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Saccharification of alginate into unsaturated uronate

using alginate lyase

Eun Yeol LEE=*
Dept. Chem. Eng., Kyung Hee Univ.

Alginate lyase is the enzyme that degrade alginate via beta-elimination of the glycosidic bond
[1-3]. A novel alginate lyase possessing endolytic and exolytic lyase activity was characterized
by site-directed mutagenesis. The alginate lyase exhibited an alginate-degradation activity that
degrades alginate to unsaturated uronate monomers through the formation of oligomers.
Various mutants were developed and characterized on the basis of homology modelling in
order to analyze the endolytic and exolytic lyase activity. Based on the degradation mode, the
alginate-lyase activity might be due to the cooperative interaction between two endolytic
alginate lyase domains in the enzyme. The alginate lyase was used as the biocatalyst for
alginate saccharification. More than 70% of saccharification yield was obtained from 2 %(w/w)
alginate.

References

1. Kim, H.S., Lee, C.-G. and Lee, E.Y., "Alginate lyase: Structure, property and application.",
Biotech Bioproc Eng.. 16, 843-851 (2011).
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3. Kim, D.E., Lee, E.Y., and Kim, H.S., "Cloning and characterization of alginate lyase from a
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Effect of feedstock characteristics on the hydro-/solvothermolysis

of biomass

Hong-shik Lee', Jeong-Myeong Ha'*, Jungho Jae'*, Dong Jin Suh'*
"Clean Energy Research Center, Korea Institute of Science and Technology,

‘Department of Clean Energy and Chemical Engineering, University of Science and Technology
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Liquid Biofuel Production from Macroalgal Biomass via
Thermochemical Process

Jae Hyung Choi, Dong Jin Suh', Seung-Soo Kim' and Hee Chul Woo*

Institute of Cleaner Production Technology, Pukyong National University
'Clean Energy Research Center, Korea Institute of Science and Technology
iDepartment of Chemical Engineering, Kangwon National University
*woohc@pknu.ac.kr

Biomass is considered as only one carbon-neutral resource that can play a role of
petroleum replacement. Recently, macroalgae as third generation biomass can be generated
either by cultivation and harvesting or by collecting wild drift macroalgae. Then, the
macroalgal biomass is processed by dewatering for the benefit of storage and transportation
and to remove any impurities for the downstream bioenergy conversion process. The
processed biomass can be used for liquid renewable fuel (e.g., ethanol, butanol or bio-o0il) and
biogas (e.g., methane- and hydrogen-rich gases) produced by Dbiological and/or
thermochemical processes [1-3].

The thermochemical process of macroalgal biomass into liquid and solid fuels requires
integrated process development to take the technology to an economical scale for industrial
demonstration. The objective of this study was to get information on pyrolysis and catalytic
upgrading of macroalgal biomass for liquid biofuel (i.e., bio-o0il and hydrocarbon oil)
production. Brown algal biomass can be produced into bio-oil and bio-char in a pyrolysis
reactor, and then the crude bio-oil as fuel and chemical sources can be fractionated into
hydrophobic oil (HBO), hydrophilic oil (HLO) and tar by distillation or solvent extraction
techniques. Moreover, the HLO of bio-o0il for catalytic upgrading was chosen, the noble and
transition metal catalysts could improve the bio-o0il properties [4]. The pyrolysis and catalytic
upgrading as a part of processes for production of liquid biofuel from biomass feedstock can
produce for both fuel blend stocks and for refinery intermediates [5].

Reference

1. Choi, J. H., Song, M. K., Chun, B. S., Lee, C. W., Woo, H. C., “Volatile Fatty Acid
Production from Saccharina japonica Extracts by Anaerobic Fermentation: Evaluation of
Various Environmental Parameters for VFAs Productivity,” Clean Technology, 19(2), 148-155
(2013).

2. Woo, H. C., Chang, H. N., Jeon, Y. J., Suh, D. J., Chun, B. S., Oh, K. K., Kim, K. H., Kim,
D. W., Choi, J. H., “Method for Preparing Volatile Fatty Acids from The Pretreated Extracts of
Marine Biomass Residue,” KR Patent 10-1244480 B1 (2013).

3. Choi, J. H., Woo, H. C., Suh, D. ]., “Pyrolysis of seaweed for bio-oil and bio-char
production,” Chemical Engineering Transactions, 37, 121-126 (2014).
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Development of microbial platform to produce fine chemicals from

renewable biomass

Eun-Mi Kim!, Youngsoon Um!, Han Min Woo'?"
Clean Energy Research Center, Korea Institute of Science and Technology, Seoul, Republic of
Korea
’Green School, Korea University, 145, Anam-ro, Seongbuk-gu, Seoul, Republic of Korea

We present two kinds of microbial platforms: succinate production from levoglucosan, a sugar
component in biooil and myrcene production from crude glycerol. First, lignocellulosic
biomass such as agricultural waste and woody biomass is considered a renewable and
eco-friendly energy source for bio-renewable fuels and chemical production. It can be utilized
as fermentable substrates via thermochemical-based processes, such as pyrolysis, gasification
and combustion. Especially, fast pyrolysis can be used to convert biomass into an energy-rich
liquid (bio-o0il). To convert of levoglucosan in bio-o0il into valuable chemical such as
bio-ethanol or lipids, acid hydrolysis step is needed to produce glucose from levoglucosan. In
this study, Corynebacterium glutamicum, a widely-known industrial bacterium for productions
of amino acid and varieties of biochemical, was engineered to utilize levoglucosan as a sole
carbon source. To utilize levoglucosan as carbon source, Levoglucosan kinase (LGK) gene
from Lipomyces starkeyi was introduced in C. glutamicum. The strains harboring LGK from L.
starkeyi grew well in 2 wt.% levoglucosan CGXII minimal media. For the production of
succinate, C. glutamicum BL-1 succinate producer harboring LGK gene (BL-1-LGK) strain used
levoglucosan as sole carbon source and fermented levoglucosan to succinate. Increase titer
compare to production from preferred carbon source glucose has been achieved. Second,
Terpenes are an important and a large class of natural products, which are used in cosmetic,
pharmaceuticals, or biofuels. Here, we engineered E. coli to produce myrcene from simple
sugar by heterologous expression of the mevalonate pathway, geranyl pyrophosphate synthase
(GPPS), and myrcene synthase (MS) (1). And also, crude glycerol, which is a waste from the
production of biodiesel, was used as carbon source for production of myrcene. Using MS
from Quercus ilex, myrcene was produced and applied for myrcene production from crude

glycerol.
Reference

1. Yang, F., Hanna, M., Sun, R., Value-added uses for crude glycerol-a byproduct of biodiesel
production. Biotechnology for biofuels, 5:13 (2012)
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Enhancement of microalgal growth and biochemical content for
cost effective biofuel production: Culturing and harvesting strategy

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

Global forecasts indicated that by 2050 we will require 70% more food [1], 50% more fuel [2],
50% more water [3] and ~50-80% reduction in carbon dioxide (CO,;) emissions to maintain the
social, political and climate security [4]. Microalgae have the ability to tap into the vast
energy resource of the sun and absorb atmospheric CO; to produce food, fuels and clean
water [5]. This research work demonstrated the potential of microalgae-based biofuel
production by coupling of advanced wastewater treatment with microalgae cultivation, and
harvesting of generated biomass for low-cost bio(mass)fuel production. Different freshwater
microalgae species were isolated and selected to be cultivated in various wastewaters under
different abiotic factors including phytohormones, salt, CO; and light wavelength.
Phytohormones, Indole-3-acetic acid (IAA) and Diethyl aminoethyl hexanoate (DAH)
significantly influenced the growth and biochemical properties of the microalgae. IAA and DAH
at 10° M enhanced the microalgal growth by 1.9-and 2.5-fold, respectively. Total FAME
content of the microalgae increased upto 100 mg/g-DCW wunder the influence of both
phytohormones. Wastewater amended with 15% CO, showed optimal specific growth (ue) rate
(1.37 day!) of microalgae. The highest biomass concentration (2.1 g dry cell L™!) was observed
in red light under 15% CO,. Maximum dry cell weight of microalgal biomass and lipid
productivity were obtained at 100 mM NaCl. Additional NaCl in the wastewater resulted in an
increased glycerol yield by microalgae (4-fold) which is an osmoregulant. A novel application
of acid mine drainge (AMD), a metal ions (iron and aluminum) rich natural source for
biomass harvesting of microalgae species was also investigated. Maximum flocculation of
microalgae occurred with 10% dosage of AMD. Comparing with other harvesting methods,
AMD could be an effective option for economic harvesting of microalgal biomass. It was
concluded that microalgae are a good potential source for the production of biofuel coupled
with nutrient removal from wastewater under different abiotic factors.

References

1. FAO (Food and Agriculture Organisation of the United Nations, "How to Feed the World
2050" (2009).

2. IEA (International Energy Agency), World Energy Outlook (2010).

3. OECD (Organisation for Economic Co-operation and Development), "Environmental Outlook
to 2050" (2014).

4. Kargupta, W., Ganesh, A., Mukherj, S., "Estimation of carbon dioxide sequestration potential
of microalgae grown in a batch photobioreactor". Bioresour. Technol., 180, 370-375 (2012).

5. Demirbas, A., Demirbas, M.F., "Algae energy. algae as a new source of biodiesel". Springer,
London (2010).

35



CT-07 HiO|2AHZ S AXY

Isolation and Extraction of Alginate Lyase from Soil Bacteria
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Alginate lyase is very important in hydrolysis of alginate into the bioactive short fragments.
In this paper, the alginate lyase was obtained from bacteria in soil. Brown algae, Sargassum,
was incubated underground with alginate solution added two time per day in 2 months. After
that, 1g soil was taken out and isolated the bacteria in the culture medium with alginate to
screening the species having strong alginate lyase. The selected bacteria was identified by
DNA analysis (sequence of 16S gene) and cultured to obtain the biomass for extracted the
enzyme solution. The alginate lyase activity was tested by measuring the viscosity of alginate
solution after enzyme hydrolysis. The results showed that the strongest bacteria was Klebsiella
sp, a negative Gram bacteria with rod shape, it could hydrolyze the glycoside bond of esculin
into esuletine and glucose. The enzymatic solution from biomass was precipitated by ethanol,
acetone and ammonium sulfate to obtain the enzyme products. The enzyme precipitated by
(NHg),SO4gavethestrongestactivity,itcouldhydrolyzedalginateandreduced91.4%  viscosity of 1%
alginate solution after 20 minutes with the ratio enzyme: substrate of 0.5g enzyme: 100 ml
alginate solution (1%). This result revealed the potential of the alginate lyase extraction from
soil bacteria.

Keywords: alginate lyase, Sargassum, Klebsiella.
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Fuel Production Technology of Biodiesel from Sewage Sludge
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iDepartment of Environmental Engineering, Korea University

Despite the bright prospect of biodiesel production, efforts to commercialize it have been very
limited. One of the major obstacles has been the high price associated with refined oil
feedstock, which makes up nearly 70—75% of the total production costs. Hence, in order to
reduce the cost of biodiesel production, using cheaper feedstock such as waste oil or
low-quality oil has been proposed. The potential of biodiesel production using municipal
sewage sludge as a lipid feedstock was investigated. Efforts to reduce biodiesel cost include
the use of cheap, non-food sources of oil (i.e. from non-food crops such as jatropha, castor,
neem, and karanja, used frying oil, microalgae, microbial biomass and activated sludge) and
process modifications to combine the oil extraction and fuel conversion steps (i.e. in situ
trans-esterification). Especially, sewage sludge, a relatively inexpensive feedstock, is a
promising raw material for such a purpose. In this study, it is investigated fuel production of
biodiesel from sewage sludge as a lipid feedstock. It is process modifications to combine the
oil extraction with co-solvent and fuel conversion steps (i.e. in situ trans-esterification) and
thermo-chemical process with non-catalytic heterogeneous biodiesel production from sewage
sludge.
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Purification of Lactic Acid and Its Catalytic Conversion to Lactide

Dong Won Hwang*in, Pravin P. UpareT, Maum Lee’, Jong-San Changi, Young Kyu Hwang*,
U-Hwang Lee', Do-Young Hong'
Korea Research Institute of Chemical Technology, 'University of Science and Technology, '
Sungkyunkwan University

Lactide is a key monomer of polylactic acid, a representative biomass-based polymer, which
is expected to be a promising alternative to the petroleum-based polyester terephthalate [1].
In this study, we have developed an integrated process for lactide production from
fermentation broth of ammonium lactate. The recovery of lactic acid from ammonium lactate
solution is impossible by the conventional acidification process because of the high solubility
and lack of precipitation of ammonium sulfate. We found that only the addition of ethanol to
the solution during acidification of ammonium lactate was very effective in decreasing the
solubility of the produced ammonium sulfate. This product could then be separated from the
solution by simple filtration and the lactic acid filtrate was transformed into ethyl lactate
rapidly by an esterification reaction with ethanol even at room temperature. The ethyl lactate
produced from the fermentation broth of ammonium lactate by this technique could be
separated by simple distillation without change in the optical purity of lactic acid. And the
ammonium sulfate byproduct can be utilized for production of sulfuric acid and ammonia [2].

