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Abstract 

In the real world, human observers perceive various objects under a wide range of luminance 
values from low to high [1]. Images that try to reproduce the same range end up looking 
overexposed, underexposed, or both. This is because our visual systems can capture a full range of 
tones in high contrast scenes. In order to display HDR images or videos, quite dark rooms are 
conventionally required to avoid the picture quality degradation caused by viewing flare from 
illumination in the room. The next step is therefore, converting HDR images/videos into 
Standard-Dynamic-Range (SDR) images/videos that retain their Perceptual Reality (PR), i.e., 
reducing the impairments caused by flare, for comfortably utilizing HDR contents in daily life often. 
Tone Mapping Operators (TMOs) are now being used to compress HDR into SDR images. However, 
there is no evidence that all the conditions, separately or jointly, provide satisfactory results from 
the human perspective.  
� Our physiological experiments in a real HDR environment confirmed that (1) most observers 
maybe able to judge the luminance differences in global luminance perception except for specific 
lighting cases, e.g., the object is to be viewed against a strong light-source like the sun, and (2) JND 
(Weber-ratio) in luminance perception increases, i.e., luminance sensitivity decreases, except for 
between highlight and middle tone in a scene. 

Based on subjective assessments conducted in a real HDR environment, our proposal 
demonstrates that the global tone mapping technique is quite effective in reproducing HDR images 
(Contrast Ratio (CR) > 1000:1) in normal or SDR environments with typical viewing flare (CR < 
20:1). 

 
Figure1. Original HDR image                Figure2. SDR image by our proposal (CR < 20:1) 
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Extraction of Human Stepping Pattern UsingAcceleration Sensors 
Takayuki Toyohira1, Kiminori Sato1 and Mutsumi Watanabe1 

 
Abstract 
Gait pattern of person characterizes individual and each condition.  The precise gait pattern may be one of the 
measures for recognizing individuals [1][2][3][4].  Gait analysis systems using acceleration sensor were developed for 
medical rehabilitation [5] and identification of portable device user [6], etc.  However, most systems do not catch 
synchronous stepping actions between right foot and left foot.  In this paper, a synchronous walking sensing system is 
developed, where a pair of acceleration and angular velocity sensors are attached to left and right shoes of a walking 
person and their data are transmitted to a PC through a wireless channel. Walking data from 19 students of the age of 14 
to 20 are acquired for walking analysis. 

In the sensor data, x and z components of accelerations and y component of acceleration are used for analysis of 
walking.  Stepping time diagrams are extracted from the acquired data of right and left foot actions of stepping-off and 
-on the ground, and the time diagrams distinguish between an ordinary person and a person injured on left leg, and a 
stepping recovery process of the injured person is shown Figure.1 and Figure.2.  Synchronous sensing of stepping 
action between right foot and left foot contributes to obtain precise stepping patterns. 
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Figure.2. Stepping time diagram of 3rd experiment 
for the injured person. 
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Figure.1. Stepping time diagram for the injured person. 
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Abstract 

Etofenprox applied to a paddy field diffuses into river water and undergoes various reactions such as hydrolysis or 
photolysis, resulting in formation of an etofenprox-ester, 2-(4-ethoxyphenyl)-2-methylpropyl 3-phenoxybenzoate. Since 
the half-life time of etofenprox is relatively long (17.5 days), the ester is less likely to be detected at high concentrations 
in the water environments. In this study, the concentrations of etofenprox and the ester in actual river waters were 
determined in order to see whether a transformation product of a pesticide is determined at lower concentration than 
that of its parent (intact) pesticide which has a long half-life time. The synthesis of the ester was also conducted because 
it was not available in the market (Figure 1 and 2). Contrary to our expectations, etofenprox and the ester were detected 
at high concentrations. Therefore, the acute immobilization tests with Chironomus yoshimatsui and Daphnia magna 
were performed to determine the acute effect concentration (AECd) of them. Fortunately the ecotoxicity risk of the ester 
was negligible. However, its concentration was approximately at the same level as the registration withholding limits of 
etofenprox (Figure 3). Consequently, monitoring concentrations of a transformation product and its parent pesticide 
which has a long half-life time are important to assess the ecotoxicity risk of them (Figure 4). 

            
Figure 1. Synthesis of etofenprox-ester                Figure 2. 1H-NMR spectrum of etofenprox-ester 

          
  Figure 3. The concentrations of etofenprox-ester              Figure 4. Risk evaluation of etofenprox PTPWs 
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Abstract 
 A sweep frequency impedance (SFI) meter, which evaluates the dynamic behavior of the middle ear, allows the 
diagnosis of middle ear dysfunctions in adults and children. Recently, we have applied this method to neonates and 
found that the SFI data is affected by the oscillatory behavior of the external ear canal wall, rendering the diagnosis in 
this period of life difficult. In this study, SFI tests were regularly performed in two healthy neonates for several months, 
who were a full-term baby with normal perinatal history and passed the automated auditory brainstem response test.  
An attempt was made to clarify how long the external ear canal wall impacts on the SFI data. The measurement results 
suggest that the rigidity of the external ear canal wall increases with chronological age, resulting in an increase and 
decrease in the first variation of frequency in the sound pressure level (SPL) curve and the changes in SPL, 
respectively. Additionally, the oscillatory behavior of the external ear canal wall tends to be disappeared by such 
months of age. 
 

 
  

Figure 1. A schema of the SFI meter. Figure 2. Chronological changes 
of the external ear, RF1 and 
ΔSPL1, derived from a healthy 
neonates. 

Figure 3. Chronological changes 
of the middle ear, RF2 and 
ΔSPL2, derived from a healthy 
neonates. 
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Abstract 

Pesticides are ubiquitous contaminants in water environments, so many researchers have reported their concentrations 
in surface waters. As well as the pesticides, Pesticide Transformation Products in Water environments (PTPWs) can be 
detected in the surface waters. In order to detect the PTPWs, authentic standards are needed. But the number of 
commercially available standards has been still limited. Thus in this study, a technique to detect the PTPWs without any 
of authentic standards was developed by coupling a LC-MS/MS with a high resolution LC-MS. A neonicotinoid 
pesticide imidacloprid was used as a model compound. Five purchasable PTPWs were detected in the irradiated 
aqueous solutions of imidacloprid by the analysis with the high resolution LC-MS, being acquired their retention times 
and m/z values. The product ion scan of the solution was conducted with the LC-MS/MS using the same 
chromatographic conditions, which resulted in the detection of five chromatographic peaks whose retention times are 
almost identical with those in the LC-MS analysis. Given this fact, SRM conditions were developed for each of these 
five compounds using the irradiated samples (Table 1). The developed conditions were verified by using the authentic 
standards, which indicates that the developed method in this study was shown to be effective (Figure 1). 
 
