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Abstract 

 

Carbide precipitation, containing microalloying elements such as V, Ti, Nb, has been used 

in steels for many decades to increase their yield strength. One mode of carbide precipitation 

is Inter Phase Boundary (IPB) carbide formation. The microstructure consists of 

characteristically aligned rows (planar sheets in three dimensions, a special type of ‘lamellar’ 

structure) or curved sheets of carbides which are associated with the ferrite:austenite growth 

interface in both proeutectoid and pearlitic ferrite. The exact mechanism of IPB carbide 

precipitation is still questioned. IPB vanadium carbide (VC) precipitation at temperatures 

between 750 and 600 ℃, investigated with TEM in a Fe-C-V steel will be reported. The 

formation of IPB carbides can be explained by the multi-ledge/structural ledge mechanism 

which allows for the ferrite/VC transformation to occur through the lateral migration of steps, 

which are likely inclined to each other and contain structural ledges. It will be shown that the 

IPB vanadium carbide precipitation in pearlite is very similar to the that in proeutectoid ferrite. 

A bowing or quasi-ledge mechanism for IPB carbide precipitation is pearlite is an alternate 

mechanism that will be discussed. The equilibrium shape of nuclei at interphase boundaries is 

modeled through minimization of interfacial energy under the assumptions of a rigid planar 

interphase boundary and constant volume constraint. The nucleus equilibrium shapes are also 

graphically derived by a modified Wulff construction. The model predicts that the IPB 

nucleation activation energy increases with the nucleus faceting angel Φ, the angle between the 

nucleus facet plane and the interphase boundary plane. Therefore, it is energetically favorable 

for the nucleus facet to lie as parallel as possible to the interphase boundary plane. The model 

provides theoretical rationalization to many experimental observations made on IPB 

precipitation that only one of the several possible orientation variants is adopted between the 

IPB precipitates and one of matrix phases. 

 

Keywords: precipitation, steels, interphase boundaries 
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Abstract 

 

Metal-oxide nanomaterials such as ZnO, ZTO, TiO2, CuO, etc are very attractive materials 

due to their superior optoelectronic characteristics. In this presentation, we will talk about the 

formation of various metal oxide materials with spherical morphology and applications to 

optoelectronics. Especially, the formation of transferable nano/microspheres monolayers 

consisting of ZnSnO3 (ZTO) synthesized by fast ethanol precipitation and their application to 

GaN-based light-emitting diodes (LEDs) to improve the electrical and optical device 

performances will be presented. ZTO microspheres with different diameters of 800, 900, 1200 

nm were synthesized and arrayed to form a monolayer using polydimethylsiloxane (PDMS) 

and simple rubbing method. The formed monolayers show the optical transmittance 

percentages of 94, 93, and 87 % at 460 nm, respectively. Effects of ZTO monolayers on the 

light extraction efficiency of LEDs were evaluated using fabricated LED chips. All LEDs with 

ZTO monolayer as a top-layer show improvement of light extraction efficiency about 120 ~ 

145% relative to regular LEDs as well as enhanced electrical properties as evidenced by a 

decrease in turn on voltage. The XPS analysis indicated that the improvement in the electrical 

properties of LEDs with ZTO monolayers is related to the presence of graphene-like carbon 

bonds present in carbon residue that remains on the surface of the LED after removal of 

polymer. The improvement of light extraction using ZTO nano/microspheres monolayer on 

LEDs can be attributed to effective guiding of light generation from active regions in LEDs 

towards air, which was confirmed by theoretical simulations. In addition, our group’s recent 

results for the improvement of device performance of LEDs and other applications will be 

discussed. 

 

Keywords: metal oxide spheres, transferrable monolayer, light-emitting diodes  
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Abstract 

 

There are plenty of studies investigating hydrogen states in aluminum alloys; hydrogen 

atoms are in interstitial (octahedral, tetrahedral, substitutional) sites, and with vacancies /solid 

solutions /dislocations; hydrogen molecule and gases are in grain-boundaries /micropores 

/cavities. We have carried out a zero-field muon-spin relaxation measurements for a hydrogen 

charged aluminum (purity: 99.99%) that indicated the hydrogen-muon interactions on the 

temperature dependence of the dipole width near room temperature, in which muons were 

likely trapped in vacancies. The recent density functional theory for aluminum predicts a 

vacancy traps a hydrogen in the tetrahedral sites and multiple hydrogen trapping is possible [R. 

Nazarov et al., Phys. Rev. B. B 89, 2014, 144108]. A positive muon has a chemically similar 

property to hydrogen in metals with about one-tenth mass of hydrogen. Therefore, we consider 

that a muon is trapped in a tetrahedral site of a vacancy and a hydrogen is also trapped in the 

nearest neighbor tetrahedral site of the same vacancy. Their magnetic interaction brought about 

the faster muon spin relaxation. 

 

Keywords: hydrogen, muon spin relaxation method, aluminum 
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Abstract 

 

Inverter excitation is useful for motor control. Motor consists of silicon steel sheets. 

Generally, magnetic properties of silicon steel sheets are deteriorated by tensile and 

compressive stress. Residual stress from motor manufacturing process such as punching, 

interlocking and shrink fitting is the reason of iron loss increment. And PWM inverter 

excitation is also one of the iron loss increment reason. To figure out the relation between 

residual stress and magnetic properties, sinusoidal and PWM excitation with each residual 

stress such as punching, interlocking, shrink fitting are investigated. Basically, the switching 

operation of PWM inverter makes iron loss increase. Regardless of residual stress, the carrier 

frequency shows the tradeoff tendency between iron loss decreasing with the area decrements 

of major and minor loops with increments of carrier frequency and iron loss. 

Annealing is useful method to reduce residual stress. Annealing effect for inverter excitation, 

however, effect is not figured out. To figure out the influence of annealing, magnetic properties 

of laminated core with annealing was compared with that without annealing. Regardless of 

annealing, carrier frequency shows the tradeoff tendency between iron loss decreasing with the 

area decrements of major and minor loops with increments of carrier frequency and iron loss. 

 

Keywords: sinusoidal excitation, coefficient relaxation method, back calculation method, 

saturated magnetization, high permeability 
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Abstract 

  

New techniques are required for the study of advanced materials. Scanning Electron 

Microscope (SEM) is usually used for the high resolution imaging of the topography of the 

surfaces. Nevertheless, the interaction volume at high primary beam energies is of about several 

µm, so it is difficult to distinguish structures of the size of several nm or even less. Low energy 

electrons can by very useful for the study of real surfaces with high lateral resolution. Fig. 1 

shows the SEM micrographs of the as-cast Al-Si-Mg alloy. The precipitates were imaged at 

primary beam energy 10 keV (a) and at low landing energy 700 eV (b). As clearly visible, the 

micrograph obtained at low landing energy (b) offers us more precise and accurate information 

about the precipitates due to high surface sensitivity. Thus, the low voltage SEM is an 

extraordinary useful tool for characterization of fine features, such as fine precipitates in Al 

alloys.  

 
Fig. 1: SEM micrographs of precipitates in Al-Si-Mg alloy imaged at 10 keV (a) and 0.7 keV (b), together with 

corresponding EDS maps of element distribution within a matrix (c).  

 

Keywords: low energy electron microscopy, precipitates, EDS maps 
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Abstract 

 

This study investigated the influence of friction stir welding parameters on grain morphology 

and orientation, dislocation density and precipitates of different regions of the butt joints of 

6061-T6 aluminum alloy by many analytical testing techniques, such as OM, SEM, and TEM. 

The joint was composed of four areas: base material (BM), heat affected zone (HAZ), thermo-

mechanically affected zone (TMAZ) and nugget zone (NZ). The β'' phase basically disappeared; 

meanwhile, two kinds of small overaged precipitates exist in NZ simultaneously, namely β'/Q' 

phases and β/Q phases, and their orientation relationships with Al matrix can be changed by 

decreasing the welding parameters, due to the change of shear plane of shear texture and 

dislocation motion in dynamic recovery and continuous dynamic recrystallization.  

The β'' phase was also basically disappeared in TMAZ and β'/Q' phases developed. The 

dislocation density is the main factor that affects the hardness of TMAZ, which will increase 

with the increase of welding speed or rotation speed. The plastic deformation in TMAZ can 

cause the breakdown of metastable phases to some extent. The size of β'/Q' phases can obtain 

a continuous increase at low welding speed and low rotation speed. HAZ, which is between 

BM and TMAZ, was only subjected to thermal cycle. As for the low welding speed, the 

dislocation density of the whole joint is relative low, and needle shaped β'' phases were replaced 

gradually by rod shaped β'/Q' phases in HAZ; meanwhile, the size of β'/Q' phases can also 

obtain a continuous increase as the heat input increases due to the absent of the stirring effect. 

