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=7t d(extreme ultraviolet)S FHEo= o]geh EUV 24l F7gdo] ZfgE o Frtol A-8st7] ek
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olwe] wedl AE BAAN 04l TE @i Mess Agle MEAQ RCA standard
chemicall12}% 71¥402 AHgata glovt nlue] axfel 4% S 9o M2 qeol Hgol AE 5
7total Q= FAolB&2 Z2f9] RCA standard chemical& A& 4 )= cleaning chemical 722 Of$-
ZQ5ict 28 AEgE 7AA vd(dry etch)o2 mjE2 FASHHA] AY7|= post-etch polymerZ &ubA o
2 AAshk= cleaning chemical 7§¥1t &7 chemical Az2] $of TWHAXNOo=z ALL]= DIW(deionized
water)S AM-35H= rinse®@} IPA(isopropyl alcohol)E AM235H= dry 240 2l n]A] mjglo] fUA|= AATE
Ales| siZEofob gttt UJA|l mjEl 2 o]Fo] og] "WES0] A&KA ez FAN stack #&Q1 He= U0A
cleaning chemicalo]] 2]t =271 wet etch loss Ato]= OJA] mElo] TS ]2 F|oksHA stoz wet
etch loss A&7} ke chemical B2E Wesich oA HE DR WRIsE] 9Igt WO cleaning
chemical AH] 7|2% Z Q5|9 AR AH]9] hardware ¥7ZAo=z2w 7thsty FEefo] Argsty Q=
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Recent Trends of Industrial Cleaning Technology

in Electric and Electronic Industry
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Development of Eco-Metal cleaning process with biodegradable

cleaning agent and recycling

Yeonheui Hong, Seok-Chan Kim'

Dongwon EM Co., Ltd., 'Kookmin University
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Development of eco-friendly aqueous/non-aqueous cleaner
and their application in the field
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AK ChemTech Co. Ltd., The University of Suwon, Korea Testing & Research Institute *
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A study on the development of the highly alkali ionized water cleaning
system for steel based cleaning items

Dong-Kee Lee
Korea Testing & Research Institute
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Coal Policy and Status of Coal R&D in Advanced Countries

Chung-Hwan Jeon

Pusan Clean Coal Center, School of Mechanical Engineering, Pusan National University
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The Status of coal consumption and effect of coal tax to electricity
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Status and Prospects for Clean Coal Technology R&D in Korea

Young Don Yoo', YongSeung Yun

Institute for Advanced Engineering
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Utilization Plan of Coal Research Fund
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Computational Analyses on the Co-firing Characteristics of Coal and
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Biomass in Circulating Fluidized Bed Combustor

Chan Lee', Jun Woo Lee, Ahn Gyu Kwon, Min Soo Kim?'

Dept. of Mechanical Eng., Univ. of Suwon', "Korea East-West Power Co., Ltd.?
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Study on Evaluation of Assessment Utilizing Low Rank Coal in Korean
Pulverized Coal Power Plant

- An Experimental Study in Pilot Scale boiler system

Seuk Cheun Choi, Taeyoung Chae, Jaewook Lee, Tae-Young Moon, Kiseup Kang', Won Yang*
Korea Institute of Industrial Technology, Thermochemical Energy System R&BD Group

TSungkyungkwan University, Department of Mechanical Engineering

Recently, the utilization of low rank coals such as sub-bituminous coal (with low calorific
values, high moisture contents and low ash fusion temperatures) is important issue in Korean
coal power plants. Also, most of Korean power plants including PC(Pulverized Coal) boiler are
designed for bituminous coal(with high heating value and low moisture contents) which were
constructed more than 15 years ago. Currently more than 50% of low rank coal introduced to
those plants. In PC boiler, ash depositions such as slagging and fouling may cause of significant
effect on the operational life of PC boiler. The purpose of this study is to observe slagging and
fouling characteristics using a pilot system with 80kWy, furnace from burning various ranks of
pulverized coals. In present study, two different imported coals such as one bituminous
coal(imported from Austria) and (imported from Indonesia) are used. Two different ash deposit
location such as slagging zone and fouling zone are also considered. collected ash on the probe
of slagging and fouling inside the furnace near burner were analyzed by X-ray diffraction(XRD).
Inductively coupled plasma(ICP) and Ash Fusion Temperature(AFT) measurement also performed
in present study to observe the influences on ash deposition in PC boiler. Ash deposit analysis
reveled that slagging and fouling factors in sub-bituminous coal combustion ash are more

higher values than that for bituminous coal combustion in ash experiments.

Key Words: Pulverized coal combustion, Ash deposit, Slagging, Fouling
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Gasification Characteristics of Coal Slurry Supplied by
Pressure Difference Control Mode Feeding System

Seok Woo Chung*, Dong Hwan Jeon, Ki Jin Jeong, Jin Wook Lee, Yongseung Yun,

Sang Do Kim', See Hoon Lee'
Plant Engineering Division, Institute for Advanced Engineering

"Korea Institute of Energy Research
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1 Aegh AL, 714, Hes, 25, A=, "A Ao WAl Me &e2fe] 35574 A+, JOURNAL
OF ENERGY & CLIMATE CHANGE, 8(2), pp. 94-110 (2013).

2. Kosuke Aiuchi, Ryo Moriyama, Shohei Takeda, Shunji Kitada, Masaki Onozaki, Yukuo Katayama,
“A pre-heating vaporization technology of coal-water-slurry for the gasification process”, Fuel

Processing Technology, 88, pp. 325-331 (2007).
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Pilot-scale Production of Bioethanol from Lignocellulosic Biomass

Gi-Wook Choi
Changhae Advanced Institute of Technology, Changhae Ethanol Co., Ltd., 15 Wonmansung-ro
Duckjin-gu, Jeonju 561-203, Korea
TEL: +82-63-214-7800, FAX: +82-63-214-7805

In order to solve the global environmental problem and the shortage of fossil fuel, alternative
means of producing biofuels and biochemical have to be developed. One of the potential energy
resources is lignocellulose. Usually, bioethanol is commercially produced by fermenting monomer
sugar extracted from starch or sugar based feedstock. However, the use of these feedstock has
raised ethical concerns regarding food usage. The rapid growth of bioethanol production based on
starch or sugar has increased the price of crops and foodstuffs, whereupon it is important to
identify non-edible forms of biomass for biofuel production. Lignocellulosic biomasses such as oil
palm empty fruit bunches (EFB), Miscanthus, and corn stover exist in abundant amounts around
the planet, and they are renewable substrates for bioethanol production that do not compete with
food production or animal feed..

Pilot plant and commercial-scale facilities for converting lignocellulosic biomass to ethanol have
been researched and developed previously. A number of lignocellulosic biofuel production facilities
are under construction or operating in the U.S., and several countries. All facilities are striving
toward developing greater production capacities, and the facilities located in the U.S. are focusing
on satisfying the federal renewable fuel standard (RFS). However, short-term commercialization will
require several technologies such as integrated process.

This presentation is mainly about the possibility of bioethanol production from EFB and Miscanthus
by pilot-scale plant. It includes two pretreatment process; CHEMEX (ChangHae Ethanol Multi
EXplosion) was used in pilot plant and CHEMET (ChangHae Ethanol Multi ExTrusion) was applied to
bench and pilot plant. CHEMEX pretreatment process was batch-type process and CHEMET
pretreatment was adapted twin-screw extruder which was usually used in polymer or food
industry. In additions, removing solvent, washing, and feeder system was developed as the
integrated facility called CHESAF (ChangHae Ethanol Scant reAgent Feeder). Bench and pilot
bioethanol plant was operated under various conditions for several days and all of data was
collected. And material balance could be calculated using results obtained from operation of
bioethanol plant. This result constitutes a significant contribution to the feasibility of bioethanol
production from lignocellulose and justifies the scale-up to a commercial-scale plant.
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Clean production of biofuels and chemicals from microalgae

Eun Yeol LEEx*
Dept. Chem. Eng., Kyung Hee Univ.

Microalgae biomass is 3rd-generation renewable feedstock for the production of biofuels and
chemicals. In order to enhance the economic feasibility, all cellular components such as lipids and
carbohydrates need to be used for the production of biofuels and chemicals. Lipid was used for
biodiesel production, and carbohydrates in the lipid-extracted residual biomass was used for
bioethanol fermentation after saccharification. Glycerol from biodiesel production process was used

for biopolyols production via organo-solvolysis process.

ra

Apo

1. Lee, O. K., Kim, A. L., Seong, D. H.,, Lee, C. G. Y., Jung, T., Lee, J. W.,, Lee E. Y.,
“Chemo-enzymatic saccharification and bioethanol fermentation of lipid-extracted residual
biomass of the microalgae, Dunaliella tertiolecta,” Bioresour. Technol., 132, 197-201 (2013).

2. Lee, O. K., Kim, Y. H, Na, J. G, Oh, Y. K., Lee E. Y., “Highly efficient extraction and
lipase-catalyzed transesterification of triglycerides from Chlorella sp. KR-1 for production of
biodiesel”, Bioresour. Technol., 147, 240-245 (2013).

3. Jo, Y. J., Lee, O. K. Lee E. Y. “Dimethyl carbonate-mediated lipid extraction and
lipase-catalyzed in situ transesterification for simultaneous preparation of fatty acid methyl
esters and glycerol carbonate from Chlorella sp. KR-1 biomass”, Bioresour. Technol., DOI
10.1016/j.biortech.2014.01.141 (2014).
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Conceptual design of seaweed-based biorefinery

Jay Liux
Department of Chemical Engineering, Pukyong National University
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Overview of Bio-ethanol to 1,3-Butadiene Technology Development
Ho-Jeong Chae*, Tae-Wan Kin, Chul-Ung Kim, Soon-Yong Jeong

Korea Research Institute of Chemical Technology, Green Chemistry Research Division

1,3-Butadiene (BD) is an important chemical intermediate material in the petroleumn chemical industry.
BD is generally used as a starting material for commercially important synthetic rubbers and polymers
such as styrene-butadiene rubber, polybutadiene, styrene-butadiene latex, acrylonitrile.butadiene.styrene
polymer and nitrile rubber [1]. Recently, BD has received more attention due to the rapid economic
growth of developing countries such as China and India.

Nowadays, the dominant technology for the production of BD is the naphtha cracking process, where
BD is obtained as a coproduct. However, the increasing rate of BD demand may lead to a serious
shortage in BD production by current naphtha cracking processes. Moreover, in order to cope with the
depletion of petroleum reserves, high oil prices and environmental issues including global warming, it is
crucial to develop alternative technologies for BD production from renewable, non-petroleum resources
such as bioethanol. Bioethanol is one of the most abundant sustainable raw materials of “bio-carbon”
sources today [1,2]. Therefore, in the near future, BD production using bioethanol will be the most
promising, sustainable and renewable technology among various on-purpose BD production technologies.

The catalytic conversion of ethanol into BD (ETB) is an old industrially proven process which was
used from the 1920s to the early 1960s. This process was completely scrapped with increasing oil
production after the development of large oilfields. However, the ETB process is becoming more
attractive recently as a potential alternative route due to the high oil prices and wide supply of
bioethanol. ETB processes are divided into a one-step process developed by Sergey Lebedev using a
variety of mixed metal oxide catalysts [1-4] and a two-step process which is also known as
Ostromyslensky's process and which was commercialized by Carbide and Carbon Chemicals Corporation
in the USA using tantalum oxide silica as a second-step catalyst [5-6]. The two-step process includes
partial ethanol dehydrogenation to acetaldehyde as the first step, followed by the transformation of the
mixture of ethanol and acetaldehyde into BD as the second step. The two-step process gives higher BD
selectivity than one-step process. In this talk, I would like to introduce the overview of ETB research
which have been done in my group.

G |

Makshina et al., Catal. Today, 198, 338-344 (2012).

Jones et al., Catal. Sci. Technol., 1, 267-272 (2011).
Bhattacharyya and Ganguly, J. Appl. Chem., 12, 105-110 (1962).
Kvisle et al., Appl. Catal. 43, 117-131 (1988).

Toussaint et al., Ind. Eng. Chem., 39, 120-125 (1947).

Corson et al., Ind. Eng. Chem., 41, 1012-1017 (1949).
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International Certification Scheme of Biobased Products
Sangyong Kim, Jachoon Cho (Green Materials and Process R&BD Group, KITECH)
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Advanced Technologies for Biogas Production Process from Seaweeds

Biomass

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
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Domestic and International Policy Trend on Bio-fuel Energy

Kyong-il Min"*, Eui-Soon Yim', Jong-han Ha', Byung-Ki Na' )
Research Institute of Petroleum Technology, Korea Petroleum Quality & Distribution Authority*

Department of Chemical Engineering, Chungbuk University®
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Bioethanol steam reforming reaction in a catalytic membrane reactor

Hankwon Limx

Department of Chemical Systematic Engineering, Catholic University of Daegu

With a huge demand for hydrogen in many industrial sectors and environmental issues, a lot of
effort has been made recently to find an environmental-friendly process to produce hydrogen.
Bioethanol steam reforming, a CO,-neutral process, is considered as an alternative because it can
be produced from a biomass, a renewable energy source. In addition, a catalytic membrane
reactor combining a reactor and a separator has gained attention because of its simple design and
increased hydrogen yield caused by shift of equilibrium. The feasibility of employing a catalytic
membrane reactor for bioethanol steam reforming reaction will be investigated and some benefits

of using a catalytic membrane reactor for the reaction will be presented.
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Thermogravimetric characteristics and pyrolysis kinetics of Pinyon

pine in the simulated non-condensable gases

Research efforts have increased to find renewable fuel as alternatives to fossil fuels.

Seung-Soo Kimx, Alok Shenoy', Foster A. Agblevor'

Kangwon National University, 'Utah State University

As a

renewable resource, Finyon pine can be converted into bio-oil, gas, and char through pyrolysis. It

is known that recycling of the non-condensable gases, which are produced by fast pyrolysis, can

increase liquid yield and decrease char yield. In this study, pyrolysis characteristics and kinetics of
Pinyon pine were investigated using simulated non-condensable gases (N,, H,/N,, H,/CO, and
He/CO/H;) in TGA. The apparent activation energy of Pinyon pine increased from 43.9 kJ/mol to

160.3 kJ/mol with increasing pyrolysis conversion from 5-90% in pure nitrogen, and reaction order

was 1.35. When hydrogen (H;) and carbon monoxide (CO) mixtures were used as simulated gases,
the maximum degradation temperature and activation energy decreased by 4-11 °C and 6.1-10.2

kj/mol, respectively. The results sho that recycling of non-condensable gases could positively
influence the fast pyrolysis of biomass.
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Figure 1.

thermogravimetry of Pinyon pine at heating rate of 10 °C/min. 1:
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Thermogravimetric analysis and fast pyrolysis of Milkweed

Seung-Soo Kim#, Foster A. Agblevor'

Kangwon National University, 'Utah State University

Pyrolysis characteristics and fast pyrolysis of Milkweed was carried out in a thermogravimetric
analyzer and a bubbling fluidized bed reactor. Total liquid yield of Milkweed was between 40.74%
and 4.19 wt% at the temperature ranges of 425-550 °C. The gas yield was increased from 27.90
wt% to 33.33 wt% with increasing reaction temperature. The higher heating value (HHV) of the
Milkweed bio-oil (organic fraction) showed high values (30.33-32.87 MJj/kg) with the differences of
reaction temperature, feeding rate and fluidization velocity. The selectivity of CO, was the highest
within non-condensable gases, and the molar ration of CO,/CO was about 3 at the different
reaction conditions. On product distributions in *C-NMR analysis, C=0 (carboxylic group and
derivatives) was higher at 425 °C than 475 °C, which resulted in slightly higher oxygen content in
bio-oil. Aliphatic hydrocarbons were slightly higher at 475 °C than 425 °C, and it caused higher pH
of aqueous phase.
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Figure 1. ®C-NMR analysis of bio-oil: 425 °C and 475 °C
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Analyses of Efficiency evaluation by air pollution control devices in

Sihwa industrial complex

Young Woo Rhee*, Hee Jae Park’, In Sub Kil'
Graduate school of green energy technology, Chungnam National University
99 Daehak-ro, Yuseong-gu, Daejeon 305-764, Korea
"Siheung Green Environment Center, Korea Polytechnic University, 237 Sangi Daehak-ro, Si-heung,

Gyeong-gi, Korea
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A Study on the Preparation of Al-sludge Adsorbents for Removal of
Odor

Donheok Choi, Taeksu Lee (K-water)
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Estimation of Odor Emission Rate of Plant Using Sensor
Eui-Suk Jung, Chan-Woong Son, Jun-Chul Kim, In-Sub Kil"

R&D Center, Envors Co., Ltd, ’;'Siheung Green Environment Center
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Industrial applications of kapok fibers

Runkai Wang, Chul ho Shin *,Si ho Park *, Moonhee Ryu ,
*Seohae Environment Science Institute

College of Environmental & Bioresource sciences, Chonbuk National University

In this work, the surface of kapok fibers was modified by several chemical methods. First, due to
the smooth surface of kapok fibers, the dopamine which could form a layer on a wide range of
inorganic and organic materials was coated on the surface of kapok fibers and bound silvers to
act antibacterial property possibly. After silver coating process, the very strong antibacterial
property was showed against Staphylococcus aureus and Escherichia coli and this high
antibacterial efficiency (more than 99%) could be lasted for 48 hours in peptone water by using
direct contact method. Second, because of the wax structure on the surface of kapok fibers,
NaClO, was used to improve the functional groups to removal the heavy metal contaminations in
water. After treatment, the removal efficiency of heavy metals (Pb,Zn,Cu,Hg,etc) were increased
slightly. These methods can be applied in industrial water cleaning process possibly and kapok
fibers were thought to have wide applications due to its environmentally friendly, easy recycling

and low-cost properties.
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Fig. 1. Colonies of E. ¢oli growth naturally and direct contact with KF-DOPA/Ag in peptone
water at 37°C.
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Study on aerobic treatment of bio-diesel wastewater using thermophilic

bacteria

Yeal Soon Hwang, Don Gil Lee, Sung Mo Jung
HANDOK ENG CO., LTD.
556-4, Bukjung-Dong, Yangsan, Kyungnam, 626-110, Korea
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Development of a electrolytic process for waste copper chloride

regeneration and copper recovery

Yeung Ho Park*, Youngjin Kim, Jeong Ho Song, Shinchoon Kang, Icheol Kim,

Kang Lee, Hanyang University, Hwaback Engineering
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[1] . method for electrolytic regeneration and copper recovery USP4468305, 1984

[2] Sangchel Nam, Chongwoo Nam, Yongsug Tak, Seungmo Oh, J. of KSEE, Vol. 19, No.6,
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[3] Copper etching by ferric chloride solution, Electrochemistry Systems., LTD, 1999
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Bioaccumulation and biodegradation of the herbicide atrazine by

freshwater microalgae

Akhil N. Kabra, Minsun Lee, El-Sayed Salama, Shatheesh Kumar, Byong-Hun Jeonx

Department of Environmental Engineering, Yonsei University

Atrazine [2-chloro-4-(ethylamino)-6-(isopropylamino)-s-triazine] is used to efficiently control
broadleaf and grassy weeds in agriculture and its widespread application, persistence and mobility
have led to its frequent detection in ground and surface water sources [1]. Atrazine imposes
detrimental effects on the aquatic ecosystem and can also affect the human endocrine, central
nervous, immune and reproductive systems. Various techniques have been reported for atrazine
removal, but these methods have disadvantages that include low efficiency and high cost [2].
Microalgae can serve as potential biological agents to remove these toxic compounds from the
contaminated water streams to a substantial level. This study evaluated the toxicity of herbicide
atrazine, along with its bioaccumulation and biodegradation in the green microalga Chlamydomonas
mexicana (C. mexicana). At low concentrations (10 pg/L), atrazine had no profound effect on the
microalga, while higher concentrations (25, 50 and 100 pg/L) imposed toxicity, leading to inhibition
of cell growth and chlorophyll a accumulation by 22, 33 and 36%, and 13, 24 and 27%,
respectively. Atrazine 96-h EC50 for C mexicana was estimated to be 33 pg/L. Simultaneous
bioaccumulation and biodegradation of atrazine by the microalga resulted in 14-36% atrazine
degradation at 10-100 pg/L. Increasing atrazine concentration decreased the total fatty acids and
increased the unsaturated fatty acid content in the microalga. Carbohydrate content increased with
the increase in atrazine concentration up to 15%. This study shows that C mexicana has the
capability to degrade atrazine and can be employed for the remediation of atrazine contaminated
streams.

Az

1. Vonberg, D., Vanderborght, J., Cremer, N., Putz, T., Herbst, M., and Vereecken, H., “20 years of
long-term atrazine monitoring in a shallow aquifer in western Germany,” Water Res., 50, 294-306
(2013).

2. Schroder, P., Harvey P., and Schwitzguebel P., “Prospects for the phytoremediation of organic
pollutants in Europe,” Environ. Sci. Pollut. Res., 9, 1-3 (2002).
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Effect of mine drainage on nutrient removal and biochemical
properties of microalgae cultivated in concentrated municipal

wastewater

Min-Kyu Ji, El-Sayed Salama, Akhil N. Kabra, Byong-Hun Jeonx

Department of Environmental Engineering, Yonsei University

Coupling of advanced wastewater treatment with microalgal biomass production is an economical
and environmentally sustainable strategy for bioenergy production and CO; reduction [1]. Effect of
mine drainage on the nutrient removal efficiency of a green microalga Micratinium reisseri (M.
reisseri) from concentrated municipal wastewater (CMW) with simultaneous biomass/lipid and fatty
acid production was investigate. Different dilution ratios (1-10%) of CMW either with mine drainage
with Fe (MDF) or mine drainage without Fe (MDOF) were used. M. reisseri showed the highest
growth (0.8 g/L) and nutrient uptake (35.9 TN and 5.4 TP mg/L) at 3% MDF ([Feli=6.7 mg/L), and
the highest lipid productivity (10.4 mg/L per day) at 5% MDF ([Fel=11.2 mg/L) after 15 days.
CMW supported the microalgal autoflocculation due to formation of phosphate, calcium and
magnesium precipitates at a high suspension pH. Fatty acid methyl ester (FAME) analysis revealed
that the microalgal lipids possessed 79-82% of C16/C18 fatty acids. Application of mine drainage
improved the nutrient removal efficiency, growth and lipid productivity of M. reisseri cultivated in
CMW.

