The effects of pyrolysis conditions
on product yield and the quality of bio-oil were systematically investigated. When the
pyrolysis temperature increased from 450 °C to 550 °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, showing the highest selectivities of 35.41% and 14.52%, respectively. The
gas products include CO, CO,, hydrocarbon (C;~C,4) were similar for all reaction conditions,
but the selectivity of gas composition varied with conditions. The compositions fo bio-char
were determined by elemental analysis and inductively couple plasma. These results were
compared to those obtained from the pyrolysis of raw S.japonica and S.japonica residue after

ethanol-extraction.

Keywords: fast pyrolysis, fluidized-bed reactor, Macro-algae, Saccharina japonica, bio-oil
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Catalytic Characteristic of Cu/ZnO/Al,0; Catalyst for WGS Reaction:
Effect of Aluminum Precursor Addition Time

JEONG HUN BAEK, JI HYE PARK, JEONG MIN JEONG, HYO BEEN IM, CHANG KI BYUN, KWANG
BOK YI'
Graduate School of Energy Science and Technology, Chungnam National University,

'Department of Chemical Engineering Education, Chungnam National University
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Simple Solution-Based Synthesis of Nitrogen-Doped Graphene

Min Seok Lee!, Dong Wook Chang'*
'Department of Industrial Chemistry, Pukyong Natinonal University, 365 Sinseon-ro, Nam-gu,
Pusan 608-739, Korea

Recently, nitrogen-doped graphene has attracted tremendous interest in both industry and
academia, due to its fascinating properties including a large surface area, high mechanical
strength, outstanding electrical conductivity and unique electrochemical-catalytic effect [1-3].
Much attention has been devoted to the applications of nitrogen-doped graphene in the
particularly interesting fields of energy-related devices such as fuel cells, field-effect
transistors, lithium-ion batteries and supercapacitors [4-6]. Herein, we report a simple
solution-based synthetic approach for the preparation of high-quality nitrogen-doped
graphenes using an efficient acid-catalyzed dehydration reaction between graphene oxide and
primary amine-containing small molecules. Interestingly, the nitrogen contents in
nitrogen-doped graphenes can easily be controlled over a wide range by simple changing in
molar feed ratio of reactants. Moreover, the efficient structural restoration of graphene
structures during acid-catalyzed reaction, has been observed. Owing to its unique
structure-property relationships, some promising results have been obtained from newly
synthesized nitrogen-doped graphenes as electrode materials in fuel cell and supercapacitors.
They show not only noticeable improvements like high selectivity, outstanding long-term
stability and good tolerance to methanol crossover in oxygen reduction reaction but also
excellent electrochemical performances such as high specific capacitance and superior cycling
stability in supercapacitors. Therefore, the process developed in this study can provide new
insights into the structure-property relationships in nitrogen-doped graphene. Furthermore, it
can suggest a simple and large-scale production method for high quality nitrogen-doped

graphene for various applications.

References

1. Wang, H., Maiyalagan, T., and Wang, X., "Review on Recent Progress in Nitrogen-Doped
Graphene: Synthesis, Characterization, and Its Potential Applications," ACS Catal., 2, 781-794 (2012).
2. Sun, Y., Wu, Q., and Shi, G., "Graphene Based New Energy Mateirals," Energy Environ. Sci., 4,
1113-1132 (2011).

3. Allen, M., Tung, V., and Kaner, R., "Honeycomb Carbon: Review of Graphene,” Chem. Rev.,
110, 132-145 (2010).

4. Kong, X., Chen, C., and Chen, Q., "Doped Graphene for Metal-Free Catalysis,” Chem. Soc. Rev., 43,
2841-2857 (2014).

5. Liming, D., Xue, Y., Qu, L., Choi, H., and Baek, J., "Metal-Free Catalysts for Oxygen Reduction
Reaction,” Chem. Rev., 115, 4823-4892 (2015).

6. Liming, D., "Functionalization of Graphene for Efficient Energy Conversion and Storage,”
Accounts Chem. Res., 46, 31-424 (2013).

149



154 gl Az

Mot
Bo

~P

or
Ho

L
T

o
K

o«
K
mM

Tor
r

~
ol

of

(koreal@kw.ac.kr)

Act. o] =AIE 3hZ2

A7t = a

o
LN

Rl

_
1o

o%

vl
!
]

st

=0

A

27 90|

oju

yarol Hg Al 2

St ad LEAAS 227t Y

oju

bl gol

tol chapgatel =185

9]

Dip-dry&%¥5 o] &

P

1o

__O_I
~

e:__

ol

tol o= &7 7180 it

dAIS

=
=

2l Al

L, AAREA]

224

das,

B

oF

4 20] me o2 4

253]9] #}

gt

ot

=

MOl = 90% ol4te] &

A2

oju
%
<+
ol

T

[~
1o

)

TR
;A_.O

min

]!
BO

o
o

150


mailto:korea1@kw.ac.kr

PB-19 EAE{SHd

qet AR YA Z01S ol§3 E2A £37] AW A7

Lia Priscilla, 4@, &9, £, 4% 88 A9 °AE A=
FEARATA, d=UAeA+A

Performance of Coal Supported Nickel Catalysts for Toluene Steam

Reforming

Lia Priscilla, Soohyun Kim, Donghyuk Chun, Hokyung Choi, Sangdo Kim, Jeonghwan Lim,
Youngjoon Rhim, Sihyun Lee, Jiho Yoo®

Clean Fuel Laboratory, Korea Institute of Energy Research

Carbon, the most abundant element in the universe, has been used in various industrial
sectors. Using carbon-based material as catalyst support has captivated much interest due to
its catalytic & economic benefit, compare with alumina. In this work, performance of several
carbon based catalytic support: Eco coal char (Eco), ash-free coal (AFC) and activated carbon
(AC), along with commercial catalyst (CC), were evaluated. Catalysts were made using incipient
wetness (IW) and wet impregnation (Imp) method, where nickel carbonate and nickel nitrate
were used as metal precursors. The reactivity of the catalysts for toluene steam reforming at
400 - 500 °C showed that Eco-Imp and AC-IW catalysts performed well, exhibiting carbon
conversion of 75 and 61%, respectively, while AFC-IW and CC showed comparably lower
conversion ~33%. In the future, AFC-IW catalyst that is better in the thermal stability and
metal recycling efficiency will be further investigated, focusing on the improvement of the

metal dispersion, and therefore the catalytic activity.
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Investigation of steam caused deactivation of zeolite catalyst for

N,0O/NOx simultaneous reduction reaction
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The kinetic effect of HFC-134a hydrate formation in 3.5% seawater
when silica gel is added

Lianna Johanna, A-Ram Kim, Jun-Heok Lim, Yong-Sun Won',Jea-KeunLee, Tae-YoonLee?