 
Table 1. SRM conditions for imidacloprid and its PTPWs 
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Figure 1. PTPW concentrations in the river water  
samples and their risk assessments 
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Global Solution to Nonholonomic System with 
Stochastic Feedbacks Based on Non-Smooth Stochastic Lyapunov Function 
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Abstract 

Nonholonomic systems are mechanical systems with constraints on their velocity that are not derivable from position 
constraints [1]. Many control systems such as cars, underwater vehicles, snake robots, and space robots are included in a 
class of nonholonomic systems. Hence, control problems of nonholonomic systems are important for the basic 
development of control engineering. However, controlling nonholonomic systems are difficult because many of them 
have no continuous state-feedback stabilizer [2]. Therefore, discontinuous state-feedback laws [3] or time varying state-
feedback laws [4] are considered, while the designs of them are generally complicated. 

Recently, the effective use of stabilization by noise is proposed for deriving a simple approach to design stabilizers 
for nonholonomic systems [5]. This strategy provides state-feedback laws with Gaussian white noises such that the states 
of the target system converges to the origin with probability one. Because disturbance terms exist, the resulting stochastic 
systems are represented by stochastic differential equations. The stability of the systems are analyzed via stochastic 
Lyapunov theory. The characteristic feature of the analysis is to deal with the systems like time-independent systems, 
while they are, in fact, time-varying. 

Using the above strategy of stabilization by noise, we tried to stabilize a chained system by state-feedback laws with 
a one-dimensional Wiener process [6]. This provides stochastic control laws simpler than ones in [5] and [7]. While we 
designed a non-smooth stochastic Lyapunov function (SLF) for ensuring the stabilization, the proof is under construction 
due to the lacks of ensuring global solutions to the stochastic differential equation and analyzing the behavior of the states 
in the region that the SLF is non-smooth. In this paper, we show the existence of a global solution to the closed-loop 
system. 
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Abstract 

 This paper proposed and analyzed a new grounded coplanar waveguide (CPW) line model with anomalous skin 

effect for THz integrated circuits. The proposed CPW line model employs a donut-style multilayer conductor structure. 

The electromagnetic (EM) simulation of the proposed 50-Ω CPW line model results in the proportion to the frequency 

to powers of 0.5, 0.6, and 0.67 at 0.1–0.6 THz, 0.7–1.3 THz, and 1.4–2.0 THz, respectively. These results indicate the 

proposed CPW line model provides more accurate characteristics caused by anomalous skin effect on EM simulation. 
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Fig2. Conductor model 
 

Fig1. EM simulation model of on-chip coplanar waveguide  
(W=2µm, G=1µm, Wg=60µm, t=1µm, h=1µm) 

Fig3. Losses of CPW models 
 

Fig4. Losses of proposed CPW conductor model 
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Abstract 

 This paper proposes and demonstrates a concurrent 2.45GHz/5.8GHz rectifier. The proposed concurrent dual-band 

rectifier drastically improves its RF-DC conversion efficiency with a harmonic signal control technique. The proposed 

rectifier employs two key designs. A microstrip spurline notch filter in the output section realizes high RF-DC 

conversion efficiencies at the dual bands. The quarter-wave length open stub of the 8.25 GHz connected at diode 

cathode effectively terminates the harmonic signal generated by mixing the input signals. The proposed configuration 

provides the high RF-DC conversion efficiency even when two-tone signals input the rectifier. The fabricated the 

dual-band rectifier achieves the RF-DC conversion efficiencies of 64.8 %, 62.2 %, and 67.9 % at 2.45 GHz, 5.8 GHz, 

and their two-tone input signals, respectively.  
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Fig. 1. Simulated frequency spectrum of voltage at diode cathode. 

 

 

 

 

 

 

 

Fig. 2. Compared the proposed rectifier with the harmonic signal control to 
the conventional rectifier without the harmonic signal control. 
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Geometrically Nonlinear Analysis of Three Dimensional Structure Model by 
Finite Element Technique with Coordinates Assumption 

Akinori HONDA1, Yohei YOKOSUKA1, Toshio HONMA1 

Abstract 

This paper describes effectiveness and significance of the geometrically nonlinear analysis using the finite element 
technique that adopt our expanded three-dimensional (3D) element. The geometrically nonlinear analysis of a 3D 
structure model came to be executed comparatively easily by recent advancement of the computer performance. 
However, the development of an efficient finite element is needed as 3D element. In this paper, we present the 
formulation of 3D element with coordinates assumption for the geometrically nonlinear analysis. An unknown variable 
of this element is a coordinate value of global coordinate system after the deformation on the structure model. Therefore, 
when the whole stiffness matrix of the structure model is built, this element doesn’t need coordinate transformation at 
all. The finite element technique with coordinates assumption is developed for the tension structure analysis, and the 
effectiveness is confirmed [1,2]. Analysis model is a circular arch model. Numerical results are compared by using 3D 
element with the coordinates assumption and the conventional beam element with displacement assumption. Finally, we 
denote an example of bucking load maximization using the sensitivity analysis as the structural optimization [3].  

The figures below are an analysis model and a numerical example for the circular arch of uniform section with 
concentrated load. It is shown that the numerical result of both elements is corresponding according to decrease of the 
sectional area. 

   

red line : D=1.5m 

black line : D=1.0m 

blue line : D=0.75m 

Analysis model Numerical results 
Figure A numerical example for the circular arch of uniform section with concentrated load 
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Structural Optimization for Hybrid Structure with Cable and Strut Member: 
Analysis Using Finite Element Technique with Coordinates Assumption 

Shingo KOMIKADO1, Yohei YOKOSUKA1, Toshio HONMA1 

Abstract 

In general, the hybrid structures with cable and strut member is constituted with unstable and isolated compression 
members. Our proposal structural model has the characteristic of tensegrity structures and cable-dome structures, and is 
a system with simple constructability to stabilize by only tension introduction into the cable members [1]. The structural 
optimization can be commonly applied to the architectural design as a design process in recent year. The form-finding 
methods for the hybrid structure that constitutes the self-equilibrated state with cable and strut member has a lot of 
researches. However, there are relatively few combined researches of the structural optimization and the form-finding 
analysis for hybrid structures. It is suggested that computational cost is large in this problem. Therefore, an efficient 
numerical analysis procedure is demanded to the structural optimization technique of this structural model.  