1. Razzak, S., Hossain, M., Lucky A., Bassi, A., and Lasa b, H., 'Integrated CO; capture,
wastewater treatment and biofuel production by microalgae culturing-A review," Ren. Sustain.
Energ. Rev., 27, 622-653 (2013).
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New Role of Clean Technology in Biorefinery

Sangyong Kim"
Green Materials and Process R&BD Group, KITECH
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Chemical Recycling of Useful Resources from Artificial Marble Watsts
by Prolysis
Yang Gon Seo*, Se Young Ju, Ji Hun Jo, Se Jun Na, Woo Bin Choi, Young Soon Lees'

Departmrnt of Chemical and Biological Engineering, Gyeongsang national University
'R and E Ltd.
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Property improvement of carbon compound composite superabsorbents

by electron beam irradiation for the use of livestock liquid fertilizer
Yoonki Sung, Byungsu Kim, Junyoung KimT, Takhyun Kimi, Byunghwan Lee’

Department of Chemical System Engineering Keimyung University,

Korea Atomic Energy Research Institute’
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A Study for Carbon dioxide Removal Process Using Methanol Solvent
in DME Manufacture Process

Jachyun Rho, Dong Sun Kim, Jungho Cho"
Department of Chemical Engineering, Kongju National University
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Comparative study of BOG generated from LCO, using experimental

measurements and dynamic simulation

Jinwoo Park, Dong Sun Kim, Minsu Ko, Jungho Cho*
Department of Chemical Engineering, Kongju National University
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The design of the high concentration CO, removal process of using

the Diethanolamine aqueous solution in SNG synthesis process

Du Hee Cho, Dong Sun Kim, Jungho Cho®
Department of Chemical Engineering, Kongju National University
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Syngas Conversion beyond Chemical Equilibrium by /n-situ Methylation

Jihye Lee, Yeseul Choi, Jung Kyoo Leex
Department of Chemical Engineering, Dong-A University
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An Experimental Study for performance evaluation of CNG injector

Yeong-Seok Jang, Uen-Do Lee, Kwang-Chul Oh’, Byung-Cheol Shin’, Seok-Cheon Choi*
Korea Institute of Industrial Technology, "Korea Automotive Technology Institute, ‘Corea Gas

System

Abstract

Many countries concerned about development and utilization of various fuels including natural
gas because of increasing exhaust gas regulation and oil prices. In addition, increasing fuel
shipping price also great issue in petroleum fuels use field. In recent, natural gas great attention
due to shale gas booming in United States. There are many advantage in utilizing natural gas such
as lower price than petroleum fuel(due to much larger reserve location than petroleum fuel
reserve location), cleaner than petroleum fuel (due to low sulfur content fuel). When natural gas
applied to an automobile engine, thermal efficiency and compression ratio are increased because
of natural gas octane number is 120 which is higher than petroleum fuel. This paper investigate
performance of CNG(compressed natural gas) injector for various test variations(air regulator
output pressre, fuel pipe length). Supply gas used during the CNG injector performance test in
consideration of safety, instead of directly using the CNG, it is used in compressed the dry air. In
experiments, Spray pressure(max value, mean value) and spray delay time measurements were
recorded oscilloscope under steady state conditions for dry air. This paper compared original

injector performance with new injector.
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1. M.A. Kalam and H.H. Masjuki, "An experimental investigation of high performance natural gas
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717-724(2006).

3. Yu Liu, Jeongkuk Yeom, Seongsik Chung, "A study of spray development and combustion
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Study on elutriation characteristic of ultra fine iron ore in a gas-solid

circulating fluidized bed

GuanHe Rim, DongHyun Lee'
Department of Chemical Engineering, Sungkyunkwan University
(dhlee@skku.edu")
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Hydrodynamic characteristics of MWCNT agglomerates with superficial

gas velocity

Sung Woo Jeong, Jae Hoon Lee, Dong Hyun Leex

School of Chemical Engineering, Sungkyunkwan University
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Recent Research Trends on Polymer Sensor and Organic Photovoltaic
Devices

Chang-Lyoul Leex
Advanced Photonics Research Institute (APRI), Gwangju Institute of Science and Technology (GIST),
123 Cheomdan-gwagiro (Oryong-dong), Buk-gu, Gwangju 500-712, Korea.

In this talk, I will introduce two topics. One is protein sensor based on conjugated polymer and
the other is solution processable organic photovoltaic devices

Conjugated polyelectrolyte (CPE) with new signal transduction mechanism, based on sulfonated
poly(diphenylacetylene) (SPDPA), was developed. The fluorescence (FL) transduction was controlled
by the stack degree of side phenyl rings stacking, but not by interchain aggregation mechanism
reported in traditional CPEs. The developed CPE showed relatively weak FL emission in water due
to a highly dense stack degree of side phenyl rings, while the stack structure was consistently
relaxed by being combined with proteins, showing a great FL amplification. Consequently, the CPE
was highly responsive to even a little amount of proteins because each of numerous side phenyl
rings act as FL probes. (Chem. Commun., 49, 9857, 2013).

Solution processable isoindigo based five donor-acceptor-donor (D-A-D) small molecules with
different electron donating strength have been designed and synthesized. The variation of electron
donating strength of donor group strongly affected the optical, thermal, electrochemical and
photovoltaic device performances of isoindigo organic materials. The highest power conversion
efficiency of ~3.2% was realized in bulk heterojunction photovoltaic device consisted of ID3T as
donor and PC7BM as acceptor. This work demonstrates the great potential of isoindigo moieties as
electron deficient units as well as guideline for synthesis of donor-acceptor-donor(D-A-D) small
molecules for realizing highly efficient solution processed organic photovoltaic devices.(Phys. Chem.
Chem. Phys., 15, 15193, 2013).
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Recent Development of catalytic reaction processes accompanied the

exothermic reaction from syngas

Suk-Hwan Kang, Jae-Hong Ryu, Jin-Ho Kim, Hyo-Sik Kim, Yun-Jo Lee’, Ki-Won Jun'
Institute for Advances Engineering (IAE), Korea Research Institute of Chemical Technology (KRICT)
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Methanation pilot plant operation for the SNG production

with adiabatic reactor
Jae-Hong Ryu, Suk-Hwan Kang, Jin-Ho Kim, Ki-Jin Jung, Ji-Eun Lee, Hyo-Sik Kim,
Young-Don Yoo, Gwang-Jun Kim'
Plant Engineering Division, Institute for Advanced Engineering, 175-28, Goan-ro, 51 beon-gil,
Baegam-myeon, Cheoin-gu, Yongin-si, Gyeonggi-do, 449-863, KOREA,
'Gas & Coal Chemical Business Department, POSCO, POSCO Center, 440 Teheran-ro, Gangnam-gu,
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Preparation of high coal content of coal-water slurry using hybrid

coal and its characterization
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Research (KIER), Republic of Korea a, Department of Chemical Engineering, Kwangwoon University,
Republic of Korea b

Mer &oj2] ERQle] 7t T2 (CWS)9] 5742 mefsh=
Zio] U F-Rslt. o 2=5 #Xlsked ol8HY, g
o uredeyoh Fpas) of MErzelele MAY 4. Mu
o S4y Tswo] A olERr}. ofo] BlserES olgaIA 2
2le] =g 7idske QujAE ARgSHE MEa2ild] &
o] het MErSge 35 A4y 71go| gonz
22 BRI S3o QU & A7} o] ufo] oujAo)
LA LS ol 83 , o] MeEgefee] Mxrt 7hHestA
B coot votum:
! ocllgtiamig E Bl void volame of coai
ool .: Exeess water volume

| An imcresse of coal content by hvhrid cool effects >

Ane3

Jong-Soo Bae[l], Improvement in coal content of coal-water slurry using hybrid coal impregnated
with molasses, Powder Technology. 254 (2014) 72-77.



CT-57 oA x|

A ks 7RIS St FeFs/C SA1 A= A H7[etsty 54 A+

A Study on the Preparation and Electrochemical Property of
FeF;/C Composite derived from Fe;0,/C

Jae Gyeong Kim, Dae Hoon Yeom, Chang Il Oh, Jung Kyoo Leex

Department of Chemical Engineering, Dong-A University.
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Optimization Study of Pressure Swing Distillation for the Separation
Process of Maximum-boiling Azeotropic System of

Water-Ethylenediamine

Alyssa Marie Fulgueras, Leah Jessica Sebastian, Dong Sun Kim, Jungho Cho

Department of Chemical Engineering, Kongju National University

The separation of ethylenediamine from the binary mixture of water and ethylenediamine is a
challenging problem due to the fact that its mixture forms an azeotrope. Ethylenediamine can be
typically purified from water by extractive distillation wherein a third component, called entrainer,
has been utilized. However, in this study, pressure swing distillation (PSD) process was used to
separate the azeotropic mixture in order to eliminate the application of a separating agent. The
feasibility of using pressure swing distillation to separate a maximum boiling azeotropic system
(water-ethylenediamine) was analyzed by process simulation. This study performed an optimization
of the operational parameters (feed stage location and reflux ratio) for each distillation column by
determining the optimal values that minimized the total reboiler heat duty. Comparison between
two different column configurations, low-high pressure (LP+HP) and high-low (HP+LP) column
configuration was also performed. After optimization and comparison, heat integration was applied
to the PSD system to reduce low and high temperature utility consumptions.
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Comparison of Energy Consumptlon of Two-column Configuration and
Three-column Configuration in the Extractive Distillation Process for

the High Purity Refinement of Bio-ethanol
Wu Xuefei, Dong Sun Kim', Jungho Cho'

Department of Chemical Engineering, Kong Ju National University
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Abstract - High purity ethanol cannot be obtained from an aqueous solution by conventional

distillation because ethanol in solution will reach an azeotropic point around 88mole%. However,

high purity ethanol can be obtained by using dimethyl sulfoxide (DMSO) as a solvent in the
extractive distillation process, which vyields highly purified ethanol in the upper part of the
distillation column. In addition, the two-column configuration of the extractive distillation column
and solvent recovery column, concentrator, evaporation equipment, and the three-column
configuration of the extractive distillation column and solvent recovery column are compared.

Computer simulations were conducted for each of the aforementioned processes. Process

optimization was also performed for minimization of utilities cost. The study confirmed that the

use of DMSO as a solvent with application of the three-column distillation configuration was
effective for miniminzing the consumption of steam.
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Production of propandiols and bio-polymer from glycerol

Yang Sik Yun, Hongseok Park, Kyung Rok Lee, Jongheop Yix*
World Class University program of Chemical Convergence for Energy & Environment, School of
Chemical and Biological Engineering, Seoul National University
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Production of acrylic acid by glycerol oxy-dehydration

Hongseok Park, Yang Sik Yun, Kyung Rok Lee, Jongheop Yix
World Class University program of Chemical Convergence for Energy & Environment, School of
Chemical and Biological Engineering, Seoul National University
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Chemical Conversion of Biomass-derived Carbohydrates into Furanic
Compounds

Jin Ku Cho
Kora Institute of Industrial Technology (KITECH)
University of Science and Technology (UST)

Current issues of energy and environment prompt us to replace fossil-based resources with
renewable and sustainable ones. Biomass-derived carbohydrates photosynthesized from atmospheric
carbon dioxide attracts much attention due to its abundance and availability. With this regard, a
number of attempts have been made to transform biomass-derived carbohydrates into fuels and
chemicals. Among them, furanic compounds are promisingly considered as a versatile platform
leading to a variety of applications in a post-petroleum world. Here, I would like to introduce
recent efforts in chemical conversion of biomass-derived carbohydrates into furanic compounds.
Direct conversion of non-crop based polymeric carbohydrates including agarose and cellulose into
fuarnic compounds will be presented. Commercially-attractive production of furanic compounds

from high fructose corn syrup using biomass-based solvents and catalyst will be also provided.

Keywords: Biomass, carbohydrate, furanic compounds, cellulose, agarose
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Heterogeneous selective oxidation of 5-hydroxymethyl-2-furfural (HMF)
into 2,5-diformylfuran catalyzed by in situ oxidative vanadium on
activated carbon in MIBK, extracting solvent for HMF

Churchil Angel Antonyraj, Jin Ku Cho
Korea Institute of Industrial Technology

5-Hydroxymethylfurfural (HMF) is a versatile building block chemical obtained from
biomass-derived carbohydrates which can be converted to a wide range of chemicals and fuels.
HMF is a low melting solid (mp 28-34 "C) and well soluble in a range of organic solvents and even
water, which can cause serious loss of yield while evaporating/separating from a high boiling
solvent. The selective oxidation of HMF in extracting solvent avoids the energy intensive separation
purification process during the production polymeric chemicals. Herein we studied heterogeneous
selective oxidation of HMF into DFF using molecular oxygen and vanadium supported activated
carbon catalyst in MIBK, extracting solvent for HMF, is described. Readily prepared highly
dispersed stable V,0s supported activated carbon synthesized by in-situ oxidation V** as confirmed
by XPS analysis, was found to be highly active to afford >95% HMF conversion with >95% DFF
selectivity. This heterogeneous catalyst could be used 4times without a significant loss of activity.

Keywords: Biomass, vanadium, b5-hyroxymethylfurfural (HMF), diformylfuran (DFF), selective
oxidation, MIBK
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Catalytic conversion of spent soybean oil to hydrocarbon fuels in
supercritical fluids

Seok Ki Kim, Jeong-Myeong Ha, Jaehoon Kim*'

Korea Institute of Science and Technology, 'Sungkyunkwan University

The catalytic conversion of spent soybean oil to hydrocarbon fuels was studied using supercritical
fluids. Replacing current low-grade ester-based biodiesel, the petroleum-like deoxygenated
hydrocarbon fuels were prepared by combination of supercritical fluids and heterogeneous
catalysts. In order to develop the feasible process with a low production cost, spent soybean oil
was collected and purified in supercritical fluids to produce the processable feedstock, which
significantly reduced impurities including inorganic materials. The regenerated spent soybean oil
was further converted to deoxygenated hydrocarbon fuels using catalysts and supercritical fluids.
The effects of varying reaction parameters on the hydrotreatment of soybean oil using Ni and
CoMoSx catalysts were investigated. The reactions were carried out in both batch and continuous
reactors, at reaction temperatures of 300-440 C, and hydrogen pressures of 2.5-15.0 MPa. The
effects on hydrotreating conversion, gasoline/jet/diesel selectivity, and the degree of oxygen
removal were investigated, to find optimum hydrotreatment conditions using both types of
catalysts. Analyses of liquid composition, wusing comprehensive two-dimensional gas
chromatography time-of-flight mass spectrometry (GC GC-TOFMS) and GC-flame ionization
detection (FID), revealed that decarboxylation, decarbonylation, and hydrodeoxygenation reactions
occurred competitively, and that each reaction pathway had different optimal conditions, as
expected from the thermodynamic characteristics. The differences in the hydrotreatment reaction,
liquid product compositions, and dominant reaction pathways between the batch and continuous

reactions are also discussed.
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Flow Simulation of Wastewater by Electric field for Optimal Design of

Field Scale Electrochemical Reactor

Hyoung Woon Song*, Seong Kuk Han, Hee Suk Jung, Sang Min Park’

Clean Energy Team, Institute for Advanced Engineering, 'SMI co. Ltd.
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A Study on Stablilization and Production of Construction Materials with
Utilization of CO, and Bottom Ash Emitted from Coal Fire Power Plant

Gi Bo Han, Bum Ui Hong, Jung Hee Jang, Cheol Jin Jeong, Changsik Choix*

Institute for Advanced Engineering
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Design/Operation Factors of PSA System to Separate and Concentrate
O, for CO, Adsorption Module-Based Building Ventilation System
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Institute for Advanced Engineering, TAnytech Co., Ltd
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Conversion of Organic Matters of Coal by Hydrogenation over

Mo-Based Catalyst
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Thermal Flow Simulation for Investigation of Combustion

Characteristics in Integrated Combustor
Hyoung Woon Song*, Seong Kuk Han, Eun Suk Jang, Sang Min Park’'

Clean Energy Team, Institute for Advanced Engineering, 'SMI co. Ltd.
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Optimal Cleaning Methods of Spent Plastic Fillers from Industrial

Cooling Towers
Moon Hyeon Kim*, Hyo Sang Lee, Yong Hoon Shin

Department of Environmental Engineering, Daegu University, 201 Daegudae-ro, Jillyang,

Gyeongsan 712-714, Korea

Fillers with a variety of geometric shapes are packed in cooling towers used in many industries to
yield a better cooling performance of a hot processed water. They are predominantly composed of plastics,
such as polyvinyl chloride (PVC), polypropylene (PP) and polyethylene (PE), and are replaced to fresh ones
after usage for certain hours because of suspended solids deposits on them. The spent fillers can be recycled
for making another plastic products; however, the solid deposits lead to a difficulty in reusing them for such
a purpose. Thus, this study has been devoted to find out an optimal way of removing the deposits on the
spent fillers.

Three types of stirrer, such as impeller, magnetic and ultrasonic ones, were used for providing
proper mixing energy between the waste fillers and cleaning solutions. Cleaning-assistant agents, general
surfactant, acetone, and "G-cleaner" that had been specially formulated for on-demand cleaning of the waste
fillers, with different quantities were vigorously mixed with a distilled, deionized water of 0.5 L using each
stirring method, prior to introducing 30 g spent PVC and PE fillers. A removal efficiency of the solid deposits
on each filler was determined by a weight loss before and after mechanical cleaning for 30 min in chosen
solutions.

The spent PVC and PE fillers showed quite different cleaning efficiencies, irrespective to additive for
a better cleaning, as provided in Fig. 1. This was mainly associated with the noticeable difference in the
porosity between the fillers. The extent of the removal of solid deposits on the waste fillers depended not only
on mechanical stirring methods, but also on cleaning-assistant agents used here. Futhermore, choice of a
proper quantity of the additives in water needs to be considered as a critical parameter to achieve a better
cleaning efficiency for the used fillers. Consequently, a water solution with the G-cleaner under a proper
stirring using the impeller offers us the best cleaning performance, among the employed methods for surface
cleaning of the spent fillers.

20 20

PVC - PE - .
Washing additive = 10% 15 Washing additive = 10%

=
(4]
i

Removed dust {%%)
-
o
Removed dust (%)
—
=]

| 5 j .
0- 0
G-cleaner General Acetone G-cleaner General Acetone
surfactant surfactant

Fig. 1. Cleaning efficiencies of spent PVC and PE fillers in a water solution with different washing
additives under an impeller-type stirring.
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Research Direction for Constructing Ocean-based Biofuel Supply
Chains

Jun-Hyung Ryu

Department of Nuclear & Energy System Engineering, Dongguk University

Renewable energy plays an important role of replacing environmentally harming fossil fuels that is
the major cause of climate change. Many types of renewable energy sources are investigated and
their implementation in practice is an issue to be focused. Particularly introduction of biofuels is
challenging against already commercially matured competitors. Separately developed invidual
technologies should be coordinated with the universal objective of reducing the overall costs.
Therefore the coordination is a new important research agenda. In order to address this,
construcing supply chain of biofuel should be investigated. The supply chain should involve entire
facilities such as biomass farming, harvesting, transportation, fuel processing, warehousing and
sales, etc. The foundation for overall biofuel infrastructure should be built in the most effective
and cost competitive way. Most of previous academic works have been focused on the land based
biofuels such as wood, crops. However the conflict between food and energy still poses a social
problem. For the small countries like South Korea, there should be different approaches from the
existing land based energy supply chain studies or relevant biomass supply chain materials. In this
presentation, the focus is more given to how to construct sea based biofuel supply chains and
their supply chain management issues. The main interest should be how to provide as much
biofuels with as many customers as possible. In order to accomplish this objective, the
decision-making framework of the corresponding biofuel supply chains should be constructed to
reflect the current situations. This paper approaches this issue in terms of constructing
mathematical programming based model as a decision-making tool. Current status of relevant

research and projects are discussed with providing future desirable research directions.
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Hydrolyzate Produced of Collagen Isolated from Mackerel Skin and
Bone by Subcritical Water Hydrolysis Contain Amino Acids with
Antioxidant Activities

A. K. M. Asaduzzaman and Byung-Soo Chun
1. Department of Food Science and Technology, Pukyong National University, 45 Yongso-ro,
Nam-Gu, Busan 608-737, Republic of Korea. "E-mail:bschun@pknu.ac.kr

The main sources of collagens are obtained from bovine bone, bovine hide, calf skin and porcine
skin. However, the outbreaks of bovine sponge encephalopathy (BSE), transmissible spongiform
encephalopathy (TSE) have raised anxiety among some consumer of collagens from land base
animals. Therefore, increasing interest has been paid to the alternative collagen sources, especially
fish skin and bone due to their abundance and low cost. Collagen hydrolyzates are good source of
amino acids for people suffering from anorexia, anemia and for vegetarians (because of absence of
meat in their diet). Diet supplements containing collagen hydrolyzates are considered as
improvement agents in tendon or joint regeneration in physically active athlets with activity related
joint pain. Collagen hydrolyzate can be used in food, cosmetics or pharmaceutical industry as a
natural additive revealing an antioxidant property. Subcritical water hydrolysis was carried out by
batch reactor to produce hydrolyzate of mackerel skin and bone collagen. The reaction parameters
for hydrolyzate production were temperature (200 and 250 °C), pressure (30 and 70
bar),reactiontime3min,agitation 150rpmandtheratioofmaterialtowaterforhydrolysiswas1:200(w/v).  After
making the collagen hydrolyzate at different subcritical water condition, amino acid composition
was analyzed by amino acid analyzer. Glycine, alanine, proline and hydroxyproline were abundant
in collagen hydrolyzates. Antioxidant activities by DPPH and ABTS free radical scavenging assay,
ferric reducing power assay and metal chelating assay will be determined of mackerel skin and
bone collagen hydrolyzate.
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Determination of Fucoxanthin and Fatty Acid Composition of
Saccharina japonica Extract using Different Solvent

A S M Tanbirul Haque!, Hee-Chul Woo? and Byung-Soo Chun'*
'Department of Food Science and Technology, Pukyong National University, 45 Yongso-ro,
Nam-Gu, Busan 608-737, Republic of Korea. *E-mail:bschun@pknu.ac.kr
2 Department of Chemical Engineering, Pukyong National University, Busan 608-739, Korea

The medicinal powers and benefits of seaweed have been used for centuries because of their
proven ability to prolong life and enhance health and beauty. Over the last decade, continuing
worldwide research has shown brown seaweed to be the most beneficial of all seaweeds. Seaweed
provides for an excellent source of bioactive compounds, such as a carotenoid, dietary fiber,
protein, vitamins, essential fatty acids and minerals. Interest in seaweed lipid has been on the rise
owing to the recognition of important bioactive molecules like conjugated fatty acids, pigments that
have profound physiological effects in treatment of tumors and other cancer related problems. So
seaweed has been used as human foods, cosmetics, fertilizers and source of chemicals for
medicine and industries. Fucoxanthin is most abundant in brown seaweed, fucoxanthin
supplements claim to have two primary benefits weight loss and diabetes treatment. While we can
get fucoxanthin from eating brown seaweed, it is important to recognize that we cannot eat the
necessary amount of brown seaweed to get the fucoxanthin we need. In this study, extract will
collect from Saccharina japonica using different solvent like ethanol, methanol, and ethanol with
supercritical CO,. After extraction, fatty acid composition of extract will be analyzed by gas

chromatography (GC). Fucoxanthin content in extract will be measured by HPLC.
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A Study of Super-0il Absorbent Materials Based on Kapok

Young Hee Lee, Eun Jin Lee, Yu Mi Bae, and Han Do Kim*

Department of Organic Material Science and Engineering, Pusan National University, Busan,
609-735, Korea

The environmental pollution by spilled oil has recently been a large problem. Therefore, more
research and development on novel oil sorbent materials is needed to protect the environmental
pollution. In this study, nonwoven fabrics of PP fiber, natural kapok and their blends (PP/kapok:
75/25, 50/50, 25/75 and 10/90) were prepared by needle punching process at a fixed (optimized)
condition (density: 50punches/cm? and depth: 4mm). This study focused on the effect of blend
ratio(100/0, 75/25, 50/50, 25/75 and 10/90) of PP/kapok nonwoven fabrics on oil/water sorption
capacity to find the best blend ratio that brings the most synergy effect. In addition, the
oil(kerosene and soybean)/water sorption capacity of nonwoven fabrics(pads) prepared in this study
was also compared with those of commercial oil sorbents (100% PP nonwoven pad A and B).