The obtained ethyl lactate with water impurity after distillation could be transformed into
lactic acid oligomer using the heterogeneous PbO catalyst, which gave the comparable
oligomer vyield and oligomer Mw from ethyl lactate with the conventional homogeneous
Sn(Oct),. In addition, PbO catalyst was also active for ethyl lactate containing water as an
impurity in distillation process, while Sn(Oct), was not active in that condition. The
PbO-containing oligomer selectively afforded the lactide in high yield via the deoligomerization
reaction. Then PbO catalyst could be reused after separation from the high-Mw oligomeric
residue and the recovered catalyst showed no notable loss of activity in the next run. In
addition, no leaching of PbO catalyst was observed during the reaction as well as the
recovery process [3]. In summary, by combining this PbO-based catalyst technology with the
advanced precipitation process for producing ethyl lactate from ammonium lactate, lactide
could be selectively produced in high yield.
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Natural gas and biomass represent non-conventional hydrocarbon feedstocks that ultimately
require either dehydrogenation or deoxygenation for the synthesis of commodity chemicals
and fuels. Biomass and CH; lie on oposite ends of the chemical reaction spectrum, as
charaterized by the effective hydrogen index (EHI). Co-processing biomass and CH; would
enable the synthesis of fuels with a greater degree of saturation compared to those produced
from biomass alone.

To understand the effect of oxygenates which have various EHI value and diverse functional
groups, on product formation rate, selectivity, and catalyst stability during the reaction over
MoCx/HZSM-5, various co-reactants, such as acetic acid, ethanol, acetone, acrylic acid and
propanal, are examined in a fixed bed reactor at atmospheric pressure at 950K. The catalyst
was prepared by mechanical mixing of MoOs; and HZSM-5 followed by heat treatment at 973K
and was characterized by a number of complementary techniques to generate understanding
of the catalyst structure and active species, allowing correlation of the catalytic behavior as a
function of the physicochemical properties of the catalysts.

X-ray absorption spectroscopy and chemical transient experiments show that molybdenum
carbide is formed inside =zeolite micropores during CH,; reactions. The introduction of
oxygenates oxidizes a fraction of these carbide moieties upstream while producing H, and CO
mixtures until completely consumed. Forward rates of methane pyrolysis are unperturbed in
the presence of oxygenates or H; co-feed after rigorously accounting for the reversibility of
pyrolysis rates and the fraction of molybdenum carbide oxidized by oxygenates implying that
all consequences of oxygenates and H; co-feeds can be interpreted in terms of an approach
to equilibrium. We also present the effective carbon to hydrogen ratio (C/H.s) as a single
value descriptor for the effect of co-processing light oxygenates of varying functionality with

CH; on the net rate of benzene and total hydrocarbon production.
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Efficient harvesting of freshwater microalgae Senedesmus obliquus
and Chlorella vulgaris using acid mine drainage

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

The key steps for production of biofuel from microalgae are cultivation under optimum
conditions for high biomass productivity and harvesting of the generated biomass. Harvesting
of microalgal cells from extremely dilute medium makes recovery technically difficult,
contributing to 20-30% of the total biomass production cost [1]. Moreover, Chisti [2] reported
that the cost of the recovery process contributed around 50% to the final cost of oail
production: it is therefore a critical factor in the feasibility of large-scale process.
Development of a low-cost harvesting technology could be an effective approach to render
the microalgal biofuel commercially feasible [3]. One low-cost strategy for addressing this
challenge involves the use of flocculation as an initial dewatering step. A novel application of
acid mine drainage (AMD) for biomass recovery of two morphologically different microalgae
species (Scenedesmus obliquus and Chlorella vulgaris) with respect to AMD dosage, microalgal
cell density and pH of medium was investigated. Optimal flocculation of S. obliquus and C.
vulgaris occurred with 10% dosage of AMD at an initial pH 9 for both 0.5 and 1.0 g/L cell
density. The flocculation efficiency was 89% for S. obliguus and 93% for C. vulgaris. Zeta
potential (ZP) was increased from -10.66 to 1.77 and -13.19 to 1.33 for S obliquus and C
vulgaris, respectively. Optical and scanning electron microscope (SEM) with energy-dispersive
X-ray (EDX) of the microalgae floc confirmed the sweeping floc formation mechanism upon
the addition of AMD. Application of AMD for the recovery of microalgae biomass is a
cost-effective method, which might further allow reuse of flocculated medium for algal
cultivation, thereby contributing to the economic production of biofuel from microalgal

biomass.
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THE STUDY ON FERMENTATION TO PRODUCE ETHANOL FROM
HYDROLYSIS SOLUTION OF GREEN SEAWEED IN VIETNAM

Vo Thanh Trung'*, Bui Minh Ly!, Le Nhu Hau!, Truong Hai Bang', Nguyen Thanh Hang?

'Nhatrang Institute of Technology Research and Application, Vietham Academy of Science and
Technology
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Production of ethanol is a metabolizing process of carbohydrate to alcohol and CO2 depends

on the activity of the yeast. In this study, the fermented medium is produced from the
hydrolysis of green seaweed biomass (GSB) which is hydrolysed in concentration 3% v/v of
HySO, acid, 60 minutes, at 121°C, GSB and acid ratio is 1/10. This process is created a
medium has main compositions as: 52g/l1 of carbohydrate, 1.8g/l of nitrogen, and mineral
components, it is suitable for the study of ethanol fermentation. This medium was fermented
by yeast four include: Traditional yeast, Thermosacch, RedEthanol, Candida sp.. Into the
fermentation of Red Ethanol was created the highest of 2.7% v/v of ethanol content while the
other yeasts were created lower ethanol content than Red Ethanol as: 1.9 %v/v of ethanol
content of Thermosacch, 1.5 %v/v of ethanol content of Traditional yeast, 1.8 %v/v of
ethanol content of Candida sp.. Therefore Red Ethanol is the best a species for fermentation
from GSB hydrolysis solution. And the conditions fermentation of Red Ethanol is created high
ethanol as: pH = 4.5, temperature 28 degrees, time 72-96 hours.

Keywords: Green seaweed biomass, hydrolysis GSB, fermentation GSB, Red Ethanol GSB.
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Development of a Portable Microbubble Size Analyzer
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Microbubbles, gas bubbles less than 100 pm, have shed new light on the dissolved air
flotation (DAF) technology for the industrial and drinking water treatments. Due to their small
size, microbubbles are efficient to form floc-bubble aggregates and remove contaminants from
water. Numerous DAF techniques have been commercialized, however, there is still lack of
understanding how the characteristics of microbubbles affects floc-bubble aggregates
formation and DAF efficiency. Thus, measurement of the characteristics of microbubbles (size
and number concentration) is beneficial for further study and improvement of DAF system. In
addition, on site measurement of microbubbles is highly beneficial for modification of existing
DAF facilities. Along these demands, we have developed a portable microbubble size analyzer.
Microbubbles generated by several types of microbubble generators have been measured by
using the developed microbubble analyzer.

We have developed a portable microbubble size analyzer

based on the image analysis method. The microbubble size (o] .
analyzer consists of a flow cell, a CMOS camera, a LED and ) T e

a optical lens system. The generated microbubbles are ’

transported into the flow cell using a small diaphragm . o C
pump and images of microbubbles are captured through a | ' i -

window of the flow cell. The captured images are processed
using custom made program. The gray scale image is
converted to binary image. Then, individual image of
microbubbles is identified using a edge detection algorithm
in order to count the number of the generated bubbles. To

measure the size of the microbubbles, the projection area
of the identified microbubble is used to calculate the size of
the microbubble. The bright spot at the center of the ‘
relatively large bubble image was covered before the :;/
calculation of the projection area. Fig. 1 shows an example

Figure 1. Microbubble images and size
distribution.

of the obtained image and measured size distribution of the
microbubbles.
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Analysis on Factors of Environmental Regulations Affecting
Industries in Korea
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Synthesis of polymer composite with improved thermal stability

using multilayer graphene supported metallocene catalyst

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

2 AoMEe Hold 48, 7|AE 24& 7+ multilayer graphene (MLG)S WE2A Z0jo] TA|A|
2 Ad=stel MLGO| E71E d22A S0s Fdstict. MLG|l gA1€ HZ2Al £of9] in-situ S8
ol L2A EHA o MLGO| wdeh 24te fhstion], &3 R4 Jof AJARS BIegpAA
MLG/polyolefin S&A[S ?;*éé%%idr. MLGE HAIM=Z AtEstils 3¢ HERY

MLG/polyolefin 53#|9] RE2x]e} & S/do] fsto] Asiglict. 2o
AlSHAl o2 TIEEAl FojEcE of 20 8f Ak w2 AEARSY FHAEdS &/dstelen o= MLGZF
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Steam and dry reforming of toluene over Ni/Ru-X/Al,0; catalysts

Kun Woong Oh', Seo Yoon Park®, Ho Won Ral, Myung Won SeoT, Yong Ku KimT,
9

Jae-Goo Leel and *Sang Jun Yoon
Advanced Energy Technology, Korea University of Science and Technology, Gajeong-lo 217,
305-350 Daejeon, Korea'
Department of Environmental Engineering, Chungbuk National University, Naesudong-lo 52,
361-763 Cheongju, Korea’
Climate Change Research Division, Korea Institute of Energy Research, Gajeong-lo 152,
305-343 Daejeon, Koreal

uto] QUf A 7bAsHA] WAIE L Et2o] RS sl Ni/Ru/Al,Os E0jo] Mnit Cag A2 H7tstod

20 /)Rg S012 AASIAT. GEel BA BAE S2AL A8SGON 2379 COE 0|85l
£29 237 L AN NRS 2Pt Fojo 54 BAL 5] S2FA(TPR), 22 o|L(TPD). X
M SERA(XRD), EWA BAH(BET)S 2asto] o) 1o Ni 4t 22, ZWA, pore 27] 59| 54
2 sholstgct. 1Y3 WSS ASAT FYHE 23571, CO% S2AY Bul: 252 At
4@ A 800°CAA Ardt HyE Fsto] 2475 B U5t T Sojo] A7HE: Mn, Cael 21, 3wi%)
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A study on the steam reforming of toluene characteristics Ni

according to rare earth metal addition of cocatalyst

Seo yun Park!, Kun Woong Oh? Sang Jun Yoon?® and Jae-Goo Lee®
! Department of Environmental Engineering, Chungbuk National University,
2 Advanced Energy Technology, Korea University of Science and Technology
% Korea Institute of Energy Research,

o toluence] $37] 18 WS WAL ST Fohe Ao R MEHO, N(12WH)E DRIt
o] 5]E2 2291 Smit Nd= ZFIA2 A7bstdct. 8-S (400, 500, 600, 700, 800°C), BIHAE
(10000hr™"), Steam/Toluene ratio(25)59] W2 m7io]A AadS 4a85tgicth A 374 S0 Add 7
25 GCx A Zut, AAA 0 =400~800°CE =7} 5o T} toluene gt 40 AAdzdo
A7kske H3S UERAR, 600 "Col Aol A 90% ol4te] MEHeS uelon], Smur NAS SAAZ ALE
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A study on minimum fluidization velocity of iron ore with wide

particle size distribution

+

DongHyun Kang, GuanHe Rim DongHyun Lee

Department of Chemical Engineering, Sungkyunkwan University
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Effect of phase holdup with volume ratio of binary solids in three
phase fluidized beds

JunYoung Kim, Dong-Hyun Lee”