After increasing the rotation speed, the hardness of HAZ will experience a further decrease 

mainly because of the decrease of dislocation density. The tensile tests of FSW joints show that 

the best mechanical property can be obtained under high welding speed and moderate rotation 

speed. The ductile fractures were obtained in HAZ close to BM for all welding parameters. The 

tensile strength is generally related to the lowest value of the hardness in HAZ. Meanwhile, the 

elongation is related to the range of softening regions including NZ, TMAZ and HAZ. 

 

Keywords: FSW, texture, precipitate, grain boundary, dislocation
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Abstract 

 

Rare earth orthoferrite SmxPr1-xFeO3 (x = 0, 0.4, 0.7, 0.9, 1.0) all-in-one single crystal rod 

with quasi-continuous composition distribution was successfully grown by a hetero-seed and 

hetero-feed optical floating zone technique in flowing air. The lattice mismatch between each 

adjacent composition is very small, leading to the high-quality continuous growth of SmxPr1-

xFeO3 single crystal rod. X-ray back-reflection Laue photographs indicate that all single 

crystals at different positions along the growth direction have good crystallization quality and 

the same crystallographic axis. The composition change of the quasi-continuous single crystals 

along growth direction was analyzed by energy-dispersive X-ray spectroscopy (EDS), which 

shows that the composition varies continuously and smoothly near the different composition 

boundaries. At a distance relatively far away from the boundary, the composition remains 

constant. Finally, we measured the anisotropic magnetic properties of these single crystals 

when x = 0.7. Our study shows that the hetero-seed and hetero-feed optical floating zone 

technique has a great potential for high-throughput growth of crystalline materials, and could 

serve as an effective method to collect single crystal material properties in materials database 

research. 

 

Keywords: high-throughput single crystal growth, quasi-continuous composition distribution, 

rare earth orthoferrite  
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Abstract 

 

Design and manipulation of magnetic moment arrays have been at the focus of studying the 

interesting cooperative physical phenomena in various magnetic systems. However, long-range 

ordered magnetic moments are rather difficult to achieve due to the excited states arising from 

the relatively weak exchange interactions between the localized moments. Here, using a 

nanostructured superconductor, we investigate a perfectly ordered magnetic dipole pattern with 

the magnetic poles having the same distribution as the magnetic charges in an artificial spin 

ice. The magnetic states can simply be switched on/off by applying a current flowing through 

nanopatterned area. Moreover, by coupling magnetic dipoles with the pinned vortex lattice, we 

are able to erase the positive/negative poles, resulting in a magnetic dipole pattern of only one 

polarity, analogous to the recently predicted vortex ice. These switchable and tunable magnetic 

dipole patterns open pathways for the study of exotic ordering phenomena in magnetic systems. 

 

Keywords: superconductor, magnetic ice, vortex  
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Abstract 

 

Aerosol deposition is a room temperature deposition process. The powder is mixed with high 

pressure gas to make an aerosol. The aerosol is ejected through a nozzle at low pressure with a 

very high speed to the substrates to form a thin/thick film. Due to its low processing 

temperature, the substrates could be metals, ceramics or even organics. Here in this talk, our 

efforts to utilize this facial technique in electronic ceramic films will be summarized. The 

progress in how to improve the properties of lead and lead-free piezoelectric films to be 

superior to that of their corresponding bulks, the possibility to adjust the piezoelectric 

properties of ceramic films by thermal expansion mismatch between substrate and film, 

enhancement of electrical fatigue behavior of piezoelectric films, will be thoroughly discussed. 

The future trends of aerosol deposition will be pointed out.  

 

Keywords: aerosol deposition, electronic ceramic, films   
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Abstract 

 

Magnesium aluminate spinel (MgAl2O4) is a solid compound of magnesia (MgO) and 

alumina (Al2O3), and an inherently transparent material owing to the cubic crystal structure. It 

is considered as a protective dome material for IR seeker, because of good mechanical 

durability and high theoretical transmittance in the IR wavelength. 

In this study, transparent magnesium aluminate spinel having the high strength over 300 

MPa, was developed. The main concept to achieve this is to suppress grain growth, and two 

technical approaches have been applied to this. One is to induce the grain boundary pinning 

effect through the intergranular segregation of Ca, and the other is the hot-isostatic press 

process followed by hot press at low temperature, thereby suppressing the grain growth below 

1 μm. 

It was confirmed that the light transmittance and the flexural strength were significantly 

different depending on the route of Ca addition. When Ca(NO3)2 salt was added to the spinel 

slurry, an excellent strength of 312 MPa as well as a high light transmittance of 73.5% at 400 

nm wavelength(thickness=3.5 mm) were achieved for the spinel with suppressed grain size of 

324 nm. While simply mixing CaO or CaCO3 powder induced several white spots which are 

considered as pore clusters or secondary phases, thereby the strength and light transmittance of 

MgAl2O4 were degraded to 211 MPa and 48.0%, respectively. 

Another approach via a novel process, which is combining hot-press and hot-isostatic press 

without any sintering additive, was very successful to enhance the flexural strength of 

transparent MgAl2O4. We have achieved the highest flexural strength of 335 MPa and an 

admirable light transmittance of 78.1% at 400 nm (thickness=4.0 mm) for the tile-shaped 

MgAl2O4 with the dimension of 150 mm x 150 mm x 7 mm. The grain growth was also 

suppressed, thereby the median grain size was in the range from 0.85 to 1.28 μm depending on 

the hot-press temperature. 

 

Keywords: transparent, magnesium aluminate, mechanical properties  
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Abstract 

 

Elastic composite-based piezoelectric energy harvesting technology is highly desired to 

enable a wide range of device applications, including self-powered wearable electronics, 

robotic skins, and biomedical devices. Recently developed piezoelectric composites are based 

on inorganic piezoelectric fillers and polymeric soft matrix to take the advantages of both 

components. However, there are still limitations such as the weak stress transfer to piezoelectric 

elements and the poor dispersion of fillers in matrix. In this talk, a highly enhanced 

piezocomposite energy harvesters is representatively developed using a three dimensional (3D) 

interconnected electroceramic skeleton by mimicking and reproducing the sea sponge 

architecture (although the speaker will introduce other research examples and achievements). 

This new mechanically reinforced PCEH is demonstrated to resolve the problems of previous 

reported conventional piezocomposites, and in turn induces stronger piezoelectric energy 

harvesting responses. The generated voltage, current density and instantaneous power density 

of the biomimetic PCEH device reach up to ~16 times higher power output than that of 

conventional randomly-dispersed particle-based PCEH. Moreover, the further developments 

of energy harvesting and sensor application with biomimetic architecture and hydrogels will 

be discussed in this invited talk. 

 

Keywords: piezoelectric, hydrogel, energy harvesting 
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Abstract 

 

The current proton exchange fuel cells (PEFC) employ platinum group metal (PGM) 

catalysts in their electrode for oxygen reduction reaction (ORR). However, the excessive cost 

of PGM catalysts is a major hurdle for realizing the potential of PEFCs, thus necessitating the 

development of inexpensive non-PGM catalysts. Amongst the different PGM-free catalysts, a 

complex mixture of carbon (C), nitrogen (N), and transition metals (M) forming M-N-C 

clusters (M=Co, Fe, Ni, Mn, etc.) are currently the leading candidates due to their comparable 

activity to PGM catalysts and cost-effectiveness [1]. This complex is generally synthesized by 

the pyrolysis of carbon-based support with metal and nitrogen precursors [2]; however, the 

carbon-based support suffers from catastrophic failure during repeated start-up/shut-down 

events wherein the high cathode interfacial potential results in the irreversible corrosion of 

carbon and hence to the loss of active centers [3]. More distressingly, the reactions typically 

yield a complex structure, where the active site and reaction mechanism is still under the debate.  

To overcome this issue, we employed an approach based on first-principles calculations to 

rapidly screen through a large set of TMN clusters (TM = Mn, Fe, Co, Ni, Zn, Zr, and Mo) on 

corrosion-resistant TiC supports that have a good combination of stability, surface area and 

conductivity. We predict FeN4 clusters on TiC support to be an inexpensive and durable catalyst 

having better performance than TMN clusters on carbon (graphene) supports. This catalyst 

formulation was obtained by developing a scaling relation based on the electrostatic 

interactions between the TiC support and the TMN clusters. To validate our theoretical 

predictions, we synthesized various TMN catalysts on TiC supports. We characterized their 

structure and composition using a suite of techniques including XPS, SEM, STEM-EELS to 

show successful incorporation of the catalytically active clusters onto the TiC support. The 

measured ORR activity of these catalysts precisely confirmed our electrostatics-based scaling 
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relation. Moreover, upon comparing an electrocatalyst comprising FeN4 clusters on TiC with 

a baseline carbon-supported FeN4 cluster electrocatalyst synthesized using the same method, 

we found that FeN4/TiC exhibited an ORR activity (2.3mA.cm-2 at the half-wave potential 

(E1/2)) that was 20% greater than FeN4/C (1.85mA.cm-2 at E1/2) and comparable to the state-of-

the-art [4, 5]. Furthermore, it showed high stability under 1000 cycles of the stringent 

accelerated start-up/shut-down stability protocol [6] adopted by the US Department of Energy 

and most major automotive companies. 
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Abstract  

 

A high-output magneto-mechano-triboelectric nanogenerator (MMTEG) was demonstrated 

by introducing accelerated water-soluble nano-bullet modified nanostructures to convert a 

gentle magnetic field into electric energy for powering indoor wireless positioning system. 