Keywords: Kapok, Oil sorbents, Oil/water sorption capacity, Water contact angle
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Chemical Extraction of Cobalt From Waste Lithium Ion Battery

Jaegun-Seo, Ingyung-Jung, Myungsoo—SeoT, Youngu—]ungT
Gyungbuk EIP Development Division, BEXEL Co."
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Development of Fine Powder Typed Ingredients of TPV (Thermoplastic
Vulcanizate) Using Waste Tire

InGyung Jung, BongSeok Kim', SangPil Yun', JaeGun Seo
Gyungbuk EIP Development Division, DaSeung Co.’
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Cleaning Technology of Dry Ice Using Recovered CO; from Blast
Furnace Gas

InGyung Jung, HyoKweon Lee', HyeonSun Kim', JaeGun Seo
Gyungbuk EIP Development Division, CTA Co."

A AAE A3 AIAQl COE FoluAl OAER w2stol mAsIEol 1AM 4TS Holw gloy]
7199 YAoIAE BRI BT Fohet AN SUE I At gtk AUAOIA Lot ojuskea

7t my Aol WA Aae PAaE TECY e 7199 ARiA mAlD AjEgo] 245t I 4 9
Zio|c}.
T ZHEMIEABFG : Blast Furnace Gas, ©]st ‘BFG'2 ®7])= 1204 I3 A7} AAs) HdMdup shAx;

3

& of WSt FARRY R 7tar 371ET R ZIAoloh A2 tHEAQl ouA] thas]
Fo mAm: I AR AuR|LuIFe] 10% ol4S ARG glon] eiZk oF 7,0008HE 7ol ojitel

= Q. WRRAPIAL CO, HE7F 20 ~ 23%2 Eof BA7|E Jo] MY T A
& &=7F T Aol A diS S A4 AAY TIRlRA A ZEE 4 2 A
Holq WASH= BFGE HaF 845 24 oluxgos vte AAEsHAL, At
o] COmlE2 MWL, BRG WhF 4L sk COZ Lejstn gck.
ZFABFG)OIA 2] CO0l /it Aoz =etojofol A AGAY A& 7las
_I_] H Oﬂ‘:'Kh:H /\]7:4 prately 7(1-/\-1, 74— éu]k‘?ﬂ_ 547(4 blasting o]-aﬂ 1:|1 R 5_}\}, 1:71_1

r|
1

el @gste ook A
B Aol

g
NLSHLA} shlen o

L

115



PA-19 ZAE{HL

Life cycle assessment (LCA) 7|H2 o]&3l 0f 144 88IH S HHHE(
U3t 2734 7}

Evaluation of Environmental Impact on Melt Protection of Magnesium
and Magnesium Alloys by Life Cycle Assessment (LCA)

KYOENG-IL KIM 1, Tae-Whan Hong 2" Young-ok Yoon 3, Shae K. Kim 4, Hyunkyu Lim 5%
Rare Metal R&BD Group, Korea Institute of Industrial Technology (Kitech), 156, Gaetbeol-ro,
Yeonsu-gu, Incheon 406-840, Republic of Korea 1, 3, 4, 5

TDep‘[. of Materials Science and Engineering, Korea National University of Transportation, 50
Daehak-ro, Chnungju-si, Chungbuk, 380-702, Republic of Korea 2
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1. Jin-Kyu Lee and Shae K. Kim, “Ignition resistance of CaO added Mg-3Al, Mg-6Al and Mg-9Al
Eco-Mg alloys”, J. of the Kor. Foundrymen's Soc., 31(2), 60-65 (2011).
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A Study on Production of 5-hydroxymethyl-2-furfural from Fructose

Syrup using a Bio-based Solvent and catalyst
Bora Kim, Jin Ku Cho* Kora Institute of Industrial Technology (KITECH)

To replace the fossil-based carbon resources by renewable and sustainable biomass for the
productions of fuels and chemicals, lots of efforts are going on throughout the globe using
biomass-derived carbohydrates. 5-Hydroxymethyl-2-furfural (HMF) is one of the potential platform
chemical obtained by the dehydration of biomass-derived carbohydrates. In this study, high
fructose corn syrup (HFCS) was employed as a cheap and industrially-supplied starting material
for the production of HMF. Initially, various readily evaporable solvents were screened using
Amberlyst-15 as a solid acid catalyst for dehydration of HFCS into HMF and achieved a maximum
HMF vyield of 80% in 1,4-dioxane solvent. Then, effects of reaction parameters such as initial
concentration of HFCS, catalyst dosage, temperature on dehydration of HFCS into HMF were
investigated. Evaporation of 1,4-dioxane and filtration of Amberlyst-15 allowed simple separation
and purification to isolate HMF in high yields. In addition, the feasibility for producing another
platform chemical, levulinic acid directly from HFCS was confirmed.Taking a good performance of
1,4-dioxane obtained from bio-based ethylene glycol (EG) into account, other glyme, diglyme and
triglyme were explored and HMF was obtained a maximum yield of 81% in glyme. To pursue
non-petroleum based process, Amberlyst-15 catalyst was replaced by bio-based solid acid catalyst
prepared fromlignocellulosic  biomass-derived carbonaceous materials. The amorphous
carbonaceous materials were prepared by incomplete carbonization then acidic groups were
introduced by sulfonation. The prepared bio-basedcatalyst was analyzed by FT-IR, XPS, BET and
the loading amount of sulphategroups was determined by CHNS elemental analysis and confirmed
by acid-based titration. With this catalyst, HMF could be successfully obtained in 71% of yield in
diglyme. The catalyst was recycled up to 3 times and then regenerated with HCl for further

re-use.

1. Aellig, C., Hermans, I., "Continuous D-fructose dehydration to 5-hydroxymethylfurfural under
mild conditions" ChemSusChem. 5, 1737-1742 (2012).

2. Bicker, M., Hirth, J., Vogel, H., "Dehydration of fructose to 5-hydroxymethylfurfural in sub- and
supercritical acetone” Green Chem. 5, 280-284 (2003).

3. Lai, L., Zhang, Y. "The Production of 5-Hydroxymethylfurfural from Fructose in Isopropyl
Alcohol: A Green and Efficient System" ChemSusChem. 4, 1745-1748 (2011).

4. Lansalot-Matras, C., Moreau, C., "Dehydration of fructose into 5-hydroxymethylfurfural in the
presence of ionic liquids" Catal. Commun. 4, 514-520 (2003).

5. Qi, X., Watanabe, M., Aida, T. M., Smith, R. L., "Fast transformation of glucose and
Di-/Polysaccharides into 5-hydroxymethylfurfural by microwave heating in an ionic liquid/catalyst
system" ChemSusChem. 3, 1071-1077 (2010).
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Treatment technology for odorant abatement

Jin-Won Parkx*
Department of Chemical & Biomolecular Engineering, Seoul National

University of Science and Technology, Seoul 139-743, Korea
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1. Estrada, J. M., Kraakman, N. J. R., Lebrero, R., and Mufoz, R., "A sensitivity analysis of process
design parameters, commodity prices and robustness on the economics of odour abatement
technologies," Biotech. Adv., 30, 1354-1363 (2012).

2. Mehdinia, S. M., Latif, P. A., and Taghipour, H., "Removal of Hydrogen Sulfide by
Physico-Biological Filter Using Mixed Rice Husk Silica and Dried Activated Sludge," Clean-Soil Air
Water, 41(10), 949-954 (2013).

3. Liu, C., Liu, J., Li, J., He, H., Peng, S., Li, C., and Chen, Y., "Removal of H2S by co-immobilized
bacteria and fungi biocatalysts in a bio-trickling filter,” Process Safety and Environmental
Protection, 91, 145-152 (2013).

4. BCC Research LLC, Municipal and Industrial Sludge Treatment and Odor Control: The Global
Market, Wellesley, MA 2012
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"Nitto Denko
Energy-saving lithography development for micro-circuit structure

Jin-Won Park*, Minjung Park’'
*Department of Chemical & Biomolecular Engineering, Seoul National
University of Science and Technology, Seoul 139-743, Korea

"Nitto Denko, Pyeongtaeksi, Gyeonggi-do
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Study of the metal oxide catalysts for oxygen evolution reactions of
water-splitting electrochemical cells for the improvement of hydrogen
Nam-In Kim, Sunghwa Cho, Inseop So, Jun-Young Park
Department of Nanotechnology and Advanced Materials Engineering, Sejong University
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Formation of Nano - Micro Silver Particles in Aqueous Solution

Daechul Cho, In Hyoung Rhee, Sung-Hyun Kwonx*"
Dept. Energy & Environ. Engineering, Soonchunhyang University, TDept. Marine Environ.

Engineering (Inst. Marine Industry), Gyeongsang National University

1. AGNO3 (99.8%+) 4.4 mM 89lo] Ao} BAHE 5] SQlsto] Al
60°COlA] WFSAIZITE. Aol Rfolo] whe} edxte] SAME} ch2n o]
Aok 10-44 nm o ol2i Clkt £ AAtE &4 BANSoR AxY
q7] 9 TEMOZ BET 5 otk 2 Uxte

theF 4~105 W%t

2. Ui 37]0) & Babgl 2-8oto] AR AR

ro 7

PVP 15wt%, NaBH, 1.5mL PVP 15wt%, NaBH, X

Figure 1. Well dispersed nano Ag particles taken by TEM under various conditions.

A 23

1. Yun, K. S., Park, Y. C., Yang, B. S., Min, H. H., Won, C. W., "Preparation of Ag Powder from
AgNO3 by Wet Chemical Reduction Methodl. The Establishment of Optimum Reaction System for
the Preparation of Spherical Ag Powder," /. Kor. Powd. & Metall., 12(1), 57-58 (2006).

2. Lee, H. Y., “Preparation of Ag Nano-Powder from Aqueous Silver Nitrate Solution through

Reduction with Hydrazine Hydrate,” Resources Recycling, 15(4), 20-21 (2006).
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Catalytic Steam Reforming of Toluene Using Metal Ion-exchanged Low

rank Coal

Soohyun Kim, Jiho Yoo,

Clean change research division, Korea Institute of Energy Research
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Effect of desorption pressure on cyclic breakthrough behaviors of CO,
/ N, mixed gas for zeolite 3A, 4A, bA, and 13X

Jong-Ho Moon, Jungbo Sim’, Young Cheol Park, Jong-Seop Lee, Byoung-Moo Min
Greenhouse gas research Lab., Korea Instititue of Energy Research

"Graduate School of Green Energy Technology, Chungnam National University
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1. He et al., "Adsorption and desorption experimental study of carbon dioxide/methane mixture gas
on 13X-type molecular sieves," Journal of Chemical Engineering of Japan, 46(12), 811-820 (2013)

2. Mofarahil and Shokroo, "Comparison of two pressure swing adsorption processes for air
separation using zeolite 5A and zeolite 13X," Petroleum & Coal, 55(3), 216-225 (2013)

3. Walton and LeVan, "A novel adsorption cycle for CO2 recovery: experimental and theoretical
investigations of a temperature swing compression process," Separation Science and Technology,
41, 485-500 (2006)

4. Bonenfantl et al.,"Advances in principal factors influencing carbon dioxide adsorption on

zeolites," Sci. Technol. Adv. Mater., 9, (2008)
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Study on the Pyrolysis of Dried Coal in the Bubbling Fluidized-bed
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An Experimental Study on Briquetting of Coals Upgraded by Various

Kinds of Oil
Dong Hyuk Chun, In Su Park, Young Jooon Rhim, Sang Do Kim, Jiho Yoo, Hokyung Choi, Jeong

Hwan Lim, and Sihyun Lee
Clean Fuel Laboratory, Korea Institute of Energy Research
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Spontaneous combustion characteristics of coal according to its rank
using low temperature oxidation method
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Clean Fuel Laboratory, Korea Institute of Energy Research
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Ash Content of Ash-Free Coal Produced by NMP Solvent xtraction
Hokyung Choi*, Wantaek Jo, Sangdo Kim, Jiho Yoo, Donghyuk Chun, Jeonghwan Lim, Youngjoon
Rhim, Sihyun Lee
Clean Fuel Laboratory, Korea Institute of Energy Research
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Feasibility Study of Geothermal-VMD Hybrid Process
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Hannam University 1, ‘Techwin Co. Ltd.
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Estimation of green house gas emission from wastewater treatment

pant by batch reactor analysis

DJ. Kim*, W.G. Lee', HK. Kim, B.H. Lim
Department of Environmental Sciences & Biotechnology, Hallym University, ';‘Department of

Chemical Engineering, Kangwon National University (* dongjin@hallym.ac.kr)

It is widely accepted that the emission of greenhouse gas causes the climate change by excessive
use of fossil fuels. Nitrous oxide (N20) is one of the greenhouse gases having approximately a
300-fold stronger global warming effect than carbon dioxide and its contribution is about 9% of
total greenhouse gases. Even though N20 emission from waste and wastewater treatment is only
2.3% of the total N20 emission, it occupies very important position from the aspect of industry
category of the N20 source. Nitrogen compounds in wastewater are mainly removed by
nitrification and denitrification, and it has been known that N20 is released during the nitrogen
transformation. The amount of emitted N20 is relatively small when compared to the amount of
overall nitrogen removed or transformed by microorganisms. Accurate estimation of total N20
emission from wastewater treatment plant is very important for the reporting of national green
house gas emission inventory and for the development of wastewater treatment process which
produces less green house gases. In this study we developed a novel N20 emission estimation
method which is very rapid and accurate. Batch wastewater nitrification and denitrification
experiments with the wastewater and sludge in the wastewater treatment plant and a nitrogen mass
balance on each unit treatment processes give the amount of N20 emission from the wastewater
treatment plant. The estimated results by this method were compared to the others wvalues
reported in the literature for discussion and it also provides valuable information about the

sources of NZ20 emission during wastewater nitrification and denitrification.

Keywords: Batch analysis; Mass balance; Nitrogen removal: N20 emission; Wastewater treatment
plant
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Monitoring the gas flux at soil surface during air sparging with

controlled gas flow direction in aquifer

Heonki Kim®, Juyoung Kim (Dep. Environmental Sciences and Biotechnology, Hallym University)

A newly developed monitoring method for quantifying gas flux at the soil surface during aquifer
air sparging was applied for a sparging processes designed to control the gas flow direction in the
saturated zone. The purpose of this study was to assess the gas flux monitoring method and the
efficiency of the gas flow control process during air sparging. Gas flow direction was controlled by
replacing the resident groundwater with either a surfactant solution or an aqueous solution of high
viscosity. Gas flux from the subsurface was estimated using a flux tracer and an activated carbon
pack.

Bench-scale two-, three-dimensional physical models were used for the experiments. In order to
focus the injected air at the target source area, a surfactant solution (sodium dodecybenzene
sulfonate, 200mg/L) was injected into the target treatment zone using a precision liquid pump
before sparging. And an aqueous solution of Carboxymethylcellulose sodium (0.05% w/v) was
injected into a selected part of the model before sparging. The solution with high viscosity was
used to block the gas flow during sparging generating a hydraulic barrier. The gas flow direction
in the saturated zone was monitored visually, and the gas flux at the soil surface was quantified
using an activated carbon pack that captured the flux tracer(n-octane vapor) introduced in the
gas injection line. Based on the mass of tracer captured by the activated carbon pack, the gas
flux escaping the soil surface was calculated. The flux tracer method was found to be adequate for
the purpose of measuring the gas flux at the soil surface. The injected air during the intial stage
of the air sparging process dominantly flowed through the targeted treatment zone where the
resident water was replaced with the surfactant solution. It was also found that the injected gas
did not flow through the viscous region due to increased viscosity, though this effect was not as
dominant as the surfactant solution. Based on the result of this study, it is feasible to focus the
injected air on a specific region of contaminant source by manipulating the local surface tension
and viscosity during groundwater air sparing. The ratio of air volume that passes through the
source zone to the total air injected into the aquifer may be increased dramatically using the
method presented in this study. This effect can be monitored using a gas flux measurement device
simialar to that used in this study. Since this work was done using small scale models, there may
be challenges applying this at field scales. Manipulating the viscosity of groundwater requires
addition of chemicals which may raise secondary contamination problems. The density of the
viscous solution may raise concerns regarding vertical migration of the barrier plume. Suitable
additives for viscosity control is under investigation.

Al

1. Measurement of air and vapor fluxes during gas-driven soil remediation: Bench-scale
experiments. Environ. Sci. Technol., 2012, 9533-9540.

136



PA-40 EAE{Ygt

UVAeHy ot3d7 fejEed IA19 7Pt 9=l 5/gol nAle 4T

WAL, Ao, 9231, o]
ik

o
grardistal RIC, grartistal sy B et

The Effects of Acid Value to the Detachable Feature of UV Curing
Acrylate Coating Ink for Glass Protection
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A Study on the Adequacy of CNG BUS for the Emission Reduction of
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A study on the drying for PCB in Semi-Aqueous cleaning
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Effect of mechanical pulverization conditions on physical properties of

nanoparticles prepared from SiC sludgy
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Sung-Jei Hong!*, Min-Gi Kwak!, Jong-Woong Kim!, Chang-Hyun Song'?, Dae-Geun Yang',
Byeong-Kwon Ju?, Chang-Hyun Song'? Hye-Ran Son®, Chi Hyeong Roh®, Sung Bok Lee®
'Display Components and Materials Research Center, Korea Electronics Technology Institute,
’School of Electrical Engineering, Korea University, *Nepes Institute of Science & Technology
*Corresponding Author: hongsj@keti.re.kr , +82-31-789-7431

IT, Display, JF=A] 4F¢} 5 8% 71e2 S8HUA HAAIY 1d) 7lsw war S3gh e 8l i
AAeE HaL 9oy ol2jeh Bx] A3 mdo] gAE A0RE {UiZ)77F thESE A O e8] whas
= o wHE i ot Hx| A3 mde e e ZAL

s 1 ARIE mste] S 715E ARl she ZloR, HA A3
AL AP YA % Babe Ui e AR SoR Qs ARET gA R TRl ok
| 23 5 ol FBA=0] mEgEo] g2 vt

A oict [1]. 2 s 1o e A§2 M dS
R ECEE N ] Ol% 71HJ££ Kﬂ&*ﬁ = UF F4 Aet=(TO) F38=9] A AFe] oA Sofl T2t o]
= 447 Baste F38=50 2 2
o stz gof 7ue] & HwofololS 5 4 it [2]. & AFolAlE & Heotoloh g4t
of B WA FRx=5 ARttt Bl AMe &rof met Ag F kg

ek

l
Nl)
~

o
l
=
=
Ho
opi HU
o
ol
ol
qz
gl

>,
=
N
-
e

"ostch mep B AToAt 0.5w%e] & Uikololols A Bujo] R4t 8oig o] gste] AW IO
2 Glass 7% 9jo] £HH2 9t Hstort. HA AN R0 wel Lasth Aatdielo] Kol7t 9lv] WE
o 7t Bxol T A FAT 4 9= £HHT o] Wasich by B AL AW 3Y S5
22 sto] AW £57 9 ARe] DjAE S WASIACL 1 Aw 9 Aae AW Lrof v ¢ 4
Qloich. wiAlga Bre] SA7ke] odafoll slolgt o2 welch [3]. &, AW &us} welHo] mep galzid) o
8 & Lpicotolo] golo] Wel LA ot U

SAPE oAl Aol 71918k HoR AU o2 E 2
wofolo] Q0] AW IY FUL BAER FMafstol 50~60 O/0) thIo] WMAYS PN YT %S A
A% & 9

Al 2 1 B AR 20139 ARESYAARY A
A7 WYL (No. A006100046)

Az

fu

rie

o2 =71 SEKIAT) AldS wol 4ofet

1. H.-K. Kim, S. Lee, and K.-S. Yun, "Capacitive tactile sensor array for touch screen application,"
Sensors and Actuators A, 165, 2-7 (2011).