Department of Chemical Engineering, Sungkyunkwan University
Y F552 W8S 2 uE F Y e 7HRle w550l vl @82 5740l Holual F7HARl 7]
AR FRY AX] glo] 7]2S 2
treatment, Fischer-Tropsch 371} #o] thfeh Fopol AAA d2] 2ol Qo AYRFES5S °l&
¢ B stetgAolAN, Bilile 55 WolA "“’““‘94 8 =0, o] oA mHo] A5 LAE]
D2 Qxte] 3rlel Werl LelAlch ojn) oQ®l Eujel Balsl slssiciw He ugoz H0js
replace® 4 QIt}. o]ZE A A7|et WUt T2 olx}%% 73t vre ] AAS QJsiA= oo st 2
stxl EAg molsts Zo| Maolof gt mehq B ApoldE £ sbA RS mEE Ate vy
WEREEC] 95 SHS AT
270l 0.21 m, 4dFdo] 1.8 mQ AP [F&3oIA UA] 27| el o g & 7HA 29 two
phase (hQUId sohd) 2 three phase (gas-liquid-solid) fluidizationo|A] & 71A] AE9] 1A UXLQ]
Z oA d4o] tistel AFstych Aol AbgE AAte FEYE 3.3mm, U= 1280 kg/m’Ql
polymer beads®} HH#U% 0.385 mm, YT 2500 kg/m?*Q glass beadsES ArEstct QAL Hu] ul
= L/D=3o% u7Xsto] 2:1, 1.5:1, 1:1, 1:1.5, 1‘27} AL Qi AEoA AFESH dX= Fo|n, 20+
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E0t0o 2 &= mixing ¥ segregation©| 7}=8t2 2 bioreactor, wastewater

2°CE fAIeIR L, 71l 5718 ARESIAT. dARe] &2 Vivacqua 5 [1]9] pressure gradient
variationg &5to] =RIsttt. JAte] A4t é% o] Uojyx] tod F StERoJA Eolof g U4H
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1. Vivacqua, V., Vashisth, S., Hebrard, G., Grace, J.R., Epstein, N., "Characterization of fluidized bed
layer inversion in a 191-mm-diameter column using both experimental and CPFD approaches,"
Chem. Eng. Sci. 80, 419-428 (2012).

2. Gibilaro, L.G., Di Felice, R., Waldram, S.P., Foscolo, P.U., “A predictive model for the equilibrium
composition and inversion of binary-solid liquid fluidized beds,” Chem. Eng. Sci. 41, 379-387 (1986).
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Non-isothermal combustion kinetics of coal by using gas-solid

reaction models

In-Seop Gwak, Jin-Woo Kook, Ji-Hoon Shin, Jun-Yeong Jang, See-Hoon Lee*
Dept. of Mineral Resources&Energy Eng. Chonbuk Nat’l Univ.

© Ate B9 EA B 2AR 2RO Bt 7IEAIR S HESH] s IuidlM AR E= A
o 5359 dadts 5442 M5 Ago] AH Alee AA™(BG, WH) 253 otdAF" 3F(KPU,

=8=
LG, MS))& ol&stRen, ZE Algs 650°ColA AAE £5 AREshitt A9 E€5F 24719
TGA(Thermogravimetric analyser)S 0] 83530, B¢t 30cco 37|15 FUste, 10, 15, 20°C/min
o] S2&==2  900°C7HA]  2T=E ASAZIH BHE2  RAOANY A4 8hEEdE vluwsii
non-isothermal kinetic modelQl FriedmanAlof] A&s5tod XMgh-&of tfjste] &4 &

In(dar/dt)e} 1/T9] #AIZE TAISt 7]&7]|288 Activation energys =&ttt A& 532
Activation energy= Aghg 0.1-0.5 ¥ofA BG, WH, KPU, LG, MS] +og 2F 164-314, 5-17,
32-58, 184-302, 40-59K]/mol=z AAtElo] MErte] £=o whel 2 Xjo]S H it
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Calcination/Desulfurization Simultaneous Reaction Compare about
Limestone Samples

Shin, Ji-Hoon, Kim, Yea-Ra, Lee, See-Hoon*
Chonbuk National University, Mineral Resource & Energy Engineering
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The Study of CO,-Coal Gasification Reaction Using Mineral
Catalysts

Roosse Lee!, Dong Hyun Heo? Jong Ha Hwang®, Jung Min Sohn’s
Department Mineral Resources & Energy Engineering, Chonbuk University

@A AFHES olgdte] LEER AHEStE 71250 ATEoAL Ytk HEHOR MErhast 712
9 oz 5 2 ol 2 A of AWIAE 9T U GAJINE COE ABelT HF Hgio] B
24 H0b2 FASIEL O stast] UjxE 9P R WSSEE] ofs) ZASACh 22 223t Ao}

e &
‘EQI Zreto]] 4% 59] 4E7A(Dolomite, Silica sand, Olivine, Kaolin)2 5 wt%z Zz]Alo=g %?J?j
S TGA(Thermogravimetric Analysis)S ©0]838}0 7FAsF &% 800 ~ 900 °C HoJA] 4~885}9ict.

3 HolgHE 7|-1A] ¥r22E(MVRM(Modified volumetric reaction model), SCM(Shrinking core
model), VRM(Volumetric reaction model), RPM(Random pore model))of] A-&35}0] v]ust ZAat oA
Ao 2 MVRM(modified volumetric reaction model)o] 7H4F AgtstA UERHTH ®£3F 92 71 7t
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Removal of Methylene Blue Dye from Aqueous Solution by
Adsorption onto Graphene Oxide-Poly(2-hydroxyethylmethacrylate)

Composite

Dian Kharismadewi, Van Chinh Tran, Thi Toan Nguyen, Marjorie Baynosa,

Jae-Jin Shim=*
School of Chemical Engineering, Yeungnam University

214-1 Dae-dong, Gyeongsan, Gyeongbuk 712-749, Korea

Graphene oxide (GO) was modified with poly(2-hydroxyethyl methacrylate) (HEMA) in green
method through dispersion polymerization in supercritical carbon dioxide. The GO-PHEMA
composite was characterized by Fourier transform infrared spectroscopy, thermogravimetric
analysis, scanning electron microscopy, and X-ray photoelectron spectroscopy to confirm its
structure and morphology. The adsorption behavior of the composite to methylene blue (MB)
organic dye was observed through UV-visible spectrum, where the effect of adsorbent dosage,
pH, contact time, dye concentration, temperature, and cyclability were investigated.
Experimental results indicated that the GO-PHEMA composite can remove 99.8% of dye with
the optimum adsorbent dosage of 15 mg at pH. 7 and 45°C for 45 min contact time with the
initial MB concentration of 10 mg/L. The stability investigation showed that the composite still
can remove 81.89% of MB from the solution after 6 cycles. Furthermore, the adsorbent
composite matrix of GO-PHEMA was swelled in aqueous solution which gaves benefit in
collecting the adsorbent after adsorption process. Besides that, GO-PHEMA composite is

biocompatible and eco-friendly material.

Keywords: Graphene Oxide, HEMA, Methylene Blue, Adsorption
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Kinetics of the Ozonation of Various Wastewaters

Marjorie Baynosa®®, Analiza Rollon®, Charmaine Lamiel?, Jae-Jin Shim?®*
4School of Chemical Engineering, Yeungnam University

"Department of Chemical Engineering, University of the Philippines

This study aims to determine the kinetic equations that describe the reaction of ozone with
colored and other organic compounds in various wastewaters: dye-containing synthetic
wastewater (methyl red and CI RR 141), paper mill wastewater and distillery wastewater.
Absorbance, color, pH levels and total and dissolved COD were determined at regular time
intervals during the ozonation process. Experimental data show that the ozonation of the
treated wastewaters follows the pseudo-first order kinetics with respect to the concentration
of the pollutant, which was measured in terms of color or absorbance and COD. The rate

constant for the reaction of ozone with each wastewater was also obtained.

Keywords: Ozone, Distillery, Paper mill, Methyl red, CI RR 141
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Reduced Graphene Oxide/NiO Nanocomposite Synthesized in
tert-Butanol for Supercapacitor Applications

Charmaine Lamiel?,VanChinh Tran? Thi Toan Nguyen? Van Hoa Nguyen®’ Jae-JinShim?®x

4School of Chemical Engineering, Yeungnam University, Gyeongsan, Gyeongbuk, 712-749,
Republic of Korea
PDepartment of Chemistry, Nha Trang University, 2 Nguyen Dinh Chieu, Nha Trang, Vietnam

With the vast exploration in the application of graphene oxide, researchers nowadays study
different methods in producing supercapacitors, with high capacitance but low cost. In this
research, reduced graphene oxide/NiO (RGO/NiO) composite was prepared using a nonaqueous
solvent-based method. Among the numerous solvent-based precursors that had been studied
in literature, tert-butanol has not yet been fully explored. RGO/NiO composite was prepared
using Nickel acetate tetrahydrate and tert-butanol as the precursor and the solvent,
respectively, by solvothermal method. The physical and chemical attributes were characterized
by SEM, TEM, XPS and XRD. The results of the electrochemical analyses support the

feasibility of this research as an alternative method for synthesizing low-cost supercapacitors.

Keywords: Ultrasonication: Supercapacitor; tert-Butanol
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Catalytic pyrolysis of torrefied cellulose and polypropylene mixture

Hyung Won Lee, Beom-Sik Kim, Woo Hyun Kwon, Hannah Kim, Young-Kwon Park*

School of Environmental Engineering, University of Seoul, Korea
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H ALoA]lE= Pyrolysis-gas chromatography/mass spectrometry(Py-GC/MS)E o]&3sto] &0 &
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Aued

1. Chen, D., Zhou, ]., Zhang, Q., "Effects of torrefaction on the pyrolysis behavior and bio-oil
properties of rice husk by using TG-FTIR and Py-GC/MS," Energy Fuels, 28(9), 5857-5863 (2014).

2. Zhang, B., Zhong, Z., Ding, K., Song, Z., "Production of aromatic hydrocarbons from catalytic
co-pyrolysis of biomass and high density polyethylene: Analytical Py-GC/MS study," Fuel, 139,
622-628 (2015).
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The development of defluxing cleaners for electric/electronics
fields and their application

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

We have developed the cleaners for the removal of flux produced in the electric/electronics
parts manufacturing process. The physical properties of the developed cleaners were
measured and the evaluation on the cleaning ability of the cleaner was performed. Also, the
application of the cleaner in the electric/electronics fields was researched.

Among the developed cleaners, NEOZOL 1000 showed the surface tension of 34 dyne/cm
and the wetting index of 18.3, which was higher value than that of the competitive cleaners.
This means the developed cleaner NEOZOL 1000 has better wetting ability onto the cleaning
substrate as well as superior cleaning efficiency than the competitive cleaners.