FEM using the coordinate value on a deformed body [2] is one of the efficient form-finding analysis for cable and 
membrane structures. In order to apply this analysis to the hybrid structure with cable and strut member, we formulated 
the model with constraint conditions of specified length of compression members. The self-equilibrated state can be 
found by using this method as shown in figure.1.b-d. The standard genetic algorithm (SGA) is applied to the structural 
optimization. The design variable is length of compression members, and optimization problems are minimization of 
the total strain energy or the maximum displacement. In this paper, we confirm solution forms and solution spaces 
which are given by different objective functions. 

 
a. Initial form b. Form-0 c. Form-1 d. Form-2 

Figure.1  Structural form of hybrid structure constituting self-equilibrated state with cable and strut 
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Abstruct 
Sugar chains play important roles in various biological events including cell-cell recognition, cell differentiation, 

proliferation, and pathogen infection. Since the functional analysis of sugar chain allows us to understand their 
biofunction, various analytical tools using sugar chain-immobilized nanodevices such as sugar chip and sugar chain-
immobilized nanoparticles have been developed to date. In our group, sugar chain-immobilized fluorescent 
nanoparticles (SFNPs) have been developed as fluorescent probes for sugar chain-protein interaction analysis and cell 
imaging.[1,2] However, the core components of the SFNPs contain toxic/carcinogenic heavy metal ion such as cadmium 
and indium. In this study, for expanding versatility and reducing environmental burdens of SFNPs, we focused on 
fluorescent carbon nanoparticles (FCNPs) prepared from naturally abundant carbon materials, and addressed 
preparation of sugar chain-immobilized fluorescent carbon nanoparticles (SFCNPs).  

Preparation of SFCNPs is shown in Figure 1. FCNPs were prepared from L-arginine according to the method 
previously reported.3 L-Arginine was carbonized by heating at 400 °C for 2 hours. The carbonized arginine was 
oxidized with nitric acid under reflux conditions. Occurring carboxylic acid group of FCNPs was condensed with azide 
linker molecule. Conjugation of sugar moiety onto FCNPs was carried out by copper-free click reaction. Sugar moieties 
on SFCNPs were quantified by hexose quantification using anthrone-H2SO4. Binding properties of SFNCPs against 
proteins were investigated with lectins, sugar-binding proteins, and sugar-specific aggregates were obtained. 
 

 
Figure 1. Preparation of SFCNPs. 
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Synthetic study on dermatan sulfate/chondroitin sulfate hybrid 

tetrasaccharide structure 
 

Takeru Oyama, Kyosuke Nishioka, Tatsuki Haranosono, Masahiro Wakao, Yasuo Suda 
 

Dermatan sulfate (DS) and chondroitin sulfate (CS) belong to glycosaminoglycan (GAG) superfamily, and are liner 
sulfated polysaccharides.  They are widely distributed in various tissues as components of cell membrane or 
extracellular matrix. DS and CS chains interact with bioactive proteins such as growth factors, cytokines, and matrix 
enzymes and regulate their functions. DS chain is biologically synthesized from chondoroitin or CS chain by the 
randam and imcompleted enzymatic modification such as C-5 epimerase and O-sulfotransferase, resulting the DS/CS 
versatile structure. Recently, a certain DS/CS structure is considered to be important for the specific interaction with 
bioactive proteins, and the elucidation of structure-activity relations at the molecular level is needed for understanding 
their biofunctions. In this study, we addressed chemical synthesis of DS/CS hybrid tetrasaccharide structure containing 
DS-E (iE) and CS-E (E) units. 

The synthetic strategy for iE-E tetrasaccharide structure is shown in Scheme 1. DS and CS disaccharide 
intermediates 1 and 2 were prepared according to the previous method,[1,2] and were transformed to DS disaccharide 
donor 3 and CS disaccharide acceptor 4, respectively. Pentasaccharide precursor 5 was prepared by the glycosylation of 
donor 6 and acceptor 7. iE-E tetrasaccharide structure 6 was obtained by the subsequent selective deprotection and 
sulfation, and the removal of the remaining protecting groups. As soon as the objective iE-E tetrasaccharide ligand 
conjugate 7 is obtained by the reductive amination with our original linker moiety, the molecular level analysis is 
performed using the Sugar Chip immobilized with conjugate 7. 

 

 
 

Scheme 1. Synthetic and experimental strategy for the tetrasaccharide structure containing tandem DS-E and CS-E 
disaccharide units. 
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Development of sugar chain binding single chain variable fragment antibody to 

human papilloma virus (HPV)-infected cells for targeted therapy 
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Abstract 
Cervical cancer is a female specific cancer and it is considered to be caused by persistent infection of human 

papilloma virus (HPV). In 2012, 528,000 new cases of cervical cancer were diagnosed and 266,000 people were died 
worldwide. The prognosis is positive by the treatment in the early stage. However, the risk for biopsy in the diagnosis 
and side effects in vaccination or chemotherapy are burden for patients. Therefore, novel molecularly targeted reagent is 
strongly required for cervical cancer. In our group, to develop a molecularly targeted reagent, we focused on cell 
surface sugar chains because the expression levels and structures of cell surface sugar chains vary depending on cellular 
conditions including differentiation, inflammation, and concertation. Recently, we developed a cell surface sugar chain 
binding single chain variable fragment antibody (scFv) as a novel molecularly targeted reagent for adult T cell leukemia 
using our sugar chain-based nanobiotechnology and a phage display method[1]. In this study, we applied our technology 
to develop cell surface sugar chain binding scFvs for cervical cancer cells toward development of a novel therapeutic 
and diagnostic reagent. 