Department of Chemical Engineering, Pukyong National University, Busan, Korea!, Department
of Environmental Engineering, Pukyong National University, Busan, Korea®

Gas hydrates (or clathrate hydrates) are ice-like crystalline molecular complexes formed when
water mix with suitably sized 'guest' gas molecules. The hydrogen bonding in water (host)
molecules lead lattice structures with several interstitial cavities to be formed. The guest gas
molecules can occupy the lattice cavities. When a minimum number of cavities are filled, the
crystalline structure will be stable and it will form solid gas hydrates, even at temperatures
well above the melting point of water ice. Porous medium such as silica gel have significant
influence on hydrate formation rate, as they can reduce the chemical barrier which hydrate
formation must overcome and promote hydrate formation. HFC-134a has been used in this
report as the guest gas since it is a refrigerant. Several kinds of commonly used refrigerants
are CFC, HCFC, and HFC. However, CFC and HCFC consist of chlorine destroying the ozone
layer and giving the bad effect of global warming. In this experiment, three sizes of silica gel
were used and for each size, three different weights were conducted. Operation condition for
each variables are remained same.

AR}

This research was a part of the project titled “Development of Key Technology in Seawater
Desalination using Gas Hydrate Process” funded by the Ministry of Land, Transport, and
Maritime Affairs, Korea.
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Surface Sites with Different Binding Energies in Activated Carbons
for CO, Adsorption

I Hum Cho, Joung Ho Park, Moon Hyeon Kim#, Sang Ok Choi!, In Soo Lee!, Soo Tae Choo!
Department of Environmental Engineering, Daegu University, 201 Daegudae-ro, Jillyang,
Gyeongsan 712-714, Korea
'Experiment & Research Team, Samsung-BP Chemicals Co. Ltd., 63-15 Sanggae-ro,
Cheongryang, Ulju, Ulsan 689-860, Korea
(xCorresponding author: moonkim@daegu.ac.kr)

This work has studied activated carbons (ACs) with different surface functionalities related to
high CO, adsorption at low pressure region. ACs are widely used for CO, separation process
using pressure swing adsorption technique because they have a high surface area and a high
microporosity. Generally, such textural features can lead to high CO, adsorption capacity. It is
well known that the chemical properties of AC surfaces strongly influence CO, adsorption
capacity, because microporous carbons possess a variety of oxygen-containing surface
groups. These usually exist as carboxylic, lactone, phenol, carbonyl, carboxylic anhydride,
(hydro)quinone, lactol, pyrone, and chromene. Such surface functional groups can be
classified into acidic and basic sites. Carboxylic and lactone groups decompose into CO, at
low temperatures, and phenol groups do into CO and H,O at 600 ~ 700°C. While the thermal
decomposition of quinone groups into CO takes place around 700 ~ 980°C. Thus, the thermal
decomposition technique may offer us a good vehicle to characterize different types of the
surface sites in ACs that will participate in high CO, adsorption. Spectra of gaseous products
during thermal decomposition with P-20, which has yielded the highest CO, uptake among AC
samples used here, are provided in Fig. 1. A comparison with a sample of C-3K disclosing the
lowest CO; adsorption readily indicates that the both ACs have different surface
heterogeneities regarding surface functional groups and these energetic distributions. Unlike
the C-3K, many oxygen functional groups existing with the P-20 decompose into CO at higher
temperatures. The difference in the surface functionalities and these relative amounts could
be well correlated to the measured CO, adsorption capacity.
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Fig. 1. Thermal decomposition spectra of (a) P-20 and (b) C-3K.

154



PB-23 EAE{SHS

3140l Sufactant7t H7HEl R-134a 7tAslo|=dolE &4 &5 A7

1

ok

Zlotzt!, Lianna Johanna'!, ¥-&A41', o]dqZ? olEf&? UE

= =1 = = 1
Fadist stetssty

= = = 2
S e SIETAES SRy

The kinetic effect on R-134a gas hydrate formation with the

presence of surfactant in seawater
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Synthesis of 2,5-Furandicarboxylic Acid and Its Dialkyl Ester
Derivatives from Galactaric Acid

Tan Phat Nguyen!, Anh H. T. Vo!, Nhan T. T. Huynh!, Bora Kim? Seok-Kyu Park? Dasom
Mun?, Jin Ku Cho'*
University of Science and Technology (UST) !
Korea Institute of Industrial Technology (KITECH) 2

*

corresponding author: jkcho@kitech.re.kr

2,5-Furandicarboxylic acid (abbre. FDCA or FDA, aka. pyromucic acid) is a diacid chemical in
the list of the top 12 basic building blocks of the future, which is stated by US Department of
Energy National Renewable Energy Laboratory (NREL, 2004). FDCA and its derivatives are thus
generally believed to play an enormous role in near future. There are many starting materials
that FDCA can be synthesized from: amongst them, galactaric acid (aka. mucic acid) is very
promising. This study has focused on the synthesis of FDCA and its dialkyl esters from
galactaric acid, via direct dehydration. Dialkyl ester products from n-C4, n-C7, n-C8, n-Cl0
alcohols were well isolated and characterized by 'H-NMR,*C-NMR and EI-(+)-MS spectra.
Whilst FDCA,n-C5, n-C6 and branched alkyl alcohol-originated products were still under

investigation.