NaCl salt nanoparticles were accelerated by aerosol deposition (AD) process to collide on a 

perfluoroalkoxy (PFA) film with a high kinetic energy for the formation of a complicated 

nanomorphology on the triboelectric active surface. Under an alternating current (AC) 

magnetic field of 7 Oe, the MMTEG generated an open-circuit peak-to-peak voltage (Vpp) and 

a short-circuit current of 701 V and 273 μA, respectively. The harvesting device also presented 

a maximum peak power of 18.1 mW as well as continuous AC output power of 4.4 mW (4.4 

mJ per second). A self-powered indoor IoT positioning system was constructed by integrating 

the MMTEG, a power managing circuit, a storage element, and an IoT Bluetooth beacon. The 

electric energy from the MMTEG device enabled continuous operation of a beacon device, and 

we successfully confirmed the accurate location of the installed wireless positioning system, 

subsequently resulting in transmission of our indoor position to the main monitoring computer. 

Lastly, the MMTEG generated an open-circuit Vpp and a short-circuit current of 330 V and 23 

μA, respectively, near a 60 Hz power cable connected to home appliances, which were large 

enough to turn on 108 blue light emitting diodes (LED). 

 

Keywords: self-powered IoT system, magneto-mechano-triboelectric, energy harvester,  

magnetoelectric 
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Abstract 

 

Al-Mg2Si alloy is age-hardening alloy and widely used for structural materials. Many 

researchers have been reported about precipitation sequence of wrought product. Metastable 

phase affect to hardness in these alloys. Excess Si addition improves mechanical property and 

microstructure in these alloys.  

In this work, we aim to investigate age-hardening behavior and microstructure evolution in 

Al-Mg2Si cast alloy and excess Si addition alloys. The samples with basic composition Al-

0.5mol%Mg2Si were casted into iron mold. The amount of Si addition in excess were 

0.2mol%, 0.4mol%, 0.8mol%, 1.6mol.%, 3.2mol% and 6.4mol%. Then we measured 

temperature in cast and quenched into iced water when that temperature reached under 773K. 

The samples were cut by diamond-cutter and polished. We measured hardness of as-cast using 

micro-Vickers hardness measurements (load:0.98N, holding time 15s) and after that the 

samples were aged at 473K. The effect of excess Si addition on microstructures were 

researched using and transmission electron microscopy (TEM, Topcon EM-002B).  

 

Keywords: Al-Mg2Si alloy, excess Si, transmission electron microscopy 
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Abstract 

 

The stainless steel corrosion-resistant surfacing layer was prepared by high-efficiency 

Bypass Coupled Twin-Wire Indirect Arc Welding (BC-TWIAW) technique on low carbon 

steel substrates. The droplet transfer behavior and corrosion resistance of surfacing layer 

under different welding parameters were studied. The observation by the high-speed video 

shows that during the welding process, the indirect arc and the bypass coupled arc burn 

alternately accompanying with the droplet formation, growth and transfer. The anode wire 

feeding speed is dominated in controlling the welding heat input. In addition, the cathode wire 

feeding speed influences the droplet transfer frequency and transfer mode, which restricts the 

stability of the welding process. Under the condition of a low cathode wire feeding speed, the 

droplets of the anode wire generally present spray transfer mode. Once the droplets of the 

cathode wire grow up to develop short-circuit with the anode wire, they flow into the pool 

along the anode wire. However, with the accelerated cathode wire feeding speed, the short-

circuited contact frequency between the droplets of the cathode wire and the anode wire 

increases. The electrochemical tests show that the BC-TWIAW surfacing layer demonstrates 

a low sensitization tendency and a low sensitivity to intergranular corrosion. The pitting 

corrosion resistance of surfacing layer is affected by the combined effect of the welding heat 

input and the dilution rate. 

 

Keywords: Twin-wire Indirect Arc Welding, bypass coupling, droplet transfer, intergranular 

corrosion, pitting corrosion 
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Abstract 

 

Metals are fundamental to the economy and human well-being. Metals are faced to the risk 

of metal depletion since all the metals on the earth have the mineable limit. In particular, zinc 

is one of the second consumed metals in the world and its consumption is expected to be 

exhausted up to 2050. Meanwhile, the recycling approach for zinc has yet to widely spread, 

due to the characteristics of zinc applications. Although zinc is primarily utilized for the 

galvanizing to form the thin layer on the steel plates to avoid the corrosion, the waste disposal 

suppliers focused only on the recycling of iron from the galvanized plates. Since paying less 

attention to the recovery of zinc from the galvanized plates, some researchers reported the 

efficient recycling approaches from the electric arc furnace dusts (EAFD) composing of iron 

oxides, zinc oxide and zinc ferrite (ZnFe2O4), which is generated in the recycling of galvanized 

plates, with the use of conventional furnace-based reduction approaches. However, in the 

conventional furnace-based reduction approaches, it takes about several hours to recycle the 

zinc, causing significant energy consumption. To solve the aforementioned issue, some 

researchers investigated the recycling approaches of zinc with the use of microwave-based 

furnace. The major advantages of the use of microwave as a new heating source are to heat the 

samples rapidly, uniformly and selectively. 

In the earlier studies with the use of microwave-based furnace, the EAFD was mixed with 

the graphite powder as a reductant due to an increase in the reactivity of microwave. In general, 

the carbonaceous materials such as graphite powder or cokes have a high reactivity with the 

microwave, compared to other materials. Meanwhile, the carbo-thermal reduction approach 

emits the greenhouse gas in the reduction approaches, which leads to the irreversible global 

warming. Considering the carbon emissions in the recycling approaches, the non-carbonaceous 

materials should be used as a reductant. Therefore, this study focused on the use of the silicon 

powder. Although the reactivity of the silicon powder is lower than graphite powder, some 

studies highlighted its potential to be heated under the microwave irradiation. 

In this study, ZnFe2O4 is used as one of the major components in the EAFD. The two kinds 

of reductants including graphite powder and silicon powder were mixed with ZnFe2O4. Then, 

the removal rates of zinc from the ZnFe2O4 were examined with the use of 7.5 kW maximum 

power at 2.45 GHz. Finally, the removal rates based on the microwave-based furnace were 

compared to these based on the conventional furnace-based approaches. 
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Abstract 

 

Calcium has a very low solubility for beta-titanium and its oxide is thermodynamically more 

stable compared to the lowest titanium oxide. Therefore, many studies have been conducted to 

utilize calcium as a reducing agent for titanium smelting. However, during the calciothermic 

reduction of titanium dioxide, calcium oxide is formed as a by-product, which acts as an 

impurity in titanium to have a several thousand ppm of oxygen content. Calcium chloride, 

meanwhile, can reduce the residual oxygen content of titanium by dissolving the calcium oxide 

into molten calcium chloride.  

In this study, the calciothermic reduction of titanium dioxide was investigated with using the 

hydrogen and calcium chloride flux. The reagent grade titanium dioxide powder, calcium 

granular and calcium chloride anhydrous powder were used, and the ratio of calcium/titanium 

dioxide and calcium/calcium chloride were varied. Depending on the experimental conditions, 

the calciothermic reduction was performed in an argon or hydrogen atmosphere under 

isothermal condition. After reduction, the characteristics of titanium powder were analyzed 

with X-ray diffractometer and scanning electron microscope. Also, the reduction ratio was 

calculated according to the residual oxygen content analyzed with oxygen elemental analyzer. 

It was found that the use of hydrogen did not affect the decrease of residual oxygen in 

titanium, while the use of calcium chloride resulted in a further reduction of residual oxygen 

compared to hydrogen. On the other hand, when hydrogen was used together with calcium 

chloride, the decrease of residual oxygen was remarkable and the value was 0.77 wt.% under 

the following conditions: 900 ℃ of reaction temperature, the molar ratio of Ca/TiO2=4/1, 34.8 

mol%Ca-CaCl2, 600 sccm of H2 gas with 1 hour of reaction time. 