(15% solutions at 25°C) Physical properties of N-1000
Specific gravity 1.00
Viscosity (cP) 1.6
Surface tension (dyne/cm) 34.1
Wetting index 18.3

Table. Physical properties of the developed cleaner

Before cleaning After cleaning
Fig. Example of flux cleaning with the developed cleaner

References
1. Bae J. H., "Alternative cleaning agents and alternative cleaning technologies for replacing
CFC", Prospective of Industrial Chemistry, 8(2), 25~40 (2005)
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Development of Eco-biodegradable cleaning agent and cleaning
equipment

Yeonheui Hong, Seok-Chan Kim'

Dongwon EM Co., Ltd., "Kookmin University
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Development of cleaning agent additives with good biodegradability
and prevention of corrosion; Study on method for measuring

contents

Ji heung jin, Jang eun seok, Lee dong gi*, Bae jae heum’
Victorchem,, Korea testing & Research institute’, Suwon university”
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1. Method for producing a phosphoric monoester, Kao soap co., Ltd(JAPAN), 1982. 09. 21

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

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

4. Japanese patent application No. 163792/1979 filed Doc. 17, 1979
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Development of a 3 MHz waveguide for improving cleaning

performance

Hyun-Geun Shin, Yanglae Lee, Euisu Lim, Hyunse Kim*

Korea Institute of Machinery and Materials
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Analysis on ultrasonic cleaning effect by resonance of micro
bubble

Jeong In Kim, Hee Myong Lee, Kyong Mok Cho, Hee Jin Park
Durasonic.co., ltd.
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Laser cleaning technology on semiconductor manufacturing process

Jong-Myoung Lee
IMT Co. Ltd.
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Progresses in applications of the atmospheric-pressure plasma to

the industrial cleaning process

Jae Hwack Pyo
APD, Inc
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250 £2 Aol BAA U HA8HH o] FAA0h Bt AFE ol etching, ashing 5
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Low Rank Coal Pyrolysis Technology and Industry Status in China

Li-hua Xu, Hyung-taek Kim
Division of Energy Systems Research, Ajou niversity

T2 AEAEo] SR, ANew AE2 TAF A" uiFF2 56129 o= AN AY oY
55%5 AtA|eT}. 2009 =9 Aew AT AUF2 S AT AT FIFY 40%0]g0] Zste 1 ]
T2 A S7HE Aoz odE Y. Aee AR a4 Aa g0 =i, a9 YRl =2
o ApdRetrb 3 Ego] don, gAY pE0] ofdal st vtAst 5 A o] go] ofg ©FO
ot ojepd 2 5402 Aeg AES AR dasY 7tAgtE st &gl ¥ BT oty AAA
ZHAIZE Hobz tifR JiY o] &S sHIYsiAE Aew AT daol=rt Bastet A& Y
Aees A" d2ol=9 7MY diadd o zA AUF 52 vt 7goztl Rarje oint. EFa)
© AEHAIS SastAl %e 2A00A 7HEE o dAYsts S2]Hetet stetuhgg ettt EEa ol
A2 4 AZNY7E FoR|AL 2&F ¥Ego] st ZIAI(EEsH 7hL), AA|(BRE) 3 3A(semi
coke)s =S AT AFSH 7tA9 FQ HEU 4, AUHEHA A o2 AF Adisto daz
AHESIAY T shela S AN et stele s @4 A B2 Fole HE, Yogdl, e
2l HHER S WS HeteS Aot /oo, IAIEEY semi cokese A2 2&0] T E
BFofu2t AFS dae ARE 7hestth Alew AY EFdE &stol 7IE ASHAY Fed &)
Wil 8ol H2 wARS HEE & Qdan, Aeg AYY Y olf KIS =€ 4+ A

= oM e Ase H4EY 28 7le 7 7l 24 @ H S04 EF9H A 2R
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Construction Status of Coal Gasification Test-bed Facility by Using
Domestic Gasification System

Woohyun Jung#*, Munhyun Kim, Sung Pil Yoon, Seung Jong Lee, Yongseung Yun

Nebash B3id SWES ST o 3 3014 AUFHY Hriast gYY I neU1E
a2 95l NE7EATANAE FIALLH LS Tysto] of2] Aojr|UY FFo2 WA V& A
2 MYstn Uk 2011ARE MNPH B AFE MEILAT Test-bed 7| 2HAS 20120 ¢ast,
2013¢0l A HAE AW HASIACE T2D 2014WFEE Fo FHER Hu] 25 A5t
A 15 75 ¢rastn dx) shast o] ZH5A AleAS AWt ok,

MEPFASE Test-bed= 3123 300MW2 IGCC ASZME o 9= 2400 m? Bx|o] 9Jx|at Qlo
o, 7bast HHIST AR/HCS 27he] A2 1 CICENRIZSEREE BB

7tAsE dulgo] 20 A|d=E x7]0 Utility 35A14(LNG, CNG, %’-7] S), AR U 0lERE XA
A, UE" TaAld, 7has], S7EA EAEA], AIRIAIE(Wet Scrubber)ZbR|RE “dX|st2] SHG oL,
ALK CO, A7) 7Igo] F712 AARUA ARAY], HS AAE 2], S447TA ALAEGA|
S FI7IE FESIIT. MRl AAF CO, ZAEY| = JAIAEAS ¢astdon 20159 797HK] AR|E
Agolth. dF/Aols 150= AE7tA8t Test-bed =41 AojAd, PLC/DCSAH H A 40| 550 9l
o, 2350+ dF % A 2 FFSIIT. 22 JR/AlolEs oA = 7tAsE AdY]ls 350]
over bridgeZ ZAEo] Qlt}. OiX|to =z NATIA FFAEL 7FASE 2410 ARREl= 19 AA/4t
A5 Faol7] Y3t AJHE A JEIY AA/AAS Fatiols] ugor 4F W 7|steto] 7hAsH AH]
&9 8 gyl 35 & J=F A4St AeVEASH Test-bed= 201564 JRE7]0 72 AlAFst
of, =y 117 Agriasty] w5l g @ 29 Ve JiE, AEViASH A vEERY " HyY sEAT|EE
714714, IGCC AlZdH] trouble-shootingg ¢]3t Test-bed &4 2 database 1% 9jsto] &8d
o7 o]t

=

l‘ﬂ HJIHJ

Keywords
Coal Gasification, Test-bed, IGCC, Commissioning, Construction
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Comparison of Pressure Difference Characteristics of Metal Filter
and Ceramic Filter for Applying IGCC Filter System

Donghwan Jeon, Sangoh Ryu, Sungho Park, Cheonhyeon Cho, Seokwoo Chungx

Institute for Advanced Engineering
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A Study on the Development of the Charcoal with Low Carbon

Monoxide Emission using Biomass Comburent

Seunghee Kim, Soonho Lee, Chanwon Hwang, Yeonkyung Lee and Chung-hwan Jeon”

School of Mechanical Engineering, Pusan National University

eyt AMdE2 OECD 7Hi= & 1/2AM (S AMNY & 7EASSAE 491) 20119 Afehd 0§
A ez 2007 ofu] of 17817F 7t stlon], 7 AdiQle] AstE o] & AFYART BB 2 Apde
ToR ofse= 5 A4 AREAlR HEEA otk Teu ol tigt St AAI7E @7l wZell 7]
& Aol wish AAbga AP = A Ee CO A Atekd Jig tiFo] Alg

Hto] O~ ZARE ol&et ditetEA(CO) A9 Aetds JHgsto, A
st 2 (CO)E AUAIA ABALE oigst AgtoR Qloh A AfdEs R+
ojct.

Amo] &F Axg fsl A, dad H HAde AHste 2lads RARR st ol FRA
= FAAA Ao Al FEARY SIESA]Y] 9 s U vtoleufa 2 | £5Fglct. o] o] .oj
& ARG AlE d7MESE Afstel 2AlRIY] AR dAEd TE A4 JHdadt 3 HioleufA
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1. Ahn HJ. Research on waste wood recycle promotion plan. Seoul: National Assembly;2006

2. Beautrais AL. Effectiveness of barriers at suicide jumping sites: a case study. Aust N 7 ]
Psychiatry 2001;35:557-562

3. Chan KP, Lee DT, Yip PS. Media influence on suicide. Media’'s roleis double edged. BM]
2003;326:498
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Process simulation on combustion of low rank coal and biomass
co-firing in a 500 MWe pulverized coal power plant

Tae-Young Mun', Tefera Zelalem Tumsa'? Uendo Lee'?, Won Yang!'?*
'Thermochemical System R&BD Group, Korea Institute of Industrial Technology
’Green process system engineering, University of science technology

201208 E ZUoA AlggE 1 Q= AU A] o2& A (Renewable portfolio standard, RPS)o]
Olof] 44 n]E&tstAYU M 4 (Pulverized coal power plant, PCPPs)ojAl= A7t B4 4 % (mass base)
oJste] wood pelletE ©]&3sto] A&} A4 24(Direct co-firing)S &8 A2 Aatsta Qlot. vio]
oujao] AW EA FHORL ZhTH ZbdulE £o) vlax 7 RPSE ST 2 gdon] Ii U

Sk
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bere T RUstEE AY U

§OJ- EPEJ:o] K—1O H]—O]Q_UH/\E EI]_‘?‘—E—]-_L]- _6_/\61— 7810 ZK]' 9_0:] UK]J 725\—
El A Z2l(Carbon neutrality)o]] 2]st o]AlgtErA v|&E9] A= 7|ofst 4 QTH1,2].5HX|2F wood pellet
g9 B8 ¥ dErtdSs 12Y o u]2EE U Ao et vio] QUfA SO &40 gt g5

B7E7F ol Zast Aol

ojo] & A o= =Ulol fESHs 500 MWe U] Z&atgdd 4 = A7ste EHALR R
A2 BAHClHE &85t9 gas side?t water/steam side’} = Oy ol EEEEgA A oigt
SN A3gs . FdshA Autel AAHole AutE Hlw 5}% o A5Z st Agut ¢
M7 S Soll ASedY A4 E g vo]ujAEo E40 ditt SHE H5E7HE AAls
Rt EHE H5H7IE HeliMe 7]7].2—‘] A LF—%O* HWE* a&(Net plant efficiency)i}
ASME PTC-4.1 stack loss methodg 1723t B §&& vlw FHItstgch ASSE A4 Y ZF vt
ojeuiAz9 =45 Yol AHEH FASHA AlE2olH+= gCCS 2& W PC power plant tool% -85t
FOom gas side?] LHZ 9o AJEfHAH Al peng-robinson equationg A-85t% 00 water/steam
side®] “d¢ IAPWS-95 physical propertyS A-85tth. 4 o224 7|9l thefet A5
FHSo 94 D oo uloleujase] o] o HA5WIE AAG i dydz AsIHl
lignite7} 82 A= 7 9&d 58 2 HAdZ 582 7H7F 36.12 % 2 79.40 %= & case
study & 7Hg 2ottt ¥ ohefet vio] QufA iﬁ?él—}‘éﬂ} g o, vteehe vho] @ ufA(Torrefied
biomass) &4 (10 % thermal base 7|&) Al 2AT g8 3 HAY g8 71X =2 36.17 % 2
87.65 %% A2 =AY 5 %=l o] vio]ujA9] H}E‘fi}oﬂ olsf] Aty W UIEF St e
oJUX] Hx9o] =712} milling power consumption®] ZF4Ao] Qlst 7102 Atz =}
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A Experimental Study on the Ash Fusibility of the Blending Ratio
of Coal and Wood pellet

Chang-Hee Oh, Ho Lim, Seung-Mo Kim', Chung-Hwan Jeon"

School of Mechanical Engineering, Pusan National University

"Pusan Clean Coal Center, Pusan Nat'l Univ

Al RPS(Renewable Energy Portfolio Standard)dl& A|3o 2 Qs &AlIZtA ZF=o] WALXo|A 9
C}. RPSA|®= Als¥of] mhet A 4G oyx|et 239 olF fAlE A =k 22 Qs A=A
A ARAE ol|AIZE o Fast g st ot 22y 39, HGEsY 7IeA AR Qste FA}
oju] wgo] S o A2 Atelo] AEsl77t ofe ojzct. ojet e) wlwA AU shAoln, WY AL
SH1 9t 8k2 A Rolo MG 4 ot Hlo|QujAT FSWn gitk. 53] AR ¥ Eashs
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7120 =235t Qct Hlo]|QUjAX CO2 Y
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1. http://www.kemco.or.kr/web/kem_home_new/new_energy/RPS_01.asp.
2. "Test your solid biofuel for ash melting behaviour' FORCE Technology
3. 0|5, "TMAE o]&st I &8 o] 88§74 wato] oist A" &stastalx] #|524 A|25 54

Soc. Mech. Eng. B, Vol. 39, No. 1, pp. 53~59, 2015
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Effect of Size and Blending Ratio on Co-firing of Biomass with Coal

Lkhagvadorj Shagdarsuren, Jeong-Woo Kim, Sang-In Kim, Chung-Hwan Jeon®

School of mechanical Engineering, Pusan National University

Al &AL AR 289 °oF 80%F st A= oEstiL flew o] 7tz oF 50%+ A®o| X}A|s)
1 ook wpoleujA g AA oA @79 oF 14%S Agsti Qlctl BuEy 9lony, ohubd
SAEoN utol QujA EA(Co-firing)s CO, LATIAS 59U 4 9t /M 528 712 59 shietn
AR 9rt? z RPS(Renewable Portfolio Standard) o] FAIA|AJo| w2 vlo] QUfA ALELS Ax}
F71tn 9l
TetA & AqtolA= A™H(Trafigura)d} vio] QUi A( =242, A4, EFB, PKS)9] 245 Sl U
EX48 TGA (Thermogravimeric analyzer)?t DTF(Drop tube furnace)S o]&3dto] &A
2L gd=r|&o072 5 10, 15, 20, 30% =435t biomass blending ratio (BBR)S Z7}A|
T dto]QujAo] QIxt 7o) mE A4 AL BAEH7] 9 200, 400, 600, 800um 2 HEHA]
Ztk d4A ENH EMHL TGAE &8st9 37 27|04 Heating rate2 20 °C/min o], 900 °C 7}
| 27MA1Zlth. DTFoOA= 0.3g/min 359322, &9 2% 1300 °CojA AAZ

