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Thermal recycling is one of effective method to reduce the quantity and mass of waste 

products. This reduction reduces the disposing of waste in landfill. Development of alternative 

fuel made from waste products increases the effectiveness usage energy; such as refuse derived 

paper and plastics densified fuel (RPF) has many assets compared with coal. When shifting the 

fuel source from coal to RPF, it makes new problem for material recycling system; because of 

the difference of component of ash. If one designs new social system for recycling such the new 

fuel waste, unveiling the condition of ash and some physical behaviors are strongly required. 

Here we report analytical results of fly ash made from RPF by using SEM, EDS and XRD. 

Additionally, we also measure the thermal dissolving behavior of RPF fly ash by using TG-DTA 

method. By SEM observation, surface condition of fly ash is covered with nano-scaled 

impurities with indeterminate form. These impurities are soluble and can be removed by making 

RPF fly ash slurry with bubbling air for one day. After this water washing process, we also 

observe the pretreated RPF fly ash and find that main components are fiber shaped calcium 

carbonate (CaCO3); diameter is 1-10μm and length is more than 100μm. Figure 1 is 

experimental results of TG-DTA of RPF fly ash; dotted line is with water treatment and 

solid line is without water treatment, respectively. From the results, soluble impurities 

are basically stable material until 800 °C, and then, they start burning as arrowed point. And 

thermal resolving temperature 

of CaCO3 is little reduced by 

the impurities; these results 

show that removing the 

impurity from RPF fly ash by 

heating needs high energy. 

Therefore water washing 

process is effective method to 

increase the purity of RPF fly 

ash without energy cost. 
Figure 1. TG and DTA results of RPF ashes 

Dotted: pretreatment, Solid: without pretreatment 
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In recent years, refuse derived paper and plastics densified fuel (RPF) attracts for alternative 

fuels due to higher calorific power, the carbon dioxide discharge reduction effect and lower ash 

content compared with coal. Additionally, the price is lower than coal; the fuel is being changed 

from coal to RPF at the local thermal power station. On the other hands, components of RPF fly 

ash are different from coal fly ash. Main components of former are Ca based salts which origin 

is paper and latter are Al and Si based oxide which origin is texture; it is difficult for RPF fly 

ash to apply the traditional fly ash recycling system. Then, there is no effective method to reuse 

the RPF fly ash, most of RPF fly ash are accounted as unuseful resources and disposed to 

landfill with high cost. Therefore development of new synthesis method of functional material 

from RPF fly ash is strongly required. 

Here we report new technique to synthesize the kuzelite by using RPF fly ash under low 

pressure hydrothermal reaction. Impurities in RPF fly ash could be removed by simple 

pretreatment process; by making RPF fly ash slurry with bubbling air. After the water washing 

pretreatment process, the slurry was dried at 200 °C for 24 hours. And then, 2.0g pretreated fly 

ash was put into the digester with 2 little water and made slurry again. The slurry was heated 

from room temperature to 120 °C by electric heater; maximum pressure was 0.2 MPa of 

absolute pressure. After the reaction about 80 minutes, the slurry was cooled to room 

temperature and filtered though a 0.45μm membrane filter. The solid products were dried at 80°C 

for 24 hours. The products were analyzed by SEM and XRD; most of products were calcium 

carbonate (CaCO3) dissolution-deposition of source material and stable material gehlenite 

(Ca2Al2SiO7). And we found existence kuzelite (Ca4Al2(SO4)(OH)12･6H2O) from the XRD analysis. 

This mineral was reported as soil stabilizer for making hydrate with heavy metals [1]. Therefore this 

is one of effective methods to not only reduce the quantity of disposal RPF fly ash to landfill but also 

change the debt to valuable resources. 
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Room temperature formability is crucial for wrought metal sheets. Although Mg alloys are the 

lightest structural metal materials, commercially available Mg alloy sheets suffer from poor 

formability at room temperature. This poor formability in Mg alloy sheets limits their widespread 

applications. Recently, it has been found that rolling at just below solidus temperatures increases 

room temperature formability in Mg-Al(-Zn) based alloy sheets due to texture weakening; a large 

index Erichsen value over 8 mm, which is similar to commercial Al-Mg-Si based 6000 Al alloys, 

is achieved [1]. Addition of rare-earth elements is also effective for texture weakening and 

improving the formability [3]. Both methods require high processing cost; therefore, we have to 

develop cold formable Mg alloy sheets by only using low-cost processing routes and alloying 

elements. In this work, we aimed at developing Mg alloy sheets with good formability at room 

temperature by low-cost processing routes and alloying elements. 