 

Keywords: titanium dioxide, titanium powder, calciothermic reduction, hydrogen, calcium 

chloride 
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Abstract 

 

The amount of iron scraps are increasing every year. From the view point of resource 

circulation, utilization of iron scraps is desired. Moreover, to use iron scraps can save carbon 

in ironmaking process because it is not necessary to reduce iron oxide. Therefore, utilization 

of iron scraps contributes to reduction of CO2 emission from ironmaking process. However, 

iron scraps contain various elements as impurities. Some of them are difficult to be removed 

in steel refining process and are called tramp elements. Accordingly, new trials have been 

conducted to realize the removal of them from molten steel. We have proposed a new method 

to remove Cu through multiple phases, which were set under a temperature gradient and in 

which the difference of oxygen potential was introduced. In this method, Ag(l), γFe(s) and Fe(l) 

phases can be stably existed under a controlled temperature gradient. To begin with, copper is 

distributed among Fe(l), γFe(s) and Ag(l). When oxygen is blown onto Ag(l) phase, the 

oxidization of Cu in Ag(l) proceeds. If the distribution and the oxidation proceed continuously, 

the Cu content of Fe(l) can be decreased. Firstly, we have investigated optimal conditions to 

keep the 3 phases stable by being coexisted under a controlled temperature gradient in Ar. Then, 

the oxidation experiments, in which the oxygen was blown onto Ag(l) phase, have been 

conducted under the optimal condition. The sample after the experiments was cooled in water, 

and the distribution of Cu in each phase was analyzed by SEM-EDS. From the results, the 

transport phenomena of Cu are considered.  

 

Keywords: tramp element, copper removal, refining through multiple phases  
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Abstract 

 

The demand for cleanliness of steel quality has been increasing in recent years. In steel 

refining process, aluminum is usually added to remove oxygen in molten steel. As a result, 

alumina (Al2O3) and spinel (MgO∙Al2O3) are formed. Theses oxides become inclusions in steel 

products if they cannot be removed from molten steel in steelmaking process and cause fatigue 

failures and surface defects. Therefore, it is necessary to control the harmful effects of 

inclusions on steel quality. Two main methods to control them are considered. One is to 

decrease the amount and the size of inclusions and another is to make inclusions harmless by 

controlling the composition of them. For this purpose, it is necessary to know the formation 

mechanisms of the inclusions, which depend on the steel and slag compositions. In this work, 

we studied the formation mechanism of inclusions in molten Fe-17mass%Cr steel after 

aluminum addition. CaO-MgO-Al2O3 slag of fixed composition and MgO crucible were used 

in the experiments. The inclusions which firstly form after aluminum addition are Al2O3. Then, 

the inclusions of MgO∙Al2O3 and MgO are also observed with time. 
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Abstract 

 

Since ferrous scraps are considered to increase in future, it is important to utilize the ferrous 

scraps as one of the main resources of iron and steel production. The utilization of ferrous 

scraps is considered to contribute to the environmental conservation. However, there are some 

problems to be solved in order to utilize ferrous scraps. One is impurities mixed in ferrous 

scraps. Elements such as Cu and Sn, which are called tramp elements, are difficult to be 

removed when they are once dissolved into molten iron. Accordingly, it is considered that the 

tramp elements in iron and steel products will increase in future. On the other hand, the contents 

of alloying elements in iron and steel products tend to increase with the spread of high-grade 

steels. From these backgrounds, it is necessary to know such thermodynamic data as interaction 

parameters between tramp elements and alloying elements in iron. For example, the effect of 

copper on chromium activity can be known from the interaction parameter between Cu and Cr. 

The effect of Cu on the refining reactions in Fe-Cr steel can be controlled well. In this work, 

the interaction parameter between Cu and Cr in molten iron have been measured at 1873K by 

a chemical equilibration technique.  

 

Keywords: ferrous scrap, tramp element, interaction coefficient  
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Abstract 

 

AA3003 non-heat treatable alloy is widely used for industrial usages in heat exchanger, 

beverage can, etc., with excellent deformation and heat conduction properties of Al-Mn base 

alloy. Generally, deformation and annealing procedure is involved in the fabrication process of 

Al-Mn alloy, where the sequential processing of heating and reductions to control the 

microstructure greatly influences the evolution microstructure and mechanical properties of the 

material. In present study, recrystallization behavior of the cold-rolled AA3003 aluminum alloy 

during annealing at temperatures between 300℃ and 400℃ was investigated. The initial DC-

cast Al-Mn alloy was homogenized at 580 for 8h with a heating rate of 50/h, then the 

homogenized samples were processed by cold-rolling with the reduction rate of 20%, 50%, and 

90%. The microstructures of all specimens were observed by Optical Microscopes (OM), Field 

Emission Scanning Electron Microscopes (FE-SEM) and Transmission Electron Microscope 

(TEM) in order to investigate the change in the microstructure under different mechanical and 

heating conditions. As increasing reduction rate, the cold rolled specimens exhibit deformation 

bands with elongated grain microstructure consisting of straight grain boundary parallel to 

rolling direction. Therefore, large density of nucleation sites for recrystallization would be 

expected with increased strain energy. The grain size of the cold rolled specimens decreased 

with increase of reduction rate, c.f., as the rolling reduction increased to 90%, grain size along 

the direction normal to the sheet decreased to about 8μm in thick. When the annealed at 350 

for 5s, the first recrystallized grains were observed in the vicinity of the grain boundary. The 

specimen annealed for 120s was fully recrystallized showing a rather fine-grained 

microstructure with a certain amount of larger grains. As the reduction rate increases, the fine 

recrystallized grains were achieved within shorter annealing time. Accordingly, the 90% cold-

rolled specimen was recrystallized very quickly in 2s at the annealing temperature of 400 , and 

the size of the recrystallized grain in 90% cold-rolled specimens was much smaller than those 

observed in 20% and 50% cold-rolled specimens. The relaxation and recrystallization kinetics 

under different annealing conditions were characterized in terms of the Johnson–Mehl–

Avrami–Kolmogorov (JMAK) model, where micro-hardness tests were conducted for 

estimation of mechanical energy stored in cold rolled specimens. The apparent activation 

energies of recrystallization for the cold-rolled specimens with reduction rate of 20%, 50% and 

90% were determined as 332 kJ/mol, 239 kJ/mol and 115 kJ/mol, respectively. XRD analysis 

by using modified Williamson–Hall and modified Warren–Averbach plots revealed that the 

tendency of the change in dislocation density is varied depending on reduction rate and 

annealing conditions. These results indicate that the apparent activation energy for 
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recrystallization and the crystallites size decrease with increase of the reduction rate, which 

leads to a decrease in the size of the recrystallized grains. 

 

Keywords: recrystallization, kinetics, X-ray diffraction, AA3003 aluminum alloy  
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Abstract 

 

In recycling a lot of low grade ferrous scraps, we cannot remove tramp elements, such as 

copper and tin, which are inevitably dissolved in molten iron. Accordingly, the thermodynamic 

data between such tramp elements and alloying elements in molten iron are necessary to know 

the influence of them on the property of steel. In this work, the interaction between tin and 

M(M: Mo, B, Ni, Ti or Nb) in iron has been investigated by using immiscibility between Fe 

and Ag phases at 1873K. The distribution ratio of Sn between Fe and Ag, LSn = xSn(in Ag)/xSn(in 

Fe), increases with increasing Mo, B, Ti or Nb content and decreases with an increase of Ni 

content. That is to say, it is found that the interaction coefficients of Mo, B, Ti or Nb on Sn are 

positive and that of Ni on Sn has a negative value. The interaction coefficients of M on Sn are 

estimated from the activity coefficients of M in Fe and Sn, and those values are compared with 

the experimental ones. It is found that the experimentally measured interaction coefficients of 

Pb and Nb are much different from the estimated values. It is important to measure the 

interaction coefficient of M on Sn experimentally to know the effect of M on Sn activity 

accurately. 
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Abstract 

 

Porous synthetic rutile produced by the chlorination reaction of the ilmenite has been used 

in the chloride process to produce the titanium tetrachloride. It is known that the porous 

structure of the synthetic rutile improve the reaction rates of subsequent chlorination reaction. 

However, there has been no report focusing on the effect of pore characteristics on the 

chlorination reaction rate. In this study, the pore characteristics of reaction products were 

investigated and the effect of pores on the reaction rate was identified by calculating the 

diffusion rate of the reactant gas through the pores of the product layer.  

In this study, the selective chlorination of ilmenite with coke and chlorine gas was conducted 

in the fixed bed reactor. And then, pore characteristics of the chlorinated products were 

determined by porosimetry, and SEM analysis. The characteristics of pores, such as the pore 

size distribution, porosity, and surface area of the particles were investigated on various 

reaction conditions. Both the pore size and reaction temperature affect the rate of chlorine gas 

diffusion through the product layer. When the reaction temperature was 1023 K, the diffusion 

coefficient was 0.115 cm2/s at which measured average pore diameter was 53 nm. At 1173 K, 

the diffusion coefficient at the pore size of 198 nm was 0.320 cm2/s, which is about 3.4 times 

larger than that of at 1023 K. In addition, the diffusion of reaction gas could be hindered by the 

complex form of pores, so-called tortuosity. As the reaction temperature increases, the 

tortuosity factor becomes significantly smaller, thus increasing the effective diffusion 

coefficient. 