Keywords: Galactaric acid, FDCA, FDCA ester, dehydration
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Characterization of liquid pyrolysis products of commercial grade
polystyrene, polypropylene and polyethylene

Boris Brigljevic, Jay Liu

Department of Chemial Engineering, Pukyong National University

Plastic materials and commodities are found in almost every aspect of human activity today.
Vast majority of the plastic materials used globally are made from non-renewable fossil
resources. The increasing cost and decreasing size of available landfills as well as the
considerable resistance to biodegradation are the crucial reasons for the development of
ecologically and economically viable recycling routes. In this work, tertiary recycling route or
thermochemical decomposition of various plastics was utilized and liquid decomposition
products were characterized by H NMR, GC and FT-IR. Plastics used were commercial grade
polyethylene, polypropylene, polystyrene and their mixtures. Products from single polymers
were identified in the mixture products. Furthermore, it was shown how the hydrocarbon type
distribution in the liquid products can be influenced by different feedstock composition and
with respect to process time and liquid product yield. Therefore using a relatively simple
method liquid products compositions were tuned to resemble commercial fuels. Finally, in this
work, the effect of feedstock contamination with toner powder was investigated for the first
time. It was shown that the contamination of up to 20% wt. of feedstock does not significantly
affect liquid distillate composition. Thus, there is a great potential application to the recycling

industry, particularly IT consumables waste recyclers.
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Biphasic Continuous production of Chloromethyl-2-furfural (CMF)
and esterification of CMF into 5-acetoxymethyl-2-furfural (AMF)

Seok-Kyu Park™**, Nhan. Thanh Thien. Huynh"***, Kwan-Young Lee™, Jinku Cho™ "'
KITECH", Korea university™, UST™™

5-Hydroxymethyl-2-furfural (HMF) is most well-known biomass-derived platform chemicals,
which have the possibility to replace BTX-based aromatic compounds produced from
petroleum with renewable and sustainable. Although HMF obtained by dehydration reaction of
fructose under the acid catalyst condition by using a high boiling aprotic polar solvent such
as DMSO [1]. Since it is quite difficult to isolate HMF from DMSO, further transformations of
HMF to other high value added chemicals are limited. Meanwhiles, 5-Chloromethyl-2-furfural
(CMF) - an alternative product of fructose dehydration in hydrophobic solvents - has been
proved to be more efficient as material for later applications. CMF is produced by biphasic
continuous reactor, which have formed easily from carbohydrate (fructose), hydrochloric acid
and organic solvent such as dichloromethane or dichloroethane [2]. In this study, sythesize
5-acetoxymethyl-2-furfural (AMF) from biphasic continuous product CMF and polymer
supported alkylammonium acetates [3]. Polymer supported alkyammonium acetates were
formed by the treatment of ion exchange resin and acetic acid. The acetic acid for the
treatment was obtained through fast pyrolysis in which corncobs had reacted with ZnCl, in
the fluidized bed reactor [4].

Keywords: 5-chloromethyl-2-furfural (CMF), 5-acetoxymethyl-2-furfural (AMF), biphasic
continuous reactor, esterification
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Biodegradation and Biochemical changes of estrone by green
microalgae, Chlamydomonas mexicana

Minsun Lee!, Mayur Kurade!, Jaewon Choi?, Jiugiang Xiong', Byong-Hun Jeon'*
Hanyang University!, Korea Institute of Water and Environment?

Estrogen is a group of hormones (estrone, estradiol and estriol) that primarily influence the
development, maturation and function of female reproductive tract in humans and animals,
which are introduced into the environment through their excretions. These hormones have
been frequently detected in aquatic environments and are toxic to the residing flora and
fauna. Microalgae have endogenous catabolic systems, heterotrophic capability and ability to
thrive in extreme environments, making them a favourable candidate for the removal of
pollutants from contaminated waters. Four microalgal species, Micratinum reisseri, Chlorella
vulgaris, Chlamydomonas mexicana and Chlamydomonas pitschmannii were screened for the
estrone tolerance. C mexicana showed the lowest growth inhibition and was selected for
further study. The biochemical analysis revealed that pigments (total chlorophylls and total
carotenoids), protein and lipid contents of C mexicana were decreased with the increasing
concentrations of estrone (0-1,000 ppb), while the carbohydrate content was increased.
Exposure to estrone increased the content of superoxide dismutase (SOD) and catalase (CAT),
which are the major antioxidant enzymes induced in response to envxironmental stress. Ultra
Performance Liquid Chromatography (UPLC) analysis confirmed the bioaccumulation and
biodegradation of estrone by the microalga. C. mexicana was tolerant to concentrations of
estrone higher than its detection level in the aquatic systems. The present study demonstrated
that effectiveness of C. mexicana in the biodegradation of estrone.
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Ni/Ru-X/Al,03 catalysts
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Jotoict. E2AL 30g/Nm’ $E2 £YHAD £37]. CO2 S| 2ol 252 nAstoct 4
A 800°CAIA Ard} H,2 Zsto] 2212b5H # F, oo A7bE: Mn, Cad) (1, 3wt). 42
¥hg RE(400-800°C). £5719 CO,9 BHE WSAZ|0 Fule] 257 U AN AW 45 BAHY
oh 2571 U A BEOIA B eE Aso] mE ERA AEER WYY Hol 3P 2ERC
= waEglon Jla Ao ekt SARE S Bk £37] ALoIAE Ni/Ru-Ca(3wt%)/Al,0s}

Ni/Ru-Mn(3wt%)/Al;0;  F0j7}  600°CollA  AghE  100%0] =Zotd A2 AN =
Ni/Ru-Mn(3wt%)/AlLOs S0171 7 943 452 Berk A2/ B £37] 84 o e g

=2
22 uYon 23719 COE BA AYshs AL, FYHE 23719 2u} 57} €42 ARl
Z7bste g =IstE. S0) ¢ wa AMFT Ni 9Ate] AZ(sintering) Y EE mops] 5] 84]
2B R A AD 5 a4 Hujo BEFRATGA XA SMEA(XRD)E 43ste] Suje] o
Ade sty

160



PB-29 EAE{SHd

AxF 9o vlole-09e YRE & £37] WS AP

= 1 =1 =1%
sey Ay 954

woageta stebgeta, olprledgista afsta] Agp st
Steam Reforming of Fast Pyrolysis Bio-0il from Macro Algae

Yong Beom Park, Hankwon Lim!, Hee Chul Woo"

Department of Chemical Engineering, Pukyong National University,

'Department of Chemical Systematic Engineering, Catholic University of Daegu

TAAHOR NBED s YEe] oL BT 8% oy E sAel AAste el S
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AL @771 AREL ek, ol oTAE A P54 ASHRE 5 SARUL AL o7 AL
o2 2 Ae AU ok 3A) vloleujAQl siARE 1240 &4 ol Quj AR o o] 4t

e E45d, WE YUY B WA, 2o goly S Ao Qlstel &IN5 A
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e, HE 5 2% FF SUISHRY U B2 oD b BF E¥RO|L. Holeo
Ue gt AR AGS] YA B WY BHL AR Ak 1 F 237 AUASLS vlojeo
Aol £ WIA|HA FAO] 24S AT & Ut vRSoITh HHBA pATIAL A4 A B
Aol WiEHA 21 ARFA SO AR ALS, AAAEC YR U FATYY FYIAZ 3 AHg