Mg-3.0Al-0.4Mn and Mg-3.0Al-0.8Zn-0.8Ca-0.4Mn (wt.%, AM30 and AZXM3110) alloys 

were prepared by a direct chill casting. They were hot-rolled to obtain sheets with 1.2 mm 

thickness, and the sheets were heat-treated to remove residual strain. Figure 1 shows the 

appearances of the heat-treated (a) AM30 and (b) AZXM3110 alloy sheets after Erichsen cupping 

test at room temperature. The AM30 alloy sheet shows the index Erichsen value of only 3.0 mm. 

The additions of Zn and Ca significantly improves the stretch formability. The AZXM3110 alloy 

sheet exhibits the high index Erichsen value of 7.1 mm. As demonstrated in this work, even the 

addition of commercial alloying elements can enhance the room temperature formability. This 

result will open up a new application areas of Mg alloy sheets where weight reduction is a priority 

issue. 

Figure 1 Appearances of the (a) 

AM30 and (b) AZXM3110 

alloy sheets after the Erichsen 

test. 
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The longitudinal vortices flow out periodically near the intersection of the crisscross 

arrangement of the cylinder and the flat plate arranged orthogonally in the flow. We found that 

the longitudinal vortices are formed constantly behind the cylinder and the lift force acts on the 

cylinder steadily when the cylinder moves parallel along the flat plate. Applying this phenomenon, 

we developed horizontal axis type wind turbine with the cylinder blades driven by longitudinal 

vortex.  

Since the driving mechanism of this new wind turbine is completely different from the 

conventional wind turbines, it is highly novelty and is expected to contribute in various fields 

such as industrial and educational uses. However, the performance is inferior to that of the 

propeller type wind turbines, and the optimum shape and conditions are unknown. In this study, 

we examine the relationship between the basic form factors and the experimental conditions and 

the wind turbine performance in order to improve the performance of the cylinder blade wind 

turbine. 

The blade length is selected one of the fundamental form factors affected to the performance. 

In the experiment, the turbines with the different length of the blade are tested and the optimum 

length is discussed. We found that the long blade generates both the longitudinal and Karman 

vortex and Karman vortex reduces the performance of this turbine.  

Increasing the number of the blade, the torque increases linearly but the rotation rate is not 

affected. Both the power coefficient and the torque coefficient are increased with increasing 

number of the blade, but these coefficients have decreased when the blade number exceeds the 

ten blades. This is considered that the longitudinal vortices have interfered each other by the small 

pitch of the blades. We found the critical pitch to avoid the performance reduction caused by the 

interference.  
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Many complex fluids have the mechanical property which shows yield like behavior in daily 

life. For example, ink, the cement, and cosmetics are it. The bond of its microstructure has the 

strength that can keep the macroscopic figuration under the gravity in the static condition and its 

viscosity suddenly decreases when the bonds are broken by the excess stress. α gels which is 

widely used in the cosmetic field for the coordination of the flow property consist of the lamellar 

structure which is arranging aggregates by the interaction of a surfactant agent and a higher 

alcohol. 

Two types of the yield like behavior of α gels, which are observed by the stress ramp test of the 

stress-controlled rheometer, were examined in our previous study [1]. The structure destroyed by the 

yield like behavior is recovered by a certain time [2]. It is considered that the first yield behavior 

occurs when a thin shear layer is formed locally in the structure which is constructed in the static 

time and the second yield behavior occurs by destroying the structure which is constructed during 

the flow after the first yield behavior. In this study, the stress ramp tests which have different flow 

history and static time have been carried out to examine the influence of the initial condition of the 

stress ramp test on the yield behaviors. It is found by the wider conditions of the experiment that both 

the first and second yield behaviors were not affected by the pre-shear condition and the start stress 

of the stress ramp test. It also clarified that the structure related to the second yield behavior would 

be generated instantaneously. 
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Improvement of fuel efficiency is necessary to reduce greenhouse effect gas exhausted by 

transportation vehicles. Fuel efficiency of transportation vehicles can be improved by weight 

reduction. Therefore, light-weight magnesium alloys have been paid a lot of attention.However, 

application as wrought material is less because magnesium alloys have low strength and poor 

plastic workability at room temperature [1]. Furthermore, extruded magnesium alloys have 

anisotropic deformation behavior namely, the strength in transverse direction (TD) are lower than 

that in the extrusion direction (ED). In order to improve the anisotropy in magnesium alloys, we 

tried to elucidate the cause of anisotropy in present study. 