2 2aystoct 2 A7)
AvHe TGANIA stolouj2o] e F7HAIZS mol W Aat AMZ e 22 ¥ 4 Yok 13
A9t DTFOA] o Quj20] EAFe F7HA17E tol 10% 7HxE wreiol F7lste 2 2 4 9|
g 20% ol Fol: 9513 wrgiol Fast: 2L % 4 9loick. ol wlolQujre] Easgo] Fvtate] uf
2 FAY A4 ste] AVlo] Aa ABAYOE AAstolA £ Muto] JFL F1 Yokt AL 2
4 olth Wby dlolQujAS WHAd 33 HHOﬂ 10% Y=7t AR ELFAS L 4 k. o TL
Ane wH A vlo|oUlAS 4 wo] ) S8 HEI P £ AL Folck.
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1. Sami, M., Annamalai, K., Wooldridge, M., “Co-firing of Coal and Biomass fuel blends,”

Progress in Energy and Combustion Sci, Vol. 27, pp. 171-214. (2001)

2. Munir, S., “A Review on Biomass Coal Co-Combustion: Current State of Knowledge,” Proc.
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Reaction Rate Analysis of Combustion for Indonesian Ash-free Coal
char at High Temperature

Gyeong Min Kim, Jin Ho Kim, Kevin Yohanes Lisandy, Gyu Bo Kim', Chung Hwan Jeon”

School of Mechanical Engineering, Pusan National University

"Pusan Clean Coal Center, Pusan National Univeristy

PWMR(Pressurized Wire Mesh heating Reactor)2 #Ast 8128 sfAlof = Q st &/d35tofu] x| et
SASE mEel7] YSlA notE ARloln, Le, nmzIolA Aol 5

Ao dds sl W (Pt) WIS 7IEAR AMESHY AL ARddsa7

Plstol Mgk UAbE JHAARIE JHEA] HEE LEAo] 9 Whe SRS
Hz Aojdty. & AqoAs, d=yAlol &l KCHH KCHAE®E A &9 I, 23281, 73]
G128 A18SI9ON, QRAIIE 75-90 um. 1Y AelolA 1273-1673Kol4 AEE Hagelect. A
Moz KCHEY KCHY®OAM F&" 7, 23281, F3]&82 2] apparent 71A%H ¥Hg&w

n'" order ¥H2AlS 3] w=&5tct.

mu op Mr d4H S Pl
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1. Kim, R.G., Hwang, C.W. and Jeon, C.H., "Kinetics of Coal Char Gasification CO; : Impact of
Internal/External Diffusion at High Temperature and Elevated Pressure," Applied Energy, Vol.
129, pp. 299~307 (2014).

2. Kajitani, S., Suzuki, N., Ashizawa, M. and Hara, S., "CO2 Gasification Rate Analysis of Coal
Char in Entrained Flow Coal Gasifier," Fuel, Vol. 85, pp. 163~172 (2006).

3. Kim, R.G., and Jeon, C.H., "Intrinsic Reaction Kinetics of Coal Char Combustion by Direct
Measurement of Ignition Temperature," Applied Thermal Engineering, Vol. 63, No. 2, pp.
565~576 (2014).

4. Lisandy, K.Y., Kim, R.G., Hwang, C.W. and Jeon, C.H., "Reaction Rate Analysis of CO,
Gasification for Indonesian Coal Char at High Temperature and Elevated Pressure",
Transactions of the Korean Society of Mechanical Engineers - B, Vol. 38, No. 9, pp. 781~787
(2014).
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A Study of Unburned Carbon and Emission gas depending on the
Different AFC Manufacturing Process

Byeung Ho Moon, Jin Ho Kim, Gyu Bo Kim', Chung Hwan Jeon”

School of Mechanical Engineering, Pusan National University

"Pusan Clean Coal Center, Pusan National Univeristy

A oA Bdeo] Ao oA TEFS Hil 929 o] W2 AETHY Agol St
ofet AEk sj¥o] 9o Boe SURAA AYEL slageing/ fouling A Eol BuEI gl
49 L 2L g3 Aot Bl WYL ck. £3 AR SUIME Huo] A4 vjEHL ¥
wo) ujsl7kao] het AIE Zeteln 9l Alstolck olelgh AGWTY WA BS BE AW, We
HAF TAIS FESILAL AlRE Aol 279 d&FZ 200ppmolstz &9l AFC(Ash Free Coal)o]
th AFCY Aoz + 9oz WY« slagging/fouling 2A12 =5, 7|& AEFEET Fdd L&
% 5ol 9}, wehd, ¥ A7olMt DTFS o&stol KCHAG M Aol 238 2aRel, 82a
2. R3RE30 Aay MBS APt VFRNL YAHL] 75-90um, Excess 02 3% SHI W
Qare 6080kcal/kgS 71E02 ATt TIFS Lelsldn Lt 1300204 4945to0] 2t o] o}
£ UBC(Unburned Carbon) % Hj7]7FA(NOx, SOx, CO, CO2 5)9 AAE/Y WHatsE &l sttt
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An Experimental Study on Effect of Staged Air to NOx emission
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Novel application of microbe-electrode hybrid system for bioenergy

production and biorefinery process

Jung Rae Kim#*, Ganapathiraman Munussami, Somasundar Ashok, Young Eun Song, Chae Ho

Im

School of Chemical and Biomolecular Engineering, Pusan National University, Busan, Korea,
609-735

Bioelectrochemical systems (BES) use electrogenic biofilm on the electrode which can reduce
solid extracellular electron acceptors and interact with electrode as electron donor and/or
accepter. Conventionally BES has been applied to produce electricity and hydrogen gas from
various biodegradable organic compounds, and in-situ monitoring biosensor. Recently the
electrochemical activity of whole cell microorganism has been introduced into electrochemical
biorefinery process which produces chemicals by controlling intracellular redox balance thus
metabolic pathway and redox capability with electrode in anaerobic metabolism. Therefore the
microbe-electrode interaction possibly can increase productivity and yield of fermentation and
bioprocess. It has been reported that commodity chemicals such as methane, acetate, ethanol
and buthanol can be produced by biotic cathodic reduction using controlled poised potential,
and electron recovery into chemicals shows over 80%. The microbial oxidation and reduction
of chemicals can also be combined with ion exchange membrane and separator in the various
bioelectrochemical and bio-processes, therefore it might be able to facilitate to develop a
simultaneous production and separation process. In this presentation, several reports are
reviewed for possibilities of unbalanced fermentation to bypass limitation of redox balance and
improve yield by the use of “electrochemically active bacterium” Shewanella oneidensis MR-1,
and engineering of microbial electrosynthesis. The recent development and reports for the
BES technology will be also reviewed, and the research results of commodity and intermediate
chemicals will also be presented.

Keywords: bioelectrochemcial system, microbial fuel cell (MFC), biofilm, biorefinery,

electroactive bacterium
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Demonstrating the prospects of sustainable platform chemical
production through engineered electrochemically active bacterium
Shewanella oneidensis MR-1

Ganapathiraman Munussami, Somasundar Ashok, Young Eun Song, Sun-Gu Lee, Sunghoon
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609-735

Shewanella oneidensis MR-1 is well-known for its dynamic nature of extracellular electron
transfer (EET) pathway, the process of intrinsically transferring electrons to solid metals and
electrodes under anaerobic condition which makes it to be an electrochemically active
bacterium. This process controls the intracellular NADH/NAD+ thereby maintaining the redox
balance in the cell. The biological production process of platform chemical is limited by
various factors, among them is the internal redox imbalance, which is caused due to
undisposed electrons, leading to high byproduct production, less conversion yield and
eventually increase the final purification cost of process. In our study we focused on 3-HP,
which has redox balance drawback during the production process, in Shewanella oneidensis
MR-1. The dynamic nature of EET in Shewanella oneidensis MR-1 motivated us to create a
novel biorefinery system, where we demonstrate the controlling of intracellular redox balance
using chemical mediators and Terminal electron acceptors (TEA). Since Shewanella. oneidensis
MR-1 can intrinsically transfer electrons directly to electrodes through EET and provides a
suitable host to control internal redox status during the production. In this study, we
demonstrate the biological production of 3-HP by a recombinant S. oneidensis MR-1dhaB
gdrAB KGSADH strain grown in a conical flask as a batch culture with chemical mediators
and TEA. Here, we showed the recombinant S. oneidensis MR-1 dhaB gdrAB KGSADH as a
potential biorefinery system to produce 3-hydroxypropionic acid (3-HP) from glycerol and its
competence to be employed in  electrobiochemical array (EBA).

Keywords: bioelectrochemcial system, biorefinery, platform chemicals, electroactive bacterium

References

1. Flynn, J. M., D. E. Ross, K. A. Hunt, D. R. Bond, and J. A. Gralnick. Enabling unbalanced
fermentations by using engineered electrode-interfaced bacteria. 2010. mBio 1(5):e00190-10.

2. S, Ashok, Subramanian M. Raj, C, Rathnasingh, S, Park. Development of recombinant
Klebsiella pneumoniae AdhaT strain for the co-production of 3-hydroxypropionic acid and 1,
3-propanediol from glycerol. Applied Microbiology and Biotechnology May 2011, Volume 90,
Issue 4, pp 1253-1265.

3. Vinod Kumar, Somasundar Ashok, Sunghoon Park, Recent advances in biological
production of 3-hydroxypropionic acid. Biotechnology Advances 2013, 31. (945-961).

82


http://link.springer.com/journal/253
http://link.springer.com/journal/253/90/4/page/1

CT-50 HH™7|=

Dynamic load control method to improve power density and

efficiency for Microbial fuel cells

Young Eun Song, Jung Rae Kim=*

School of Chemical and Biomolecular Engineering, Pusan National University, Busan,Korea,
609-735

A microbial fuel cell (MFC) is novel bioprocess that employs exoelectrogenic biofilm on
electrode as a biocatalyst for electricity generation. MFCs however generate less power
densities and columbic efficiency due to biological reaction. In order to increase their
applicability for sustainable wastewater treatment process and other bioelectrochemical
systems, external load which limits current flow should be optimized and dynamically
controlled for further enhancement. Maximum Power Point Tracking (MPPT) method can
automatically control load by a well designed algorithm, which can increase power density and
coulombic efficiency of MFC. In this study, operation of continuous type MFC implements
MPPT method with using real and synthetic wastewater. We developed logic based algorithm to
control external load resistance by using LabVIEW™ as a viable operating strategy for MFC.
Results show that automatic load control with MPPT started load from 52 Q during 120 h of
operation. MPPT control strategy could increase 2.7 times of power production and power
density (1.95 mW and 13.02 mW/m?® compared to the initial values before MPPT application
(0.72mWand4.79mW,/m?%. These results could provide strategy of MFC for field scale
application to achieve scaled up module system for high power generation.

Key words: Microbial fuel cell, Maximum power point tracking, MPPT.
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Comparison of sludge production between air-cathode microbial

fuel cell and aerobic process by protein analysis

Li Na and Booki Minx
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Microbial fuel cells (MFCs) are novel bioenergy technology which can simultaneously treat
wastewater with lower sludge production than conventional aerobic process system. In order
to compare the sludge generation, the present study implemented protein assay analysis to
determine sludge production (cell yield) in both MFC and aerobic process at the same
operational condition. MFC biomass vyield on the anode electrode was 0.02
g-COD-cell/g-COD-substrate and for anolyte planktonic biomass, it was 0.14
g-COD-cell/g-COD-substrate. An MFC without anode electrode resulted in the biomass yield of
0.07 + 0.03 g-COD-cell/g-COD-substrate suggesting that oxygen diffusion from the cathode
possibly supported the microbial growth. Biomass yield under aerobic environment was 0.46 *
0.07 g-COD-cell/g-COD-substrate, which was comparatively 3 times higher than the values of

biomass generation from MFC operation.
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Fig 1. Electricity generation (A) and protein and SCOD concentrations (B) as a function of

the time in the MFC.