1ot S99 AL ARFA|, FaEAY, 2AAEA S0 ol gt FaoUx] UF BAES AL
ez A7r 2us] APHL ok B APoAE AR S LR YT sloleoAS 257
APug AR APgstel 240 Y 282 AASYT 257] APNSS VR SHY Y WG
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Characteristic Analysis on Pre-treatment Bio Char from Fast
Pyrolysis
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3(5~7 K/min). 24 N300 o4 K/min) X - uke] SR & 22 4 9t ol

° 30 © o 1© o A
>

t L et g¥o] ol ox}
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SEUAT 7] gRNR SN B8t o AV WA Uk B Ao siAf uoleujaz

2 el SAAR AFRsE] s selA dxjele sastgon] 2 AAeld e
Zotgct. WA uloleAlo] mEo| WolQle ulo]9 oY Ei Btz HE
9stol 29| ARt Tt wiEstint. o, Hlo] oAl SRS MAsH] sh AL, YelLoAe A x5}
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Synthesis of High abrasion resistance Catalyst support for

fluidized-bed process
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=3 WY F st SEWGS ubgol timsolch. B AdE ol ¥g 4 F SNG g3 A
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2 St NiO°F MgO Z2]il ALOs°t #2 HujE AMYA LHU}E"O*O] Ao 012 Axsigct. a2
718S 7= AR AS EA5H7] Y5t AAZE nickel nitrate®t  aluminum n1trate7} AHEE] 9
o, md FENY NiALOs ZAFEANE P71 Hdll L&A vl =7 AREEQITt. &/d e NiAlL,O4=4
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The Effect of Carbonic Acid Pretreatment on Ash-Free Coal
Extraction Yield

Sukma Hidayat', Hojung Kwon'?, Wantaek Jo!, Donghyuk Chun', Jiho Yoo!, Sangdo Kim',

Jeonghwan Lim!, Youngjoon Rhim', Sihyun Lee! Hokyung Choi'”
Clean Fuel Laboratory, Korea Institute of Energy Research
’Graduate school of Energy Science and Technology, Chungnam University

Different low-rank coals (KCH, Arch, Eco, and Glencore) were pretreated in carbonic acid for
24 hours before Ash-Free Coal (AFC) extraction to investigate the effect of the pretreatment
on AFC extraction yield. Carbonic acid was produced by dissolving carbon dioxide in water at
5 bar. Both treated and untreated coals were extracted by non-polar organic solvent
(1-methylnaphthalene (1-MN)) or polar organic solvent (N-methyl-2-pyrrolidinone (NMP)). The
extraction was carried out in the temperature range of 350-355 °C in a batch reactor for 60
minutes. It was observed that the pretreatment caused a significant effect on extraction yield
for the AFC extracted by NMP that increased by 7-25%. However, there was almost no
improvement on extraction yield for the AFC extracted by 1-MN that only gave around 1-2%
difference. The effect of the pretreatment on the extraction yield also depended on the coal
type. Even though the extraction with NMP yielded more than that with 1-MN, it left more ash
in the AFC.
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Hydrothermal conversion of alginate into uronic acids over

sugar-derived carbon catalysts

Chunghyeon Ban!, Wonjin Jeon!, Geonu Park!, Hee Chul Woo? Do Heui Kim
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2 Department of Chemical Engineering, Pukyong National University, Pusan, Republic of Korea

A wide variety of biomass such as food crops, wood, and algae, has been researched to
mitigate the environmental issues and a heavy dependence of fossil fuel. Among these
biomass resources, algal biomass is believed to be a potential renewable due to its rapid
growth, inedibility, and lignin-free structure. Alginate consists of two wuronic acids, B
-D-mannuronic acid and o-L-guluronic acid, and can be hydrothermally converted into
valuable organic compounds, such as lactic acid, succinic acid, and furfural. To effectively
hydrolyze alginate, employment of acids is essential. Despite the effectiveness of mineral acid
for biomass hydrolysis, the use of these homogeneous catalysts causes significant issues such
as product separation, purification, and neutralization. Thus, development of solid acid
catalysts easily separable and having a high catalytic activity has drawn world-wide attention.
Among various solid acids, carbon catalysts are reported to be hydrothermally stable.
Hydrothermal conversion of alginate into uronic acids was performed over sulfonated carbon
catalyst derived from glucose. Three functional groups of phenolic OH, -COOH, and -SO3H
were incorporated into the catalysts by partial carbonization of D-glucose followed by
sulfonation. It was found that strong brensted sites(-SOsH) is necessary to depolymerize
alginate into uronic acids. Carbon catalysts suppressed the formation of furfural, one of
byproducts, and sulfonated carbon catalyst showed higher activity than sulfuric acid. The
high activity can be explained by high acid density and hydrophilic functional groups of
sulfonated carbon in spite of low surface area. The sulfonated carbon catalyst paved the way

for replacing homogeneous catalysts.
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Transformation to Produce Bio-fuel
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Advanced lithium-ion batteries using mesoporous manganese oxide