Extruded Mg-1.1Al-0.19Ca-0.77Mn (AXM10207), Mg-8.4Al-0.5Zn (AZ80) and Mg-6.1Al-

0.7Zn-2.02Ca (AZX612) (wt. %) alloys were used. Table 1 shows chemical compositions of the 

alloy used in present study. 

Figure 1 shows stress-strain curves of AXM10207, AZ80 and AZX612 alloys. The yield 

stresses of the AXM10207 alloy tested along ED and perpendicular to ED (PED) are 184MPa and 

84MPa, respectively, and there is large difference of 100MPa. On the other hand, the yield stresses 

of AZX612 are 226MPa in ED and 204MPa in PED, and those of AZ80 are 212MPa in ED and 

202MPa in PED. The differences are only 22MPa and 10MPa in AZX612 and AZ80 alloys, 

respectively, and are remarkably small in comparison with that of AXM10207 alloy. 

This result suggests that smaller grain size and larger amount of precipitates are formed in 

AZ80 and AZX612 alloys. 

Table 1 Chemical compositions of the alloys 

Fig1. Tensile properties of AXM10207, 

AZ80 and AZX612 alloys 
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Many intermetallic compounds are rigid and fragile at room temperature, but they possess 

beneficial properties such as oxidation resistance and high strength at high-temperatures [1]. 

Therefore, intermetallic compounds have great potential for use as high-temperature structural 

materials and heat-resistant materials [1]. The microstructures of these high-temperature 

structural materials often consist of coarse grains with directional solidification and single crystal 

morphologies, which tend to maintain their strength at high temperatures [1]. For the high-

temperature forming of materials with coarse-grain microstructures, grain boundary sliding, 

which is the dominant deformation mechanism of superplasticity [2], prevents their formation. It 

has been reported [3] that superplastic-like elongation is facilitated by solute drag creep 

(transgranular deformation) in “Class I” solid solution alloys in spite of their coarse-grained, 

columnar grained, and single crystal microstructure. Solute drag creep results in a strain rate 

approximately proportional to the cube of the stress magnitude and relatively uniform 

deformation occurs for the dislocations in crystal grains. As a result, superplastic-like extended 

elongation can be obtained independent of grain size for “Class I” solid solution alloys [3]. 

Similarly, it has been reported that the creep deformation of some intermetallic compounds results 

in a strain rate that is also approximately proportional to the cube of the stress, much like the 

“Class I” solid solution alloys [2]. A prime example of this type of materials is Ti3Al intermetallic 

compounds [4]. In this study, the possibility of the superplastic-like large elongation by 

transgranular deformation for the intermetallic compound Ti3Al was investigated, and the high-

temperature mechanical properties were probed by compression tests. The implications of the 

results and possible uses of this intermetallic compound will be discussed in detail. 
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Mg alloys are superior in specific rigidity and specific proof strength to steel and Al alloys, 

So they have received great attention as structural materials in the automobile and aircraft 

industry. However, the room temperature ductility and formability of rolled Mg alloy sheets are 

inferior to those of steel and Al alloys due to a strong basal texture where [0001] axes are 

parallel to the sheet normal direction. Recent research results show that the rolled Mg - Zn - Ca 

and Mg - Zn - RE alloy sheets show excellent room temperature formability because they form 

weak basal texture [1]. However, due to their poor strength, it is difficult to use for practical 

purposes. Therefore, in this study, we aimed to develop alloy with well-balanced formability 

and strength by adding Ca, which can expect precipitation hardening in commercial 

Mg-4Zn-1MM alloy (ZE41).0.08, 0.16, 0.32wt.% of Ca was added to the Mg-4Zn-1MM alloy, 

and homogenization treatment at 320 °C for 2 h, at 390 °C for 2 h, and then at 450 °C for 2 h 

was carried out. Rolling was done using the homogenized samples and rolls heated to 300° C. 