84



CT-52 HH™7|=

Enhanced air-cathode microbial fuel cell (MFC) performance with

oxygen supply from an externally connected algal bioreactor (ABR)
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Electricity generation from wastewater using microbial fuel cell (MFC) is considered to be a
promising and environmental friendly method to produce sustainable bioenergy generation
with simultaneous wastewater treatment. The air cathode MFC is generally suggested as the
configuration for full-scaled power production from various organic wastes. However, there
are several studies reporting the limitations on the cathodic reduction reaction for high power
generation. In this study, oxygen supply to the cathode chamber connected with algae
bioreactor was attempted to increase the performance of an air cathode MFC operation. This
algae aeration produced the maximum 45% oxygen in the cathode chamber. Higher oxygen
supply to the cathode chamber increased cell voltage and cathode potential up to 460mV and
10 mV from 420 mV and -30 mV with lab air, respectively. The cyclic voltammogram analysis
revealed higher reduction current of -99 mA in the presence of 32 % oxygen than the value
of -89 mA at 20.8% oxygen (normal air). The supplement of oxygen from algae bioreactor
could also increases cathode chamber humidity up to 92+2%, which enhanced the cathodic
reduction reaction possibly due to increased proton transport and oxygen dissolution. This
study suggests that more oxygen supply and humidity control with algae aeration can improve
the performance of cathode side of an air cathode MFC.
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Fig.1 Air cathode MFC voltage generation with oxygen from an externally connected algae
bioreactor (ABR).
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Microbial Fuel Cell operation with various low cost separators for

enhanced power production
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Microbial fuel cells (MFCs) are devices which use bacteria as a catalyst for the conversion of
organic matter into electricity. An MFC typically consists of anode and cathode chambers, and
these two chambers are divided by a separator. Voltage and power generations with various
separators(CEM,Cellulose,PPS,S-PPS,PP80 and PP100) were investigated in this study as an
alternative to well-known ion exchange separators (Nafion and CMI). The MFC operation with
non woven fabric (PP80) has shown voltage generation of 470 mV (with 1000 Q) and a
maximum power density of 121 mW/m? Thesepowergenerationsweresimilarto the values from
the operation with Nafion (480 mV and 118 mW/m?).Ohmicresistance(®.,) of the cell was
decreased during biotic operation compared to abiotic operation. PP80 and PP100 revealed
smaller internal resistance of 12 @ and 3 Q, respectively in comparison with others having
the resistance ranging 24 to 42 Q. During oxygen diffusion analysis, size selective separators
exhibited higher oxygen diffusion, leading to relatively low columbic efficiency (CE) for PP80
(44%) and PP100 (42%) in comparison with Nafion (50%). PP80 exhibited the highest proton
mass transfer coefficient (KH = 11x10°cm/s) and ion transport (0.82 S/cm) among all ion
exchange and size selective separators. These results suggest that low cost separators such as
PP80 and S-PPS can be used for field applications for amplified voltage generations with

decrease in oxygen diffusion.

0.2 i
] Nafion 120 (:‘ i
03 r BCEM = B 4 i
o | on £ 100 i B il
7 o 2 ¥ #PPS)
05 f » PE100 B - SEPLH0
g il PP B .,‘I" Gk
T 05 | = 4
;::L i ™ LSTP3 % = F ASPPS
%' id | " Cellulase i K ad Cellulose
.. L A ]
arry é a0 f T ax®
L we = L
02 F
L Y 20 wt '
0l : ,J"'_" *
[ " .
" ; - 0

Figure 1: Voltage (A) and maximum power densities (B) with respective to current densities

1}

02

04 0.6
Current Density (A/m?)

ns

02

0.4
Current Density (A/m?)

obtained in MFC during the polarization analysis with different separators

86

0.6

08



CT-54 HH7|&

A2 M40 WIS Y F2TuSY] AL Ag-weeol &

Akhil N. Kabra, Sanjay P. Govindwar, & &x*
stgfety A ehg &-ahat

o
o
o,

Development of a bioreactor for remediation of textile effluent and
dye mixture: A plant-bacterial synergestic strategy

Akhil N. Kabra, Sanjay P. Govindwar, Byong-Hun Jeon*
Department of Natural Resources and Environmental Engineering, Hanyang University, Seoul

Phytoremediation is a solar powered remediation technology that uses plants for cleaning up
of contaminated sites [1]. Phytoremediation system capitalizing on the synergistic relationships
between the plants and microorganisms that have evolved naturally in wetlands and upland
sites over millions of years could prove to be more efficient for remediation [2]. In this study,
decolorization of the dye Scarlet RR and a dye mixture was studied under in vitro conditions
using Glandularia pulchella, Pseudomonas monteilii ANK and their consortium. Four reactors
viz. soil, bacteria, plant and consortium were developed that were subjected for treatment of
textile effluents and dye mixture. Under in wvitro conditions G. pulchella and P. monteilii
showed decolorization of the dye Scarlet RR (SRR) by 97 and 84% within 72 and 96 h,
respectively, while their consortium showed 100% decolorization of the dye within 48 h. In
case of dye mixture, G. pulchella, P. monteilii and consortium-PG showed an ADMI removal of
78, 67 and 92% within 96 h, respectively. During decolorization of SRR G. pulchella showed
induction in the activities of enzymes lignin peroxidase and DCIP reductase, while P. monteilii
showed induction of laccase, DCIP reductase and tyrosinase, indicating their involvement in
the dye metabolism. High Performance Liquid Chromatography (HPLC), Fourier Transform
Infra Red Spectroscopy (FTIR) and High Performance Thin Layer Chromatography confirmed
the biotransformation of SRR and dye mixture into different metabolites. Soil, bacteria, plant
and consortium reactors performed an ADMI removal of 42, 46, 62 and 93% in the first
decolorization cycle, while it showed an average ADMI removal of 21, 27, 59 and 93% in the
next three (second, third and fourth) decolorization cycles for the dye mixture within 24 h,
respectively. Consortium reactor showed an average ADMI removal of 95% within 48 and 60 h
for textile effluents A and B for three decolorization cycles, respectively, while it showed an
average TOC, COD and BOD removal of 74, 70 and 70%, 66, 72 and 67%, and 70, 70 and 66%
for three decolorization cycles of the dye mixture (second, third and fourth decolorization
cycles), effluent A and effluent B, respectively. Phytotoxicity studies revealed the non-toxic
nature of the metabolites of degradation of dye mixture, effluents A and B by consortium
reactor. The developed consortial reactor system can be used for treating large amounts of
textile effluents when implemented as a constructed wetland by proper engineering approach.
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Performance Modeling of Urban Nonpoint Source Pollutants

Removal in Retention Ponds with Uncertainty Analysis
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Monitoring rapid biodegradation of simulated synthetic textile
effluent and development of a novel bioreactor using
bacterial-yeast consortium

Mayur B. Kurade, Tatoba R.Waghmode, Sanjay P. Govindwar, Byong-Hun Jeon*
Department of Natural Resources and Environmental Engineering, Hanyang University, Seoul

Textile industries play an important role in the world's economy; however, it consumes a
large quantity of water and generates a huge amount of wastewaters [1]. These colored
effluents create severe environmental pollution problems by releasing toxic and potential
carcinogenic compounds into the aqueous phase which leads to adverse effects on aquatic life
[2]. Biological treatment for dye decolorization is a decent alternative to physico-chemical
treatment methods and now it is gaining more attention. Textile industry effluent usually
contains mixture of dyes, and it is resistant to biodegradation using a single microbial
species. The treatment systems composed of mixed microbial populations possess higher
degree of biodegradation and mineralization due to synergistic metabolic activities of microbial
community [3]. However, the application of the consortium for degradation of textile industry
effluent and dye mixture is not disclosed yet. Additionally, the monitoring of stepwise dye
mineralization from the effluent is not acknowledged till date. The present study was aimed to
develop a bacterial-yeast consortium for the treatment of textile industry effluent along with
the development of a novel Triple layered fixed bed reactor for the continuous process study.
The decolorization ability of a bacterial-yeast consortium (B. laterosporus and G. geotrichum)
was investigated with two real textile effluents and a simulated synthetic effluent. Consortium
showed 89% and 60% decolorization of effluent-1 and 2 respectively within 48 h, whereas 69%
decolorization of simulated synthetic effluent was achieved within same time. It showed
superior biodegradation compared with individual microorganisms. Cumulative action of
oxidoreductive enzyme in consortium was responsible for enhanced decolorization.
Spectroscopic analysis suggested effective biotransformation of dyes present in the simulated
synthetic effluent by consortium as compared to individual strains. High Performance Thin
Layer Chromatography monitored the biodegradation of each single dye present in the
simulated synthetic effluent. Accordingly, consortium biodegraded all the dyes within 1 h only
as compared to partial biodegradation by individual microorganisms. A novel Triple Layered
Fixed Bed Reactor was designed for continuous effluent decolorization. It showed 80-87%
decolorization (at 100 ml h™! flow-rate), up-to 7d along with ~78% reduction in COD. The
reproducibility of the bioreactor could be maintained up-to three consecutive cycles.
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Toxicity Assessment of Organic Pollutant Contaminated Soil Using
Sulfur-Oxidizing Bacteria (SOB)
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A sulfur-oxidizing bacteria (SOB) was successfully applied on the organic pollutant
contaminated soil toxicity assessment in batch tests. The monitoring of pH and EC is enough
to detect SOB activity. The detection of benzene, toluene, ethyl-benzene, xylene, and BTEX
mixture contaminated soil toxicity was done wusing sulfur-oxidizing bacteria (SOB). The
experiments were set up using individual pollutant and all combined in a 24 mL serum bottle
sealed with rubber stopper and plastic cap. A large headspace volume was kept in the
reactors to provide enough oxygen to SOB. BTEX compounds were spiked in the concentration
range of 1-1000 mg/kg. Varied ECyy were obtained for the BTEX compounds :those were of
157.04, 1.63, 18.54, and 1.09 mg/kg for benzene, toluene, ethyl-benzene, andxylene. The
results suggest that SOB can detect organic pollutants in the soil as well.
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Development of Novel Respirometer System for a Biogas
Measurement

Woo-Chang Kang, Bum-Soo Shin', Sang-Eun Oh*
Department of Biological Environment, Kangwon National University, Chuncheon-si,
Gangwon-do, South Korea

'irDepartment of Biosystems Engineering, Kangwon National University, Chuncheon-si,
Gangwon-do, South Korea
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warming potential of biogas-based fuels from a life cycle perspective," Fuel. Process. Technol.,
132, 74-82 (2015).
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Partial oxidation of alcohol using Manganese dioxide
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1. Theories and Applications of Chem. Eng., 2003, Vol. 9, No. 2

2. Journal of Physics and Chemistry of Solids, Volume 69, Issues 5-6, May-June 2008, Pages 1513~
1517
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Current regulation investigation of Pollution from ships related IMO
MEPC Tier I

Kang Shin Baek
Korea Ship Safety Technology Authority
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Selective Phosphorus Release from Activated Sludge by Alkali and
Thermal Treatment

Dong-Jin Kimx, Heonki Kim, Byung-Ho Lim, Daechul Cho'
Department of Environmental Sciences & Biotechnology, Hallym University, 'E'Department of

Energy and Environmental Engineering, Soonchunhyang University

Selective phosphorus release from wastewater sludge during sludge pre-treatment is a critical
step for phosphorus recovery and accelerating methane production by anaerobic sludge
digestion. In this study, alkali and thermal treatment was employed for selective phosphorus
release and recovery from thickened activated sludge. The sludge was treated at 20, 50, 60,
70 and 80°C for thermal treatment and 0.001-1.0 N NaOH for alkali treatment. Phosphorus
release ratio (%) increased with the temperature and the maximum release reached 33% at
80°C in 2 hours. Phosphorus release also increased with alkali concentration and the
maximum release ratio reached 90% at 1.0 N NaOH. Interestingly, phosphorus release
increased significantly at 0.01 N NaOH in all the temperature ranges. The selectivity of
phosphorus was also examined during alkali and thermal sludge treatment over COD and total
nitrogen (T-N) in the supernatants which were dissolved (released) from the sludge.
Phosphorus selectivity, defined as released T-P(%)/COD(%), varied 3.5-5.0 at the temperature
of 50-80°C and 1.8-5.3 at 0.001-1.0 N NaOH. The results showed that phosphorus was
preferentially released than COD and T-N components during the thermal and alkali sludge
treatment when compared to the mechanical (ultrasonic) sludge treatment. The result
indicates that phosphorus can be selectively recovered from the supernatants and the residue

is used for anaerobic digestion for methane production.
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Study on the CO, fixation of Liquid carbonation using the
Recycling Water of Ready-mixed Concrete

Park Byung Hyun, Lee Ju Yeol, Lim Yun Hui*, Shin Jae Ran, Moon Sung-Ho, Kim Jae-Gang,
Choi Changsik’, Hong Bum-Ui" Kang Ho Jong'
Technology Institute, Anytech Co., Ltd, 'Plant Engineering Center, Institute for Advanced
Engineering, ‘IK Co., Ltd
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Fixation by Chemical Conversion to Carbonate Salts,” Chemical Engineeing Journal, 231,
287-293 (2013).