network structures

Jaeho Choi, Jung Kyoo Leex
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In order to use lithium-ion battery(LIB) at electric vehicles (xEV) and energy storage system
(ESS), low cost and high performance electrode material is required to replace low capacity
graphitic carbon anodes in LIB. Manganese oxides have a high theoretical capacity (756 ~
1,233 mAh/g), low lithium storage voltage (~ 0.5 V) and high intrinsic density, which make
manganese oxides highly attractive as potential anodes for LIB. However, it has poor
cyclability due to its low electrical conductivity and volumetric expansion during
charge-discharge progress. To resolve these problems, porous network structure (Mesoporous
Manganese-oxide Network, MMN) was prepared by a simple pyrolysis of Mn precursor solution
containing amino acids. MMN was coated with carbon to enhance electrical conductivity. The
structures and compositions of the as-prepared materials are characterized by TGA, XRD,
BET, and TEM. As a result, MMN/C showed high capacity and high cycling stability compared
with the simple manganese oxide nanoparticles without porous structure. In addition, Li-Mn
full cells were designed by using the MMN/C as an anode and commercial cathodes (LMO or
LNCM), and their electrochemical responses were analyzed.
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27 Mpa©oflA ZIedstRict. ¥h3-Ed2 9|74 vF %7101] DI water 40 gof tieh Z=dlo]QUfA s&= 1wt
% 0% 0.1lwt %= st on, 440 Co] =F5t & AFALE 302 & FAXGAH. vhs & A"
7tAE5 TCDR} FID7F AX|® GC(gas chromatography)S ©]835te EAst9cH AdZAy, AES20A
%ol NaxCOs5 A7Istde Wl 228472 16.41 mmol/ge 2 4 Fuj FolM 7 =2 24 5
&2 H9ou FulE AVISHAl 4ot 3.23 mmol/golth. EFufiof] ot FdeAM 2= NaxCOs )
K2CO3 YMn(NOs), PNi(NOs), )No Catalyst )Fe(NOs)s ith. 2]2HoA = RE G4 50| 278
Atz S7HAIZAL, Mn(NOs), 5 Ale Holg&doMe a4 &0 dastes 4ol UERH. 7MY =
KoCOs0l M 9] 228872 8.75 mmol/goldaL, HuiE A AUS W= 3.97 mmol/gRtt. o
oA KoCOs3 YNayCOs YMn(NOs), )No Catalyst )Ni(NOs), »Fe(NO3)s%th. 22]Alo A= K,CO:% 0]
AlQeti 24 AT RAKQ AL AL KOs Z01E A/HSIES to] 22HE 8.59
mmol/gol9l, E0lE A7letAl 9gre mE 7.32 mmol/gdch. Eulel BHEMZE KCO; ONo
Catalyst )Ni(NOs); )NaCO; YMn(NOs), )Fe(NOs)sitt. S EoM = Z& JujolN 4 50 34
Aol Zug shAgich S012 9Al ot Mol AAHFL 7.68 mmol/gol 9, NayCOOIA L 24.75
mmol/g] L ZHAl] Vg wol FA Uerdth el EUAL tastlMe Eu) BYEAE
NazCog YMn(NO3), »K,CO3 YNi(NO3), »Fe(NO3); »No Catalystzo]Qitt. ZAypAloz wE= wddlo] Qoj
2 ZUAS 7tAgOA KCOFU7E FUIE A7IstA e tieit f2a84Fds =9 Fuld 2ol
S8R 5u7E S BN, 24l AlQlst wHlldto] eujAoa dde] FEAFUNE BUHIS W
FUE AVISHA] S giig faA88F0] 57HtE Hof T dio] QujAas AlQlet SAAY A
AA G o] eujao] gutAY Zlog o et Fe(NOs); Hile 2 LEvlo] QUjA xJA 4 7hASH
oA tr& Ful=ol vls 7 22 S B FURA9 Ao JAEUH

mlm ox rlo

lo
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13, 173-189 (2007).

Water adsorption with hysteresis
“A review on adsorption working pairs for

“

13, 518-534 (2009).

Adsorption.,

”

Adsorption characteristics of water vapor on

Desalination., 344, 350-356 (2014).
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Z&0] 72 £3 Cu-Sn-Zr Fuj9o] vh2Xd

OlEfE, HAW, oA, AU, WAE, AYY, ofehT", AwT! W, o] Fu
gaietn, Agr1edTal, dTAgA Y’

Improvement reactivity of Cu-Sn-Zr based catalyst through
additional cocatalyst

Tae Hoon Lee, Yeon Baek Seoung, Jin Wook Lee, Min Jung Kim, Chang Joon Park, Won Young
Choi, Tae Jin Lee*, No-Kuk Park', Jeom-In Baek? Joong-Beom Lee?

Yeungnam University, 'Institute of Clean Technology, Korea Electric Power Research Institute

A BTG ANA HiEEH = U]eESAtAE Sn-Zr FUj9] v|E/dstE dozitt. of2igt v|&E/YSE YA
5H7] 95 COAMsIEES. S &5 AtA S AAsH=s Cus &7}sto] Cu-Sn-Zr 02 AR5 C} X9 At
ARAE At Cu-Sn-Zr F0JQ] ¥hE+= 475°Co|H o] k= FUJQ AZZ ofr|sto] FHUFH3HS A
s & & ot Fofj §hgR2EE FFHo] Fuj 243 YA|sH7] 2o Cu-Sn-Zr FoUjo] 2F0e HIE5S
Arrstdl ot Ha49 IS WA A vheAde EQlsidt. Ade 1S 7oA AY Eolen
He452 Pd. PV} AFEEQIOT DJWFSAIAS] Fr= 4 %, ¥HS7TA SO, €A COZF AREE|IT). 4]
oY §718 A720 AUES sigion [z dAget F4 © Fu) 59 2= 542 ol v

ol

) Y 9F REAE ALgstel WgRES Sstact. WU e 20 bar, AF 10 mol% WEL
T 300 ~ 450 °C, [COJ/([SO2]+[02])=29] B]&Z 7125 ZFdstgonl F{t& = 10,000 ml/g -« h9
x7102 4R AAstch Aol AR Pdet P AVHE Euhel wgH F Pt AsbE E0f wig
ol 90 FbE Pdel ARE (0,12, 018, 025, 0.5 wik)AsHAIA A 48 AAlsiact. 49
0.12, 0.18 wt% 3reFo] M7}wl &=0f vSAC 84, 87%0|0] 0.25, 0.5 wt% 3reFo] A7lel &uj X
9% 2 =AUSHA SQIE] o LH—‘?‘— gte e = 380°C2 7|&9 Cu-Sn-Zr £019] YH2%
Aot o2 Blgoz £e UN WSLER 913 Sujo A7 UMSALAR Q15 Sulol v
GrIo] oA AZEE A7 CuSnzr Sol7F AR ElolofeIct

wu e rlo
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A4 EZURE o] &3 2] 1o] EujdRa)