2. J.-Y. Lee, S. T. Connor, Y. Cui, and P. Peumans, "Solution-Processed Metal Nanowire Mesh
Transparent Electrodes," Nano Lett., 8(2), 689-692 (2008).

3. M.-Z. Gao, R. Job, D.-S. Xue, and W. R. Fahrner, "Thickness Dependence of Resistivity and

Optical Reflectance of ITO Films," Chin. Phys. Lett., 25(4), 1380-1383 (2008).

143



PA-47 ZEAE{UHE

AP ITOS 0|23t Ag Lh=otolojeto] sojuale EHHT Sy
SR, ARSAY £8 A8 B, o]’
VAR E AT HageolREgamdTAlE, Vg utistn spetun *dRnEsta e,
{(F)=clo] 20to]

Characteristics of Hybrid-type Transparent Conductive Electrode
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The influence of anti-solvent in K,;CO3;/KHCO3; solution for
crystallization-based CO, capture process

Gyo Hee Kim, Won Hi Hong", Jong-Nam Kim"*, Jong-Duk Kim’
Department of Chemical and Biomolecular Engineering, Korea Advanced Institute of Science and
Technology, Republic of Korea,
"High Efficiency and Clean Energy Research Division, Korea Institute of Energy Research 71-2
Jang-dong, Yusong-gu, Daejeon, Republic of Korea

Due to the energy penalty of CO, capture process, energy-saving CO, capture process has been
required. For that, CO, capture process using potassium carbonate solution attract attention.
Moreover, introducing crystallization step in the process with potassium carbonate is considered
favorable to reduce the energy for CO, separation more. For energy-saving crystallization-based
CO, capture process, increasing crystallization yield with little temperature differences between
absorption column and crystallizer is important. Therefore, using not only cooling crystallization
method, but also drowning out crystallization is favorable because drowning out crystallization
method helps to form more amount of crystals with little temperature change. Therefore, in this
study, the availability of drowning out crystallization method in K,CO3/KHCO;3; solution was
investigated by identifying the effect of anti-solvent on absorbent. When adding anti-solvent into
K,CO3/KHCO3 solution, two phenomena were observed. The first phenomenon is additional salt
formation, which is related to the crystallization yield. The crystallization yield was precisely
measured with saturated potassium bicarbonate solution, and the yield was increased about 15%. It
was due to the altered equilibrium caused by adding anti-solvent to potassium bicarbonate
solution. The second phenomenon was phase separation. The anti-solvent rich phase was
immediately separated from the K,;CO3;/KHCO; solution when the anti-solvent was added into the
solution. The phase separation observed due to the partitioning effect of potassium carbonate on
the anti-solvent and water mixture. The phase separation has important meaning because it
implies the possibility of easy recycle of anti-solvent in the process. Therefore, the drowning out
crystallization method with organic anti-solvent can be applied in the crystallization-based CO,

capture process using potassium carbonate/bicarbonate solution.
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Photocatalytic organic dye degradation using electronic structure
modified graphitic carbon nitride (g-CN)

Sun Uk Lee, Eun Zoo Lee, Young-si Jun, Young Kuen Chang*, Won Hi Hong*

Department of Chemical and Biomolecular Engineering,
Korea Advanced Institute of Technology and Science (KAIST),
291 Daehak-ro (373-1 Guseong-dong), Yuseong-gu, Daejeon 305-701

The photocatalyst is a valuable material to apply various applications such as environmental
cleaning, hydrogen evolution, and also organic synthesis with irradiated light. Efficiency of the
processes depend on intrinsic properties of photocatalyst such as electronic structure, morphology,
and functionalities[1]. The organic photocatalyst which is easy to degraded and swelled but to
adjust its physical properties, here we utilized organic photocatalyst, graphitic carbon nitride
(g-CN) to remove organic dye in aqueous phase.[2]

The g-CN is consisted with carbon and nitrogen atoms alternatively as a tri-s-triazine structure
stacking in graphitic manner like as graphene.[3] It has its intrinsic functionalities such as lewis
acid, base with its lone pair electrons on nitrogen and dangling edge, C-NH, Theoretically g-CN
has almost 2.3eV of band gap and practically 2.7eV of band gap which means it can absorb
blue-visible light region light. To demonstrate visible light absorbed photocatalyst, its electronic
structure should be modified to increase efficiency. With this reason we modified its electronic
structure with co-monomer thermal polymerization.

Co-monomer, act as carbon source, is utilized to adjust g-CN’s C/N ratio to make suitable
electronic structure for dye bleaching. As increased co-monomer amounts, the band gap is
decreased up to 2.28 eV indicating that 543.9 nm of light can absorb by carbon doped g-CN.
Without structural and physical properties, electronic structure suitably modified by thermal
condensation with co-monomer. Almost 90% of organic dye was removed using carbon doped
g-CN even 30% and 50% of removal with non-structure and non-carbon doping one respectively

within 30 min.
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A Study on the reaction Characteristic of Selective catalytic oxidation

for NHj slip removal on denitrification process
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Using Vacuum Disitillation
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Sensing of mercury ions and bisphenol A by porous gold electrode

using a differential pulse voltammetry
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Department of Chemical System Engineering Keimyung University, TKwangwoon University
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Detection and removal of bisphenol A in aqueous solutions using the

mixture electrode of functionalized mesoporous silica and graphene
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Comparative Study of Extractive and Azeotropic Distillation Process
For IPA Dehydration

Comparative Study of Extractive and Azeotropic Distillation Process
For IPA Dehydration

Manish Pokhrel, Dong Sun Kim, Jungho Cho®
Department of Chemical Engineering, Kongju National University

In this study, design and control of IPA dehydration via extractive and azeotropic distillation have
been done and the comparison between these two distillations has been made. The heavy boiling
entrainer (DMSO) for extractive distillation and the light entrainer (cyclohexane) for the azeotropic
distillation have been used. The overall process was performed in PRO/II with PROVISION 9.2 using
NRTL liquid activity coefficient model. For the extractive distillation the design flowsheet includes
an extractive distillation column and the entrainer recovery column with the top product of the
extractive distillation column to be [PAand the top product of the entrainer recovery column to be
water. The bottom product of the entrainer recovery column is the recovered DMSO which is
recycled back to extractive distillation column. For the azeotropic distillation the design flowsheet
includes an azeotropic distillation column and the entrainer recovery columnwith the bottom
product of the azeotropic distillation column to be IPA and the bottom product of the entrainer
recovery column to be water. The top product of the entrainer recovery column is the recovered
cyclohexane which is recycled back to azeotropic distillation column. The main objective of our
simulation is to obtain the 99.99% pure IPA and to calculate the heat reboiler duty and making the
comparison of the reboiler heat duty of the two types of distillation viz extractive and azeotropic
distillation. Also, we have varied the tray location of the fresh feed to minimize the total reboiler
heat duty.
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Comparative Study of Extractive and Azeotropic Distillation Process
For Ethanol Dehydration

Comparative Study of Extractive and Azeotropic Distillation Process

For Ethanol Dehydration

Roshan Ghimire, Dong Sun Kim, Jungho Cho*

Department of Chemical Engineering, Kongju National University

Ethanol is a monohydric primary alcohol. It melts at -117deg. celsius and boils at 78.5deg.
celsius. Ethanol and water forms the azeotropic mixture and boils at 78.1 deg. celsius. Azeotropic
mixture of ethanol water contains 95.5% of alcohol and 4.5% of water. Since the boiling point of
this binary azeotrope is below that of pure ethanol, absolute ethanol cannot be obtained by simple
distillation. However, if benzene is added a ternary azeotrope of benzene, ethanol and water with
boiling point 64.9 deg. celsius is formed and pure ethanol is distilled out by the azeotropic
distillation. However for Extractive Distillation Ethylene glycol(EG), Since it enhances significantly
the natural relative Volatility of key FEthanol and water and is stable at the temperature of
distillation and solventb separation. In this study the modeling and comparison works have been
performed for Azeotopic and Extractive Distillation by using PRO/II with provison 9.2. Optimal
operating conditions that minimize the total reboiler heat duty were determined by using feed stage
location for each distillation column. The reboiler heat duty for both process is compared and the

purity of the product is compared.
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Comparison of Removal Capabilities for Acid Gases using Several
Aqueous Amine Absorbents

Junghan Kim, Jiwoon Kim, Jungho Cho*

Department of Chemical Engineering, Kongju National University
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Improved Enzymatic Saccharification of Lignocellulosic Biomass using
Ammonia Circulation Reactor (ACR)

Kyong Kil Lee, Tae Hyun Kim

Department of Environmental Engineering, Kongju National University

Ammonia circulation reactor (ACR) was developed as a pretreatment reactor and used to
improve the enzymatic digestibility of lignocellulosic biomass (corn stover). The process scheme
using ACR is designed to circulate aqueous ammonia continuously so that it can minimize the
chemical and water input during pretreatment.

In this study, ammonia pretreatment with various reaction conditions such as reaction time
(4-12 hour), temperature (60-80°C), and solid:liquid ratio (1:3-1:8) were tested. Chemical
compositions including solid remaining after reaction, lignin and carbohydrates were analyzed and
enzymatic digestibility was also measured.

In this study, it was observed that as reaction conditions such as reaction temperature,
reaction time, and solid/liquid ratio, become more severe, lignin removal was significantly affected,
which was in the range of 47.6-70.6%. On the other hands, glucan and xylan losses were not
substantial as compared to that of lignin. At all tested conditions, the glucan loss was not changed
substantially, which was between 4.7% and 15.2%, while the xylan loss varied, which was between
7.4% and 25.8%. With (15 FPU-GC220 + 30 CBU) /g-glucan of enzyme loading, corn stover treated
using ammonia circulation reactor for 8-12 hours resulted in 90.1-94.5% of 72-h glucan
digestibility, which was higher than 92.7% of Avicel®-101.

In addition, initial hydrolysis rate (at 24 hour) of this treated corn stover was 73.0-79.4%, which
was shown to be much faster than 69.5% of Avicel®-101. As reaction time increased, more lignin
removal occurred and it was assumed that the enhanced enzymatic digestibility of treated biomass

was attributed to the lignin removal.
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Multilayer graphene/polyethylene nanocomposite produced by in-situ
polymerization with graphene-supported metallocene catalyst

Jeong Suk Lee, Jung Sub Shin, Young Soo Ko*
Department of Chemical Engineering, Kongju National University

In this study, graphene/polyethylene nanocomposites via in-situ ethylene polymerization with a
(n-BuCp),ZrCl,-adsorbed graphene system was synthsized. Polymer nanocomposites based on
carbon black, carbon nanotubes ,and layered silicates have been used for improved mechanical,
thermal, electrical, and gas barrier properties of polymers. In-situ polymerization, where the
polymer grows in the presence of the nanofiller, appears to be an attractive route for obtaining
well-dipersed graphene/PE nanocomposites.

The rich electron environment of graphene should increase the electron density of (n-BuCp),ZrCl,.
The richness of electrons in the Zr central metal should produce a much higher molecular weight
PE than that of homogenous (n-BuCp),ZrCl,.
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Photocatalytic properties of Au/CdS Nanocomposites

Ji Hong Park, Younghun Kim®
Dept. of Chem. Eng. Kwangwoon Univ. Korea
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Colorimetric detection of heavy metal ion using silver/gold bimetallic
nanoparticles

Hwa Kyung Sung, Younghun Kim®

Dept. of Chem. Eng. Kwangwoon Univ. Korea
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Manganese Oxide Loaded on Mesoporous Carbon Microsphere for High
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Adsorptive Desulfurization of Ultra-low Sulfur Diesel

on Oxidized Activated Carbons

Hoang Phuoc Ho, So-Yun Lee, Jae-Kon Kim', Jo-Yong Parki', Hee-Chul Woo"

Pukyong National University, "Korea Institute of Petroleum Management

During the past decades much attention has been considered the desulfurization of diesel oil
which is important as a source for the fuel cells to prevent the sulfur poisoning of both diesel
steam reforming catalyst and electrode of fuel cell. Although alternative desulfurization techniques
have been investigated, desulfurization for ultra-low-sulfur diesel (ULSD) is still changing. This
research focuses on the desulfurization of commercial ultra-low sulfur diesel (ULSD) for fuel cell
applications using activated carbon (AC) based adsorbents. Herein, the performance of five kinds
of commercial ACs for desulfurization of ULSD were screened to find potential one and then it was
modified by oxidation treatment with H,O, or HNOs;. Effects of both treatment time and oxidant
concentration on modified ACs are evaluated for their desulfurized performances. Desulfurization
experiment is carried out in equilibrium system. Ultra trace sulfur analyzer equipment (NSX-2100V,

Mitsubishi, Japan) was used to analyze total sulfur concentration in each fuel sample before and
after desulfurizing.
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Figure. Effects of oxidant concentration and treatment time for preparation of oxidized ACs on the
efficiency of desulfurization of ULSD (commercial diesel containing 6 ppmw S).
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Effect of alginate concentration in hydrothermal pretreatment on

volatile fatty acids production by anaerobic fermentation
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Recently, alginate, the most abundant polysaccharide in brown algae, approximately 34.5 = 1.0%
(dry weight) [1], is receiving increasing attention as an attractive renewable resource for producing
biofuels. However, on account of chemical structure, its low solubility and degradation are the
main drawbacks for biofuels production in anaerobic fermentation [2]. Hydrothermal treatment
provides a method that is rapid for modifying the polymer properties without using harsh
chemicals and has been used for hydrolysis of organic polymers such as cellulose, starch, and
alginate [3]. In this study, the objective was to evaluate the effect of alginate concentration (20, 30
40, and 50 g/L) in hydrothermal treatment on VFA production by anaerobic fermentation. Sodium
alginate (80-120 mPa's, Wako, Japan) was used as a microbial growth substrate. Anaerobically
digested sludge was obtained from a municipal wastewater treatment plant in Busan, Korea and
inoculated as seed cultures for alginate fermentation. The acidogenic fermentation using
hydrothermal treated alginate was carried out in 200-mL working volume at 35°C and 120 rpm.
After the hydrothermal treatment, the reduction in molecular weight was the same in each case. In

addition, the rise in alginate concentration led to decrease in VFAs production. Alginate

concentration of 20 g/L presented the highest TVFAs production (approx. 7.1 g/L).

References:
1. Obluchinskaya, E.D., "Comparative chemical composition of the Barents Sea brown algae,"
Applied Biochemistry and Microbiology, 44(3), 305-309 (2008).
2. Jones, C.S. and S.P. Mayfield, "Algae biofuels: versatility for the future of bioenergy," Curr
Opin Biotechnol, 23(3), 346-351 (2012).
3. Aida, T.M., T. Yamagata, M. Watanabe, and R.L. Smith, "Depolymerization of sodium

alginate under hydrothermal conditions," Carbohydrate Polymers, 80(1), 296-302 (2010).
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Antioxidant Activities Measurement of Brown Seaweed (Sargassum
honeri) Hydrolyzate by Subcritical Water
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Seaweeds are potential renewable resource in the marine environment. Seaweed provides for an
excellent source of bioactive compounds, such as carotenoid, dietary fiber, protein, vitamins,
essential fatty acid, and minerals. Interestingly, seaweeds are a rich source of phytochemicals
having anti-oxidant and antimicrobial properties. Among the functional effects of the seaweed,
nutritional and health-related benefits have been widely studied. Most of seaweed has the
anti-tumor, antifungal, anti-inflammatory, antioxidant and a wide range of biological activities. In
this study, seaweed (Sargassum honeri) was extracted using an environmental friendly solvent,
supercritical carbon dioxide (SC-CO,).TheSC-CO,will be carried out at constant temperature 40°C
and pressures ranging from 15MPa. It will be produced by the subcritical water hydrolysis (SWH)
with the reaction temperatures for hydrolysis will be maintained from 180 to 260°C. The SWH will
be done with condition 16-220 bar for the reaction pressure and 1:25 (w/v) for the ratio of
material to water. High pressure pump will be applied to flow water from tank to reactor for
getting initial pressure 1 bar. The antioxidant activities produced will be determined by using the
ABTS, TPC, TFC, and DPPH method.

170



PB-27 ZAE{SHM

g wialo] M2 kA stol=olEQ] WY o5 B A7

Zlolet, H2, ARE!, AQA!, ol ofeje?, AxEa
wrtjetn afarg st
BAjetn 27 gt

Studies on the change of phase equilibrium of gas hydrate due to

changes in salinity

A-ram Kim', Guk ]eongl, Jae-Hoon ]ungl, Yong-Sun Won', Jea-Keun Lee?, Tae-Yoon Lee?, Jun-Heok
Lim"
Department of chemical Engineering, Pukyong National University, Busan, Korea!
Department of Environmental Engineering, Pukyong National University, Busan, Korea®

2|
[e]

F

7)E0] AbRElole siamsabyEe we ool stHAas A ey 2 she
B7F 22 Ol2ICHRO) TR, ShatiAs 3 F Slo) WS o|&sHA] 9T gas Hydrate 34 €2} o
stof slamast sl 88 sl oAl tieh

Gas Hydrater Fe w0l o Ql2iold 2EASC] Axsz of2olq 9lon], oY AREl: A}
A2 OfE} o]l mam SF, R-134a S9] ola] 7bA7F AFRE| T 9it} o|mf UFSojx| gas Hydrateo]
AYYPERe 27 2& 1 I HOl 37| gEje o] =rk o2 Sof 7& 1 o] ALk 57 1749 &

=
2(5'%)0] 2 HS’} 5721 1270, 6248 27091 1RE(5%6%)0] 67121 FEfS o1 Qlch

2 A2 dFolla FollA9] Gas Hydrate®] 3AHMAHLw)-Gas Hydrate(H)-714HV))e] B8 x5 545t
Kt E3h 0‘5—1 o & CO, % R-134a gas hydrate®] Lw-H-VO] 34 ®Y x710] o2 WHalsh=A]|
T gopegich
I\tlxt

B A 20139 SR AidoR Shsiduelv| el S dY] Al ot a9 AFd(iAstol =2
E

1. Ballard A. L. and Sloan E., "Optimizing thermodynamic parameters to match methane and
ethane structural transition in natural gas hydrate equilibria,"” Ann. N. Y. Acad. Sci., 912(1),
702-712(2006).

2. Fleyfel F. and Devlin J. P., "Carbon dioxide clathrate hydrate epitaxial growth: Spectroscopic
evidence for formation of the simple type-ii carbon dioxide hydrate," J. Phys. Chem., 95(9),
3811-3815(1991).

3. Lee H., Lee C. S. and Kang J. M., "Carbon dioxide ocean sequestration using gas hydrate,"
JOURNAL-KOREAN INSTITUTE OF CHEMICAL ENGINEERS, 41(2), 135-146(2003).

4. Sloan E. D. and Koh C. A., Clathrate hydrates of natural gases, CRC Pressl Llc(2008).

5. 4Rlg, 1A%, ol&E, 4, AES, oAl and Y=, "UAAIY: 7tASIO]E0]EQF Ro & A

St siaEast 71 h=Edete] Aristeae] Waewd, 19(1), 532-531(2010).

o}oln

171



PB-28 ZAE{&H4

ZZA] D2EHPA®} TOPOE Polyvinyl alcoholo] 117%3}st
PVA-D2EHPA/TOPOZ £%09] 2] o]l A|A
s, ol (BAtst ashgstu)
Removal of copper ion from aqueous solution by PVA-D2EHPA/TOPO
immobilized D2ZEHPA and TOPO with Polyvinyl alcohol

Jeong-Min Park, Min-Gyu Lee" (Department of Chemical Engineering, Pukyong National University)

Al M F F24 L 9019012 A9stT Pt SHHAL slRo] oF 2003 € ol vjEH 0], 4o
2 F34 5 Pt Lo AURollA SEED ook Fa40] REUYW YA ol Fxso] At AE
2 Yot 3ol 2URA 28000 £a U] H 9ok,

|

& sl s S50zl sl =2 A=Y =2 AA aes 7= o

- xE9Ho] dYtdo g ARRE W Qltt Saidi and Khalaf[1]2 FZEA] D2EHPAR} TOPOES &4 AREsto
ste= A7sks A5 298 2, &4 D2EHPAS T2 ARESE 4eEths &4 TOPOS &7 A
& el FEAIY AUA] gitol] Qs b2 AlH sl "7}°}E}J- Hnstoict. ShARE -0 FEHL2
Ale] 227t of2fE #eF obde}, Fefshks oA &4 R /7] 801 fE 22 =AI7L

3

B

o b
HHM'

nﬂw ﬁ

uZ 4> oo o
oZ o 1

w12

AlE o 7E) REAF BERA o] wAslstel A8 st

o 24191 Polystyreneo] &4 Aliquat 336 _’7‘42}0}@] Za4&

S sejelglon), TRAIEAS olgslol 25ME DAY 2EM7 95

Ve AAGE Fhck stct.