2. Lim, Y. H., Lee, J. W., Choi, C. S., Hong, B. U., Park, J. W., Lee, D. Y. and Park, B. H,,
“Study on Liquid Carbonation using the Recycling Water of Ready-mixed Concrete,” /. of Oil
Chemists’ Soc., 30(4), 770-778 (2013).
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The adsorption and desorption behavior of hydrogen chloride gas
on Zeolite 13X Pellet at high pressure condition in a Fixed Bed

Reactor

Jae-Young KIM, Dae-Hyun KYUNG, Young Cheol PARK, Sung-Ho ]O,
Ho-Jung RYU, and Jong-Ho MOON®
Greenhouse Gas Research Laboratory, Korea Institute of Energy Research

Department of Environmental Engineering, Daejeon Univerisity

The adsorption and desorption breakthrough test of hydrogen chloride (HCl) was performed
by loading zeolite 13X pellet (molecular sieve 13X, Aldrich Co.), a commercial adsorbent, onto
a fixed bed reactor (height 15 cm, inside diameter 0.5 cm).

The breakthrough test was carried out by changing various experimental conditions such as
inlet flow rate (0.5, 1, 1.5, 2 1/min), HCl concentration (200, 350, 500, 650 ppm), reaction
temperature (30, 50, 70, 90°C), and reaction pressure (1, 5, 10, 15, 20 bar) with considering
the retention time and space velocity. As results, adsorption capacity of HCl was not affected
by the inlet flow rate (0.5 I/min ~ 2.0 1/min) and the inlet concentration (200 ppm ~ 650
ppm). At 30 ~ 90°C of the temperature ranges and 1 bar ~ 20 bar of the pressure ranges, the
HCl sorption capacity decreases with increasing temperature, whereas it increases with
increasing pressure. Since the Molecular sieve 13X (MS-13X) shows a physisorption behaviors
for HCI removal, sorbent regeneration was possible.

After evaluating the adsorption and the desorption characteristics of HCl on the MS-13X, the
consecutive cyclic test (5 times of adsorption step, 4 times of desorption step) was carried out
with optimum condition. The optical, physical, and chemical characteristics of MS-13X were
analyzed using BET, XRD, SEM, EDX, and TGA before and after breakthrough tests.
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Study on optimization for process of blast furnace slag mortars
using by-product of seawater desalination.

Jae Ran Shin, Byung Hyun Park”
Technology Institute, Anytech Co., Ltd

rh
|u
iC)
|m
19
>
oo
o,
ok z
re
i(')_[;‘
)
=
pac)
-
>~
B
9
o
S
=
Hu
iTh%
)
|d
rr
=
Hu
=
>
r)"
2

S Ax g
A7l S 2R ARG RAERA AHE SRR AMRE 4 ooy & §F d7he
244 2228 F32E LR FY 4 153
g ol @43t 3k 7HX L Qlo] FIAlE Axsh=dl A9 &
g8 AI7I7F 2ojdo2K FAE|bo]
gk 9l AlAolt}. Moon and Shin[4]
0]

O

=2 =
Qast A2 542 AUBelstel e @rte] R meadaol ARAe
Azs] 9%

ojn 4l
o
ila)
tlo
P~
=
ol
o
)
o
d
A
)
e
rok
in
e T
o

1 )
T
Pi
N
o}
ne ©
roh
o
R}
re
in
T2
N
HH
i7a)
1o
i
1la)
o

Da)
22
0 0o
B2
o
= on 5
_>E‘ D
o,
| =
oo &

= 9 TENSE SHAEAL/NTAIG Y AR L (HAH 2 14IFIP-B065953-02)0f ofs 4~3Y= U5
Y.
12

1. Sang-Hyuk Oh, Sung-Hyun Hong and Kwang-Myong Lee, “Autogenous Shrinkage Properties
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2. Geon-Woo Kim, Byeong-Jo Kim, Keun-Hyeok Yang, and Jin-Kyu Song, “Strength
Development of Blended Soudium Alkaly-Activeted Ground Granulated Blast-Furnace Slag
(GGBS) Mortar” Journal of the Korea Concrete Institute 24(2), 137-145 (2012).
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Development of EPDM for automobile parts via the decrease of the

rubber whitening
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!Department of Advanced Materials and Chemical Engineering,
Kyungnam College of Information and Technology
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Development of Simultaneous Control Technology of SOx and NOx
Using Wet Scrubber

Jae Gang Kim? Ju-Yeol Lee®®, Byung Hyun Park® Jin-Sik Choi*®
*Technology Institute, Anytech Co., Ltd

"Dept. of Applied Environmental Science, Kyung Hee University
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wet scrubbing using aqueous chlorine dioxide solution, /. Hazard. Mater. B, 135, 412(2006).
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Estimation of Poly(lactic acid) biodegradability by specific surface

area based gas production using wastewater sludge

Young Eun Song, Jung Heun Moon, Che Ho Im, Jung Rae Kim=*

School of Bimolecular and Chemical Engineering, Pusan National University
Busan 609-735 Korea

Biodegradable plastics and polymers have been spotlighted in the response of environmental
concerns. Especially, Poly lactic acid is a biobased biodegradable polymer produced as a
byproduct from various renewable sources. Monomer lactic acid produced from depolymerized
PLA can be used for many industrial applications. The estimation of biodegradability of
polymers has been developed. However most of the existing methods require a long term or
need harsh conditions such as high temperature and acidic and basic environment. Thus, in
this study, we focus on development of feasible testing method and quantitative measurement
of biodegradability. The PLA sample with different specific surface area was prepared and
anaerobic digester sludge was inoculated into each sample. The CO2 and CH4 production were
monitored according to time in order to estimate the specific gas production rate based on

surface area of polymers.

Reference

1. Hoang, T., Giang, N. V., Ha, N. T., Dai Lam, T., & Sumita, M. (2012). A novel enzymatic
biodegradable route for PLA/EVA blends under agricultural soil of Vietnam. Materials Science
and Engineering: C, 32(3), 558-563.

2. Yagi, H., Ninomiya, F., Funabashi, M., & Kunioka, M. (2010). Bioplastic biodegradation
activity of anaerobic sludge prepared by preincubation at 55° C for new anaerobic
biodegradation test. Polymer Degradation and Stability,95(8), 1349-1355.

3. Kunioka, M., Ninomiya, F., & Funabashi, M. (2006). Biodegradation of poly (lactic acid)
powders proposed as the reference test materials for the international standard of
biodegradation evaluation methods. Polymer degradation and stability, 91(9), 1919-1928.
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Development of Recycling Technology for Waste Textile Twisting

Drum

InGyung Jung, Gwanghui Jeon', Suchan Jeong', JaeGun Seo

Korea Industrial Complex Corp. Gyungbuk EIP Development Division,
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Effect of controlled air flow in aquifer during air sparging on the
VOC removal: Changes in viscosity and surface tension of

groundwater

Heonki Kim, Juyoung Kim', Dayoung Ahn
Dept. Environ. Sci. Biotech., Hallym Univ., 'Institute of Energy and Environ., Hallym Univ.

Air injected into an aquifer during air sparging normally flows upward according to the
pressure gradients and buoyancy, and the direction of air flow depends on the natural
hydrogeologic setting. In this study, a new method for controlling air flow paths in the
saturated zone during air sparging processes is presented. The effect of controlled air flow on
the removal efficiency of VOC (TCE) was also confirmed. Two hydrodynamic parameters,
viscosity and surface tension of the aqueous phase in the aquifer, were altered using
appropriate water-soluble reagents distributed before initiating air sparging. Increased
viscosity retarded the travel velocity of the air front during air sparging by modifying the
viscosity ratio. The air flow direction, and thus the air flux distribution measured using
gaseous flux meters at the sand surface during air sparging experiments using
two-dimensional model was affected by the aqueous patch of high viscosity or suppressed
surface tension present in the aquifer. Air flow was selective through the low-surface tension
(46.5 dyne/cm) region, whereas an aqueous patch of high viscosity (2.77 c¢P) was as an
effective air flow barrier. The effect of air flow focused on the region of low surface tension
was found to enhance the removal of TCE whereas viscose solution applied in the aquifer
retarded the volatilization of TCE during air sparging. Formation of a low-surface tension
region in the target contaminated zone in the aquifer, before the air sparging process is
inaugurated, may induce air flow through the target zone maximizing the contaminant
removal efficiency of the injected air. In contrast, a region with high viscosity in the air
sparging influence zone may minimize air flow through the region prohibiting the region from

de-saturating.
Fusd

1. Kim, J., Kim, H., and Annable, M. D., "Changes in air flow pattern using surfactant and

thickeners during air sparging". /. Contam. Hydrol., 172, 1-9 (2015).
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Biofouling Control Using Chlorine Treatment

Daechul Chox*, Niamul Haque', Sung-Hyun Kwon'
Energy and Environmental Engineering, Soonchunhyang University

';'Department of Marine Environmental Engineering, Gyeongsang National University

Biofouling due to blue mussels (Mytilus edulis) has been a long time problem for inefficiency
and intermittent system failure of offshore structures and coastal power stations. Dissolved
chlorine ranging 0.05 to 1.0 mg/L has been applied into a larvae cultivation chamber in order
to identify their mortality through a kinetic analysis. The ciliary movement of the larvae was
used to check their survival. The 1.0 mg/l of chlorine matched to 97% of larvae mortality
whereas 0.7 mg/l of chlorine for only 16% of its mortality. Minimum exposure times for 100%
larvae mortality ranged from 300 to 20 min for increasing concentrations of chlorine. It was
noted that 1 mg/l of chlorine was 4 times more efficient than 0.7 mg/l of that, and 15 times
more than 0.05 mg/l of chlorine dose. The kinetic analysis should provide field operators with

optimized biocide dosage and its scheduling.

Keywords: Mytilus edulis, Veliger larvae, Biofouling, Biocide, Residual chlorine
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Ceramic coating characteristic of the metal filter

for a gasification process application

Sang Yeon Hwang, Ji Eun Lee, Seok Woo Chung*, Min Jung Kim', Dong Bok Lee'

Institute for Advanced Engineering, ';'Sungkyunkwan University

HRVIAE J1ES AT AR M9E A @aslol olgsll il Jlas MEAA LETACO
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1. Altgeld. W. “Galvanic aluminium coating-an interesting alternative for electronics, optics
and corrosion protection”, Metalloberflache, 1986, 40, pp. 253-255.