In ca. 60-80% of patients of cervical cancer, part of HPV type-16 or -18 genes has been detected.  Therefore, the 
genes, especially E6 and E7 in HPV-16 or -18, are biomarker for developing cervical cancer. In the present study, HeLa 
cells containing HPV-18 gene were used. First, HeLa cells were disrupted by homogenizer and sonication, and the cell 
membrane fraction was treated with Triton X-100. Then, the cell membrane proteins were separated by 
ultracentrifugation. The resultants proteins were treated with N-glycosidase F, and released N-linked sugar chains were 
captured and purified with a BlotGlyco® glycan purification kit. Purified N-linked sugar chains were conjugated with 
our original linker molecule. Obtained sugar chain ligand conjugates were analysed using MALDI-TOF/MS and several 
mass spectral peaks corresponding to N-linked sugar chain were detected. The conjugates were then separated into 4 
fractions by HPLC using an ODS column. Each fraction was then immobilized on optical fiber to prepare fiber type 
Sugar-Chips[2]. The selectivity of the prepared chip was tested with a localized surface plasmon resonance (LPR) 
method and sugar chain binding proteins.  Using the chip, a screening of scFv-displaying phages is now under 
investigation to obtain scFvs which bind to Hela cells. 

 
Figure. Schematic representation for developing cell surface sugar chain binding scFvs using fiber type Sugar Chip and 

a phage library. 
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Abstract 
Toll-like receptor 7 (TLR7) recognizes single strand RNA (ssRNA), which is one of pathogen-associated molecular 

patterns (PAMPs). TLR7 is mainly located in the endosomal compartment of immune cells. Signalling through TLR7 
activates the innate immune system via the adaptor protein MyD88, and shapes adaptive immune responses. Therefore, 
TLR7 ligands are expected to be effective reagents for anti-viral or anti-tumor therapy. Several low molecular weight 
TLR7 ligands, such as imiquimod and resiquimod, have been clinically approved.[1] However, their therapeutic uses has 
been limited due to side effects associated with cytokine release syndrome. Conjugation of the ligand with 
macromolecules like proteins, polysaccharides, lipids, or polymers [2-4] is a promising method to reduce or eliminate 
unacceptable side effects and can improve the pharmacokinetics and pharmacodynamics of the ligand. In this study, we 
focused on our original low molecular weight TLR7 ligand named 1V209 and carbohydrates, which are often utilized as 
hydrophilic tags for drug delivery system, and prepared 13 conjugates and examined their immune-stimulating activity.  

The conjugation of 1V209,  2-methoxyethoxy-8-oxo-9-(4-carboxybenzyl) adenine is shown in Scheme 1.  1V209 
was prepared from 2,6-dichloropurine as previously reported.[2] The conjugation with carbohydrates was done via the 9-
amino group in 1V209 by a simple condensation reaction using HATU. The immune-stimulating activity of synthesized 
compounds was investigated on the basis of the TNF-a and interleukin-6 (IL6) production from RAW264.7 cells and 
mouse born marrow-derived dendritic cells (mBMDC), respectively.  

 

 
Scheme 1. Synthetic outline of TLR7 ligand-carbohydrate conjugates 
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Development of sugar chain binding single chain variable fragment antibody 

toward targeted therapy for adult T-cell leukaemia 
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Abstract 
Adult T-cell Leukaemia (ATL) is a blood cancer caused by the infection of retrovirus, human T-cell leukaemia virus 

type-1 (HTLV-1). Approximately 2.5-5% of HTLV-1 carriers develop ATL after an incubation period of more than 30-
50 years. In Japan, HTLV-1 carriers are estimated to be approximately 1.08 million and are mainly distributed in the 
southwestern region of Japan including Kagoshima. Once a HTLV-1 carrier develops ATL, the prognosis is quite poor 
and 5-year survival rate is only ca. 10%. Specific mechanism for development of ATL has not been revealed and a 
standard therapy and diagnosis have not been established. In our group, to develop novel diagnostic and therapeutic 
drug for ATL, we focused on cell surface abnormal sugar-chain as a molecular target. Recently, three kinds of single 
chain variable fragment antibodies (scFvs), designated as S1TSCFR3-1, K33, and K34, were isolated from a phage 
library and a screening method with our Sugar Chip technology. However, the binding potencies of K33 and K34 to 
ATL cells are decreased in a month, indicating the low stability of the scFvs. On the other hands, S1TSCFR3-1 is very 
stable.  In the present study, we addressed the preparation of chimera scFvs consisting of VH domain of S1TSCFR3-1 
and VL domain of K33 or K34 using gene recombination.  

Schematic image for the preparation of the chimera scFvs using gene recombination is shown below. pET-28b (+) 
DNA vector was used for a plasmid vector. A plasmid insert consisted of VH domain of S1TSCFR3-1 and VL domain 
of K33 or K34 were prepared using PCR. Because there is no common recognition sequence for restriction enzyme on 
the plasmid insert and vector, the recognition sequence for Hind III were added to the plasmid insert using TA cloning. 
After digestion of plasmid insert and vector using Hind III and Not I, they were ligated with ligase. The resultant 
plasmid was transformed into E.coli (BL21 (DE3) line) and several colonies were obtained. Then, the DNA sequence 
analysis revealed that the targeted sequence consisting of VH domain of S1TSCFR3-1 and VL domain of K33 were 
incorpotated into the plasmid. Preparation of the soluble scFv is now ongoing. 

 

Figure. Schematic image for preparation of O-glycan binding scFv using gene recombination 
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Study of reactor model of fluidized catalyst bed utilizing hydrogenation  
of carbon dioxide 

 

Kyosuke Daian, Takami Kai, Tsutomu Nakazato  

Abstract 
Fluidized catalyst bed reactors are used in many chemical processes. However, despite the fact that there are 

many reactions in which fluidized beds are considered to be suitable as reactors, they are currently not fully 

utilized. One of the reasons is that scale up and design methods are not sufficiently established. In many cases, it 

is hard to explain the results of chemical reactions by reactor models. Namely, the models have not been 

effectively utilized [1, 2]. Levenspiel [3] pointed out that the uncertainty of the bubble diameter of the fluidized 

bed made the design and scale-up difficult. In addition, Tsutsui [4]
 
has emphasized the role of the direct contacting 

particles that are the particles in contact with a gas concentration of bubbles. In this study, the hydrogenation of 

carbon dioxide was performed as a model reaction. Based on the experimental results, the axial distribution of the 

contact efficiency and the roles of contact efficiency of direct contacting particles are studied to examine the 

fluidized bed model that can accurately predict the reactor performance. 