Catalytic fast pyrolysis of lignin using solid acid catalysts

Beom-Sik Kim, Hannah Kim, Hyung Won Lee, and Young-Kwon Parkx

School of Environmental Engineering, University of Seoul, Republic of Korea

stAARo] et AFRo R SH e dof tigh #Alo]l =OIX|HA] renewable energy sourceso] thgh &
27t S7tskith. W2 renewable energy sources %A Hlo]QUiAZHBE] AAE biofuel2 CO;
neutralstL 2AEY 4 9e AEol ¥, Ax S Eastel $4ed WAo] Aon) AYAQ sHe
o] gAY A7tE=2 &8o] 7hsst A™o]l Q). Biofuel A4S J$h wlo]QUjA R first-generation
biofuelo A= 218 A22 AlgslolA] G412 712 Aol Aecieby A4 S0 2412 Yoyl ual
£ ojFo] second generation biofuelofA= lignocellulosic Ho|QUjAE  A}gstil  QITh.
Lignocellulosic vfo]l@ujA= @2 oFo] EASH] o biofuel X {8t st A4HS 249 d&
2 AR80| 7t5s5th Lignocellulosic BRo|QUjAE AE2 0 A FUAAERZRA, 2]0d 507 o]FolA
Qlt}. glade AEzoA rth2ozg e MM Eolil thermal degradationg E3dfA] phenolic
compoundsE ¥& 4 %+ phenylpropane units2 ©o|f0{A Qlt}. 2]2d3 FFslsto] Hio]e e UdS
Saste 49 AERoAutt Hloloed F o AL A4 WIS A 5 Atk AW vlojeujAT &
sfisto] A2 1 Q7] ©fZof Yr=A] upgradingo] *EQ35ftt. HiO]
= ¢F upgrading WY & HUEFde FFolA vHgo] AP 4 FH0] 3
Wol] AREEHT A 2 ALoA = fixed bed reactorofA] ZSM-55 o]-&gt
st o AfA o g X719l AFEO§Ql natural zeolite, silica-aluminaZ 2]
50| ZSM-59] aromatics A87d I coke FAJoll 0]X]= S RASHITH

olr
i

0

2 BoMgstn wAS Za 9l

N

o> Mo

M
=]
w
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ofo] 32 A2 SeolE EH Yo

Coating Catalyst support Al-Ce-Zr on micro channel plate by

forming buffer

Won Young Choi, Yeon Baek Seong, Tae Hoon Lee, Chang Joon Park, Min Jung Kim, Jin Wook
Lee, Tae Jin Lee” No-Kuk Par'

School of Chemical Engineering, Yeungnam University, 'Institute of Clean Technology,

Yeungnam University

2 A3 gebea 2AEE2 VIA st 245 A4 € & e Rh F019 42 =9 F+= FURIAA
=429 Al-Ce-Zrg uto]32 g Z2olEo| AY o= AFE A3 5. Support material?l 0}O]
32 Mg ZolEQ] AA2 FeCrAl ot} FeCrAl 242 474 Aol e 43510 =2 7IAR %
Lo RANE 7HAIM, ®3F oto]22 Ad FFEfo]7] miFo] A¥tAQl ZYolE JEHED §e BUHAS
7HR &0 Ao £ &8 ZFr}. o] e o]S 2 Support material 2A 2 Olo]IZ2AE Zeo]ES A
Aot =dTh. Al-Ce-Zr FHUJXX|A|= Al2t?] 24 o]il Support material2 g4 A0|22, A2 O
2 93 AE TRIBR AW ] 7F dojus @ 7T oot A2 FAIE sl ZsH7] st
Support material £HJ0| Zn HEHZS /st Fui AXAe AHd SSolEHS] Y F=5 57t
AlA A KRA 38 U2 2 d3xlo] g 38) GRS AMEsto] XAAE ZEsH o, A|A]
A 18 &0l &2 9red 3404 2”5H7] $foto] A8 == IPA(iso propyl alcohol)g AMHESHE Q.

o
0, 2% ZE SEM&EDX #4g Folol Llsid
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o

72 AXZ o] g FAYC|IERRY {74 A4t D)X= 9

HALE, oA, Wsld, 0%, S8l
Bela ARAA A TA, AT et ofetg st

Evaluation of volatile fatty acids production from alginate with
hydrothermal pretreatment in anaerobic fermentation

Jiyvun Seon, Seong Chan Lee', Huiging Jin", Minkyung Song+*, Hee Chul Woo'*
The Institute of Cleaner Production Technology, Pukyong National University, Busan, Korea
"Department of Chemical Engineering, Pukyong National University, Busan, Korea
corresponding author (*songmk@pknu.ac.kr,**woohc@pknu.ac.kr)

DMAER, AdEFE Z3 si2F+ 3AO] Blo] QUfA=A ApAT) violoux|dos Zhgeri ok
55| 2AFe S5 g@adteE I wE SR, =2 384 58 SAZ 7T ERYolE: A
2% 71EC0® oF 40% S Faot lon, AAZXF U H2eEe £8 4R RE TOYst vho] oo
URldeo= 285 & Qloi[1]. stx|gt, FE &oleel A/del 542 2+ LAYolE+ vHoleds A4t
AN Hegol We o] olck. SRS ZaAF uloloujA0 ulolede ML £0l7] YA
gej, stabd, Aol Ae) 5 chgs AdYEe Aestn Aok 1 F A Lo 23
WeATIE Zoz, 53 SHFRA AASAl 9 5 #RAetY WEoR, uoledr AAEAA
Phagel QAN Bol ALEL et ¥ AP, AAYoEY] $I14 AUELS kol7] el 4
A2 S AAlstil, +EA2] 2o g XY CIE Fol=et F7I4F WA 282 FUISIAT. EAU o]
EX sodium alginate® AL3519 1, 49X 2l= G584 0] 350 ml?l autoclave B8FHS7]o|A AlA|519
ot 2EA2] =& 140-300°C HY oA 1567 &9t vh5shtt. A2jst dXHolEE &84 400mlQl

S A AUEEOIA 14AFO 3FCAN LRUPL Lottt SEAAT LAY EY GPC BAA
i}, 9HgeEst obdlo] uleh AUl BAfo] WolAl: o2 Uehgeh TVFAs BA4ge 20
0COlA 7 UERGAIE, B2aLA o gty 4 FE|O TVFAs gL 140°CAA Mg 27 Ut

A |

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

2. J. Muyzer, G., Dewaal, E. C., and Uitterlinden, A. G., “Profiling of complex microbial
populations by denaturing gradient gel -electrophoresis analysis of polymerase chain
reaction-amplified genes coding for 16S rRNA,” Appl. Environ. Microbiol., 59, 695-700 (1993).
3. Hayashi, H., Shibata, K., Bakir, M. A., Sakamoto, M., Tomita, S., and Benno, Y.,
“Bacteroides coprophilus sp. nov., isolated from human faeces,” Int. /. Syst. Evol. Microbiol.,
57(6), 1323-1326 (2007).