2474 2300 2aalolol Aol Bool Aol 2
FAE o]z Qlsl 1EAF BEHARO] &AM RE E/40] EEA|Br 1FALE

o] Tast. ﬂ%ﬂ =% % Polyvinyl alcohol(PVA)% oAbt 7t ARs shof ¢ 3

A, hydroxide group& 7HA]L Ql= F147d AL@Ato]7] fizof] &9 R-&0] d&sh §45 7HR|AL ot

Tl 2 7ol PVAZ 1st 242 Atgstel AlUxl muE Jil: £ FRCl 2% DIEHPAS

TOPOES &M 1ASIA]A PVA- DZEHPA/TOPOE Azstgon, SEMy} FT-IR=Z PVA-D2EHPA/TOPOS] &

A7t Al2E]al 9t} Yang et
r. Cd ¥ Zng AHsk=

C
SA] gron), 9 ALgalol

4>
Pz

ﬂ
ry
=2

K
M
_>'j‘

d EAE sl Bt AlRet WAFEAIE ol8sto SEA ddE &3l 7 ol AlA 54& EmuEgt
on, £ERH, 24, pHO| Il thsh A5t

ﬁ?t al 7 xRF

Z&A| D2EHPAQ} TOPOZ fo} =72% PVAO] 1783t sto] 1A 2EA1E AEstRen], SEM¥} FT-IR&
Mg &sto IAFEA FEAPE aapdor wAskE S skt 27] Y o9 wEE WA

PVA-DZEHPA/TOPO®] 2] o]29] A+ &E/d& dmEcton], ¥y A9 Zit Langmuir 5240 & A&

v Fo AAZES 16.4 mg/gO 2 Ate|ojF ),

g3

1. Saidi, M. and Khalaf, H., “Using Microemulsion for Recovery of Uranium from Phosphoric Acid
of Annaba (Algeria)”, Hydrometallurgy, 74(1), 85-91, (2004).

2. Yang, W. W., Luo, G. S., and Gong, X. C., "Extraction and Separation of Metal Ions by a
Column Packed with Polystyrene Microcapsules Containing Aliquat 336", Separation and

Purification Technology, 43, 175-182 (2005).
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A Combined Study of Raman Spectroscopy and Molecular Modeling on
the Boron Removal from Seawater

Ki Heon Eom, Min Kyung Kim, Yong Sun Won"

Department of Chemical Engineering, Pukyong National University, Busan, Korea

NE
a1 U 840] 2t o 4-5ppmolct. Tefub AARZZ| HWHO) Tf2s Fat oA 2 Al2o] Ao
2R ke YL VAL o2 YA 9o 1o ue} g 5 B4 52 0.5ppm o5t SAIT Ze

e,
rII
HEn)
lo
Hu
>
oo
)
ot
15
oz
b~
[‘\l‘
AL
rlo

pHOA 9] B(OH)set =2 pHOA ] B(OH)s 9] FElE 71Tt B(OH)s

tooAEld 2 @ S JhsAo] B W BOH)E SNEAA AL 2 4 9o oo
842 957] 93t pH £7o] ol ofo} 3ttt T2} BOH)S E2leu Askee FHstel atel 3
71 FMRICR S149) pHE A WRIAIA] T GAESolN B4 AAXZ 4 A7 Bt

B AT BARDRS o84 ol2A9l 29l M3 o), UA| MO pHol ThE Pao] He watel
B4 - Belg ARABO Blgt B4 AUE vlmgto=A Rystech
AR}

B s 20139 SideAtE Rjdo R st eA el AlES ot 3 AL)(7hAstol =2
E

U E ol &3t sisgast 7eiasNg)”

N

Zru 23

1. N. Hilal, G.J. Kim, C. Somerfield, “Boron removal from saline water: A comprehensive review ,
Desalination, 273, 23-35 (2011).

2. N. Geffen, R. Semiat, M.S. Eisen, Y. Balazs, 1. Katz, C.G. Dosoretz, “Boron removal from water
by complexation to polyol compounds”, Journal of Membraine Science, 286, 45-51 (2006).

3. M. Taniguchi, Y. Fusaoka, T. Nishikawa, M. Kurihara, “Boron removal in RO seawater
desalination”, Desalination, 167, 419-426 (2004).

4. R. E. Zeebe, A. Sanyal, J. D. Ortiz, D. A. Wolf-Gladrow, “A theoretical study of the kinetics of
the boric acid-borate equilibrium in seawater”, Marine Chemistry, 73, 113-124 (2001).
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Photocatalytic Decomposition Characteristics of Binary Vapors Consisted of

Toluene, Acetone, and Methyl Mercaptan

Jin-Woo Jeon, Min-Gyu Lee”

Department of Chemical Engineering, Pukyong National University.

AE

BT F43 Agslel BAIsH Tein iR JEAM0] 7o RM OpledeHel Wil Algel £718
ATotol BAUY FoUS FE A0 YA ok of2fdt UPIeHB L WY AR, ¥ U 5O
2 RRT & U0 WIS B F SFAL BL olyR, B S/t ANz SUse A9 13,
TE. £ 52 Qosu[l], AER 2 F oHIES Al £718012 gol 2ol1 o] 47t A3 A
o7lm 58718 Fo KUYl FRNA/IS Aste Yok Teiw PIAFE F ofPol2yTe 0,002
ppm w0 OFF e Swoln WAL Lo ke SwolAe 4zt S42 Uehdch sietaolt sia
Repga e ARAOIN BEEE JIRdAE B2, OHIE, o2t Sof 2] susol WEHm,
o5 8L Yol A FFS vlAA Bk

o
=21
d71ed=4o Ay ozs g5, %‘é%%’_ih A4, dio]dH 194
Ao, o] & FFT e AL AFstH, EU] g Hojxe A
A9l 7)ol
TefA 2 AoM e YFE 220 2% =
o7 EMstke et olg 5717t Mz 239 247
7F 22X
= E

HEoLon], YojGwet Ahsro] Walo] nje

2
x

Addy 3 u&

2 AoA AFESH AY FR]= ¥h37] Woll TiO 2 IFHSH thy/d g wdgoz Adsiict Je2la
Yh3719] AekRol= 2709 16 W UVissigsnms ARISHY W, SRERO= 2719 1 UVosanms XI5 A
&5ttt Fig. 12 {3°] 3 L/min, 545 =7t 50 ppmvel AFEAA EF40, ofdlE, HEH =23 A
HNagS vluste el ZlojH, o] O AlAg&2 HBHEUE> O E>EFA +o2 LR
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Preparation of PSf/D2EHPA/CNT Beads and Removal Characteristics of

Strontium Ions

Jin-Woo Jeon, Sung-Hak Kim, Min-Gyu Lee”
Department of Chemical Engineering, Pukyong National University

AE

A 2o AR A A AfLR T2 o] b REEA0] EYolY sl o= {EE 0] o
2 ol g 7T WAls LAEA F AEEE o2 &dllido] ol aFollA e AtEsh e =
3E 7L Qlod, QA YolA sEtA fAMS 7HR= Za ol AlgtElo] §1E, Wy 5o AYE 7
A7l e AR deA ot

%#2A| % di-(2-ethylhexyl)phosphoric acid(D2EHPA)= &714F AEe] £&A2K 529 345 Ol%% Al
Aot w2 &8 AEES 7K AoE deA Qlof, Fa], ofd, d 59 4 ol A7id] dYRo=
de] ARgElY @ Q1] Z2]a SAMA & CNTw= 22bd A|Eof SAUAPT 29 igs o]FiL Qlo]
08 A 75t AeAr8-2 dor|n, vlx§Ao] 27] gl 554 ol frlektEol tol =2 &8s
< 7 oz A=A glo] oo tigt A7t FEE L Qlrt

2 oLofAE= polysulfone(PSf) 2.2 D2EHPAQF CNTZS vAslst H| =2 Alx519 1, SEM, FT-IR, TGA &
Mg Bl Alagt vlEe] S42 AmEgton, pHet 555 Fjste] AAZ L85t

1\1—?%]7:]-1 1] _]—p__‘P

H HlLoA= PSfE 1-Methyl-2-pyrrolidoneo] 2ojA] =91 © D2EHPAS} CNTE UAZF D1 o2y
SR Egdo] dojzo] AMRSIFOH, AERE o290 Frt YA E=/(Shimadzu. AA-7000)E Al
gsfo] EAsHeTt.

Fig. 12 PSf/D2EHPA/CNT H|E9] Scanning Electron Microscopy(SEM, XL20, Philips)S EAst Aut=
UERA Zlojct. PSf/D2EHPA/CNT Hl=9] 9|3 UERH Zog v]=9] A1Fo] 3 mmel ¥z FAd
of. 123 Al&gE PSf/D2EHPA/CNT HlE= O/ 122 JdE+= A2 & - Aok

Det: 55 1mm ol

Fig. 1. SEM image of outer shape of PSf/D2EHPA/CNT bead.

Fruss

1. Belkhouche, N. E., Didi, M. A., and Vellemin, D., "Separation of Nickel and Copper by Solvent
Extraction using Di-2-ethylhexylphosphoric Acid-based Synergistic Mixture', Solvent Extr. lon
Exc., 23, 677-693 (2005).
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Preparation of PSf/Al(OH); Beads and Removal Characteristics of Fluoride
Ions

Jin-Wo Jeon, Min-Gyu Lee"

Department of Chemical Engineering, Pukyong National University.

Tas A8z Ao EAfshs fao)= SHRRE B WAlau AR, Hlg, YrEA] AR 2 Ve
o AYA SOl wol st 2 §9Y stuoloh. 24 AldNoR Fei7t off7] miEol Alskeut B
o 250 &4& AL 247t 2 84U SHES Afiske 4R 4 AR S0l 7Is8lE
do7le AA Fafieh 2ol

ol S0 dREHo Ae =45 A2t U2 Zedidee AEcke A ARl 7MY BENoR AR
Ha Qlout W2 9 SAHAIE ARgslor dithe ©o] ot ESE goju, AV|SA, B, ol2ueaA]
2l S WYEo] AREEAL ot of FolA AR H]go] XSt A2 oyt a4tE 0, ¥ Rt
Aolal fAII7 doks Aol Atk

45 AAS] AT SAAE ER0lE, 2, Aled 22 a5Ueke2 7H0] AFstal 240l el =2
Aot 7L Qlt) W2 AAS2 of2fer SAAIE g8 =20 IRAFA ARESHL loy, FUHE| 9
SRS FHAA ARt Aol SAFOl dakal g0l AtAold, d8Y a&iete2 #E0l ¢
old 4 Sl

FZolle AEA 22<0 polysulfone(PSf)o2 QI X235 gg /gelet BIES ARG FRo 289 S
% o223 adoz MAT 4 AT SR PSte A, stelA 123 7IAA PSS 7KL Q1o

IR0l pAbetE2 sshd R8e LA 2= Alsdnh

TetA 2 A-oA= PSfR Al(OH)E 178t H|EE AlRsto] 249 AASES FESIH. A Ats
£ Langmuir &5 517 UlRaaieht S840 A 8sto] ZEslgion], FEol2a pH Hslo] me
= AHHEIT

2 dpold: ACH, Boe TAslel Agelgion, FAME Axsb] gslel PstE 1-
Methyl-2-pyrrolidoneo]] 2ojA 591 & Al(OH); +%= AT 21 oEt=d 575 8o 2oz A
Zstct AFst Alg= o]l 3 2utE 12nj(lon Chro-matography, Dionex, ICS-90)S A3t 24 o]
9] F=5 A5 Ala" PS{-Al(OH); B]=of ot 24 o] 29 AA AAA &4 o9 7] =&
25-400 mg/L2 Zejgt 790l S57} S71at] mep B4 ol 2o] SAlo] Arlels 702 Lehgr),

of
ol
o

A

1. Ma, X., Li, Y., Li, X., Yang, L., and Wang, X., "Preparation of Novel Polysulfone Capsules
Containing Zirconium Phosphate and Their Properties for Pb? Removal from Aqueous Solution".
J. Hazard Mater., 188(1), 296-303 (2011).

176



PB-33 EAE{SHS

Het ulo] QA Eao] BE Ak 54 AT
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Combustion Characteristics on Co-firing of Biomass and Coal

Lkhagvadorj Shagdarsuren, Sang-In Kim, Byoung-Hwa Lee, Chung-Hwan Jeonf

Department of Mechanical Engineering, Pusan National University,

Pusan Clean Coal Center

AAE AR o|A] Q9] oF 80%E stA=R0] oJEsty Qlon AR F oF 50% AlEto] oEshil
9lch. %] RPS(Renewable Portfolio Standard) 9] FAIX|AJo] T2 Hlo]|QUA AFR-S Ax} Z7)stil QIch
TefA] & AFoM e A" vpo]ujAl] s4F Foll UEhbe A4 54& TGA (Thermogravimeric
analyzer)?} DTF(Drop tube furnace)g ARgsto] UERGITE. & AGoA AREH 24 22 AHo

biomassS EI7|&C 2 5%, 10%, 15%, 20%, 30% =450 Biomass blending ratio (BBR)S Z7HA|ZiCT
TAE9] TGAL T7] BY7|oA] Heating rate2 10 °C/min ©]1L, 900 °C 7HX] £7A it =391 DTF
L feeding rate 2 0.3g/minolx, 3¢ 29]7] &%= 1300 °C0ﬂ/\1 AlSg Asistgirt B o] Anfe 1
A5 0llA vo] QuiA9] SFS SIS Tol ¥4 A AR Ae & 4 AU 2ZEAT FR50
A "ol QUIAQ] A4S ZVHIZE ol 10%7HK]= §137d0l 5716k= e & & URT 20%0]%00l= 2
518 9hg/do] dasts Zs & 4 At ol HiolujAo] Eadfo] FUteto] TetA g4 A4z st
of 2710 Ata AFATLR IstolA £9 AT S £ A= A2 & & Ao GepA Bio]leujAE
2o 352 o 10%8 =7 289 24gds & & Atk o] #2 Zits dRl4o vio]QujAs 24

177



PB-34 ZAE{&H4Y

Phenothiazine-PhthalimideZ] A=A 3182419 gt A x| Alkyl
Side-chain©] OPV device EXJ0o] 0]x]= gk

St 8T8, QAL WEA«

et A=t

Synthesis and Characterization of Conjugated Polymers Containing
Phenothiazine and Phthalimide: Effect of Alkyl Side-chain on the OPV

Device Performance

Han-Sol Yoo, Dae-Hee Yun, Je-Wan Woo, Yong-Sung Parkx
Department of Industrial Chemistry, College of Nature Sciences, Sangmyung University

A 22ja Atdetel 22 SEA9 Alstz eHgAIstA ol KAV
go] tiFELL Qlth trAor 22, 3, vo]ujs, A|Fap 22 A 7H55h of
LVHJ 7H‘?£°] gds] AegEa e I F shrt BiYE AUXoltH1]. R 71 d2] ARREAL e
HYE ouA] e A2l Bt A EYRAY g as A 20 % 2E0= AMIE,
IR eR ARREE g E5] & 4 ot 234 V1SS ol&Rt 7lsol7] WiEel ARl 71Ao] skl
Fdo] Fon B4t g0l EAS. ol2igt SHAE ZHAdsh ] flell ARl Q= 7]eo] RYIEYA
] (organic photovoltaics, OPV)o|tH{2]. R7IEYIX|9] ¢ del& At 2] R7]&2 olgsto] A
715 AAs] diEol |47 BT 2 Al AR FEIE tdstl AAE 4 glen e Ho ggR
woroll Mg 4 QUTH3]. SHAIRE FAHA] At OPV AAN] gilwigta &2 11.3 %7 w0l st
TS st A7 A& oz oA Qlrt. OPVel 1a&3ts oire H2 ¥ HELS 54
)= low band-gapd} =& 7|4}~ (open-circuit voltage, Voc) UERYZ] st low HOMO energy level
g e ey R o] Wasiet Est goigAo] AYF 8= 2 st side chaindt AAH
conjugation length®] &H = QJst &otrof st H1x = Q3stcH4.
2 AoA OPV EA RS 9l B E9] donor material2#] -2 band-gapit HOMO energy
levels Zte A=/ 1RAE /st EsA, A7|ststA E4dat Eii?‘] Rvgteas 54 2 24
sttt ghAdst M EAR= e HOMO energy level2 ZH= phenothiaziney} phthalimideS 7|2 Z40=z
RISt o 1EAte] 8ol P2 HIsh LZAe] backboneo] thefeh alkyl side chaing =3I &
Mo Dlil% gare spolsleict. nEAle] Wl M7lssls] 54 AT optical bandgap
energy’} 2.06 ~ 2.17 eVO &2 AAIE 1 UV-Vis spectraoA 300 ~ 600 nme] JAoA 5471 dojub=
718 sholstgth E£3F HOMO energy level2 -5.08 ~ -5.54 eVO g2 UER}OW 7t 11 EBXALS A 83t device
o] WXHstg g =4 A1 dodecyl chaino] =A% PDAPTZ-TPT7} 0.91 % (Voc = 0.66 V, Jsc = 3.6
mA/cm’, FF = 38.6 %)0.2 71A} =7 Uehdct
Reference
[1] Lee, J.Y., Lee, S.M., Song, K.W., Moon, D.K., Eur. Polym. J., 48(3), 532-540 (2012).
[2] Chen, G.Y., Chen, Y.H., Chou, Y.J., Su, M.S., Chen, C.M., Wei, K.H., Chem. Commun., 47(17),
5064-5066 (2011).
[3] Ahmed, E., Kim, F.S., Xin, H., Jenekhe, S.A., Macromolecules, 42, 8615-8618 (2009).
[4] Gunes, S., Neugebauer, H., Sariciftci, N.S., Chem. Rev., 107(4), 1324-1338 (2007).
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Synthesis and Plasticity Characteristics of

Di(2-ethylhexyl)-5-norbornene-2,3-dicarboxylate using C5-fraction

Dae-Hee Yun, Han-Sol Yoo, Yong-Sung Park, Je-Wan Woox
Department of Industrial Chemistry, Sangmyung University

R

Ztadle AE2AME 7hsshe o oA e ESact AVl & shtEA AEA 2200 F7HE o 7}/\’“% 7
ofstil, 224 42S WA 4t FAS Aes XS of & ¥E VIAaAR)] ZEolEA o=
53] PVCE FERZ s sl 1930 RE AREEZ] ARSI Je2fu Al A= dlethylhexyl
phthalate (DEHP) & 6%°] ZEo|EA 7tax|7t Ao Rafisitte A7E27d<s Wil 19999 RE &gs
2202 A2 & o2 ZoplM A=) AIASIAEE & Atollde ZR0lEA stdEe] =0 o
wAES BYStAL Al Rt 7Hsde AU e S49 MY S didlst oAy RS EYs
of A&FAR Al 7taA FEEES Akl /st Ei} cyclopentadiene (CPD)E &2=42= ¢
norbornene”] 3}gtE2 0] 830 24 ChHho-29] HIIK|E A & Qi)
Di(2-ethylhexyl)-5-norbornene-2,3-dicarboxylate (DEHNDA)S] ¢/d2 CPD®} maleic anhydrides
Diels-Alder reaction®2 ®h3A|7{  5-norbornene-2,3-dicarboxylic acid (NDA)JE Ax3t &
2-ethylhexanolx} titanium &Uf 3}of|A] esterificationsto] A=t 49 stgHE2 'H-NMR# GCMSE &
8 =elstoict.

e 2ol FhariAe] B4 HolL olamal 1Ret PVCH) Hslo] We hax|el DOPSt Hlstel
Qirt. olamal n9ojo] K87]EL ASTM 34030] ©l74sko] DEHNDASH DOPE 717 2ot ujglatol
ARSI ARt Aoz AR, uE, APAE, AFE SO 24S S45AL, Heny SHoz
U 23R ARIOR AW FFEYS Selstnt. B3 RUREE S4ste] 19gE BS AR
7Hs78S oSkt Egh DEHNDA 9 DOPe|] PVCete] A8-2 PVC (P-1000, @gtatA|n|Z),
gfjglete] A|H-ES AASHETH AJH-E Hobart mixersS ARgsto] 120°Cof|A] 158 =9 blending
70°CollA} 5% =9F roll milling 3¢ Ch 23 oS 180°CollA] 1287t pressdlo] 1mme] A2 A&t
H"*D} AAR APEY 28Rl Yl =, A=, ddEs FAsL, Rkt Aol =S DOP
o} u]@ato] BAjsteirt.

DEHNDA®| 7} 2A0] Al84ute 15ojo] &8s}
~37] A7 BQITE ol 2L oo FhadS
W FHAM fefstts A ouigith. E3F PVCO A A] =9t F== DOPE A&t FJfE
o o Een, dilE Eot B2 RIS ¥ o= DEHNDAVE 7hg/do] 435ttt 21 LEhdct. Eot
A AlgolME DOP Hop Rihg2 EojA|il Hie w2 £XE UEUe Z122 Hop BF9 9740
DOPE A& oF ZeHet Ajste 22 &Helsiltt. FaX = F/deh DEHNDAE o|4aZdll 1.7ef PVCO|A{Q]
DOP9| 270 &3t 7taA] SEEE= WHE 4 Qloh

A 2

e AR ERIE T AR NEAIG (A 2:10035187)2] AHH] AlLL.
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Synthesis of 2,5-furandicarboxylicacid (FDCA) and its

di-ester from galactaric acid

Nhan Huynh Thanh Thien,'” Jin Ku Cho *'#
1 Korea Institute of Industrial Technology (KITECH)
2 University of Science and Technology (UST)

2,5-Furandicarboxylicacid (FDCA) is a carbohydrate-based renewable chemical with
applications in pharmaceutical chemistry as a chelating agent and potentials in the polymer field
as a substitution for terephthalic, isophthalic, and adipic acid. In recent years, the production of
FDCA from biomass resources has been studied; mostly focused on catalyzed oxidative dehydration
of monosaccharides (e.g: fructose) and selective oxidation of 2,5 disubstituted furans (e.g:
5-Hydroxymethylfurfural - HMF). In this research we studied the multiple-step synthesis of FDCA
and its di-ester from galactaric acid (also known as mucic acid) using homogeneous acid catalysts.
Different reaction conditions, catalysts and solvents were applied in order to achieve the highest
transformation. However, a few technical barriers in the process, including selective dehydration

and cyclization, have yet been overcome.