The reactor was made of a glass column with an inner diameter of 45 mm and height of 1.5 m. Because a 

transparent heater was coated on the outer surface of the column, it is possible to observe the inner surface of the 

column during the bed was fluidized by reactant gases and reactions were performed. The hydrogenation of 

carbon dioxide was performed over the catalyst of 20 wt% Ni-La2O3-Pt /Al2O3. The content of Pt was 0.05 wt%. 

The carrier was the porous alumina particles. The particle diameter and particle density were 55 μm and 880 

kg/m
3
, respectively. The reaction was performed by changing the gas velocity, the reaction temperature and the 

settled bed height. 

The conversion was slightly higher for the lower gas velocity at the same temperature. At the same gas velocity, 

the conversion increased with settled bed height. This is due to the increase in the contact time between the 

reaction gas and the catalyst particles. The overall reaction rate constant KOR was obtained by using the 

experimental results. The higher settled bed height was, the lower KOR became. This is considered to be that the 

bubble diameter is small in the bottom of the bed and the mass transfer capacitance coefficient increased due to the 

large interface area between the bubble and the emulsion 

phase.  

Figs. 1 and 2 show the values of kobab and ν that correspond 

to the value of KOR obtained in the experiments for each condition. 

The values of kobab increased with decreasing settled bed height. 

This was caused by the bubble growth for the bed with high 

settled bed height.  

In addition, the fraction of the direct contacting particles 

increased with settled bed height. At the upper part of the bed, 

several small bubbles gather and rise. This situation can be 

seen as a large bubble containing much particles in it 
9)

. The 

above tendency can be explained by considering these 

particles as the direct contacting particles. 

Both the parameters, kobab and ν increased with gas 

velocity as shown in these figures. When the gas velocity 

increased, the number of bubbles increased, and the interface 

area also increased. Therefore, these parameters increased 

with gas velocity. In the case of this study, when the fraction 

of the direct contacting particles was 2–15%, the experimental 

results could be explained. Therefore, the role of the direct 

contacting particles cannot be ignored. 
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Fig. 1 Effect of gas velocity on the mass 

transfer capacitance coefficient  
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Fig. 2 Effect of gas velocity on the fraction of 

the direct contacting particles  
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Range of particle properties affecting the defluidization caused by gas switching 

 
Kosuke Terachi, Takami Kai, Tsutomu Nakazato 

 
Abstract 

Gas-solid fluidized beds are used in various fields such as catalytic reaction, combustion, gasification and 
granulation. Fluidizing gas is not usually switched in the steady state operation. However, this operation is performed 
to change reactant gases with an inert gas when starting up or shutting down operation. Rietema and Hoebink1) 

reported that the defluidization occurred when the lower density gas was switched to the higher density gas. Kai and 
Takahashi2) investigated the influence of gas properties in detail. As the result, they found that the intensity of the 
defluidization depends on the difference in the reciprocal route of the molecular weight of the two gases. They 
considered the non-equimolar counter diffusion and the bulk flow due to the pressure difference to describe this 
phenomenon and proposed a model based on this idea. It has been reported that simulation of non-equimolar 
diffusion phenomenon in an isobaric system called Graham's law can be performed and the experimental results by 
other researchers can be explained well3).  The purpose of this study is to clarify the influence of particle properties 
on the defluidization. In addition, the methods to mitigate the influence of defluidization is proposed. 

An acrylic resin tube was used for the construction of fluidized bed. The inner diameter and height were 52 mm 
and 1500 mm, respectively. The combination of gases was H2/N2, H2/Ar, He/N2 and He/Ar. Porous silica particles 
were fluidized. In the experiments, the first gas was supplied and the stable fluidization was confirmed. Then the data 
sampling by a pressure sensor was started. The fluidizing gas was changed to the second gas after 10 s. This 
procedure was repeated five times to determine the average value of the pressure change. 

Based on the experimental results obtained by changing particle size and density for H2/Ar system, the values of 
the three parameters in the correlation were determined. Fig. 1 shows the relationship between particle diameter and 
particle density that bring η = 0.01 and η = 0.05. The 
difference between the particle properties when η = 0.01 
and η = 0.05 was small. By assuming that defluidization 
does not occur when η is less than 0.01, the region is 
beyond the curve for η = 0.01. On the other hand, 
defluidization will possibly occur in the region below the curve. 
In addition, the intensity of defluidization increase the 
particle properties is far from the curve. Fig. 2 also shows 
the particle properties that are used for fluidized catalyst 
beds as region AA 4). This figure clearly indicates that 
defluidiztion highly likely occur in fluidized catalyst beds. 

In this study, a gradual change of gases is evaluated to 
avoid defluidization. A wind box was installed on the gas 
feed line just before the fluidized bed. The first gas and the 
second gas were mixed in the box and the mixture was 
supplied to the fluidized bed. The gas replacement time was 
varied by varying the volume of the wind box. The change 
in gas composition with time was measured by gas 
chromatography. The replacement time increased with 
increasing the box volume. Fig. 2 shows the pressure 
change when gas is gradually switched from He to Ar. The 
induction time of defluidization increased with the 
replacement time, tS. In addition, the intensity of 
defluidization decreased with increasing tS. When tS was 
310 s, channeling did not occur and a good fluidization 
could be maintained. It was found that temporary 
defluidization due to non-equimolar diffusion can be 
prevented by the gradual gas switching. 
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Fig. 2 Effect of the time required for substitution of 
fluidizing gas from He to Ar. 
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Abstract 

Chitin is a natural polysaccharide composed of β(1→4)-linked N-acetyl-D-glucosamine units. Although chitin is 

one of the most abundant polysaccharides on the earth, it is mostly poor in processability and solubility due to 

strong crystalline structure by numerous hydrogen bonds. It has been well accepted that the construction of 

nanostructures is an efficient method for chitin materialization [1]. We have successfully prepared chitin 

nanofibers in two ways based on top down and bottom up approaches. We already reported by the former 

approach that an amidinated chitin was converted into a cationic amidinium chitin nanofibers by CO2 gas 

bubbling in water [2]. On the other hand, by the latter approach, we found that self-assembled chitin nanofibers 

were obtained by regeneration from a chitin ion gel with 1-allyl-3-methylimidazolium bromide using methanol 

[3]. In this study, we performed the preparation of composite materials from the two kinds of chitin nanofibers 

by electrostatic interaction (Scheme 1). Anionic chitin nanofibers were first prepared by the reaction of maleic 

anhydride with hydroxy groups on self-assembled chitin nanofibers. For composition, the partially maleylated 

chitin nanofiber dispersion, which was prepared by stirring in aqueous ammonia, was then added to an 

amidinium chitin nanofiber aqueous dispersion and stirred. The morphology of the isolated composite sheet 

from binary chitin nanofibers at nano-scale was evaluated by SEM measurement. 

