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As one of reuse method of used paper diaper, a combined reprocessing of used diaper with rice 

husks is attractive and have practicality for reducing disposal and converting it to a burning solid 

material. The used diaper has a high calorie density because fine powders of super absorbent 

polymer are embedded in the paper diaper, while that has a large amount of water content when 

being collected. One of the authors had developed a thermal-mechanical rotary crusher which 

stripped the water contents and smashed collected mass of used diaper[1]. This drier and crusher 

system supports to create a high calorie easy-burning materials and treat the diaper in a heat 

sterilization. However, this crushing power estimation is not yet analyzed due to its complexity. 

The authors are studying this crushing mechanism from the similarity of crushing by a wedge 

indentation with the paperboard.  

Regarding the development of RPF (Refuse Paper and plastic Fuel) molding, a mixing 

technique of the crushed diaper and rice husks appears to be important in Niigata district. Because, 

the land of Niigata plain yields a good harvest of rice, and then the amount of rice husks is not 

negligible against the environmental countermeasure. Here, there is another problem that the rice 

husks are difficult to catch fire by itself. It needs to be burnt using additional easy-burning material. 

Therefore, this research work aims to develop the high calorie burning solid material composed 

of crushed used diaper and raw (or baked, carbonized) rice husks. Also, since appropriate 

processing model of molding process is required for estimating the forming power, forming torque 

of rotary machine, we investigate a fundamental crush cutting resistance.  

Since the used diaper, which is processed by the thermal-mechanical rotary crusher, is tends to 

be brittle and unwieldy, the authors focused on a forming method of burning pellet, which is 

composed of used diaper and rice husks. A prototype molding machine has been developed by the 

aid of our integrated campus working group. In this report, as the first step, the wedge cutting 

characteristics of a representative paper diaper has been investigated and discussed with respect 

to the complete separation mechanism of fibrous material. In the second, the outline and features 

of design principle of molding machine for making pellets is explained. 
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A new method for measuring liquid level using wedge wave was presented. In order to know 

fluid capacity, liquid-level sensing has been carried out in the several fields such as fuel tank, water 

cistern and so on. The ultrasonic type is the method detecting the liquid-level by elapsed time of 

ultrasound utilizing air-coupled ultrasound, immersed type ultrasonic sensor, and guided ultrasound. 

The speed of the wedge wave is relatively slow compared to the other guided waves, so it is considered 

that the measurement accuracy which is closely related to the time resolution of measurement 

equipment can be improved than ever before. This method is utilizing the difference of wedge wave 

velocity in the air and in the water. It is indicated that the liquid level is proportional to the elapsed 

time difference of the propagated wedge wave. The wedge wave velocities in the air were 

experimentally obtained as 1375 m/s for mode 1 and 2362 m/s for mode 2. It is considered that 

mode 1 is suitable for the measurement because of its slowness and clear signal. The liquid level 

sensing was carried out by laser ultrasonic method using aluminum 30° wedge in the water. Figure 

1 shows the schematic diagram of measurement setup for liquid level sensing and Figure 2 shows 

the liquid-level according to the time difference t . The relationship between the liquid level and 

the elapsed time of the wedge wave showed high linearity. The standard deviation of data plots 

was 0.88 mm, the measurement resolution was 1.50 μm and the error rate was 1.04%. It is 

considered that this method has enough precision and high resolution for practical use. 

Fig.1 Schematic of measurement system for 

liquid-level sensing. 

Fig. 2  Dependence of the liquid level on 

Time difference. 
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Boiling heat transfer is indispensable for improving the performance of heat equipment such 

as heat exchangers and boilers. Boiling heat transfer is also used for cooling power electronics 

devices with increased heat density. Further promotion of boiling heat transfer and advanced 

control are important issues. Recently, attempts have been made to change the physical 

properties such as wettability of the boiling heat transfer surface by microfabrication technology 

or the like, or to apply an electric field by mixing the surfactant with the working fluid [1]. 