Keywords: 2,5-Furandicarboxylicacid (FDCA), 5-hydroxymethylfurfural (HMF), galactaric acid,
dehydration, cyclization
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R S
shtes= ol uiA2RE A|Es5h7] et A-7F &ds] RlegE Omr 1 % Hio|QUjA Jof ©HaehEo]
FGaoHhEeS S0l dolAls HMFE= ot WUas eigt=29] Hgho] 71t 38 sefes 7282 ¢ 9l
. 2 A= MnOAIRIAl ol A2 24 Ru(OH)E Kiho}i o] HMF9] 4Fehgh-3-9] S+t
FUi2 Agsiict. Est oot 7)o whE HMF AtePid=2o] AdeEido] dight wdstd=td, 259 22
2574 BUE /\}%3}9"1% 3%, Ru(OH)/MnO &t A2 A9 Atax7d stojd HMFZ  DFF
(2,5-diformylfuran)2 AEM0 2 4FRA|7]= 215 &elstlal, £80 AoflA= Ru(OH)/MnO,&T19] 4tels
Ho| 7¥stE]o] HMF7t FFCA (5-Formyl-2-furancarboxylic Acid)7X] Alste]= 718 &0l 4~ 9l9ich

Keywords: 5-Hydroxymehtyl-2-furfural (HMPF), 5-formyl-2-furancarboxylic acid (FFCA),
2,5-diformylfuran (DFF), ruthenium, maganese oxide
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Production of Epoxide Derivatives from Vicinal Diols for Tailored

dehydration of biomass derived feedstocks

Tae Yong Kim, Jayeon Baek, Chyan Kyung Song, Yang Sik Yun, Dae Sung Park, Jeong Woo Han',
Jongheop Yix
World Class University Program of Chemical Convergence for Energy & Environment, School of
Chemical and Biological Engineering, Seoul National University, TDepartment of Chemical

Engineering, University of Seoul

i

932 esh W2 AAE AASHAY Yshe 716571
o] o] g&o] Tt AR
2folER fiiEys gR0[=AA0lE AFe vAKIEo]l & o]&&o] §itt. SHARE vio] QUA R RE]
& building block &telE50] Agtelolltt= A2 13ste] Bots of, AMFUiTHE o] &st= B4
271 EE0] k= HolA o] QUiARRE 1NRIPIA] shetEg Fotdiet] 29
gpolulA feigde 71EY] AFEURte OE FE2E &0l M2 e A4t
A2 vpojeujjAo] HgtoAl F a3t Q4S5 AMX|SHT)
gk "jAlE stol=54 7](vicinal hydroxyl group)2FE P4
Sl ozt Aot} v]Al'd Slo]EgAl 7]
-L g, 23 B 2o sl d=len, 27t
APO|EE Aatstelnt. olet e o ZAtolE 279
2= 71F0R HE U AHEUe] 4% nEogr]E,
£ Zde 242Y Ao sl H olif9 Aol FSAIg, olet tiju]st
yog Z7pAel ghgo] "X golshA Hot. o] A oA ol2fst
S-HEAZ sk Azt A2 Foivted 2o tisiA s B st o]
folEE 3-HEI-2-Z=2, upX|tos 3-REl-2-
1.3-Hejdio g Heksh= 37}94 ‘ﬂ%gi o] FO| Xt} ZI7to] §hgo] & =2 AHE g o]RojX|4L,
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High voltage supercapacitor systems using novel patterning approach

Inho Nam, Gil-Pyo Kim, Soomin Park, Jeong Woo Han', jongheop Yi (10 point)
School of Chemical and Biological Engineering, Seoul National University, ';'Department of Chemical

Engineering, University of Seoul
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Micro-supercapacitor on a Chip,” Adv. Energy Mater., 1, 1068-1072 (2011).

2. Xiao, X., Li, T., Yang, P., Gao, Y., Jin, H., Ni, W., Zhan, W., Zhang, X., Cao, Y., Zhong, J.,
Gong, L., Yen, W.-C., Mai, W., Chen, J., Huo, K., Chueh, Y.-L., Wang, Z. L., and Zhou, ]J.,
“Fiber-Based All-Solid-State Flexible Supercapacitors for Self-Powered Systems,” ACS Nano,
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3. Xu, Y., Lin, Z., Huang, X., Liu, Y., Huang, Y., and Duan, X., “Flexible Solid-State
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Synthesis of 3D mesoporous carbon material and application for the

conversion of woody biomass to the sugar alcohols

Dae Sung Park, Danim, Yun, Yang Sik Yun, 'Woo-Sik Kim, Jongheop Yi*
World Class University program of Chemical Convergence for Energy & Environment, School of
Chemical and Biological Engineering, Seoul National University
'Department of Chemical Engineering, Kyung Hee University
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Fabrication of conductive carbon networks for supercapacitor
electrodes

Soomin Park, Young Geun Yoo, Inho Nam, Seongjun Bae, Jongheop Yix*
World Class University program of Chemical Convergence for Energy & Environment, School of

Chemical and Biological Engineering, Seoul National University
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Hydrothermal depolymerization of alginate into organic acids under
subcritical conditions

Wonjin Jeon, Chunghyeon Ban, Inhak Song, Do Heui Kim"

School of Chemical and Biological Engineering, Seoul National University

Alginate, one of the main constituents of algae, is a biopolymer comprised of mannuronic acids
and guluronic acids via 1.4-glycosidic bonding. Under subscritical conditions using water as a
reaction medium, the bond between two uronic acids can be selectively cleaved into smaller
molecules, viz, monomers. Further decomposition results in mono- and di-carboxylic acids, such
as lactic acid, succinic acid, and malic acid. This research focuses on the effects of different
reaction conditions on the depolymerization of alginate. The reaction parameters controlled are
temperature, reaction time, reactant concentration, and, more importantly, initial pH of the
reaction medium. After hydrothermal reactions, the liquid phase was analyzed by gas
chromatography-mass spectrometry (GC-MS) and liquid chromatography-mass spectrometry
(LC-MS) for qualification. Quantification of the organic acids was carried out by high performance
liquid chromatography (HPLC). Gel permeation chromatography (GPC) and LC-MS were both
employed to verify molecular distribution of the biopolymer.

References

1. Aida, T. M. et al., "Depolymerization of sodium alginate under hydrothermal conditions",
Carbohydrate Polymers, 80, 296-302 (2010).

2. Aida, T. M. et al., "Production of organic acids from alginate in high temperature water", /. of
Supercritical Fluids, 65, 39-44 (2012).

3. Niemela, K., and Sjostrom, E., "Alkaline degradation of alginates to carboxylic acids",
Carbohydrate Research, 144, 241-249 (1985).
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Numerical analysis for properties of active materials to Lithium ion

batteries
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Production of 1,3-butadiene using glucose fermentation liquor

Jayeon Baek, Tae Yong Kim, Chyankyung Song, Jongheop Yix
World Class University program of Chemical Convergence for Energy & Environment, School of

Chemical and Biological Engineering, Seoul National University
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Plasmonic core-shell nanostructure for efficient energy conversion of
visible light

Sungju Yu, Yong Hwa Kim, Su Young Lee, Hyeon Don Song, Jongheop Yix*
World Class University Program of Chemical Convergence for Energy & Environment, School of
Chemical and Biological Engineering, Institute of Chemical Processes, Seoul National University,
Seoul 151-742, Republic of Korea

Plasmonic nanostructures have advanced with great strides in enhancing solar conversion. One of
the remarkable features in plasmonic water splitting is the localized surface plasmon resonance
(LSPR), which arise from a collective oscillation of free electrons at metallic interfaces or in small
metallic nanostructures. The phenomenon gives several advantages to the photocatalysis. First, the
plasmonic metal nanoparticles in a nano-sized metal/semiconductor junction act as a
photosensitizer for a strong absorption of specific wavelengths in the visible region. Second, the
metal nanoparticles act as an effective antenna, which is particularly useful in semiconductors
where the minority carrier diffusion lengthsare short. The antenna can change the photon
penetration depths into the location close to are active surface, there combination of electron—
hole pairs can be minimized.

Here, we combined three compositions of SrTiO; and Au@CdS core-shell in a nanoparticulate
system to enhance hot electron transfer. The ultrafast decay of hot electrons can be efficiently
reduced by strongly coupling with Au and CdS. In addition, a Schottky junction of Au and SrTiOs
easily injects hot electrons from Au to conduction band of SrTiOs;, and the perovskite SrTiO; leads
to a favorable transfer of charge carriers to active sites. We also demonstrate that most of hot
electrons derived from Au@CdS core-shell favorably flow to the surface of SrTiOs;, where they
reduce H" or are able to be collected on the circuit. This novel plasmonic nanostructure will

provide a new and effective strategy for solar energy conversion under various wavelengths.
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Synthesis of open-pore structured Brgnsted acid catalyst and
application for the dehydration of glycerol

Danim Yun, Tae Yong Kim, Dae Sung Park, Yang Sik Yun, Jeong Woo Han, Jongheop Yix
World Class University program of Chemical Convergence for Energy & Environment, School of
Chemical and Biological Engineering, Seoul National University
'Department of Chemical Engineering, University of Seoul
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Preparation of nano-sized solid acid catalysts with hierachical
structure and their application
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Rok Lee, Jongheop Yix*
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Used-Cigarette Filter Derived Mesoporous Carbon for Supercapacitor

Applications

Minzae Lee, Gil-Pyo Kim, Hyeon Don Song, Soomin Park, Won Gyun Moon and Jongheop Yix*

School of Chemical and Biological Engineering, Seoul National University
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Complete oxidation of methane in catalyst-plasma hybrid reaction
system

Heesu Lee, Geonu Park, Jaeha Lee, Do Heui Kim"
School of Chemical and Biological Engineering, Seoul National University, Rep. of Korea

dohkim@snu.ac.kr

Abstract—As one of greenhouse gases, methane is recognized to contribute to the major portion of
global warming. The stable C-H bond in methane requires the large amount of noble metal in
catalyst to be oxidized completely at low temperature (i.e. below 500°C). Thus, we aimed at lowering
the light-off temperature by introducing the catalyst-plasma hybrid reaction system. The
conventional catalytic reaction needs activation energy to induce the reaction, so the motivation of
this research is that the plasma is able to help reduce the activation energy by synthesizing the
active radicals. The complete oxidation of methane was carried out in a dielectric barrier
discharge(DBD) glass tube reactor. Catalyst and plasma were hybridized into one in-plasma system.
In order to separate the catalytic effect from the plasma one, methane oxidation was evaluated
over various catalysts in the presence or absence of plasma at the fixed plasma operating
conditions including waveform, and frequency. Though, input voltage of the plasma-catalyst
reactor varied from
2kV,-ptodkV,_toobservewhichinputvoltageofferedthebestcircumstanceforplasma-catalystinteraction.Als
o,tomeasureplasmaeffect,plasmapowerwascalculatedbyV-QLissajousfiguremethod.Several palladium
catalysts as well as perovskite-type catalysts such as

Lap 5Sro 5Co0s-gwerepreparedandapplied.Inthepresenceofplasma,light-offtemperatureofmethanewasshifte
dtolowertemperaturethancatalyst-onlycondition. Whentheplasmawasactivated, COselectivityincreasedrapi
dly.However,afterthetemperaturereachedabove200-300°C, CO was oxidized to CO,.In the presence of
both plasma and catalyst, methane was oxidized at room temperature and the selectivity of CO
which should not be produced was retained at zero percent. In summary, it was found that plasma
plays an important role in converting methane to

CO/COyandcatalystenhancestheselectivityof COinthetemperaturerangewherecatalysthardlyworks,thuslea
dingtofacilitatemethaneoxidationatlowertemperature.
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1. Gélin, P. and M. Primet, Complete oxidation of methane at low temperature over noble
metal based catalysts: a review. Applied Catalysis B: Environmental, 2002. 39(1): p. 1-37.

2. Kim, H.H., Nonthermal Plasma Processing for Air-Pollution Control: A Historical Review,
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Heterostructure of BiFeOs;-TiO, for solar water splitting
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and Taekjib Choi'*
'Hybrid Materials Research Center and Department of Nanotechnology and Advanced Materials
Engineering, Sejong University, Seoul, 143-747, Korea
’Division of Quantum Phase & Devices, Department of Physics,
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Evaluation of Physical Properties of Hydrocarbon-based Cleaners and
their Cleaning Performance
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A Strategic Study on Corrosion Reduction of Aluminum Substrate by
nPB and DCP Cleaners

Jun Sung Lee, Ba Da Won, Jae Heum Bae, Min Jae Lee", Yoonsang Chang'
Department of Chemical Engineering, The University of Suwon

Department of Mechanical Engineering, The University of Suwon’
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Characteristics and application charactenstic of cobalt slag from
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F—l

smelting process in electric arc furnace
Hyung Wook Nam, Hyuk Jae Lee, Kyung Bong Park, Tae Heui Kim"
Materials Research Center for Energy and Green Technology, School of Materials Science and
Engineering, Andong National University, Andong 760-749, Korea
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Table 1. Mixing ratio of fine aggregate slag for particle-size.

Size of stick(mm) 10 5 2.5 1.2 0.6 0.3 0.15 0.15et. Total
Mass percentage(%) 0 5 10 20 30 20 10 5 100
(a)SPC-100% (b)SPC-27% (c)SPC-25% (d)SPC-23%

Fig. 1. Brick is made of Co-slag fine aggregate and SPC. %
Table 2. Test results of compressive. (Unit : MPa) Fig. 2. XRD analysis result of
Specimens SPC-100 SPC-27 SPC-25 SPC-23 Co-slag.
Compressive strength 56.0 53.2 52.5 50.3
Table 3. Chemical composition of co-slag. (Unit : wt%)
Si Al Ca Mg Cu Mn Ti Fe K Co S
47.1578 | 13.4037 | 12.9992 | 11.7131 3.668 | 2.2984 | 2.1547 | 2.0348 | 2.0005 | 0.9327 | 0.8852

F Na \\% Zr Cr Y U \Y Sr P Rb

0.2177 0.1231 0.0984 0.0686 0.056 | 0.0522 | 0.0491 | 0.0337 | 0.024 | 0.0205 | 0.0087

2) Corresponding author : thkim@anu.ac.kr
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The Effect of Steam Temperature on Drying Rate of Low-rank Coal in
a Steam Fluidized Bed Dryer for Integration of CCS/Coal Drying
System

Gi Yeong Kim!, Young-Woo Rhee!, Jae Hyeok Park? Dowon Shun® Dal-Hee Bae®, Jong Ho Moon®,
Dong-Ho Lee®, Jong-Seon Shin®, Jaehyeon Park™
Chungnam National University!, Yonsei University?, Korea Institute of Energy Research®
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Study on the Characteristics of Bubbling Fluidized-bed Dryer and
Circulating Fluidized-bed Dryer

Jae Hyeok Parkl, Chang-Ha Leel, Dowon Shunz, Dal-Hee Bae?, Chang-Keun Yiz, Sung Ho Jo?,

Young Cheol Parkz, Jong-Seon Shinz, Gi Yeong Kim®, Jaehyeon Park®"

Yonsei University', Korea Institute of Energy Research?, Chung Nam National University®
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1. Park J.H., Lee. C., Park Y.C., Shun D., Bae D., and Park J., “Drying Efficiency of Indonesian
Lignite in a Batch-Circulating Fluidized Bed Dryer”, Drying Technology, 32, 268-278 (2014).
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Numerical Analysis of the Thermal Efficiency of the Heating Equipment
for Freezing-free System on Bridges
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Synthesis of sintering, coking-resistant silica-coated nickel catalyst for
dry reforming of methane reaction

Jun Seong Park, Joung Woo Han, Hyunjoo Leex

Department of Chemical and Bio molecular Engineering, Yonsei University, Seoul 120-749

Recently, a demand for reduction of greenhouse gas has been increased because of the
greenhouse effect by CO; and CH,;. Among various reforming reactions, dry reforming of methane
(DRM) reaction has studied actively. Because DRM reaction generates H, and CO (syngas) gas with
ratio 1. And also syngas is energy source for alternative energy. In comparison with the noble
metal, Ni catalysts show good activity for this reaction and have very cheap cost, but have poorer
durability than noble metal catalyst because of particle sintering and coke formation.

In this research, we synthesized silica-coated Ni/SiO, catalyst with 5.2nm Ni nanoparticle in size,
showed high durability for DRM reaction performed at 1073K. The catalyst maintained its initial
activity for 170hrs, While Ni/SiO, catalyst without coating didn’t retain initial activity and showed

severe degradation caused by Ni sintering and coke formation.
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Heat-Integrated Design of Formic Acid Production via Reactive

Distillation Configuration

Felicia Januarlia Novita!, Hao - Yeh Lee?, Feng Wei!, Le Cao Nhien!, Gyeongmin Kim!, Le Quang
Minh!, Moonyong Leex!
'School of Chemical Engineering, Yeungnam University
’National Taiwan University of Science and Technology

The heat-integrated design of formic acid production via reactive distillation (RD) configuration was
investigated successfully in this research. The design of this process referred to Huang's
process[1] and it was optimized to obtain a better process design which included the minimum
total energy requirement. Regarding to this result, the optimum structure was used as a reference
by the other configuration to reduce the occurrence of the “remixing effects” phenomena. Several
advanced configurations were proposed to handle this phenomenon such as thermally coupled
sequence, and heat-integrated configuration[2,3]. As the results, the “remixing effects” was reduced
and the total energy consumption is less than the base case and the optimization design was
achieved. In addition, the results showed that the external heat-integrated configuration was the
best alternative in term of energy performance for this process.

This research was supported by Basic Science Research Program through the National Research
Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology
(2012012532).
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Optimization techniques research of CH4 release and collection of

static chamber

Feng Wei, Riezga Andika, Yuli Amalia Husnil, Le Cao Nhien, Moonyong Leex

Yeungnam University

Filamentous macroalgae is one of the three groups in the natural river ecosystem. The
filamentous macroalgae usually has higher biomass and better photosynthetic ability than other
algae community, which makes them an important role in the primary productivity in the river
ecological system.

The static chamber is a kind of instrument to collect gas which applied to the soil and water.
The usage of the static chamber is to collect gas such as methane by putting it onto the surface
of the sediment upside down for a period of time. Most of the static chambers used in recent
years are made of metal such as Stainless steel, which are inconvenient to carry and observe
without light transmission.

In order to overcome the disadvantages that the metal chamber’s disability of photosynthesis of
the filamentous macroalgae and the aquatic plants , we R&D a new chamber made of organicglass
with which can help us to research the affect of filamentous macroalgae and the aquatic plants to

the collection of methane released from the sediment
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Ultrafiltration Membranes for Removal of Contaminants on Aquaculture
Application

Gregorius Rionugroho Harvianto!, Heru Susanto?, I Nyoman Widiasa?, Feng Wei!, Le Cao Nhien',
Gyeongmin Kim'!, Le Quang Minh!, Moonyong Lee'*
'School of Chemical Engineering, Yeungnam University, Korea
’Department of Chemical Engineering, Diponegoro University, Indonesia

*Corresponding author: mynlee@yu.ac.kr

Aquaculture product is one of the highest income contributors to Indonesia and Korea with the
highest export value. The presence of organic compounds in the aquaculture in huge amounts
lowers the dissolved oxygen (DO) contents that have an impact on the lack of oxygen supply [1].
Ultrafiltration (UF) membrane technology has been proposed to improve the water quality and fish
health, which is expected to enhance the production yield and decreasing the investment cost.
Fouling by organic compounds is critical factors in the ultrafiltration process [2, 3]. Experiments
were performed to assess the effects of organic contaminants such as humic acid and residual
shrimp feed at various concentrations using the cross flow filtration experiments and scanning
electron microscopy on various types of the membrane pores. All contaminants can cause fouling
on the UF membrane, particularly in the high concentration of contaminants. Decreasing flux
during filtration was caused by both of direct pore blocking on a short time filtration and
deposited cake for a long time filtration. For every csdntaminant, the rejection percentage using all
types of membranes reached 99-100%, but for humic acid, only reached 94-98%. In an actual
aquaculture application, the flux showed a constant value after taking 30 minutes of filtration.
Backwash was recommended to increase the flux in the continuous filtration. In recirculating
aquaculture application, the prefiltration was recommended to be used before the ultrafiltration
membrane for increasing the flux of the membrane. This research was supported by Basic Science
Research Program through the National Research Foundation of Korea (NRF) funded by the
Ministry of Education, Science and Technology (2012012532).
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Debottlenecking Naphtha splitter process via using heat integration

distillation sequence

Le Quang Minh, Feng Wei, Bonggu Choi, Gyeongmin Kim, Moonyong Leex

Yeungnam University

To prepare the feed stocks in the naphtha reforming wunit, naphtha feed stock from the
hydro-treating process is separated into light naphtha, heavy naphtha, and light kerosene in
sequence. In this work, the multi-effect distillation arrangements were proposed to debottleneck the
naphtha splitter process. The minimum vapor flow rate at an infinite number of stages was used
as a preliminary calculation to determine the benefits of these proposed arrangements. Considering
the theoretical viewpoint and the total annual cost calculation, the results showed that the direct
sequence with backward integration was the best alternative for the naphtha splitter process.
Furthermore, the results showed that the total annual cost can be reduced most significantly
through novel combination, such as the multi-effect arrangement with a side reboailer.