4. Cheng, C. H., Hung, C. H., Lee, K. S., Liau, P. Y., Liang, C. M., Yang, L. H., Lin, P. J., and
Lin, C. -Y., “Microbial community structure of a starch-feeding fermentative hydrogen
production reactor operated under different incubation conditions,” /nt. /. Hydrogen Energy.,
33(19), 5242-5249 (2008).
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High performance lithium-ion battery anode using Si/C

nanocomposites internally wired with graphene networks

Changil Oh, Jung Kyoo Leex
Department of Chemical Engineering, Dong-A University, Busan, Korea.

It is challenging to design silicon anodes exhibiting stable cycling behavior, high volumetric
and specific capacity, and low volume expansion for Li-based batteries. Herein, we designed
Si/C-IWGN composites (Si/C composites internally wired with graphene networks). For this
purpose, we used simple aqueous sol-gel systems consisting of varying amounts of silicon
nanoparticles, resorcinol-formaldehyde, and graphene oxide. We found that a small amount of
graphene (1-10 wt%) in Si/C-IWGNs efficiently stabilized their cycling behavior. The enhanced
cycling stability of Si/C-IWGNs could be ascribed to the following facts: (1) ideally dispersed
graphene networks were formed in the composites, (2) these graphene networks also created
enough void spaces for silicon to expand and contract with the electrode thickness increase
comparable to that of graphite. Furthermore, properly designed Si/CIWGNs exhibited a high
volumetric capacity of ~141% greater than that of commercial graphite. Finally, a hybrid
sample, Si-Gr, consisting of a high capacity Si/C-IWGN and graphite was prepared to
demonstrate a hybrid strategy for a reliable and cost-effective anode with a capacity level
required for high-energy Li-ion cells. The Si—-Gr hybrid exhibited not only high capacity (800—
900 mAh/g at 100 mA/g) but also a high electrode volumetric capacity of 161% greater than
that of graphite.
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Highly-achieved furfural from xylose by lignocellulose-based
chlorosulfonated amorphous carbonaceous catalyst under biphasic

microwave-assisted condition

Anh H. T. Vo'# Bora Kim', Seokyu Park', Dasom Mun', Nhan T. T. Huynh'? Tan Phat
Nguyen'?, JinKuCho!*?
'Korea Institute of Industrial Technology (KITECH)
?University of Science and Technology (UST)

Nowadays, conversion of xylose to furfural has drawn much attention because furfural, a
high-value biomass derived- chemical, is mainly used as a common solvent in oil refining
process as well as an important intermediate chemical in the manufacturing of plastics and
agrochemicals. Conventionally, furfural from xylose has been produced via the utilization of
highly corrosive and environmentally toxic mineral acids such as sulfuric acid or chloric acid.
From the standpoint of ecofriendly and benign approach, an efficient and simple biphasic
microwave- assisted process for the dehydration of xylose into furfural in the presence of
novel carbon-based chlorosulfonated catalyst was investigated. The results show that xylose
conversion and vyield of furfural greatly depends on experimental variables such as
temperatures, solvents and reaction time. 100% conversion of xylose to furfural with high
yield was achieved within 5 hours at 180°C. This greener protocol provides highly selective
conversion of biomass to furfural as well as facile isolation of product from the reaction
mixture.

Keywords: Xylose, Furfural, Biphasic system, Heterogeneous catalyst
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Moller, M. et al., “Hydrothermal production of furfural from xylose and xylan as model
compounds for hemicelluloses”, RSC Adv., 3, 22253-22260 (2013).

Weinggarten, R et al., “Kinetic of furfural production by dehydration of xylose in a biphasic
reactor with microwave heating”, Green Chem., 12, 1423-1349 (2010).

Dasom M., “Study on conversion biomass derived glucose and fatty acids”, MS.Dissertation,
Yonsei University, South Korea, 2015.
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oHAlOL, LRYOlE, AT R7IMte2RE s d=RA9 R[] ALt
0jRl= 9T B7t

o] A MRS, &9t Azt 207!, 81A (10 point)
BAgstw ghstgstat, 'BAgsty APAA| &AL 4, LRASt Y o}stg-stat

Evaluation of bioelectricity production from Saccharina japonica,
alginate and volatile fatty acids (VFAs) in two chamber microbial
fuel cells (MFCs)

Seong Chan Lee, Jiyun Seon', Young Eun Song? Jung Rae Kim? Minkyung Song!, Hee Chul
Woo'*

Department of Chemical Engineering, Pukyong National University

'The Institute of Cleaner Production, Pukyong National University
’School of Chemical and Biomolecular Engineering, Pusan National University

(Contact: woohc@pknu.ac.kr)
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CO, ME7EASI] DJR = K,CO00 Ca(OH)7t H7tel S &uhe] &3t

The effect of mixed-catalyst K,CO; was added to Ca(OH); on CO,
coal gasification

Roosse Lee, Jong Ha Hwang, Jung Min Sohn”
Department Mineral Resources & Energy Engineering, Chonbuk University

A AeAEe Leg=2 AFEShs 7ol tisl W2 A7F AlsiE] 1 Qlot. i wAQl 7|e 2+ A| 7287t
ACH &2 AN = &G Agto] EXIs FZu)7t CO.-A & 7FASHHHSof 0]A] = F& U B3-S 2 Atof of
3 RAFSIF T Meng Taix] 9] ZEo] K,CO3 8 wit%, K,CO3 1 wt% + Ca(OH), 7 wt%, K,CO3 3 wit% +
Ca(OH); 5 wt%, K,CO3 5 wt% + Ca(OH); 3 wt%2] £uj& 72t7F SV 5 o] &5 BA| & QEo|A] 24hr =9t
A Aglstgtt. 7 ©, TGA(Thermogravimetric Analysis)S 0] 83810 71ASH &% 850 ~ 950 °C HE] oA

sttt A& folEE  7]-1A ¥R 2P (MVRM(Modified volumetric reaction model),
SCM(Shrinking core model), VRM(Volumetric reaction model))o]] A&3st A1+ MVRM(modified
volumetric reaction model)o] 7} Agtstgitt ¥He L7 Z71842 Ui A n P’\7} =7}stg ko
<l K,COs3 8 wt%of Hlsfl K,CO3 5 wt% + Ca(OH), 3 wt%7}F 717 w2 &4 HAghe2 B ot &/dst oy
A Zrol &Y &0 K,CO3 8 wt%2] A| 827t 44.49 k]/mol2 7P Je ZFE& B2 oLt 2C03 5 wt% + Ca(OH), 3
wt% s HOU| 2 AREE Al &7} 850 ‘Coll A §F-E-& =4f40] gho] o} 900 ‘CeF 950 ‘CojlA §FE-&=ifart =
= A2 g2 Hof 12oA K,CO3 5 wt% + Ca(OH), 3 wt%7F JUiA /d50] &5 Zol2f wHeoh
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HZE gol 2YF F01S o] 8F O xHF A Vg A
Mojuil olgf&!, 71ulA! o]x1L! whxt