In this study, pool boiling experiments were carried out when a water repellent coating was 

used for the heat transfer surface, and when the heat transfer surface was made of materials 

whose surface physical properties were changed by light irradiation. Fig. 1 shows the schematic 

diagram of the experimental setup. In the experiments, we recorded the dynamic appearance of 

boiling bubbles using a high-speed camera. Fig. 2 shows comparison boiling curve with/without 

the water repellent coating. Furthermore, by measuring the temperature of each part, the degree 

of superheat, the degree of subcooling, and the heat flux were calculated and the boiling 

characteristics were clarified. In addition, the results of experimental verification on the 

durability of these heat transfer surfaces will be also reported. 

  Fig.1 Comparison boiling curve with/without the water Fig.2 Schematic diagram of  

    repellent coating the experimental system 
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On the basis of data extraction due to 

simple perceptron and information prediction 

due to Bayesian inference via the EAP 

estimation [1], we construct a system realizing 

an optimal condition on the thermal comfort 

via the temperature-humidity index (THI) and 

the total power consumption (TPC) due to the 

air conditioning via air cooling and 

dehumidifier in Fig. 1. In this study, we 

succeed in deriving optimal condition both on 

the thermal comfort and the TPC by 

introducing an appropriate schedule for 

controlling the model of the air conditioning 

both using air cooling and dehumidifier. As 

seen from Figs. 2(a) and (3), we find that the 

TPC is minimized by using the schedule of the 

ratio of the model of the air conditioning via 

the air cooling and the dehumidifier, as 

{R(t)}={0,1,1,1,…}, and that the THI 

converges to its optimum, THI=60.0 in the 

large t limit, if we use the schedule.  

In future, we apply the above system for 

practical problems in a large variety of small-

scale systems. 
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Fig. 1 Model system. 

(a)

(b) 

Fig. 2 (a) Total power consumption via air 

conditioning, (b) time evolution of the THI. 
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Zinc tungstate (ZnWO4) is the promising material which has been studied for many applications 

such as scintillators, laser converters, photocatalysts and optical fibers. Many dopants have been 

studied and the results have reflected that the improvement of photoluminescence intensity 

depends on cations and anions in the dopants. Li+ doping has shown the enhancement of the 

luminescent efficiency. However, the destruction of the WO6 structures resulting in the decrease 

of the emission has occurred by Na+ doping. Those results have possibility to be affected by anion 

doping. Anions doping such as SO4
2-, Cl-, F- and Br- have suggested the possibility to increase the 

photoluminescence intensity. However, there are not many studies of other alkali metals and salts. 

Therefore, in this work, ZnWO4 was prepared with various alkali metal nitrates as dopants and 

evaluated for the photoluminescence properties.  

Samples were prepared by solid state reaction using starting powders of zinc oxide, tungsten 

oxide and alkali metal nitrates. Zinc tungstate phase was confirmed by XRD for all the samples. 

The emission peak of photoluminescence excited at 275 nm was observed at 465 nm. Compared 

with the undoped sample, the samples doped with 2 mol% nitrates exhibited the higher emission 

intensity except Li nitrate doping. The order of the maximum intensity of the samples doped with 

each nitrate was RbNO3 > CsNO3 > KNO3 > NaNO3 > undoped > LiNO3.  

The fact that the emission peak intensities of the samples prepared with alkali metal nitrate 

doping were higher than that prepared without doping implied that Na+, K+, Rb+ and Ce+ 

penetrated into the sample structure by the substitution of Zn2+ in the crystal lattice of ZnWO4 

and enhanced the optical transition. But for Li+ doping, they could not increase the 

photoluminescence because the ionic radius of Li+ was too small to substitute for Zn2+.  
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It is known that the unsteady aerodynamic forces have a considerable effect on vehicle 

motion. The vehicle motion of the unsteady flow is controlled by using a small vortex generator. 