 

 
Scheme 1. Preparation of composite sheet from cationic and anionic chitin nanofibers 

 

References 

[1] S. Ifuku, Molecules 19 (2014) 18367-18380. 
[2] K. Tanaka, K. Yamamoto, J. Kadokawa, Carbohydr. Res. 398 (2014) 25. 
[3] J. Kadokawa, A. Takegawa, S. Mine, K. Prasad, Carbohydr. Polym. 84 (2011) 1408. 
 
Department of Chemistry, Biotechnology, and Chemical Engineering, Graduate School of Science and Engineering, 
Kagoshima University, Kagoshima 890-0065, Japan 



2nd International Christmas Caparica Congress on Translational Chemistry 

4-7 December 2017, Caparica, Portugal  

Amylose Analog Aminopolysaccharide: A New Polysaccharide Material 

Takuya Nakauchida, Kazuya Yamamoto, Jun-ichi Kadokawa* 

Graduate School of Science and Engineering, Kagoshima University 

*kadokawa@eng.kagoshima-u.ac. 

 
Abstruct 

Natural polysaccharides exhibit specific important functions, which are profoundly affected by subtle difference 

in the chemical structure. Accordingly, enzymatic approach is well accepted as a powerful tool to provide well-

defined polysaccharides because enzymatic reaction is progressed with highly controlled regio- and 

stereoarrangements. Phosphorylase is one of the enzymes, which have been used as catalysts for the synthesis of 

polysaccharides. This enzyme catalyzes enzymatic polymerization of α-D-glucose 1-phosphate and its analog 

substrates initiated from the nonreducing end of a maltooligosaccharide primer to produce some α(1→4)-linked 

polysaccharides [1,2]. For example, we reported that thermostable phosphorylase catalyzed enzymatic 

polymerization of α-D-glucosamine 1-phosphate (GlcN-1-P) as a monomer initiated from a maltotriose primer 

to give amylose analog aminopolysaccharide [3]. 

To obtain functional materials from the aminopolysaccharide, in this study, we performed its reductive amination 

using NaBH3CN as a reductant to obtain aggregated polysaccharide materials. The 1H NMR spectra of the 

products, which were obtained using 3-5 equivs. of the reductant with the reducing end of the 

aminopolysaccharide, supported the progress of the reaction. The SEM images of spin-coated samples of the 

products observed morphology of nanoparticles. The DLS profiles of the products showed that average diameters 

of the nanoparticles increased with increasing the feed ratios of the reductant. Hydrogels were obtained when 

large equivs. of reductants were employed. 

 
Scheme 1. Reductive amination of amylose analog aminopolysaccharide. 
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Cleaning enhancement of solid dirt on plates 

with water containing fine air bubbles 
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Abstract 

Cleaning requires a large amount of water and chemicals which need treatment before emission. Reducing the 

amount of water and chemicals is the major subject to develop greener processes. The application of fine bubbles, FB, 

of air to cleaning has been attracting attention because of the potential of realizing chemical free cleaning processes. 

The advantage of cleaning enhancement was reported by Matsuura et al. [1] and Reuter et al. [2]. Although there is an 

enhancement of cleaning, the quantitative evaluation is still unclear and the characteristic of fine bubbles is rarely 

described.  

The present study focuses on measuring mass-transfer coefficient of the dirt material in various operating conditions 

and also to discuss the working mechanism of fine bubbles on the cleaning enhancement. The analysis of fine air 

bubbles in water helps to elucidate effective bubbles for the enhancement.  

Benzoic acid was selected as a model solid dirt on a plate. A glass plate coated with benzoic acid was set in the duct. 

Water containing fine air bubbles was force to flow in the duct. The weight reduction of benzoic acid and the change of 

area were measured to calculate the mass-transfer coefficient of benzoic acid. Distribution of bubble diameter and the 

number density of bubbles in water were analyzed with a laser diffraction method.  

The mass-transfer coefficient for the presence of fine air bubbles was 1.4 times greater than water without fine 

bubbles. Dependence of the coefficient against flow velocity was compared with the conventional mass-transfer from 

flat plate and it was found that the presence of FB enhanced 10 % of the dependency against flow velocity. 
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1. Introduction 

 Separation of oil droplets from W/O emusion is important for both reducing environmental impact and recoverying 
resources. Coalescer has advantages of simplicity in the operation and no additional chemicals required. When W/O 
emulsions flowed through the coalescer consisting of PTFE fiber bed, oil drops would successfully coalesce and grow 
at the outlet of the bed. Visual observation proved that the spreading of oil film on fiber surface and flowing of oil along 
the fibers. The finding suggested that the importance of affinity of oil and surface of the fiber as well as narrow spacings 
in the fiber bed. Although capturing oil droplets in the bed is a complex phenomena, surface property of the fiber 
material should play an important role. Thus, for developing the perfrmance of coalescer, the present study aims to 
examine the effect of property of polymeric fibers or foam on the separation performance.  

  
2. Experimental 

 Tetradecane is selected as an oil and 3 cm3 of tetradecane was mixed 
with deionized water. The mixture was vigorously stirred with an 
ultrasonic homogenizer to prepare W/O emulsion. Fibers of 
polytetrafluoroethylene, PTFE, and polypropylene, PP, and foam of 
polyurethane, PU, were selected as packing material. Packed beds of these 
fibers and a foam were used as coalescer. Figure 1 shows the schematic 
diagram of experimental apparatus. The feed was supplied to the coalescer 
and the pressure drop was measured with a manometer. Samples were 
taken from feed reservoir and effluent. The absorbance was measured to 
determine the separation ratio.  