 

Keywords: ilmenite, chlorine gas diffusion, selective chlorination   



32 

 

100-OR13 

 

The corrosion resistance difference of three types of Al-based ribbons 
 

Xiangfei Gao1,2,Yong Zou1,2,* 

 
1 MOE Key Lab for Liquid–Solid Structure Evolution and Materials Processing, 

2 Institute of Materials Joining, Shandong University, Jinan, PR China 

* yzou@sdu.edu.cn 

 

Abstract 

 

Three types of AlNiCrZr ribbons with different amorphous contents were prepared by 

adjusting the rotary speed of the single roller melt spinning process. The content of the 

amorphous phase was analyzed by XRD and their corrosion resistant properties were 

investigated by the electrochemical method and Mott-Schottky analysis. The microstructure 

was observed by TEM and the corrosion morphology was analyzed by SEM. It is found that 

the volume fraction of amorphous phase for these ribbons were about 75%, 30%, and 0%, 

respectively. In addition, all the ribbons developed p-type semiconductors passive films and 

the passivation became weakened with the decrease of amorphous content. The alloy with the 

highest amorphous content exhibited a best corrosion resistance due to its low carrier density 

in the passive film. The absence of the compact passive film for the fully crystallized ribbon 

was attributed to that Ni and Cr elements gathered and the activity declined after they 

precipitated to the form of compounds. 

 

Keywords: amorphous ribbons, corrosion resistance, passive films 
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Abstract 

 

Porous materials have been concerned by researchers and used widely in environmental, 

industrial and energy fields such as heat transfer devices, filters, catalyst supports and 

electrodes. In this study, porous Ti3AlC2 phase was fabricated through sintering powder 

mixtures composed of 2Ti/(2-x)Al/3TiC/xCu in molar ratio, where x ranges from 0 to 0.3. 

Effects of Cu on phase composition, pore structure and properties were discussed in this study. 

Addition of Cu turns into Al(Cu) solid solutions that reduces the vapor loss of Al, resulting in 

improvement of sintering properties of Ti3AlC2. What’s more, total porosity increases and 

thermal conductivity decreases with the addition of Cu. However, when x is more than 0.1, 

more liquid phase during sintering reactions blocks off the intervals of powders and decreases 

the interconnections of pore channels and open porosity of samples subsequently, which 

worsen capillary performance. Hence, 2Ti/1.9Al/3TiC/0.1Cu is optimal ratio to obtain porous 

Ti3AlC2 materials with high purity and capillary performance. A simple and cheap method to 

tailor pore structure of porous Ti3AlC2 materials and control properties is also provided for 

engineering applications. 
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Abstract 

 

Materials of rare-earth orthoferrites RFeO3 have attracted a lot of research attention because 

they show distinctive physical properties and various potential applications, such as 

ethanolsensing sensor{Ge, 2001 #26}, environmental monitoring, advanced information 

storage, etc. Rare-earth orthoferrites have gained renewed interest and become a new research 

focus for multiferroics, ultra-fast spin switching, terahertz time-domain observation of spin 

reorientation. Some of them display ferroelectric surprisingly in the vicinity of the magnetic 

transition temperature. Rare-earth orthoferrites are orthorhombic perovskite structure, the 

space group are Pbnm, and each of the crystallographic unit cell has four distorted formula 

units. It shows various wonderful physical properties resulting from the coupling between R3+ 

and Fe3+ spin sublattices, such as spin reorientation, spin switching and so on. It has been 

reported that RFeO3 (R=Ce, Nd, Sm, Tb, Dy, Ho, Er, Tm, Yb) undergo a spin reorientation 

transition at a temperature range from 3.4 K to 480 K. In addition, the first-principles 

calculation of NdFeO3 single crystal shows that the exchange interaction between Fe-3d and 

Nd-4f electrons results in the spin reorientation of Fe sublattice, which is determined by the O-

2p state. With the temperature decreases, the Nd-O and Fe-O bonds become more covalent, the 

Fe-O-Fe super-exchange angle becomes larger, and the exchange interaction becomes stronger. 

This study shows that the 4f-electrons of rare earth ions play the major role in triggering the 

spin reorientation. Single crystal PrFeO3 is reported with a canted antiferromagnetic transition 

at approximately TN1 (Fe) = 640 K, and the spin reorientation transition was considered 

nonexistence in this system. Here, we report the low field spin switching and spin reorientation 

transition in rare earth orthoferrite single crystal PrFeO3 grown by optical floating zone method. 

The spin reorientation transition from type Γ4 (Gx, Ay, Fz) to Γ2 (Fx, Cy, Gz) below 10 K under 

the applied magnetic field H = 5 Oe. Applied magnetic fields can regulate the spin switching 

in quite a wide range of temperatures and suppress the spin reorientation transition. The 

effective magnetic moments of Fe3+ and Pr3+ sublattices undergo parallel to antiparallel to each 

other in field-cooled-cooling processes, which produce an abruptly drop in magnetization, 

called spin switching, like in many other RFeO3 systems. As expected, but never been observed 

in other RFeO3 systems, the reverse spin switching appears and leads to a magnetization 

recovering jump at a rather higher temperature in the field-cooled-warming regime, the jump 

even occurs at temperatures higher than 300 K under applied fields lower than 15 Oe. These 

intriguing magnetic phase transitions will provide deeper insights into the intrinsic 3d-4f 

electron interactions between Fe3+ and R3+ sublattices, which dominate the interesting magnetic 
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behaviors in RFeO3. In particular, PrFeO3 is very sensitive to small field even at room 

temperature, which makes it a controllable candidate for practical application in spin devices 

by using very low field. Finally, we consummate the spin configuration diagram of the RFeO3 

family.  
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Abstract 

 

The Z-type hexaferrites Ba3(Zn1-xCox)2Fe24O41 (x=0.2, 0.4, 0.6, 0.8) were prepared by sol-

gel method. With cobalt increasing, the effects of crystal parameters and magnetocrystalline 

anisotropy (MCA) on magnetoelectric current and the origination of magnetoelectric coupling 

in those samples were studied systematically. The Rietveld-refined results of the X-ray 

diffraction (XRD) data indicate that the crystal parameters a and c both decrease monotonously 

with cobalt increasing, especially Zn2+ ions only occupy 4fⅣ and 4eⅣ sites, while Co2+ ions 

occupy mainly 12kⅥ site, and also locate at 4fⅥ and 4eⅣ sites. Fourier transform infrared (FTIR) 

spectra show that the bond length of Me-O (Me=Fe, Co, Zn) located at tetrahedral sites 

decreases with cobalt increasing, resulting from the decrease of concentration of Zn2+ located 

at 4fⅥ and 4eⅣ sites, which is consistent with the results of the XRD. The temperature 

dependence of magnetization (M-T) presents an obvious bifurcation of the M-T curves with 

zero-field-cooled and field-cooled procedures at low temperature in all samples. It indicates 

that there is a complex magnetic structure within the samples. The MCA field Ha deduced from 

isothermal magnetization curves at different temperatures is enhanced distinctly with cobalt 

increasing below 250 K, which is related to the Co2+ ions located at 12kⅥ octahedral site. Those 

Co2+ ions with t2g
5eg

2 configuration will present interaction between orbital magnetic moment 

and spin magnetic moment, resulting in the MCA. It is worth mentioning that all the samples 

present soft magnetism property at the testing temperature range, and the saturation 

magnetization decrease monotonously with cobalt increasing. Magnetoelectric current (JM) 

results reveal that all the samples except x=0.2 appear oscillating JM and electric polarization 

(P) corresponding to periodically varying external magnetic field between -2.5 to 2.5 kOe at 

the temperature range 10-150 K, especially the maximum values of JM and P are improved 

conspicuously for x=0.4 sample than the others, which are related to the variation of the Ha 

with cobalt increasing. The x=0.4 sample will present stronger spin-orbit coupling originating 

from more Co2+ ions with t2g
5eg

2 configuration, which can induce ferroelectricity and 

magneticelectic coupling due to inverse Dzyaloshinskii-Moriya interaction. The temperature 

dependence of resistivity (ρ-T) of all the samples consists of two parts, a steep part and a flat 

part. The critical temperature moves to the high temperature and the resistivity tends to be 

enhanced with cobalt increasing. Specially, the ρ-T curves at the higher temperature of the 

samples can all be well-fitted by the adiabatic small polaron hopping model, and the deduced 

activation energy Ea equals 0.164, 0.309, 0.303, 0.312 eV for x=0.2, 0.4, 0.6, 0.8, respectively. 
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Abstract 

 

Sm0.15Dy0.85FeO3 belongs to the RFeO3 family, where R is rare earth ions. The RFeO3 is the 

presence of two kinds of magnetic sublattice, the Fe magnetic sublattice and the R magnetic 

sublattice. 