2. ZA et al. "IRUlF SAIGA R FI]AME S0 WEE A7, kR RHEFEE]A], 1999, 32(1),
pp. 49-60.

3. Boogard A., and Van den Broek JJ, “Crystallisation and electrical resistivity of
sputter-deposited aluminium-germanium alloy films”, Thin Solid films, 2001, 401, pp. 1-6.
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Effective regenration of adsorbent developed for removal of

organic contaminant by using UV radiation

Soonjae Lee, Chang-Gu Lee, Sang-Hyup Lee, Seulki Cho, Jae-Woo Choix*

Korea Institute of Science and Technology

Recently, the effluent quality standard and water environmental regulation were tighten to
rising discharge of these contaminants.Companies which used toxic organic solutes have been
realized the magnitude of the problem related to the disposal of large amounts of wastewater
for preservation of water resources and hydroecologicalsafety. Several techniques, such as
chemical oxidation, biological treatment, coagulation, membrane separation, adsorption and
photocatalysis, have been applied for removal of toxic organic contaminants. Adsorption
method is one of the most effective of these techniques due to easy operation, generation of
little sludge, high efficiency and regeneration. For these reasons, many researchers had
developed various type adsorbents for toxic organic contaminants from aqueous solution.
However, if the developed adsorbent adsorbed some pollutants cannot be regenerated, it
becomes by definition contaminant. Various researches related to regeneration of adsorbent,
such as thermal, chemical, microbiological and vacuum regeneration, are being conducted to
compensate for the disadvantage of adsorption technique. In particular, in case of using
photocatalysis techniques, organic pollutants adsorbed onto the adsorbent surface can be
converted to harmless compounds such as carbon dioxide and water. Through this process,
adsorbents can be regenerated and recovered the original adsorption capacity. In this study,
we developed effective adsorbent for the removal of 2,4,6-trichlorophenol as a toxic organic
contaminant induced cancer at lymphomas, leukemia and liver. The developed adsorbent is
composed of powder activated carbon having high adsorption capacity for organic pollutant
and titanium dioxide having photoactive reaction. The adsorption Kkinetics of
2,4,6-trichlorophenol was determined and the regeneration efficiency was estimated.
Additionally, the toxicity of the developed adsorbent was also investigated.
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Colorimetric detection of metal ions using Ag nanoprism
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Furfural tolerance capacity of enterobacter cloacae GGT036 soil
bacterium

Sun Young Choi'?, Suah Jo?,Hyo jung Shin? Young soon Um!, Sang Jun Sim?° Han Min
Wool*#*

IClean Energy Research Center, Korea Institute of Science and Technology, Seoul,

Republic of Korea
2Green School and °Department of Chemical and Biological Engineering, Korea University,145,
Anam-ro, Seongbuk-gu, Seoul, Republic of Korea

Detoxification process of furfural is essential for production of bio-based chemicals from
biomass, lignocellulose. We isolated of an extreme furfural tolerant bacterium Enterobacter
cloacae GGT036 from soil sample collected in Mt. Gwanak, Republic of Korea. And also,
completed genome sequence of E.cloacae GGT036. To investigate of extreme furfural tolerant
property of E. cloacae GGT036, We tested to grow furfural according to 20 mM, 40 mM, 60
mM furfural condition under aerobic culture and to monitor GC Mass analysis. Compared to
the maximal half inhibitory concentration (IC50) of well-known industrial strains Escherichia
coli (24.9 mM furfural) and Corynebacterium glutamicum (10 mM furfural) based on the cell
density, IC50 of E cloacae GGT036 (47.7 mM) was significantly higher after 24 h, compared to
E coli and C glutamicum. The conversion rates of furfural to furfuryl alcohol were 62.8 %
for 20 mM furfural and 64.3% for 40 mM furfural after 12 h of inoculation. But, conversion
rate of 60 mM furfural was shown as 32.3 % due to several growth defects. Since bacterial
cell growth was exponentially inhibited depending on linearly increased furfural concentrations
in the medium. In conclusion, E. cloacae GGTO036 is an extreme furfural-tolerant bacterium.
This insight could apply for engineering of £ cloacae GGT036 itself or other industrially
relevant bacteria. This work was supported KIST Institutional program of the Korea Institute

of Science and Technology (KIST).
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Selective Trimerization of 2-Methylfuran on Amberlyst-15

Indrivati”, Miyoung Yeom', Jae-Wook Choi’, Hyunah Choo', Dong Jin Suh™ Jeong-Myeong Ha'
§
"Korea Institute of Science and Technology, *Korea University of Science and Technology,

SKorea University

Trimerization of 2-methylfuran to produce high-carbon-number hydrocarbons of C15 was
performed using Amberlyst-15, an environmentally friendly solid acid catalyst. The selectivity
to the diesel precursor, a trimer, was significantly increased in the presence of water in the
reaction system. The hydrodeoxygenation of the condensation products is performed using
Pd/charcoal and Ru/SiO,-Al,0; catalyst to obtain the diesel hydrocarbons. The preferred
formation of trimer initiated the production of diesel-like hydrocarbons upon further
hydrodeoxygenation, which indicates that the addition of water helped to produce diesel fuels

from xylose-derived 2-MF.

Keywords: 2-methylfuran, trimerization, water, alkylation, Amberlyst-15
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A Study for Butene Formation through Dehydration of Butanol on
Metal Supported on Mesoporous Silica Catalyst

Hveona Kim, Hyejeong Choo, Jong-Ki Jeonx
Department of Chemical Engineering, Kongju National University
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1. J. E. Herrera, J. H Kwak, J. Z. Hu, Y. Wang, and C. H. F. Peden, “Effects of Novel
Supports on the Physical and Catalytic Properties of Tungstophosphoric Acid for Alcohol

Dehydration Reactions”™ 7op catal. 49, 259 (2008).
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Study on Dicyclopentadiene Oligomerization using Zeolite

Kwanhyoung Jeong, Eunseo Park, Jeongsik Han' Byounghoon Jeong', ,Jong-Ki Jeon

Kongju National University, 'Agency for Defense Development
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Dicyclopentadiene(DCPD)2 A&3}st 3740] HAMEZ 119 29 IAAZ2A AFst 7t
Ao g ol &) 3L Qltt. DCPD9] A55F ure.o %6 tricyclopentadiene(TCPD)x}
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Figure 1. Schematic diagram of the experimental set-up.
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Competitive adsorption Characteristics of Volatile Organic
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The study on hydrogen production performance by supercritical

water gasification of model biomass with various catalysts

Dong Hyun HEO, Roosse LEE, Jong Ha HWANG, and Jung Min SOHN=*
Dept. of Mineral Resources & Energy Eng., Chonbuk National University

In this study, the model biomass was used for hydrogen production by supercritical water
gasification(SCWG). Model biomasses were glycerol, glycine, lignin and cellulose. The effects of
catalysts such as alkali metal salt(K,CO3 and Nay;COs3) and transition metal salts(Ni(NO3);, Fe(NO3);
and Mn(NOs),) on the gasification were systematically investigated. The feedstock was prepared by
Stirring method. Aqueous solution of 1 wt% glycerol was prepared by resolving appropriate amount
of reagent into deionized water. Some amount of catalyst was added into the above solution to
form proper catalyst concentration 0.1 wt% of water. Experiments were conducted in a reactor
at 440 °C and above 26.3 MPa for 30 min. After the gasification reaction, the effluent is cooled
down to room temperature by cooling water at the exit of the reactor. Finally, The gas products
were collected by a gas collection bag and were injected into the gas chromatograph equipped with
the thermal conductivity detector (TCD) and the flame ionization detector (FID). The results showed
that the gasification efficiency increased with various catalysts. For the cellulose and glycerol, all
catalysts were effective for the promoted H; production compared with no catalyst. The significant
decrease of H, production compared with no catalyst was observed with Fe(NO3); for glycine and
lignin. respectively. The highest H, production, 8.94 mmol was obtained for glycerol-SCWG with
Na,;COs. Conclusively, the addition of Nay;COs; enhanced glycerol gasification efficiency and

increased the hydrogen production promoting the supercritical water reaction.
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The selectivity of imidazolium based ionic liquids to aromatics from
aliphatic/aromatic hydrocarbon mixture and ternary liquid-liquid
equilibrium data for mixtures {hexane + toluene/p-xylene + Ionic

Liquid}

Soo-Hyun You, Kyeong-Ho Lee, So-Jin Park”
Department of Chemical Engineering, College of Engineering, Chungnam National
University, Daejeon 305-764, Korea

Because of unique properties of ionic liquids (ILs) such as a low vapor pressure at room
temperature, excellent thermal and chemical stability, ILs have been considered promising
solvents to replace traditional organic solvents in liquid extraction processes [1, 2]. In recent
years, therefore, ILs as a benign solvent has attention to numerous researchers who were
interested in environmentally friendly separation process. In the field of aromatic extraction
from aliphatic/aromatic hydrocarbon mixture, ILs have been just studied as a substitute of
toxic organic solvents such as acetonitrile, sulfolane, N-methyl pyrrolidone, glycole,
N-formylmorpholine, etc. [3-5]. Moreover, the regeneration costs of ILs are lower than those
of organic solvents such as sulfolane, which has a boiling point of 287.3 °C [6]. The aim of
this research is therefore to analyze suitable ILs solvent for recovery of toluene and p-xylene
from aliphatic hydrocarbon by means of determination of related liquid-liquid equilibrium
(LLE) and selectivity. The determined selectivity (S) of ILs was compare to that of the organic
solvent. In addition, distribution coefficient (D) was also analyzed. We choose [BMIM] [PFs] as
solvent to separate aromatic hydrocarbons (toluene and p-xylene) from hexane since
[BMIM][PFs] showed highest selectivity to extract benzene among other ILs groups according to
our previous research. The ternary LLE data for {hexane+toluene+[BMIM]|[PFs]} and
{hexane+p-xylene+[BMIM]|[PF¢]} systems and selectivity of [BMIM][PFs] were determined at
298.15K and atmospheric pressure.

The determined LLE data were correlated by using the nonrandom two-liquid (NRTL) activity
coefficient model for all the systems. The reliability of the experimental tie-line data was
ascertained by using the Othmer-Tobias correlating equations [7, 8].
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Cultivation and harvesting of freshwater microalgae in municipal
wastewater for bioenergy production: Photobioreactor (PBR) study

[I-Seung Yang, El-Sayed Salama, Byong-Hun Jeon*
Department of Natural Resources and Environmental Engineering, Hanyang
University,

Microalgae are currently receiving much attention due to their potential as biofuel feedstock
[1]. The most significant barriers for economical biofuel production using microalgae are the
technological and engineering aspects, such as the high cost of microalgae cultivation and
difficulty in maintaining stable cultures for extended periods [2,3]. Growing microalgae in
domestic and/or municipal wastewater, which would require minimum energy input, could
reduce cultivation costs as wastewater is a readily available source of water and a source of
the major nutrients required by microalgae proliferation [4]. In this study, two species of
green microalgae, C vulgaris and S. obliguus were cultivated in photobioreactor (PBR)
amended with municipal wastewater to study the possibility of coupling wastewater treatment
with biomass production for biofuel generation. Microalgal growth, nutrients removal including
total nitrogen (TN), total phosphor (TP) and total inorganic carbon (TIC) and trace elements
were monitored during the cultivation time of C vulgaris and S. obliquus. C. vulgaris and S.
obliquus showed an optimal specific growth rate (o) of 1.41 and 1.39 day!, respectively, and
almost completer emoval (>99%) of TN and TP. Harvesting efficiency of M. oleifera was 60%
and 80% for C vulgaris and S. obliquus, respectively. Fatty acids accumulated in the
microalgal biomass mainly composed of palmitic acid, oleic acid, linoleic acid and a-linolenic
acid. This study demonstrates the potential for microalgae-based biodiesel production by
coupling of advanced wastewater treatment with microalgae cultivation for low-cost biomass
production.

References

1. Chisti, Y., "Biodiesel from microalgae," Biotechnol Adv., 25(3), 294-306 (2007).

2. Uri P. "Accumulation of triglycerides in green microalgae: a potential source for biodiesel".
Federation of European Biochemical Societies (FEBS), 277: 5-36 (2010).

3. Salama, E-S., Kim, H-C., Abou-Shanab, R.A.l, Ji, M-K., Oh, Y-K., Kim, S-H., Jeon, B-H.
"Biomass, lipid content, and fatty acid composition of freshwater Chlamydomonas mexicana
and Scenedesmus obliguus grown under salt stress". Bioprocess Biosyst. Eng. 36: 827-833
(2013).

4. Ji, M-K., Abou-Shanab, R.A.l., Kim, S-H., Salama, E-S., Lee, S-H., Kabra, A-N., Lee, Y-S,
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Effect of Re-synthesized ITO Concentration on Reliability of the

Transparent Conductive Electrodes
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=7} Ag il =Ud A3 A0 0lxl: 9FS Apstack o2 s = IT0 Y2
AZSAT, Ag Yt @7 SPYRTS AsIAt. 1 20 wAF 15.1 Q/0, ERE 87%2 F&
T RYATL AN B 0 DT U SSATY 5 Ay WHE A clel A

2 A7 20108 A ESUATE RO AR shxoyx] 7| HA(KETEP)Y] A|¥42 ot 2385t A

T ALY T (No. 2010501010002B).

FaEd

1. S.-]. Hong, Y.-H. Kim, and J].-I Han, “Development of Ultrafine Indium Tin Oxide (ITO)
Nanoparticle for Ink-Jet Printing by Low-Temperature Synthetic Method”, [EEE Trans.
Nanotechol. 7(2), 172-176 (2008).

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

127



PB-17 EAE{SHA

Stabilization of bio-oil over base catalysts
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A Study on Evaluation of Physical Properties and Cleaning Abilities
of HFE-type Cleaning Agents in Flux Cleaning according to their

Additives Concentration
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