 
3. Results and Discussion 

Figure 2 shows a result of separation ratio and pressure 
drop of various polymer fiber bed. Compared to the result of 
PTFE as a benchmark, the material and the structure of fiber 
affected the performance. The difference between PP-A and 
PTFE reflects the effect of material because the two beds have 
a similar volume fraction. PP-B gave a better separation than 
PP-B which has a different structure of the fiber, square 
cross-section of the fiber. PU exhibited the maximum 

separation factor with much lower volume fraction. However, 
PU showed the highest pressure drop. The result clearly shows 
the effect of material properties as well as the physical spacial 
structure of the fiber bed. 
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Fig.1  Experimental setup 

Fig.2  Effect of fiber type on separation ratio and 
pressure drop 
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Drying of diluted egg white droplets using a drying-aid agent 
in a powder-particle spouted bed 
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Abstract 

Currently, Kagoshima Prefecture has maintained a top three domestic market share in chicken egg production. 
Manufacturing egg-processed food, especially where only egg yolk is necessary and separated, is often accompanied by 
the discharge of a large amount of egg white. Egg white separated from the production line can be reused as it is or as a 
powder after being sprayed for drying, but smaller companies cannot always afford to do so because post-processing of 
egg white needs extra cost. Imparting various added-values to egg white is desired [1] if we want to reuse it in other way. 

From the chemical engineering point of view, egg white can be rapidly dried from its droplets without a spray by using 
a Powder-Particle Spouted Bed (PPSB), which has been proven to be effective to simultaneous drying and chemical 
reaction of slurry materials [2]. Furthermore, adding drying-aid agent to the raw material can make it possible to improve 
drying of egg white in the bed.  

In this study, drying performance of a PPSB was investigated by changing the amount of SiO2 added to an egg white 
solution diluted with water by 1:1 and then subjected to pH adjustment to 6-7 by adding 0.5M-HCl. Continuous operation 
for 60 min was chosen as a criterion for stable operation. Our study clarified that SiO2 addition to diluted egg white 
solutions can realize stable operations of a PPSB even with higher feeding rates of raw liquid material. 
 

 
Figure 1. Relation between yield of egg white powder and 
feeding rate of raw liquid material (SiO2: 0%) 

 
Fig. Relation between yield of egg white powder and 
percentage of SiO2 addition on solid base to raw liquid 
material (Feeding rate: ~3.50 g/min) 

 
 
References 
1. Y. Mine: Effect of pH during the dry heating on the gelling properties of egg white proteins, Food Res. Internat., 29, 

155-161 (1996) 
2. T. Nakazato, Y. Liu, K. Sato and K. Kato: Semi-dry Process for Production of Very Fine Calcium Carbonate Powder 

by a Powder-Particle Spouted Bed, J. Chem. Eng. Japan, 35, 409-414 (2002) 
 
1 Department of Chemical Engineering, Kagoshima University, 890-0065, Kagoshima, Japan 
 
 
 

0

10

20

30

40

50

60

0 1 2 3 4 5 6 7

Yi
el

d
[%

]

Feed rate [g/min]

Successful

Defluidization

0

10

20

30

40

50

60

70

0 0.01 0.02 0.03 0.04

Y
ie

ld
[%

]

Percentage of SiO�addition on solid base [－]

Successful
Defluidization



The 30th International Symposium on Chemical Engineering,  
December 1-2, 2017, Daejeon, South Korea 

  
 

Heat Treatment of Apatite-type Catalyst Particles Using a Fluidized Bed  
for Propane Oxidative Dehydrogenation 
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Abstract 

Hydroxyapatite (Ca10(PO4)6(OH)2, HAp) has been used as an industrial material as a HPLC adsorbent, acid-base 
catalyst, and as an ion exchanger. Recently, HAp containing small amounts of Fe (Fe-HAp) has been reported to exhibit 
higher activity than normal HAp in propane oxidative dehydrogenation (PODH) [1]. Since HAp possesses high ion 
exchangeability, it is possible to substitute some part of Ca site with useful catalyst metals. Our recent preliminary study 
on the Fe-HAp catalyst found that heat treatment under a reduced atmosphere can effectively promote catalytic activity. 
In addition, it is expected that catalytic activity of Fe-HAp can be enhanced by drip thermal treatment in a fluidized bed; 
a method which was once applied to the enhancement of catalytic activity of Ni-HAp in the partial oxidation of methane 
[2]. In this study, we aim to develop unprecedented high activity HAp catalyst by specifying metal active species suitable 
for substitution to HAp and conducting fluidized bed thermal reduction treatment. HAp catalysts containing various metal 
species (M-HAp) as catalytically active species were prepared using a fluidized bed.  

HAp catalysts containing various metal species as catalytically active species were prepared by adding the metals to 
either acid solution including P or base suspension including Ca with a constant molar ratio of Ca/M = 9/1 keeping a 
stoichiometric ratio of Ca/P to be 1.667. This study clarified that M-HAp catalysts showing higher catalytic activities so 
far were successfully prepared as compared with other catalysts reported in the literature. In particular, HAp catalysts with 
cobalt, vanadium and molybdenum incorporation showed better catalytic activity in PODH (Fig.1). 

 

 
Figure 1. Propane conversion and propylene selectivity for M-HAp catalysts prepared in this study. 
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 by sol-gel reaction and metal ions capture  
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Abstract 

Polymers containing macrocyclic structures, that can capture atoms or molecules depending on the ring size and 
the functional groups, are expected as metal scavengers and stationary phases for chromatographic separation. However, 
only a few studies regarding the preparation of such polymers containing macrocyclic structure.1 On the other hand, 
silsesquioxanes (SQs) have attracted much attention in the fields of organic-inorganic hybrid materials because they are 
inorganic materials indicating remarkable compatibility with organic compounds such as polymers, in addition to 
exhibiting superior thermal, mechanical, and chemical stabilities due to siloxane (Si-O-Si) bond frameworks. However, 
the regularly structured soluble polySQs (PSQs) have only been obtained in limited cases.2,3 In this study, we found that 
soluble PSQ containing macrocyclic structure (PSQ-MC) was successfully prepared by the hydrolytic condensation of 
dual-site silane coupling agent, bis{3-[3-(trimethoxysilyl)propylthio]propyl}phthalate (BTPP),4 using HCl as a catalyst 
in ethyl acetate/acetone mixed solvent. In addition, we investigated the capture of metal ions using PSQ-MC. 