When the iron ions order at TN1 of 600 K~ 700 K, the iron subsystem drives moments of 

RFeO3 single crystal until the Neel temperature of rare earth ions of ~10 K, rare earth ions are 

paramagnetic in this region. The magnetic structure is Γ4 (GxAyFz) with the moment along c-

axis. The spin structure rotates with the decreasing temperature, the most common type of spin 

reorientation is Γ4 (GxAyFz) →Γ2 (FxCyGz), where the moment3rotated from c-axis to a-axis. 

In DyFeO3, the spin structure is from Γ4 (GxAyFz) to Γ1 (AxGyCz), which shows no magnetic in 

any single axis. 

Antiferromagnetic transition of rare earth ions occurs in the extremely low-temperature 

region. We find curious wasp-waist-like magnetic hysteresis loop below the point, which may 

due to the interaction of different kinds of ions. 

In this presentation, we report the crystal growth, structure analysis and magnetic phase 

transitions in a single crystal Sm0.15Dy0.85FeO3. The high-quality of the crystal is verified by 

X-ray diffraction technique. And we tested magnetization versus temperature and magnetic 

field with Physical Property Measurement System (PPMS 14). Our research reveals that: 1) the 

spin reorientation (SR) transition emerges at 25 K, and ends at 10 K; 2) the antiferromagnetic 

(AF) order transition happens at 2.6 K; 3) there is a special wasp-waist hysteresis loop in 

extremely low temperature. Knowledge of such phase transition in rare earth orthoferrite 

system is of potential importance to applications and theoretical studies. 
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Abstract 

 

Flexible transparent electrode (FTE) based on ultrathin (< 10 nm) noble metal film is an 

important branch of the development of indium tin oxide (ITO) replacer in the flexible 

optoelectronic devices. The technique issue is to improve the wettability and suppress the 3D 

island growth mode of noble metal on the heterogeneous oxide substrate to fabricate ultrathin 

continuous films successfully. However, the conventional techniques to improve noble metal 

wetting based on heterogeneous metallic wetting layers, polymer interlayer and alloys are 

restricted by some intrinsic drawbacks, such as low optical performance, low stability, and poor 

uniformity. Here, a simple method by introducing trace amount of gas doping during the 

sputtering to improve the wettability of noble metal on oxide is reported. The feature of low-

residual dopant of this method is verified by the experimental and simulation results. Further, 

the partially oxidized Ag or Cu nanocluster with low thickness about 1~2 nm are also 

investigated as interlayer for top pure metal deposition to improve the wetting ability, 

respectively. This provides effective solution to fabricate high purity, ultrathin continuous 

noble metal films. The improvement in wetting ability allows the development of highly 

transparent, ultrathin Ag and Cu continuous film based FTEs with a structure of 

Oxide/Metal/Oxide, exhibiting an improved optical transmittance. And by applying these new 

type FTEs as window electrode to replace ITO in the flexible organic solar cells, the device 

show high power conversion efficiency. This provides a simple, low-cost, high-throughput 

mass production method to develop large-size, highly flexible and low optical loss FTEs. 

 

Keywords: flexible transparent electrode, wettability, ultrathin metal film, gas doping, organic 
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Abstract 

 

Transparent spinel ceramic could be found in a wide range of applications such as solid-state 

lasers, scintillators, armors, optical and electro-optical devices due to it possesses high melting 

point, good mechanical properties, wear resistance ability, low thermal expansion coefficient, 

small refractive index (1.71) and ability to allow light in range from UV to mid-IR to pass 

through. Magnesium aluminate spinel exists in a wide composition range due to the high solid 

solubility of Al2O3 in MgO that is expressed by the formula MgO.nAl2O3 (0.6  n  0.91). In 

present work, polycrystalline transparent spinel ceramics with the different chemical 

compositions, namely stoichiometric (MgO.Al2O3) and Al2O3 rich (MgO.1.07Al2O3) 

compositions, were fabricated by pulsed electric current sintering process (PECS). In addition, 

two-step sintering method is considered as an effective approach to obtain the fine-grained 

microstructures as well as the good transmittance of spinel ceramics. The ceramic powder was 

sintered by PECS under pressure of 100 MPa with heating rate of 100K.min-1 in high vacuum. 

The temperature profile was set at various first-step temperature (i.e. 1000℃, 1050℃, 1100℃, 

and 1150℃) for 60 minutes and at second-step temperature of 1300℃ for 20 minutes. It was 

revealed that the Al2O3 content of spinel had the considerable effect on the consolidation of 

transparent ceramics. The influence of chemical composition on transmittance and mechanical 

properties of transparent spinel ceramics was also investigated.  
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Abstract 

 

ZrO2-Al2O3 ceramic materials exhibit a variety of properties that are a great combination 

between zirconia and alumina. Tetragonal ZrO2 with addition of 1.5 mol% Y2O3 containing 25 

mol% Al2O3 (abbreviated as ZrO2(1.5Y2O3)-25Al2O3) solid solution nanoparticles that derived 

by sol-gel synthesis were densified by pulsed electric current sintering (PECS) in present work. 

It is arguable that the mechanical strength of the ZrO2(1.5Y2O3)-25Al2O3 ceramics has been 

enhanced by the fine grain sizes. One of the most effective methods about sintering technique 

for advanced ceramics is two-step heating with improvement of microstructures and high 

density. All ZrO2(1.5Y2O3)-25Al2O3 ceramic samples were sintered by PECS in vacuum with 

an applied uniaxial pressure of 60 MPa. Firstly, the ceramics were heated to pre-heat 

temperature ranging from 1050 to 1200℃ at heating rate of 50℃/min for 10 min. Subsequently, 

the temperature was increased to the final stage sintering temperature of 1325℃ with the same 

heating rate of first step and held there for 10 min. Full densification and fine-grained 

microstructure in the ZrO2(1.5Y2O3)-25Al2O3 ceramics were obtained by sintering at 1150℃ 

for pre-heating and subsequently at 1325℃ for final stage under uniaxial pressure of 60 MPa. 

The mechanical strength of ZrO2(1.5Y2O3)-25Al2O3 ceramics were investigated. 

 

Keywords: two-step sintering, PECS, zirconia  



42 

 

200-OR08 

 

Increasing of mechanical properties metallic materials by plastic 

deformations at cryogenic conditions 
 

Tibor Kvackaj1,*, Robert Kocisko1, Alica Roszypalova1, Patrik Petroušek1, Jana 

Bidulska1, Robert Bidulsky2,3, Dusan Simcak1, Vlado Martin1, Pokorny Imrich1 

 
1 Technical University of Kosice, Faculty of Metallurgy, Letná 9, 042 00, Slovakia 

2 Košice Self-Governing Region, Namestie Maratonu mieru 1, 042 66 Kosice, Slovakia 
3 Politecnico di Torino, Department of Applied Science and Technology, Corso Duca 

degli Abruzzi, 24 - 10129 Torino, Italy 

* tibor.kvackaj@tuke.sk 

 

Abstract 

 

Increasing of mechanical properties can be provided by rising the alloying elements content, 

thermo-plastic regimes or the plastic deformations of metallic materials at cryogenic 

temperatures followed by annealing at natural or artificial conditions. While plastic 

deformations at cryogenic conditions are forming the structure with big impact to increase of 

stored energy the follow annealing process contribute its decreasing and to the precipitation. 

Application of plastic deformations at cryogenic conditions leads to rapid increasing of work 

hardening and elongation of structure which have impact on the strengthening effect resulting 

from grain size refinement. On the other hand additional strengthening effect which is resulting 

from the post processing of deformed material by annealing leads to the precipitation 

strengthening. The study of plastic deformations at ambient and cryogenic temperatures was 

performed on metallic materials CuCrZr alloy and stainless steel of grade 316LN. The obtained 

results shown on rapid increase of mechanical properties: 

CuCrZr: 0,2YSSA= 144MPa and after material processing by asymmetric rolling at cryogenic 

temperatures follow by annealing at 440°C/0,5h the yield strength was increased up to 

0,2YSSA+ASR+440℃/0,5h =680MPa 

316LN: 0,2YSSA=325MPa and after material processing by rolling with 50% thickness 

reduction at cryogenic temperature the yield strength was increased up to 0,2YSSA+50% 

=1050MPa. 