This research was supported by Basic Science Research Program through the National Research
Foundation of Korea (KRF) funded by the Ministry of Education, Science and Technology
(2012012532)
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Study of Acetone - Methanol Separation Using Mechanical Vapor

Recompression

Le Cao Nhien, Bonggu Choi, Gyeongmin Kim, Riezga Andika, Yuli Amalia Husnil, Moonyong Leex

Yeungnam University

Non-ideal and azeotropic mixtures are mostly encountered in chemical industries. Many academic
research have been conducted to investigate the azeotropic distillation process especially on
finding a good approach to decrease the energy consumption to separate the respective mixtures.
This study proposed a novel integrated design of azeotropic mixtures distillation process based on
mechanical vapor recompression (MVR). The extractive distillation of acetone - methanol binary
system that forms a homogeneous minimum -~ boiling azeotrope was studied. Based on the
simulation result, the total energy consumption of the proposed sequence is 62% less than the
existing extractive distillation configuration.

The research was supported by the Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology
(2012012532).
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Operability Study of Syngas Treatment Process in 300 MW IGCC Power
Plant

Riezqa Andika, Bonggu Choi, Yuli Amalia Husnil, Le Cao Nhien, Jinhee Jeon', Moonyong Leex

Yeungnam University, "Doosan Heavy Industries and Construction

Coal is the most abundant and widely distributed fossil fuel. Hence, it becomes a key component

of the energy source worldwide. The problem of using coal as the source of energy is to find a
better technology to reduce its environmental footprint. Integrated Gasification Combined Cycle
(IGCC) serves the need of cleaner energy. This technology is developed to improve thermal
efficiency and to reduce carbon dioxide emissions as well as other emissions such as NOy and SO.
This paper focuses on the dynamic behavior of syngas treatment process in IGCC power plant. The
failure of the syngas treatment process will lead to performance reduction in the power block
process because of its unsuitable total sulfur specification in the treated syngas. To avoid the
process failure, a sophisticated process operability is needed to ensure the process can cope with
inevitable disturbances. A dynamic model of the syngas treatment process was developed using
Aspen Hysys®.
This work was supported by the Development of 300MW Class Korean IGCC Demonstration Plant
Technology of the Korea Institute of Energy Technology Evaluation and Planning (KETEP) and
Doosan Heavy Industries & Construction granted financial resource from the Ministry of Trade,
Industry and Energy, Republic of Korea (2011951010001A).
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Modeling and Simulation of in-situ Reactive Batch Distillation

Wahid Ali, Mohd. Sharig Khan, Yus Donald Chaniago , Mudassir Hasan, Reizqa Andika, Le Cao
Nhien and Moonyong Leex

Yeungnam University

In this investigation theoretical work is discussed for the Modeling of the operation of a Reactive

Batch Distillation (RBD) Column. The study is performed to develop a RBD model for the general
reversible reaction, the dynamic continuity equations of mass and energy balance are used for
each unit operation. Model also includes the reaction term, for the general reaction of the type
A+B C+D, with in MESH equations, taken together as MESHR equations. Here time varying Distillate
and column hold up are chosen in the model which results give highly non-linear coupled
ordinary differential algebraic equations (DAEs). Raoult’s law is taken for gas phase and Wilson
Model for the liquid phase for vapor-liquid equilibrium (VLE) present in the RBD column. For
solving the set of DAEs coding in the Matlab is made and the optimum value of reflux ratio and
the operation batch time are obtained. The simulation is then carried out for the optimum reflux
ratio and the total batch time. A case study on Esterification reaction of Acetic acid with ethanol
to produce important intermediate product ethyl acetate was carrying out to test the model for the
given feed conditions. The results obtained are presented and discussed to describe the dynamics
performance of the Reactive distillation (RD) column.
This work was supported by the Development of 300MW Class Korean IGCC Demonstration Plant
Technology of the Korea Institute of Energy Technology Evaluation and Planning (KETEP) and
Doosan Heavy Industries & Construction granted financial resource from the Ministry of Trade,
Industry and Energy, Republic of Korea (2011951010001A).

Keywords: Dynamic Model, Reactive Batch Distillation, Esterification Reaction, VLE, MESHR
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Steady-state optimality analysis for investigating the energy optimal

operation of liquefaction cycles

Yuli Amalia Husnil, Bonggu Choi, Le Cao Nhien, Wei Feng, Riezga Andika, Moonyong Leex

Yeungnam University

This study examined the optimal operation of C3MR (Propane Precooled Mixed Refrigerant), MSMR
(Modified Single Mixed Refrigerant), and DMR (Dual Mixed Refrigerant) process. First, rigorous
dynamic simulation in Aspen Hysys was developed for each liquefaction cycle. Second, steady-state
optimality analysis [1] in the developed dynamic environment was conducted to explore the
operational behavior of each cycle. From this analysis, a map that describes the relation between
cost function and decision variable of each cycle is obtained. By exploring this map a promising
optimizing variable for each cycle is discovered which further can be used to develop an energy
optimizing control structure for respective cycle.

The steady-state optimality map shows that despite the same basic working principles, the
operational behavior of the three cycles is dissimilar. DMR has the narrowest optimal operation
range while in SMR cycle optimum value of cost function spans in relatively wide range of decision
variable. The feasible operation of C3MR and DMR is bounded by the suction temperature of mixed
refrigerant compressor while in MSMR cycle this constraint is inactive.

Based on the steady-state optimality analysis temperature difference between the warm-end inlet
and outlet MR streams (TD) were proposed to be a promising optimizing variable for C3MR while
for DMR and MSMR process is the flow rate ratio of the two working mixed refrigerant. Energy
optimizing control structure for each cycle was developed around the proposed variables and
found to have a favorable dynamic performance.

This study was supported by a grant from the Gas Plant R&D Center funded by the Ministry of
Land, Transportation and Maritime Affairs (MLTM) of the Korean government.
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Energy Efficient Distillation Column of Integration Single Mixer

Refrigeration Plant

Yus Donald Chaniago, Mohd Shariq Khan, Riezga Andika, Wahid Ali, Bonggu Choi, Moonyong Lee*
School of Chemical Engineering, Yeungnam University

*mynlee@yu.ac.kr

Natural Gas Liquid (NG Liquid) as a product of natural gas is one of important product that is
produced from non-renewable sources, therefore, effective design of process becomes more
important in order to make more efficient energy use. In Korea, NG Liquid is one of important
energy for public; it must be beneficial if there is a study to improve NG Liquid process.
Nowadays, many novel of process integration are developed to obtain more effective process, one
of them is Integration Single Mixer Refrigeration (SMR) Plant with NG Liquid production. This study
is focused on advanced scheme of NG Liquid distillation process from one of SMR Process, Korea
SMR (KSMR) Plant. NG Liquid is recovered by utilizing direct sequence distillation. However,
conventional distillation sequences have low thermodynamic efficiency. NG Liquid is performed in
energy efficiency thermally coupled distillation scheme. Proposed thermally coupled distillation
scheme decrease energy consumption in reboiler duty. Several thermally coupled distillation
sequence are applied and compared among them with recovery and purity constrains

This study was supportedby R&D Center foe valuable recycling
(Global-Top-Enviromental-Technology Development Program) funded by Ministry of Enviromental
(Project No:11-A13-0D)
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Optimization of Natural gas processing plant using modified coordinate

decent methodology

Gyeongmin Kim, Mohd Sharig Khan, Chinho Park, Wahid Ali, Bonggu Choi, Moonyong Lee*

Yeungnam University

Modified Coordinate Decent (MCD) methodology[l] is presented in application to process
optimization problems. The MCD methodology is developed to address the optimization problem
encountered in the NG processing cycle, including the operation of a NG liquefaction plant, which
was rather challenging using traditional optimization approaches|2,3]. Search initialization inspiring
by pattern search, sequential coordinate randomization and box space search are the notable
modification made in the conventional coordinate decent algorithm. The convergence and
robustness in calculation of proposed methodology is demonstrated using extensive numerical test
problems. Finally the MCD algorithm is coded in Visual Basic and exploited for optimization of two
process design problems developed in commercial simulator. Successful optimization of Korea SMR
liquefaction cycle and DWC configuration for BTX separation is performed using MCD. The strong
points of MCD are its robust convergence, small control parameters and simple implementation
hence making it suitable for process optimization problems developed in commercial simulator.
Although claiming a global optimum with MCD is still debatable, its simple implementation and
ability to solve practical problems have made it a useful methodology for practitioners.

This research was supported by a grant from the Gas Plant R&D Center funded by the Ministry of
Land, Transportation and Maritime Affairs (MLTM) of the Korean government.
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Catalytic decomposition of NF3; with some metal oxides
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7493-7497(2013)
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Synthesis of optimum dimethyl carbonate from urea and methanol

Chan Tae Ji, No-Kuk Park, Yong Sul Kim, Hee Young Choi, Yeon Baek Seong, Tae Hoon Lee,
Tae Jin Lee*, Suk Hwan Kang'

YoungNam University, "Korea Research Institute of Chemical Technology
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Waste Solvent Recovery from Photoresist Stripper using Vacuum

Distillation Column

Bonggu Choi', Yus Donald Chaniago', Riezga Andika', Wahid Ali!, Kee Kahb Koo?, Moonyong Leex'!
1. School of Chemical Engineering, Yeungnam University
2. Department of Chemical and Biomolecular Engineering, Sogang University

*mynlee@yu.ac.kr

Nowadays, semiconductor is one of the major industries in the world. In manufacturing process,
huge amount of solvents have been used and 7* generation of the TFT-LCD panels was developed,
the consumption of the photoresist stripping solution was increased up to 6 times more than the
3" generation process. Process emitted 50-60% of the gaseous pollutants in the 5" generation of
TFT-LCD process. Therefore it is very important for TFT-LCD manufactures to cut down the
production which is related with costs as well as to protect the environment from the industrial
wastes. In this work, alternative treatment process was proposed. Solvents were recovered by using
sequential distillation system instead of burning them in high temperature incinerator which causes
the environmental problem. Several distillation sequences which using feasibility result of operation
condition constrains and the best distillation sequence with recommended conditions were
proposed.

R&D Center for Valuable Recycling (Global-Top Environmental Technology Development Program)
funded by the Ministry of Environment.(Project No.:11-A13-0OD) and Kee Kahb Koo.
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Power Generation Characteristics of a Sandwich-Type Self-Heating
Thermoelectric Generator
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The feasibility of a unique design of thermoelectric generators, in which a heat source is combined
with thermoelectric elements, is investigated. By placing heat-generating radioactive isotopes inside
the thermoelectric elements, the heat transfer limitation between the generator and the heat
source can be eliminated, ensuring simplicity. The inner electrode is sandwiched between identical
thermoelectric elements, which naturally allows the inner core to act as the hot side. Analysis
shows that conversion efficiency and power density increase as the heat density inside the
thermoelectric elements increases and as the thermoelectric performance of the material improves.
The theoretical maximum efficiency is shown to be 50%, when heat source is uniformly distributed.
We propose a method to alleviate the problem of low efficiency. The main idea is to distribute the
heat source in a nonuniform fashion. In particular, we concentrate heat source near the hot end
rather than near the cold end of the thermoelectric element. Since more heat is being generated
at a place with higher temperature, a higher efficiency than that of the previous design, where the
heat source was distributed uniformly between the hot end and the cold end of each element, may
be achieved. Realistic performance under practical constraint is typically worse than the theoretical
estimate of maximum efficiency. On the other hand, the power density of the proposed design
exhibits a much more reasonable value. Although the efficiency is low, the simplicity of the
proposed design combined with its reasonable power density may result in some, albeit limited,

potential applications. Further investigation must be performed in order to realize such potential.

218



PB-75 EAE{3HM

b
r9,
>~
1z
(o)

ctfet Hia woll EAfists S5 ole2 YA 7 Hde o 4% 2¥e FEshks 2oz dA Qo
Hlauo] $a42 s oz AAsSH| st AshAiF, ol2ud, A 5 o= $7480] A7EaL len, 1
F01]}\1 SAFS Z_]—l:L}g]-J_ B__L]—K-]O] HH:H og 2& gk Qlch

W2 555 olgs oM Al Faigol mhe =il AAsH] offe o4& ol Fo shrh Cr(Vl)el2o]
o Cr(VD)ol22 AAs] fsl Adafefe] axiet 7154 L&At 2 site

S ot 579 AP A7
ot A9 A BA AZlo] A3, J4 nuAte] 39 EAHEY0] A AAv} ofcks TAcl
otk JeloR A ALES JMOR sk AP EA8olt AA &8 FUAIA VY S4stck ot

: : A 3ol Abge olgstel 8147t 7t

SHAIE A AtehETh ARESHe] Cr(VI)ol 29| SATE 4% 89] pHojl &6k
=R A9 pH7t =obA|®H Aol A9l &A] k7] wizol Cr(V)E ¢4

SAAZ @ ARY A AlddstAY, At A7tste] &19] pHE =H3ofof

+ 540l § F7tEe & ARE % v]E HoA FA|R0IR] Zsitt.

2 Ao A s PdQ} Fes042 £43} 5to] Pd-Fes042 MRSt Cr(VI)ol2 A|A 452 sty

Tg nl it 4
7] Slsiate o

ct. Ol A% g APt

219



PB-76 ZAE{&H4

2Hg E5) 2 2 uolulx ofuix] A

AR, 2519, oz}, o]AlE]

REcjsta ApholuA] Zatt

Domestic energy potential of biomass resources with the analysis of

space density
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"Chonbuk National University, Department of Mineral Resources and Energy Engineering
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Methanol preparation from water soluble cellulose by Fenton type
radical reaction

Ju-Il Kim 1, Ju-Heon Lee 1, Dae-Geun Kim 1, In Hwa Lee 2x
Department of Energy Convergence, Chosun University, Gwangju 501-759, Republic of Korea 1

Dep. of Environmental Engineering, Chosun University, Gwangju 501-759, Republic of Korea 2x*

Depolymerization and liquid phase radical oxidation were conducted with water soluble cellulose
such as methyl cellulose(MC), carboxymethyl cellulose(CMC), hydroxypropyl methyl cellulose(HPMC),
hydroxyethyl cellulose(HEC) and hydroxypropyl cellulose(HPC) with the hydrogen peroxide and iron
were added in the high pressure reactor by controlling the reaction temperature. Many volatile
carbons such as methanol, carbon dioxide, formaldehyde, acetaldehyde, formic acid, acetone,
acetic acid and water were formed after radical oxidation it was found that major product is
methanol through the GC-MS and GC-FID analysis. Among the water soluble cellulose, MC showed
the highest yield of methanol analyzed by internal standard quantitative method. MC, water, 30%
hydrogen peroxide and iron(Ill) sulfate put into batch reactor without pretreatment and reacted
temperature range of 100-170°C. The reaction was progressed very explosively the pressure raised
up to 10 to 40bar. The highest methanol yield obtained 24.3% at 150°C.
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glucose sm’bl‘to‘iJ H O) :
: +H,

H,0, + Fe?* — Fe* + OH + .OH -- (Hydorxy radical formation)

RH + OH — R. + H,O -- (Alkyl radical formation)

R. + Fe® — R" + Fe?* -- (lonization of the Alkyl radical by the metallic ion)
R" + OH" —»R-OH -- (Alkyl ion and OH ion coupling)

H,O, + RH — R-OH + H;O, -- (Overall reaction)

s

1. Chizuru Sasaki, Keisuke Sumimoto, Chikako Asada, Yoshitoshi Nakamura(2012) Direct hydrolysis
of cellulose to glucose using ultra-high temperature and pressure steam explosion. Carbohydrate
Polymers 89:298-301

2. D.B. Choi, B.Y. Ryu, Y.L. Piao, S.K. Choi, B.W. Jo, W.S. Shin, H. Cho(2008) Studies on
Saccharification from Alginate using stenotrophomonas maltophilia //EC 2:182-186
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Bioalcohol Preparation with Chemically Saccharified Glucose from
Methyl Cellulose by Zymomonas mobilis

Seo-Jin Park 1, Jung-Eun Seo 1, In Hwa Lee 2+
Department of Energy Convergence, Chosun University, Gwangju 501-759, Republic of Korea 1

Dep. of Environmental Engineering, Chosun University, Gwangju 501-759, Republic of Korea 2x*

The of chemically saccharified glucose by the microorganism was conducted with depolymerized
methyl cellulose by radical catalytic reaction. After methyl cellulose was depolymerized by the
radical catalytic reaction at 150°C for 6hr in simple batch reactor, volatile contents and sugars
separated by rotary evaporator sequently. Reducing sugars concentration was 13 g/L analyzed by
3,5-dinitrosalicilic acid (DNS) method at 570nm UV-VIS spectrophotometer. For the purpose of
remove the remained radicals, hydroquinone added as radical scavenger to sugars or sonication
The radical
2,2-diphenyl-1-picryl-hydrazyl(DPPH) UV absorption method. The sugars was cultivated with the

was performed before the fermentation. removal efficiency was analyzed by

Zymomonas mobilisKCTC, 1534) in shaking incubator at 30-33°C for 48hr as glucose culture

medium fermentation for control. The maximum yield of ethanol is 0.02 g/g from sonicated

substrate whereas is 1.7 mg ethanol/mg glucose from untreated substrate, 91.5%
increased.
18000 2
- il T [A] 1] E;'-' =
= 12000 — 8 | RN it > b 4i =]
g £ i
= < Rdical scavenging
by hydroquinone
0
10 15 20 2 0 330 350 750
Retention Time(min) Wavelength(nm)
Fig. 1. GPC Chromatogram of reagent Fig. 2. UV-vis spectrometer of 0.2mM
glucose 1g/L [A], methyl cellulose was DPPH[A], methyl cellulose was saccharified

saccharified by the radical catalytic reaction
at 100Cfor 6h in hydrothermal synthesis
reactor[B].

by the radical catalytic reaction at 150C for
6hr simple  batch  reactor[B],
Hydroquinone added into saccarified methyl

in

cellulose as radical scavenger[C].

N

raesl
1. Jiacheng Shen, Foster A. Agblevor(2010)

fermentation of ethanol production from cellulose. Biomass and Bioenergy. 34:1098-1107

0

Modeling semi-simultaneous saccharification and
2. T. R. Kannan, G. Sangiliyandi, and P. Gunasekaran(1998) Improved ethanol production from

sucrose by a mutant of Zymomonus mobilis lacking sucrases in immobilized cell fermentation.

Enzyme and Microbial Technology. 22:379-184
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Emerging Chinese Emission Trading Scheme and Prospects for
Implementing Northeast Asian Emission Trading Scheme

Hyuna Kim#, Hyun Jun Park', Zixin Wei'
Department of Economics, Faculty of Business and Economics, Chung-Ang University ';‘Depar'tment

of Industrial Economics, Faculty of Business and Economics, Chung-Ang University

It is now an established fact that the role of China will be crucial in the context of climate change
control. The rapid economic expansion of China has been accompanied by a higher growth of
energy consumption, leading to a significant increase of carbon intensive capital and of
greenhouse gas emissions in recent years.

This study provides a model assessment of the role of Northeast Asia in the context of climate
change policies. We diagnose the potential response of Northeast Asian economies, mainly South
Korea, China and Japan, to the imposition of various climate policies. The study shows that if we
were to implement climate policy scenarios, China would be the country where the largest absolute
emissions reductions occur.

We thus propose a fragmented cap-and-trade scheme with a specific regional market for Northeast
Asia, "South Korea, China and Japan Joint Emission Trading Scheme (Northeast Asia ETS)." We
assess the role of the Northeast Asia ETS on the macro-economy and international transfers
face-to-face the standard case of global trading. Our results indicate that creating two large
trading markets would result in small global efficiency losses, while at the same time generating

more reasonable regional incentives and transfers.

223



PB-80 T AE{SHM
One-pot synthesis of high magnetization FeCo nanoparticles by

modified polyol process and effect of ultrasound irradiation

Rambabu Kuchi, Chi Hieu Luong, Kyung Min Lee, Thanh Son Vo, Yelim Lee, Jong-Ryul Jeong*
Department of Materials Science and Engineering and Graduate School of Green Energy

Technology, Chungnam National University, Daejeon 305-764, Korea

FeCo nanoparticles with different Fe/Co ratios have been prepared from the metal chlorides and

by surfactant free modified polyol process. Ethylene glycol was used as a solvent, reducing agent
in this process. An ultrasound irradiation in polyol process affects the morphology change from

dumb-bel to spherical shape. In the polyol nanoparticle synthesis an ultrasonic irradiation might

induce a better formation kinetics and morphological uniformity.[1-3] All the synthesized samples
were annealed at 600°% for 2 hrs by passing hydrogen gas. X-ray diffraction (XRD) data on the
samples confirm that in all the compositions got a single phase body-centered-cubic structured
suggested that the annealed

vibrating

(TEM) data

Transmission FElectron Microscopy
ultrasonicated FeCo nanoparticles are of 18-25 nm in size and spherical shape. The

FeCo alloy.
sample magnetometer (VSM) measurements reveals that the FegCos had highest magnetization of

236 emu/g among the all samples.
AR
isopropanol alcohol dehydration." korean J. Chem, Eng.. 23(1), 1-7 (2006)
2. Al-Amer, A.M.. "Investing polymeric entrainers for azeotropic distillation of ethanol/water and
M.R. Wolf-Maciel(b),“Anhydrous ethanol

1. Jungho Cho and Jong-Ki Jeon,'optimization study on the azeotopic distillation process for
MTBE/methanol systems," Industrial and engineering Chemistry Research, 39, 3901 (2000)

3. M.A.S.S. Ravagnania, M.H.M. Reisa, R. Maciel Filho(b)
production by extractive distillation: A solvent case study” Process Safety and Environmental

Protection 8 8 (2010) 67-73
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Study on magnetic resonance of metal/insulater/metal artificial

magnetic structures

Thanh-Son Vo, Hieu Luong Chi, Jong-Ryul Jeong*
Department of Materials Science and Engineering and Graduate School of Green Energy
Technology, Chungnam National University, Daejeon 305-764, Korea

In recent years, a group of magnetic resonance structures has received much attentions due to
their interesting magnetic properties and potential applications to high frequency devices. In
general, natural magnetic materials are limited by getting ferromagnetic resonance (FMR) at very
low frequency from 1 GHz to few hundred GHz. In order to obtain the magnetic resonance at high
frequency region such as THz and visible range, various artificial magnetic structures are
proposed including SRR (split ring resonator) etc. Recently multilayer of non-magnetic layer MIM
(Metal/Insulator/Metal) with the dimension smaller than diffraction limit was reported to get the
magnetic resonance in Infrared and visible range. In this work, we have investigate electromagnetic
responses in Au/MgF2/Au nanodiscs at visible wavelength region by using finite-difference
time-domain calculation. It was found that there exist electric and magnetic responses, which
originate from the coupling of localized surface plasmons (LSPs) on multiple Au layers. The effects
of various geometric parameters including size, thickness, and interdistance on the effective

magnetic permeability and magnetic loss tangent will be discussed.