[1] In recent years, the patent application is filed for contents that the vehicle motion stability is 

improved by attaching aluminum tape to the vehicle body. The patent application is said that 

the vehicle motion is controlled by flow separation at release of charge from the vehicle body 

attached aluminum tape. It is similar to effect of small vortex generator, however the flow 

details are unspecified. On the other hand, various researches were conducted on the flow 

around a circular cylinder. It is clear that the drag coefficient and the Karman vortex frequency 

are affected by the Reynolds number, the aspect ratio, the blockage ratio, and so on. [2] 

However, the inexplicably different results were found, and the results have possibility affected 

by flow separation at release of charge from the circular cylinder. 

Therefore, this study is investigated that the flow around a circular cylinder is affected by 

material properties and charged state by using the measurement of surface pressure distribution. 

As preparation for experiment, the pressure hole diameter was examined the effects on surface 

pressure distribution. The experiment is carried out by a blow down wind tunnel at a blockage 

ratio of 6.0% and the Reynolds number of 5000. The cylinder diameter was kept at 6mm. The 

pressure hole diameter was altered between 0.1mm and 0.5mm. Four types of the cylinder 

materials were used, aluminum, brass, copper and acrylic. The acrylic cylinder added electric 

charge by friction of nylon cloth. As a result, the optimum pressure hole diameter was 0.2 mm. 

However, the cylinder materials and the charged state have ambiguous effect on the surface 

pressure distribution. The result of a small difference of the materials and the charged was 

affected by any condition of the measuring section. The refined experiment is necessary for a 

better understanding of the effect of materials and charged. 
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ZnO is a direct-transition semiconductor and has wide band gap of 3.37 eV and large exciton 

binding energy of 60 meV at room temperature [1]. Those characteristics have recently 

stimulated intensive research into optoelectronic device applications, such as light-emitting 

diodes and laser diodes that operate in the ultraviolet region. We have recently developed a new 

CVD method for metaloxide thin film growth based on the reaction between organometallic and 

high-energy H2O generated by a Pt-catalyzed exothermic H2-O2 reaction. The resulting ZnO 

films grown on sapphire (Al2O3) substrates exhibited excellent optical and electronic properties 

[2]. The superlattice structure is often used to enhance the efficiency of the optical emission 

devices. Such structure involves alternating layers with different compositions, with each layer 

often being just a few molecules thick. It is therefore necessary to be able to control the growth 

process at the monolayer level. In the present study, the applicability of catalytic reaction 

assisted CVD using a pulsed gas supply was investigated for monolayer controlled growth of 

ZnO on Al2O3.  

Except for the gas supply mode, the CVD apparatus and growth procedure were the same as 

those previously reported. Dimethylzinc gas was supplied to the reaction zone in pulses with 

durations of 1 and 2 ms, and was reacted with a catalytically generated high-energy H2O beam 

effused from a de Laval nozzle. For pulse duration of 1 ms, the deposition rate of the c-plane 

ZnO was 0.18 - 0.19 nm per pulse. Since the c-lattice constant of ZnO is 0.52 nm, the thickness 

of a single molecular layer is 0.26 nm. Therefore, from the above results, the thickness of the 

deposited layer could be controlled to less than the thickness of a single molecular layer using 

the catalytic reaction-assisted CVD with a 1 ms pulsed gas supply.  
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In the sea area of Japan, one of the causes for accidents of pleasure boats is human error which 

is often caused by fatigue accumulation with vibration from pleasure boats. Even if fatigue 

accumulation could be reduced by some vibration isolation devices, the operability could be 

deteriorated due to lack of useful information on boat motion. Therefore, our group proposes a 

smart cockpit that suppresses fatigue and improves operability of pleasure boats. It is necessary 

for the smart cockpit to indicate benefit information for operation such as acceleration and 

equilibrium sensation while the cockpit suppresses the vibration of pleasure boats. As a 

somatosensory stimulation device, a delta type parallel link robot is developed. The delta type 

parallel link robot consisting of three pairs of two link arms as shown in Fig. 1. The numerical 

values shown in Fig. 1 represent movement range of the plate in each direction. Fig. 2 shows the 

positioning accuracy of the developed parallel link robot against three condition of vertical 

downward load 2, 4 and 6 kg. In this figure, the averages of the positioning accuracy are obtained 

for the three load conditions. From this figure, it can be seen that the position accuracy greatly 

varies depending on the axial direction, especially X axis. Figure 3 shows the arrangement of the 

motors with XYZ orthogonal set. The great error could be caused by arrangement of Motor 