The obtained results shown to ability of materials to rise of mechanical properties by 

sophisticate process of plastic deformations provide at cryogenic conditions. 
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Abstract 

 

Thermoelectric materials are in a phase where they are being considered as a next frontier in 

waste heat recovery processes from sources such as diverse exhaust heat and our very own 

body heat. Herein, we show a significant improved figure of merit (ZT), that governs the 

efficiency of these materials, of pristine SnTe through the synergetic effect of both Mn and Bi 

co-doping. We have shown that the co-doping results to improved solubility of Mn through 

formation of a single phase throughout even for cases above the reported solubility limit for 

Mn in SnTe. A reduced lattice parameter is also observed in all samples. With increasing 

doping fraction, a decrease in the electrical conductivity resulting from carrier concentration 

modulation. However, the sample composition Sn0.91Mn0.08Bi0.01Te still records a relatively 

high electrical conductivity of ~ 3430 S/cm at room temperature. We report our maximum 

Seebeck coefficient of ~ 145 μV/K for the Sn0.87Mn0.1Bi0.03Te sample at 773 K which is an 

improvement from ~ 100 μV/K for pure SnTe. Interestingly, our Sn0.91Mn0.08Bi0.01Te has a 

higher power factor compared to most of SnTe-based thermoelectric materials, with a value of 

~ 24 μW/cmK2. The independent total lattice conductivity, κtot is decreased by more than two 

times. As a result, a low lattice thermal conductivity, κlatt of ~ 0.87 W/mK at 773 K is observed. 

Point defects from mass fluctuations and solid solution, and embedded nanostructures 

contribute to a large-scale phonon scattering mechanism. Consequently, a ZT of 0.75 at 773 K 

for the Sn0.91Mn0.08Bi0.01Te sample is reported, which is a 200% improvement from our pristine 

SnTe. 
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Abstract 

 

Hollow Zn0.76Co0.24S@N-doped carbon (HZCS@NC) electrode with hierarchical pores 

structure synthesized by a continuous ingenious method is presented in response of the demand 

of high-performance supercapacitors. The formation mechanism of the hollow structure, in 

which the Zn0.76Co0.24S nanoparticles were embedded in a nitrogen-doped carbon layer, was 

analyzed in this work. This electrode exhibits an excellent specific capacity of 937 C g-1 at 1 A 

g-1 and a satisfying capacity retention rate of about 112% after 40 000 cycles at a rate of 5 A g-

1. Such preeminent performance is realized via (1) the short electrolyte diffusion length caused 

by the hollow structure, (2) the high electrochemical activities provide by the bimetallic sulfide 

and heteroatom doping, (3) the efficient combination of faradaic and electrical double layer 

materials, and (4) the conductive network with multiple holes. The evaluation of 

electrochemical performance of the assembled HZCS@NC//RGO hybrid supercapacitor (HSC) 

was also done. Impressively, the HSC gives a satisfactory energy density of 55.47 W h kg-1, a 

maximum power density of 16.55 kW kg-1, and an ultra-long (100 000) cycling life (108.9% 

retention of the initial capacity). This study presents a novel strategy for engineering stable 

poly-porous multicomponent hollow structures for the fabrication of prospective energy 

storage devices. 
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Abstract 

 

Modern society requires a huge amount of electrical energy. The highest electricity 

consumers in modern society are motors, which have an electricity usage rate of about 46%. 

Motors have an industrial, commercial, and household applications. Therefore, an increase in 

motors efficiency leads to huge amounts of electrical energy savings. In general, motor core is 

made of single silicon steel sheet with punching and laminating process. In order to measure 

the magnetic properties of the motor core, magnetic properties of single silicon steel sheet 

should be measured. When measuring the magnetic properties of single silicon steel sheet, 

magnetic hysteresis curve, which is one of the magnetic properties, changes with the shape of 

the magnetic flux waveform. Therefore, it should be keeping the sinusoidal waveform with 

1.11 of waveform factor and small distortion factor. However, magnetic hysteresis curve is not 

linear. Therefore, in order to keep sinusoidal magnetic flux density waveform, the magnetic 

field waveform have to be distorted. Consequently, waveform control of the excitation current 

is required. Generally, coefficient relaxation method is used for waveform control. However, 

the coefficient relaxation method has several problems. First, it takes a long time to finish the 

waveform control. Second, it does not necessarily converge to reference waveform. Third, 

material properties are ignored when selecting a coefficient. Therefore, it is difficult to 

converge an excitation waveform of high permeability material such as amorphous, nano 

crystalline. New waveform control method using back calculation method are suggested. As 

the result, number and time of waveform control is reduced. And magnetic properties of high 

magnetic flux density are possible to be measured. 

 

Keywords: sinusoidal excitation, coefficient relaxation method, back calculation method, 
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Abstract 

 

Electrical steel sheets have been widely employed as a magnetic core material of an 

electromagnetic equipment. The AC magnetic properties of electrical steel sheets are generally 

evaluated under symmetric alternating magnetization. In recent years, the driving condition of 

the electromagnetic equipment, however, has been diversified according to the development of 

the power electronics. Magnetic storms, geomagnetism changes, and the magnetization of the 

operating system is possible to cause the magnetic materials in the magnetic equipment to be 

DC-biased. Therefore, magnetic materials in the equipment are possible to be excited by two-

dimensional AC-magnetization with two-dimensional DC-biased magnetization. 

To estimate the magnetic properties with two-dimensional AC-magnetization with two-

dimensional DC-biased magnetization, three different grades of non-oriented electrical steel 

sheet with two-dimensional DC-biased magnetization are prepared. As a result, iron loss with 

same excitation direction between AC magnetization and DC magnetization is larger than iron 

loss with different excitation direction between AC magnetization and DC magnetization. 

 

Keywords: electrical steel sheet, magnetic properties, DC-biased magnetization, two-
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Abstract 

 

Metal matrix composites (MMCs) are promising materials for aerospace and automotive 

industries because of its good mechanical property. Among them, particle dispersed aluminum-

based metal matrix composite (Al MMCs) is affected by property of dispersed particle in 

addition to good mechanical property and machinability. Although there are many candidates 

for reinforce particles of composite, from the fact of high strength, ceramic particle (example 

Al₂O₃, SiC) is often used. Recently, Mechanoluminescent (ML) ceramics, which emits light 

when added force by stress, is developed. This ceramic particle has strong ML performance 

and phosphorescent property of accumulating light and emitting light under a dark place and 

emit by temperature. Strontium aluminate have strong ML property, among them, 

SrAl₂O₄:Eu,Dy have the strongest ML intensity. Furthermore, this ceramic particle emits light 

even under elastic stress (Elastic Mechanoluminescent EML), EML intensity is proportional to 

stress and strain rate. Due to this characteristic, research of ML stress sensors for visualizing 

of force applied parts in real time has been carried out by various researchers. ML particles 

were used as paints, thin film and resin composite materials. However, print and thin film may 

delaminate, resin composite may possibly deteriorate with aging due to violet rays. Therefore, 

it is possible that using aluminum for matrix of composite solves such problems. Furthermore, 

if apply this ML ceramic particles as reinforce particles for aluminum, it is possible to fabricate 

composite having high strength and ML characteristics. In this study, ML composite is 

fabricated by using tow grain size ML particle using 3DPC and evaluated mechanical property, 

microstructure and ML characterization. 
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Abstract 

 

Thermoelectric(TE) thick film has a big capability for thermal-to-electrical energy harvester 

or efficient active coolers due to combination between compacted size and appropriate 

performance compared to bulk or thin-film type. However, TE thick film shows the problem 

of low electric properties caused by porosity formed during the printing and sintering process. 

The main reason is analyzed by that the remained organic binder forms pores in the film. In 

order to these problems, here, we introduce addition of Edge-Oxidized-Graphene (EOG) within 

the Bi-Te matrix to increase the carrier mobility resulting in the electric conductivity without 

reducing carrier concentration. EOG has better electrical conductivity than Graphene 

Oxide(GO) due to its sp2 structure, which is relatively perfect graphite except for the edge part. 

The added EOG acts as an electrical bridge between separated Bi-Te grains. The XPS results 

show that edges of the EOG are chemically bound to the Bi-Te grain. In terms of electrical 

properties, carrier mobility and electrical conductivity increased in proportion to the EOG 

content, but the carrier density remained unchanged. As a result, the maximum power factor of 

2.07 x 10-3Wm-1K-2 was obtained from the 2wt% EOG-dispersed BST film at room 

temperature. The result shows that the addition of EOG to Bi-Te based film improve 

thermoelectric property. 
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Abstract 

 

The research aimed to investigate the effect of calcium hydroxide content on pozzolanic 

reaction of calcined clays. Pozzolanic reaction of calcined clay was determined in terms of its 

mechanical properties, phase development and microstructures. Three clay minerals (2 

kaolinitic clays and kaolinite-montmorillonite clay) were chosen to produce pozzolanic 

material via calcination at temperature of 700 ℃ to allow the transformation into metakaolin. 