The samples with 6mm thickness were rolled 8passes to obtain 1mm thick sheets. Rolling 

reduction per 1 pass was 20%. Thereafter, a solution treatment at 425 °C was carried out for 30 

minutes. Erichsen test and Vickers hardness test were performed using the solution treated 

sheets. The results of the Erichsen test are shown in Figure 1. The results showed that the Index 

Erichsen (IE) value of the sample without Ca was only 3.7 mm. By adding 0.08wt.% of Ca, IE 

could be improved to 6.9 mm. Further addition of Ca did not enhance IE, and the sheets 

containing 0.16wt.% Ca and 0.32wt.%Ca showed 6.4 mm. Figure 2, shows the age-hardening 

response at 200°C of the solution-treated sheets. Hardness increment in the sheet without Ca 

and the sheet with 0.08wt.% of Ca were 5.0 HV and 5.6 HV, respectively. On the other hand, the 

sheet containing 0.36 wt.% Ca shows large hardness increment of 8.1 HV.  
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Fig.1 Erichsen value of Mg-4Zn-1MM-XCa alloys; 

X= (a)0, (b)0.08, (c)0.16 and (d)0.32wt.% 
Fig.2 Vickers hardness value of Mg-4Zn-1MM-XCa alloys; 

X= (a)0, (b)0.08, (c)0.16 and (d)0.32wt.% 
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The corrugated structure sheet have been widely used in manufacturing industries. Because the 

corrugated structure have many advantages such as light-weight, high stiffness, cheap. Generally, 

the corrugated fiberboard consists of three layers such as, the outside (upper) linear, inside (lower) 

linear and a corrugated mediums. It is called as a double face corrugated sheet. In this work, we 

focused on a glass fiber based single face corrugated sheet, which is produced by Kubo 

Manufacturing Co., Ltd [1].  The glass fiber based single face corrugated structure sheet (GFSS) 

is knitted with twisted yarn Nittobo E-glass for making its single face corrugated sheet. It has a 

good electromagnetic wave transmission. However, the mechanical properties of GFSS is not well 

understood in the past. Because, the fixing condition of fragile fabrics sheet is difficult to make 

in even pressure state along the fixture contact zone in generally. 

Therefore, in order to perform an even pressure state along the contact zone, a pressure-

adjustable fixture of fabrics structure sheet has been developed and examined. In this study  the 

in-plane tensile strength of GFSS using a proposed block type corrugated fixture was investigated 

experimentally.  

Keyword: Tensile, Glass fiber based single face corrugated sheet, Block fixture 
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Promoting the installation of photovoltaic power generation (PV) is important for mitigating 

energy and environmental problems. To this end, the shortage of the site for installation must be 

solved. As a method to solve this problem, the concept of solar sharing that enables dual use of 

power generation and agriculture on the same land has been introduced [1]. However, flat PV 

modules installed on farmlands are usually opaque to sunlight and cause a tradeoff between the 

generated power and the amount of solar radiation received by the farmland. Meanwhile, there is 

a technique called a concentrator photovoltaic cell (CPV) that concentrates sunlight using an 

inexpensive optical mirror or lens in a highly efficient but expensive solar cell. Generally, 

concentrator optics can concentrate direct sunlight, but can hardly concentrate diffused sunlight. 

Therefore, CPV is not suitable in Japan where the ratio of direct sunlight to global sunlight is not 

so high. 

In order to solve the above problems of both solar sharing and CPV, we have designed low-

concentration CPV (LCPV) module and numerically investigate the technical potential [2]. As 

shown in Fig. 1, in this LCPV module, direct sunlight is concentrated on the solar cell by the 

linear Fresnel lens and used for power generation, the diffused sunlight penetrates the module and 

is used for agriculture. As shown in Fig. 2, the power generation characteristics of this module 

and the transmission characteristic of sunlight were measured by outdoor experiments. Compared 

with the conventional flat PV 

module, the advantage of 

solar sharing of this LCPV 

module is being verified.  
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Fig.2 Photograph of prototype LCPV 

module and flat PV module 

Fig.1 Schematic of solar sharing with 

LCPV module 

PV module 

Linear Fresnel lens
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