A study of diesel auto thermal reforming used by coated metal

foam

Yeon Baek Seong!, Tae Hoon Lee!, Min Jung Kim!, Jin Wook Lee!, Chang Joon Park!, Won
Young Choi', No-Kuk Park? Tae Jin Lee's

'School of Chemical Engineering, Yeungnam University, “Institute of Clean technology,

Yeungnam University

B ATANE ChFe ARAAR FoF 3 ARFAS AFAIIL WA 248 AxsE A
ol Tiet 7S MSlACh R AR WS F O A bE WSl chet A7E Agsigon)
G NE wge ARWssl Ystel @y BAS Rh, H0) AKMZE ceria®h zirconia’t

||

aluminag AR8-SI3ICY. E?I At 7HA BESolA Fash HEel oeﬂﬁ%}oﬂ gt 222 7iAdsk] 9
oo FEZF ofd WEE ol Ful AXAY} 2 2AE I™SIT Ful XAAE SR
alumina, ceria, zu"comaJ AR S shtel &7]o dof =l F d@yofS o]&ste pH 72 ¢
of ZUAIA ARstHon, Axgt &Mlut HEES AAte 28 AR €2 F |UfE A7t F0
AAE ZRESIAH. Z-E HEgE2 600 CollA 4 h &9t A5t Fuj AAAE F7 s ed,
ARt ogEe] ddE 4 Jdes A g0 mEgEs 4Y
S

ol

iir_ﬁ%_ﬁhm"\'ﬂr&
2 ro X oun 2 @ o oo

=202 \:]\:]]—

o=2 U =
oAl At 70 §hg-2 Alegskict. o, Al At JiA ¥Hg2 Al Tl ©®a A& o] HAlsH ] o
=0 ¥t 24 E Als 200 28 20w U vhEeE AlSEstth. Als 212 steam/carbon ratio

)
7F 1.3, O2/carbon ratio’} 0.5900, & Z71& steam/carbon ratio’l 2.5, 02/carbon ratio”}
0.259cH AAE AxRIITA & 240] steke WP 40 % o0 vre S xIaistH A Ela A &o|} mUA
Zra g olst &uf v|&AS UYERGE 7S sHolstx| 2519t
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Catalytic Dehydrofluorination of 1,1,1,2,3-Pentafluoropropane
(HFC-245eb) to 2,3,3,3-Tetrafluoropropene (HFO-1234yf) using Metal
Oxyfluoride Catalyst

Seo Yeon Lim*¢ Kwang Ho Song®Hong Gon Kim®"¢ Byoung Sung Ahn? Jeong-Myeong Ha®"d"

%Clean Energy Research Center Korea Institute of Science and Technology, Seoul 136-791,
Republic of Korea. "Green School and °DepartmentofChemicalandBiologicalEngineering, Korea
University, Seoul 136-701, Republic of Korea. “DepartmentofCleanEnergy and Chemical

Engineering, University of Science and Technology, Daejeon 305-355, Republic of Korea,

Since the widely used refrigerant 1,1,1,2-tetrafluoroethane (HFC-134a) causes the global
warming by 1300 times more than carbon dioxide, there is a growing need for eco-friendly
refrigerant with low global warming potential(GWP). 2,3,3,3-Tetrafluoropropene (HFO-1234yf)
with excellent environmental properties is selected as a new refrigerant for automobiles and
household air conditioners. We studied the dehydrofluorination of 1,1,1,2,3-pentafluoropropane
(HFC-245eb) to HFO-1234yf using the surface-modified metal oxide catalysts prepared by
modified sol-gel method. Although the good catalytic activity for the dehydrofluorination have
been reported in the literature, the origin of activity has not been clear. We characterized
active catalysts using XPS, XRD, BET, EA and TG to clarify the origin of catalytic activity,
which exhibited the importance of surface modification for the high catalytic activity.
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AoY AR WA @Y A7

Seok Hwan Yang and Do Jin Im*
Department of Chemical Engineering, Pukyoung National University, Busan, 608-739, Korea

Contact: dj-im@pknu.ac.kr

a5 wE FH AN AR UASAE APRAEA AT Ak 22U, o] Fuj2e AN 7|
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Estimation of Poly (lactic acid) aerobic and anaerobic
biodegradability by specific surface area based gas production

using wastewater sludge
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The plastic waste use have gradually increased because of population growth and expending
industry of scale. The petroleum-based fuels being exhausted and the environmental pollution
caused by the petroleum-based plastic are huge problems. To overcome it, many researcher
have developed bio-plastic (BPs) is based on corn to replace petroleum-based plastic.
Bio-plastic market has also shown a significant increase. Especially, Poly (lactic acid) (PLA)
have become the main BPs due to excellent biodegradability, hydro-degradability. And PLA is
completely degraded from microorganism. Also, it is easy to be synthesized through
polymerization. However the estimation of biodegradability of polymers usually requires long
time of measurement, less standardization, thus is difficult to analyze and compare. In this
study, we investigate the microbial degradation of PLA with anaerobic digester sludge. The gas
production and by-product formation from PLA degradation were analyzed to investigate the
mechanism. The different specific surface area of PLA granule results in different gas
production rate and degradation capacity while the increase of specific surface area tends to
increase gas production. We also analyze the bacterial community on the PLA granule. These
results show that the fast and feasible testing method of biodegradability is possible, and can
be implemented to develop and optimize the environmental friendly plastic and polymers.

Keywords: PLA, Poly(lactic acid), biodegradability, BPs
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