%1

b

i

1. De Li, Ling Qin, Dong-Xiang Qi, Feng Gao, Ru-Wen Peng, Jin Zou, Qian-Jin Wang and Mu Wang,
J. Phys. D: Appl. Phys., 43, 345102 (2010).
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RF magnetron sputtering ¥Alo 2 Z A5t gadolinium gallium garnet
(GGG)7]& £19] yttrium iron garnet (YIG) ¥r2te] 12X, Xp7|dsty &7
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A Study of structural and magneto-optical properties of YIG thin film
on GGG substrate prepared by RF magnetron sputtering method

Kyung-Min Lee, Yelim Lee, Jong-Ryul Jeong*
Department of Materials Science and Engineering and Graduate School of Green Energy
Technology, Chungnam National University, Daejeon 305-764, Korea

Y3FesOp(YIG) a2 1anf &4do] ol A2 AAL| E/dut Faraday @]&lo] Ol 2 AP7|EstE/d O
o Circulatort} Isolator 59 A&n}f AARY Fg4laxtz Ee] 8Ea QIoh[l] Zol= YIGZE 7HK= At
AP AR EHoZ 9] 6}04 Spin Seebeck EffectZ o]8st XM AKX AX2E zHguty Qlck clost
YIG =faF A& ®s ol RF sputtering W2 AANES]Q] Aet wiate] Mlzrt 7hsshal, E7lof] et &
‘do] AAEo] Bt Kﬂﬁo o] f4t Aoz dA Qo & AFoM= GdiGasOn(GGG)71 ¢lol RF
magnetron sputtering WAl02 ZAF € YIG 8fto] xPr1Al gl AP|YsHAl £40S Astlth & ALofA
£ YsFesOpp 2789 Sd=E=5 900~1,300°CoflA 2727442 =9l stlen, 1,200°ColA Mgt 22 =5 &
olsttt. YIG Btk RF sputteringof] 2o $AF & 700 °C ~ 1000 °Coj|A] post-annealingS Eof 273}t
stict ¥hab =&+ S post-annealing 220 T2 YIG/GGG Btato] L&A, Ap7|gstd £E4-S XRD, SEM,
AFM, VSM, MOKES o] &3}o] BAlsloict.

Azl

1. Setsuo Yamamoto*, Hirofumi Kuniki, Hiroki Kurisu, Mitsuru Matsuura, and Pyungwoo Jang. phys.
stat. sol. (a) 201, No. 8, 1810-1814 (2004)
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Gasification Behavior of Roto Coal Chars Pyrolyzed at 300 - 900 C

Yongjin Kong Youngjoon Rhim, Junghwan Lim, Youngwoo Lee, Sihyun Lee, Jiho Yoo
"Korea Institute of Energy Research (KIER),

“*Graduate school of green energy technology, Chungnam national university

M ol& Al HlwA AR BAREY] gdo] E7]o] wWo] dojuil, o7 A4dH char®] homogeneous
T = heterogeneous BF2o|| g3k njXict {8z 2%o] T2 carbonization £49] olslij= £ Q 35t}
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Kinetic of catalytic gasification using Samwha and Drayton coal under

CO, atmosphere

Sang Kyum Kiml, Soon Cheol Hwangl, Jong Hun Jol, Jung Su Kiml, Do Kyun Lee2',
Sang Heon Lee2', Ji Ho Yoo3', SiHyun Lee3’, Young Woo Rheel®
Graduate School of Green Energy Technology, Chungnam National University 1
TDepartment of Applied Chemistry and Biological Engineering, Chungnam National University 2

*Clean Coal Center, Korea Institute of Energy Research 3
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A2 ARl ez o] F5s6to AR5 FAdAcz s 2 o|x|Eo]

woll(pyrolysis)?t XHchar) 7tAet ¥tgog 3a 4 Qo AEs] 2 S22 %‘ﬂe‘ﬂr@ﬂr AAt 24
o] A-20f|A4(350~800°C) &aliE]o] &3]esHDevolatilization)e]= 2743 ojo|sict & g
eteadA] W CHs, CO, Hy HO, HCN 52 Zeshe B]S54 7kt B2t Z2 55744 7hA/AF ol
= W) ol X} 7tASH vRee pAbdl 7]Ake] o]&7F HES(heterogeneous reactlon)_i U 7letx
(Pore structure) w0l vhgo] S4ste] Z9de} vpgol] vha&ert o 2o} webA A} 7hast BR34
ot RA] Aertast 9hg-2 AJulstAl gt AF-7hAst vhgofjA vhgutAo] R0 wet 3A &-457], &
ojttetetart Qlot. Eot AR 7tAstA= 1500°C o)/de] i AEjoA Al o] @2 oyXlass 2ty
A7] ol A2ofA 7tAst BhE-2 RIYsh] $fsto] JUjE ARESIAT: AH7iAS BREA] JUiE AR 4
S WA SUh T/t Ao 4, 7hast vhe 2k A, 98 2 52 AT 4 ok & 04401]’\1
900°C ofste] A|2ofA zf-olitetta 7IASHS T)4fo® shQlt). AlER2 samwha Eh} drayton &Z Af
st AzoA ¥haAds =017] I8l KoCOs, NayCOs, CaCO;, Dolomite it #-2 47| FUlE 7‘47}
of Ag2 Attt 2aFe7st SR EoM S2o2 FA|5to &S Mot & Aot o]ireher Ao
> Mat7] Sl HP°7V\°J ojafetetao] F=5 X745t TGALL GCE o] &dl &f-olitetta 7hAsh
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1. Park, H. Y., and Ahn, D, H., “Gasification kinetics of five coal chars with CO2 at elevated
pressure,” K. /. Chem. Eng., 24(1). 24-30 (2007).

2. Shufen, L. and Ruizheng, S., “Kinetic studies of a lignite char pressurized gasification with CO,,
H, and steam,” Fuel, 73, 413 (1994).
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Study on the Characteristics of K/Mg-based Sorbent for CO, Capture
Using High Pressure and Temperature Fluidized Bed TGA

Chang Ki Byun, Hyo Been Im, Soon Jin Kwon,
Ho Jung Ryu', Doo Yong Cho’, Kwang Bok Yi*
Graduate school of Green Energy Technology, 'Korea Institute of Energy Research, ‘Department of
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1. Y. G. Li., and A. E. Mather., "Correlation and prediction of the solubility of carbon dioxide in a

mixed alkanolamine solution”, Ind. Eng. chem. Res., pp. 2006-2015 (1994).
2. F. Y. Jou et al., "The solubility of CO, in a masspercent monoethanolamine solution”, Can. J.

Chem. Eng., pp. 140-147 (1995).
3. S. Ma'mun et al., "Selection of new absorbents for carbon dioxide capture', Energy Conversion

and Management, pp. 251-258 (2007).
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Characterization of Char-CO, Catalytic Gasification of an Indonesian

lignite Using Kinetic Model

Do Kyun Lee, Sang Kyum Kim', Soon Cheol Hwang', Jung Su Kim' Ji Ho Yoo,
Si Hyun Lee’, Young Woo Rhee'”
Department of Applied Chemistry and Biological Engineering, Chungnam National University
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2 o9l shrinking core model(SCM), volumetric reaction model(VRM), modified volumetric reaction
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1. Kang, S. H., Lee, S. J., Jung W. H., Chung, S. W., Yun, Y. S., Jo, S. H., Park, Y. C., and Baek, ]J.
[., "Performance of a Coal Gasification Pilot Plant with Hot Fuel Gas Desulfurization", Korean
Chem. Eng., 30(1), 67-72(2013).

2. Gong, S. J., Zhu, X., Kim, Y. J., Song, B. H., Yang, W., Moon, W. S., and Byoun, Y. S., "A
Kinetic Study of Steam Gasification of Low Rank Coal, Wood Chip and Petroleum Coke", Korean
Chem. Eng. Res., 48(1), 80-87(2010).
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Phase behavior of ASP solution Using Domestic Surfactant
for Enhanced Oil Recovery

Sang heon Lee 1, Sang kyum Kim 2', Wisup Bae 3", Young woo Rhee 2"

Department of Applied Chemistry and Biological Engineering, Chungnam National University 1,
"Graduate School of Green Technology, Chungnam National University 2,

"Department of Applied Energy and Resource Engineering, Sejong University 3

LA LFAVE 5 FelaHe] shQl ASP(alkali-surfactant-polymer) 52 2el38 5 7MY =2 &8
< 781 Qlou ASPERiof AREE= 9&%‘%’%54 714 ZR3ZEo] Jol ARREA] 9= 7o R /=T 5t
Algh, Agel 7H4o] thdo] EoiXl= 7t Altjol] E=UsHHA] ASPEHe] FRio] &W It Hof TA|g &Y
5] A& 71¥% shioltt. ASP %‘ﬂ gz -AHL Al - iﬂlﬂi% =5t ARl FUsh= 7Ie=E E
Zels e Woll Ak BESShL AlEEAIZT iyl BHo| 45 A2 Yotry AU YA Yyt g5
Atole] AWFHEE FRFL E2us 49 Ars F7MA ole8E FRE e ATE ol 449 FEE
AZ0] w7t o Fasitt

2 AN = TUAE ATE/GAIE olgsto] @4 AES AT QUS55 41E ASPEAS AR50 3
Aol A= WHakg 37| Y3t A 71E AES Adsiny. AU/ Al A SATAOIA AlRE AU/ ALt

] (e} (o]
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Controlling Length of Rutile TiO2 Nanorods for Dye Sensitized Solar
Cell
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DSSC(Dye Sensitized Solar Cell)2 7]& A2l E|GAX| o] v|af| Bard7t A-dstal hdet 57482 &3l
AArE] o] RlgHd AR =N F=Ta00ith DSSCO 582 PHA717] Yo+ B&E TiO2 e R AoA] T
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1. Gu X. Q. et al., “Influence of annealing temperature on performance of dye-sensitized TiO,
nanorod solar cells,” / Mater Sci: Mater Electron ,23 1373-1377 (2012).

2. Gonghu Li et al., “Synergistic effect between anatase and rutile TiO, nanoparticles in
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Kinetics on Eco coal added alkaline salts char-CO, gasification under

isothermal conditions
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Optimization of a Cleaning auxiliary device of a bag filter based on
CFD analysis

Young-Ho Keum!, Hye-Min Seo!, Youn-Sik Min? Jae-Hong Park? Yu-Jin Jung®, Byung-Hyun Shon's
! Dept. of Env. Eng., Hanseo University, ’KeumKang CNT Co.,Ltd, *C. E. Tech R/&D Center

7= 1Y A SOl BRshs dAE Al EBe

Mo
iC)
ol

= ORI BEf(ofatz)2t Dakal o] ZE o

BPIAS QAR JhA BRI BEAIE XS L) ofunslel eRARE oAl F8. ofnf
] 21, oA v Y, Helhast AR Rk Y ol oot ol it gt 2] ol
o 7] 2ol oln7Ie] &g Wil MlmA e WS AR

o 25171 100-200mmH209] BlRA 2 REAle Syt ol Meulge] 4302 olojfict ¢
gaye BASY SV A AEstol, BV U gEade Folv] A% wEoR 9ng AR gx
o offlm molo] Y YRS Folul g Wstn, FA F7] L Wuol wet @A A4A02 U
Hel7iart o ER SYslE WY o et WIFYA, AP, FAEEYH S0 el

B APANE IR WAL A8 oAV BASS AN BAjo] 9lou], CFDE o] §sto]
229 Fuol offfx Afolo] MAEE Wxele] Py L ARl Tet 95N, £ BABIFS PN

4:',111

235



PB-92 EAE{SH

Recovery of precipitated calcium carbonate from waste gypsum.

Hye Min Suh, Young Ho Keum, Hyoung Sook Parkx

Department of Environment Engineering, Hanseo University
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1. Yim, C.-S., and Yim, G., “Systhesis and crystal strusture of Amorphous Calcium Carbonate by
Gas-Liquid Reaction of System CaO-C2H50H-CO2, The Journal of Engineering Paichai University
Korea, 6(1), 97-109 (2004)

2. Han, H.-K., Jeong, O.-H., Lim, M.-H., and Kim, J.-H., “Effect of RPM Temperature on the CSD in
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A Study on the Efficiency Improvement of Lighting Equipment for

Energy Saving
Keungh-Hak Oh, Jin-Do Chung®, Seung-Min Hwang and Yoon-Chung Chung'

Department of Climate Change Fusion Technology, Graduate school of Hoseo University, Asan,
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(a) Sample (b) Base Coating (c)Pre-treatment (d)Ag Coating
Fig. 1 Surface roughness by AFM

1 Park, H. K., 2005, "Preparation and Characteristics of Ni-ferrite Encapsulated Moly-permalloy
Powder," p 19.

2 Lee, H. D., Kim, D. E., 2013, "Tribological Characteristics of Silver Electroless-Plating Process
According to Thicknesses Variation," Trans. Korean Soc. Mech. Eng. A, Vol. 37, No. 2, pp219~228.
3 Park, H. H., 2002, "Study on Properties of Electrolessly Plated Silver Film with Interface
Treatment," p 2002

4 Chung, Y. C., 2013, "Development of ECO-friendly Silver Nano Coating Technology applying to
Electronicmagnetic wave shield Sheet and Downlight Shade under Ambient Temperature," p 29.
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A study on the Operating conditions of the solid oxide fuel cells

Considering the Optimal efficiency

Jin-Do Chung’, Tae-yong Sinl, Hwan-seong Chol, Jang-woo Kim?2', Tae-wook Byun3', Sung-who
Kim3"
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Synthesis of nanosize silicalite-1 zeolite particle and the application to
membrane preparation

Si Gui Hu, Pankaj Sharma, Moon Hee Han , Churl Hee Cho®
Graduate School of Energy Science and Technology, Chungnam National University,

Microporous zeolite particle with a high Si/Al ratio is very important, since it has generally the
high hydrophobicity. Since hydrophobic zeolites have solvent-selective property, they has been
applied to solvent dehydration. One of hydrophobic zeolites is silicalite-1. In the present study,
silicalite-1 zeolite powders with crystal sizes ranging from 70 to 600 nm were synthesized by
systematically varying synthesis temperature, and time duration. These samples were characterized
by X-ray diffraction, scanning electron microscopy. Also, silicalite-1 membranes were prepared on
porous o-alumina supports by the secondary growth method. And the membranes were
characterized by X-ray diffraction, scanning electron microscopy.
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Hydrothermal Synthesis and CO; Gas Adsorption of Chabazite Zeolite
Particles

Min Zy Kim, Pankaj Sharma, Moon Hee Han, Churl Hee Cho'

Graduate School of Energy Science and Technology, Chungnam National University
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Synthesis and small gases adsorption of pure RHO zeolite

Beom Ju Kim, Pankaj Sharma, Moon Hee Han, Churl Hee Cho”
Graduate School of Energy Science and Technology, Chungnam National University
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Synthesis and characterization of ZIF-8 particles using different types
of solvents

Young Jin Kim, Moon Hee Han, Churl Hee Cho”

Graduate School of Energy Science and Technology, Chungnam National University
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1. Park, K. S., Ni, Z., Coté, A. P., Choi, J. Y., Huang, R., Uribe-Romo, F. ]J., Chae, H. K.,
O'Keeffe, M., and Yaghi, O. M., “Exceptional chemical and thermal stability of zeolitic
imidazolate frameworks,” Proc. Natl. Acad. Sci. U.S.A., 103, 10186-10191 (2006).
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Effect of particle diameter on water adsorption of NaA zeolite
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1. K. Kusakabe, T. Kuroda, A. Murata, and S. Morooka, "Formation of Y-type zeolite membrane on

a porous a-Alumina tube for gas separation', Ind. Eng. Chem. Res., 36, 650-654 (1992).
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Synthesis and characterization of silver-ceria composite catalyst by

sonochemical incorporation of Ag nanoparticles on particulate ceria

Da Som Cha', Chung-Yeol Rew?, Ji Haeng Yu’, Moon Hee Han', Churl Hee Cho"

'Graduate School of Energy Science and Technology, “Korea Instiute of Energy Research
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Extraction of Carnauba Wax and Polyvinyl Acetate
in Supercritical Carbon Dioxide

Elvina Fitrisia, Kaikai Chen, Thi Toan Nguyen, Van Chin Tran, and Jae-Jin Shimx
School of Chemical Engineering, Yeungnam University
*Email: jjshim@yu.ac.kr

Carnauba wax and polyvinyl acetate have been used as binder in metal injection process or
powder injection process. Carnauba wax mainly consists of aliphatic esters (wax esters), a-hydroxyl
esters and cinnamic aliphatic diesters that can be removed from the green body during debinding
process with supercritical carbon dioxide. Carnauba wax removal from the green body with using
supercritical CO, gives less time and low temperature than other methods such as solvent, thermal
and catalytic debinding process. In this research, effects of pressure, temperature, and co-solvents
on the solubility of carnauba wax and polyvinyl acetate were investigated in supercritical CO,.The
solubility of carnauba wax and polyvinyl acetate measured at high pressures and relatively low
temperatures. Two methods are used in this research, batch method and flow method. Solubility
increased when flow method is used, especially when chloroform, ethanol, acetone, or n-hexane

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

Acknowledgment: This research is supported by DG Economic Circle Leading Industry R&D
Program of the Ministry of Knowledge and Economy (MOKE) (RO001657).
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Controlled synthesis of porous
Co30smicro/nanostructuresandtheirphotocatalysisproperty

Jiarui Huang, Kaikai Chen, Thi Toan Nguyen, and Jae-Jin Shim=*
School of ChemicalEngineering, YeungnamUniversity, Gyeongsan,Gyeoungbuk,712-749,RepublicofKorea
Corresponding author. Tel.: +82 53 810 2587; fax: +82 53 810 4631.
Jjshim@yu.ac.kr

Abstract: Porous nanoflower-like, micropancake-like and microflower-like Co304
micro/nanostuctures were synthesized by a template-free aqueous solution route combined with
subsequent thermal treatment. Techniques of X-ray diffraction, scanning electron microscopy,
thermogravimetric-differential thermal analysis, and transmission electron microscopy were used to
characterize the structure and morphology of the products. The experimental results show that
three kinds of morphologies of cobalt precursors can be achieved by addition of ammonia at
different temperatures. The corresponding CosOshierarchical micro/nanostuctures were obtained
after 500°C calcinations. The simple synthesis approach casts new light on the controllable
fabrication of novel CosOshierarchicalarchitectures. Furthermore, the photocatalytic activities of the
porous Co304 hierarchical micro/nanostuctures are also investigated. Compared with porous Co304
micropancakes, the as-prepared porous Cos;0; nanoflowers and microflowers exhibit higher
catalytic activities due to their large surface areas and porous hierarchical structures. The
photocatalytic reaction rate constant of the porous CosOsnanoflowers under UV light is calculated
as 0.0828 min™".

nanoflower 'micropanecak

1-Ca O, nanoflower
2-Co,0, micropancake
3-Co O, microflewer

d-without any catalyst

\ 3
2 \
In{CIC,) = -kt g
k=00828 min! —#=Z_ T~
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Preparation of Block Copolymer of Methyl Methacrylate and
Vinyl Acetate by Successive Atom Transfer Radical Mechanism

Chen Kaikai, Muhammad Naoshad Islam, Van Chinh Tran, and Jae-Jin Shim"
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The preparation of a block copolymer of methacrylate (MMA) and vinyl acetate (VAc)
(PMMA-b-PVAc) was carried out by successive atom transfer radical polymerization (ATRP). First,
atom transfer radical polymerization of methyl methacrylate was carried out in atmospheric
pressure using CuCl2/pentamethyl diethylenetriamine (PMDETA) complex system and with
ethyl 2-bromoisobutyrate (EBiB) as initiator, The effects of temperature, pressure, and
catalyst/ligand concentration were examined systematically to obtain an acceptable rate of
polymerization and control over the number-average molecular weight (Mn) and polydispersity
index (PDI). Second, vinyl acetate was polymerized in the presence of the PMMA precursor as
macroinitiator, using CuCl2/pentamethyldiethylenetriamine (PMDETA) complex system in

supercritical carbon dioxide.
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3D TiO,/Graphene and Ag-TiO2/Graphene nanocomposite aerogels with
enhanced photocatalytic activity
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Nowadays, the studies on the preparation of 3D graphene-based nanocomposite aerogels and
hydrogels have flourished because they combine the advantages of both graphene and
nanoparticles, which have potential applications in catalysis, sensor and energy fields. Here, we
reported a green and facile route for preparing TiO,/Graphene and Ag-TiO,/Graphene
nanocomposite aerogels. First, graphene oxide-titanium oxide (GOT) composites were synthesized by
in situ depositing flower-shaped TiO, nanocrystals on graphene oxide nano sheets by liquid phase
deposition. Then Ag nanoparticles were decorated on the surface to improve quantum yield. The
hybrid is reduced by;-ascorbic acid and assembled to be a bulk gel by a mild chemical reduction,
followed by supercritical CO.drying. The application of them for photocatalytic degradation of MB
dye under UV and visible light and adsorption acpacity of MB has been investigated.
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