PSQ-MC was prepared by the following procedures: Acetone solution of HCl was added to BTPP in ethyl acetate 
with stirring at room temperature and this solution was further stirred for 24 h. Then, the solution was heated (ca. 50 oC) 
in an open system until the solvent was completely evaporated (Scheme 1). After the product was dissolved in ethyl 
acetate, the solution was added to toluene. Then, the toluene-insoluble part was recovered by decantation to remove the 
low molecular weight components. PSQ-MC was soluble in organic solvents, such as DMSO, acetone, ethyl acetate, 
and chloroform. 1H NMR spectrum of PSQ-MC exhibited the peaks corresponding to the side chain structure of the 
polymer. The weight average molecular weight of PSQ-MC estimated by GPC was ca. 3.8 × 104. Solid-state 29Si NMR 
spectrum exhibited broad peaks in the T3 and T2 regions. Their integral ratio was ca. 1:1, which exhibited the presence 
of large amount of silanol (Si-OH) groups in the product. Because PSQ-MC was soluble polymer with high molecular 
weight, we assume that this PSQ is not a polymer with random structure. Conversely, ladder-like PSQs are generally 
known as soluble PSQ. However, since PSQ-MC contained a large amount of silanol groups, it seems that the present 
PSQ is not ladder-like PSQ, which has only a small amount of silanol groups. Detailed studies on its structure are now 
in progress. 

Furthermore, we investigated the capture of Pd ions using PSQ-MC. PdCl2 was dissolved in HCl aq. and this 
solution was added to chloroform solution of PSQ-MC. Then, this mixture was stirred for 30 min. Consequently, we 
visually confirmed that chloroform layer was colored. EDX pattern of the solid product obtained by drying the 
chloroform layer exhibited the peaks assigned to Pd. Therefore, PSQ-MC has the capability to capture Pd ions.  
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Abstract 

Silsesquioxanes (SQs) have attracted much attention in the research fields of materials science. Since SQs contain 
siloxane bond frameworks and the various organic side-chain groups, they indicate high thermal stabilities and the 
remarkable compatibilities with organic materials such as polymers. In particular, soluble SQ compounds containing 
reactive side-chain groups can afford the hybrid materials connected with organic materials by covalent bond. Among 
these reactive-group-containing SQs, there are only a few synthetic examples of SQs with acidic groups, such as 
carboxyl side-chain groups, because carboxyl-group-containing organotrialkoxysilanes as starting materials are unstable. 
So far, as a few examples of soluble carboxyl-group-containing SQs, we have reported the preparation of rod-like 
polySQs by the hydrolytic condensation of 2-cyanoethyltriethoxysilane using aqueous NaOH1) and the modification 
reaction of amino-group-containing rod-like polySQs with succinic anhydride.2) On the other hand, to obtain a cage-like 
oligoSQ (POSS) containing such side-chain groups, it is necessary the modification reaction.3), 4) 

In this study, to obtain a POSS containing carboxyl side-chain groups by hydrolytic condensation method, we 
investigated the reaction of 3-(triethoxysilyl)propyl succinic anhydride (TESPSA) using aqueous tetra-n-
butylammonium hydroxide ((n-Bu)4N·OH) as a catalyst. Then, POSS octamer (T8-POSS) was isolated by treatment 
with clay mineral. 

The preparation of SQs containing carboxyl side-chain groups was performed by the following procedure: (n-
Bu)4N·OH was added to TESPSA with stirring and this solution was further stirred for 2 h at room temperature. Then, 
the solution was heated (ca. 50-60oC) in an open system until the solvent was completely evaporated. After the resulting 
crude product was maintained at 100oC for ca. 2 h, acetone was added to this product at room temperature. Then, this 
solution including (n-Bu)4N·OH was neutralized by adding aqueous HCl and this solution was evaporated. After 
acetone was added again to the resulting product, soluble-part was isolated by filteration and this solution was 
evaporated. Then, the resulting solid product was washed with chloroform and dried under reduced pressure to yield SQ 
containing carboxyl side-chain groups (Scheme 1a). The 29Si NMR spectrum of the product in DMSO-d6 indicated that 
the product was a mixture of POSSs as main products and SQs of unknown structures as minor products. 

Therefore, we investigated the isolation of T8-POSS by adsorption/desorption to a clay mineral. This was 
performed by the following procedure: After the SQ mixure obtained by the aforementioned procedure and 
Montmorillonite as a clay mineral were mixed in water, the resulting suspension was stirred at room temperature and 
the insoluble-part was collected by filtration. Then, acetone was added to the resulting solid product and the acetone-
soluble-part was corrected by filtration. Finally, the resulting solution was evaporated and dried under reduced pressure 
to obtain the product (Scheme 1b). It was confirmed that the product was only T8-POSS by the 29Si NMR spectrum.   
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Abstract 

Hydrogels are biofriendly because they are solid materials that can contain abundant water inside them. Therefore, 
they are used as soft contact lenses and water-absorbing materials for disposable diapers. However, hydrogels are 
usually fragile. Therefore, the preparation of tough hydrogels is important for their applications. At the beginning of this 
century, some tough hydrogels have been developed, e.g., slide-ring gel,1) nanocomposite gel,2) double-network gel,3) 
and tetra-PEG gel.4) 

On the other hand, we recently found that a single-structured (cis-trans-cis) cationic 
(ammonium-group-containing) cyclotetrasiloxane (Am-CyTS)5) and POSS (Am-POSS)6) were successfully prepared 
by the hydrolytic condensation of 3-aminopropyldiethoxymethylsilane and 3-aminopropyltrimethoxysilane, respectively, 
using aqueous trifluoromethanesulfonic acid (HOTf) as a catalyst.  

In this study, we prepared polymerizable-group-containing cyclotetrasiloxane (CyTS-MNa) and POSS 
(POSS-MNa) from Am-CyTS and Am-POSS, respectively. In addition, we investigated the preparation of tough 
polyacrylamide (PAAm) hybrid hydrogels using CyTS-MNa and POSS-MNa as cross-linkers, and evaluated the 
mechanical properties of the resulting hybrid hydrogels. 

First, CyTS-MNa and POSS-MNa were prepared by the reaction of Am-CyTS and Am-POSS with maleic 
anhydride, followed by neutralization with NaOH methanol solution. Then, the PAAm hybrid hydrogels were prepared 
by free radical polymerization of acrylamide and the resulting cross-linkers (CyTS-MNa and POSS-MNa) in degassed 
water under Ar atmosphere. These hybrid hydrogels indicated flexible nature and were not destroyed in the strain of 
more than 97%. 
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