1 along X axis. Therefore, it is necessary to optimize the positional relationship of those 

three motors with respect to X and Y axis direction. 
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   Fig. 1 Parallel link robot Fig. 2 Result of positioning Fig. 3 Arrangement of 

 accuracy against load  three motors with  

XYZ orthogonal set 
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The toxics in alcohol have been strongly negative affected to human life in large area, 

especially the alcohol with the huge poison inside like methanol, aldehyde, furfural, acidity… It 

killed a thousand people, in developing countries particular and in the world general. The 

disadvantages of the currently state are the using treatment systems with low treatment 

efficiency, costly and unstable due to using microbiological, biochemistries, combining physical 

chemistry method. In this study, the treatment alcohol from laboratory using dielectric barrier 

discharge (DBD) at low temperature and at atmospheric pressure was designed and developed 

to solve the above disadvantages. An 800 ml/h treatment system was completed and assembled. 

In order to prove the stability of the processing system, before and after treating, alcohol 

samples were collected and measured with methanol, aldehyde, furfural, acidity by the Quality 

Assurance and Testing Center at various times. The discharge densities, treating duration and 

applied voltage were studied. The results show that with high discharge density, the toxics in 

alcohol rapidly increased due oxidation reaction. However, at high applied voltage and long 

treating duration the treatment efficiency increased. The results also showed that treatment 

efficiency reached to 60-80% and satisfy The Vietnamese Standard 7043: 2013 prepared by the 

TCVN/TC/F9 TCVN National Standardization Technical Committee, the Directorate for 

Standards and Quality, Ministry of Science and Technology. 

Keyword: aging wine, treatment toxics in alcohol, DBD, alcohol poisoning  

RD-030

39



 OPTICAL PROPERTIES OF NON-POLAR ZNO FILMS GROWN BY 
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ZnO films have been usually grown on c-plane sapphire substrates, where the ZnO films have 

<0001> orientation in the growth direction. These films are often used in optoelectronic devices, 

such as light-emitting diodes and laser diodes, operating in the ultraviolet region. However, in 

such <0001>-oriented ZnO films, a macroscopic electrostatic field is generated along the 

growth direction, and this results in spontaneous piezoelectric polarization. This induced electric 

field can negatively affect the device properties by, for example, causing a decrease in the 

overlap between the electron and hole wave functions in quantum wells, which leads to a 

reduction in the internal quantum efficiency. In order to eliminate such polarization effects, 

growth of non-polar ZnO films is required.  

In this study, non-polar ZnO films were grown on r-plane sapphire substrates through a 

reaction between dimethylzinc and high-energy H2O produced by a Pt-catalyzed reaction 

between H2 and O2 [1]. The surface morphology of the films was found to be anisotropic, 

consisting of arrays of nanostripes, by atomic force microscopy. In the X-ray diffraction profile, 

an intense peak was present at 2 =56.64°, which was associated with the ZnO (11-20) planes. 

The photoluminescence results indicated anisotropy in the polarization between the directions 

parallel and perpendicular to the c-axis. The angular dependence of the linear polarization of the 

band-edge emission was found to be large in ZnO films grown at low temperatures. The ratio 

between the maximum (the electric field vector E: perpendicular to the c-axis) and minimum (E: 

parallel to the c-axis) emission intensity was 5 for a ZnO film grown at 450°C, while it was 1.5 

for a ZnO film grown at 600°C. The width of the nanostripes along the a-axis for the ZnO film 

grown at 450°C was less than 1.0 m, while for the ZnO film grown at 600°C it was 2.0-3.0 

m. The small domain width in the film grown at the lower temperature may enhance the

anisotropy of the band-edge emission. This unique polarized light emission may be exploitable 

in various types of polarization-sensitive optoelectronic devices in the ultraviolet wavelength 

region. 
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