Ratios of calcium hydroxide to calcined clays were varied from 0.1 to 0.5 and curing times 

were 7 and 28 days. It was found that calcium aluminosilicate hydrate (stratlingite) could be 

formed after pozzolanic reaction between all clay minerals and calcium hydroxide. The 

development of stratlingite corresponded to the strength development showing the highest 

compressive strength at 26 MPa (28 days) when kaolinite-montmorillonite clay was used as 

pozzolanic material and the ratio of calcium hydroxide to calcined clay was 0.5. 
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Abstract 

 

Selective laser sintering (SLS) is known as an easy process in term of additive manufacturing 

(AM) or 3D printing technology to manufacture the complex geometry products. Comparing 

to traditional methods, the remarkable advantages of this technique are reducing the production 

time, creating good mechanical properties products that meet the demand in use. The SLS 

enables to implement on many kinds of materials includes polymers and metals. In addition, 

this technique exhibits the high potential for applying in the fabrication of alloys and 

composites. This issue has got a lot of attention from researchers and manufacturers. Come 

along with that trend, a study on evaluating the ability to use SLS in manufacturing of the 

STS316 – Cu alloys was conducted. The STS316l-Cu alloy samples were fabricated from a 

mixture of STS316L and Cu powders by using the SLS process. The 2 types of laser patterns 

(offset-filling and meander) with the laser power of 100W, 120W, 130W, and laser speed at 

700 mm/s, 800 mm/s, 1000 mm/s and 1400 mm/s were applied to produce 1 cm x 1 cm x 1 cm 

cubic samples. The characteristics of the as-built objects include microstructure and 

mechanical properties were investigated.  
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Abstract 

 

Al-Mg-Si alloys are known as age-hardenable alloys whose strength is improved by the 

precipitation of a β-phase intermediate layer by heat treatment. And the precipitation process 

is reported as follows: 

G. P. zone →intermediate phase β“→ intermediate phase β‘→ equilibrium phase β 

Adding specific elements or applying thermo-mechanical treatment can further improve the 

mechanical properties of Al-Mg-Si alloys. In this laboratory, Al-1.0 mass% Mg2Si alloy is used 

as Base alloy. We have investigated the mechanical properties and microstructure of alloys in 

which various elements are added to the Base alloy. It has been reported that the addition of a 

small amount of Cu or Ag improves the strength and elongation in mechanical properties and 

accelerates the increase in hardness at the early stage of aging. In particular, the addition of Ag 

shows a better increase in elongation than the addition of Cu. In the microstructure, the addition 

of elements increases the amount of precipitation, and the introduction of a precursor of Q 

phase has been reported during the aging precipitation process by the addition of Cu. It is 

reported that applying thermo-mechanical treatment to the Base alloy, in mechanical properties, 

the time to reach the maximum hardness is shortened, and the strength and elongation are 

improved, and in the micro structure, precipitates of rod-like cross section having a bright spot 

arrangement different from the β' phase are observed on dislocations. Therefore, in this study, 

the age-hardening behavior of Al-Mg-Si alloy with Cu and Ag addition by applying thermo-

mechanical treatment was investigated from Micro Vickers hardness measurement and 

structure observation. 
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Abstract 

 

7xxx series alloy (Al-Zn-Mg alloy) has a high strength compared to other Al alloys due to 

its good age hardenability. The precipitation sequence of this series alloy is known to be as 

follows: 

S.S.S.S. → G. P. zone → η′, T′ → η, T 

These series alloys also have problems about high stress corrosion crack susceptibility, it is 

considered that the cause is due to the propagation of hydrogen embrittlement. Behavior of the 

hydrogen embrittlement mechanism is revealing, but that in Al alloy isn't still completely 

understood. We propose that elucidating behavior of hydrogen in the alloy plays a major role 

for solving this problem. In this work, we use 2 types alloy which hydrogen charged Al-Zn-Mg 

alloy and not charged same alloy. We investigated the aging behavior and the type of precipitate 

of hydrogen charged sample and not charged by means of hardness tests and transmission 

electron microscopy (TEM) microstructure observations. 

In this research, Al-1.8mol.%Zn-3.5mol.%Mg alloy was prepared by casting. Solution heat 

treatment was conducted at 748K for 3.6ks, and then quenched in cold water. Hydrogen 

charging to the alloy was conducted by electron discharge machining (EDM).  

Hydrogen charged sample is designated by “EDM” and not charged sample “No-EDM”. 

Micro-Vickers hardness was measured using Mitutoyo HM-101 (load: 0.98 N, holding time 

15s). TEM (Topcon EM-002B) observation was conducted under the accelerated voltage of 

120kV. 

The result that Micro-Vickers hardness test of aged at 393K, EDM had higher maximum 

hardness and shorter time to reach it compared with No-EDM. The results from selected area 

electron diffraction (SAED), both of EDM and No-EDM had the same diffraction spots 

reported as η′, η1, η4, T’ phases in Al-Zn-Mg alloys. And TEM bright field image of EDM 

showed that it had higher population of η′ phase and lower that of T′ phase than No-EDM 

sample. 
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Abstract 

 

The strength-to-weight ratio of the age-hardenable magnesium alloys is comparable with 

that of the strong alloys of aluminium or with the alloy steels. Magnesium alloys, however, 

have a lower density, stand greater column loading per unit weight and have a higher specific 

modulus. They are widely used as structural materials, for example, frame of electrical devices, 

parts of automobile. Several reports are available about addition of rare-earth element (RE) on 

Mg, and Mg alloys show precipitation hardening by aging treatment of super saturated solid 

solutions (S.S.S.S.). Lorimer et. al. reported the precipitation sequence in Mg-Y alloys aged at 

473K as S.S.S.S. → β” (D019) → β’(cbco) → β(Fm3 ̅m). Scandium (Sc) addition on Mg alloy 

is known that it enhances a heat resistance. In this research, 2 kinds of Mg alloys (Mg-3.6at.%Y 

and Mg-3.5at.%Y-0.9at.%Sc) containing, have been investigated to clarify the effect of the Sc 

on age-hardening and precipitation using High Resolution Transmission Electron Microscopy 

(HRTEM), Selected Area Electron Diffraction (SAED) technique and HRTEM simulation. In 

HRTEM observation, β’ phase was observed in peak-aged and over-aged conditions. In this 

study, the variation of the lattice constant of the b-axis in over-aged Mg-Y-Sc alloy was 

confirmed by SAED pattern and HRTEM analysis. First principle calculation was conducted 

using DV-Xα method to understand the bonding energies between Mg and alloying elements. 

Further analysis was carried out by multi-slice method and line profile. 
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Abstract 

 

Magnesium alloys have lower density and higher specific strength than those of aluminum 

alloys and are attracting attention as a substitute for automotive components to lighten 

transportation equipment. However, commercial Mg alloys with high strength such as AZ80 

and ZK60 have a low melting point of 500 °C or less due to Mg17Al12 or MgZn phases 

dynamically formed during hot extrusion, and thus hot cracking easily occurs, which leads to 

result in a lower maximum extrusion rate than aluminum alloys. Therefore, it is required to 

develop a magnesium alloy system that forms a thermally stable secondary phase so as to 

improve the productivity and the extrudability for commercial viability. When Bi is added to 

Mg, it is known that Mg3Bi2 phases which have high melting point, that is 821 °C, are formed. 

Despite the possibility of Bi-added magnesium alloy as a high-speed extruded material through 

forming thermally stable phases, there has been no systematic study of Mg-Bi based 

magnesium alloy. Thus, in this study, the fundamental study on the effect of Bi addition on the 

microstructure and mechanical properties of extruded pure magnesium was carried out. For 

this, pure Mg, Mg-6Bi and Mg-9Bi (wt.%) were hot-extruded under the same conditions and 

then it is investigated with respect to the grain size, recrystallization fraction, crystallographic 

texture evolution, precipitate distribution, tensile properties, and fracture surface, respectively. 

 

Keywords: Mg-Bi alloy, Extrusion, Dynamic recrystallization, Microstructure, Tensile 

properties 
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Abstract 

 

This study demonstrates that the combined addition of small amounts of 0.5 wt% Ca and 0.2 

wt% Y to a commercial AZ31 alloy promotes the dynamic recrystallization (DRX) behaviour 

during hot extrusion, which results in a significant improvement in the microstructural 

homogeneity and mechanical properties of the extruded alloy. The second phase particles, 

which are formed during solidification by the addition of Ca and Y, cause an increase in the 

area fraction of dynamically recrystallized (DRXed) grains through particle-stimulated 

nucleation (PSN) during extrusion. These undissolved particles also cause the material to 

deform more severely during extrusion, which, in turn, causes a decrease in the size of the 

DRXed grains and an increase in the residual strain within unDRXed grains. The tensile yield 

strength of the extruded alloy improves considerably from 248 MPa to 290 MPa by the 

combined addition of Ca and Y, without any loss of ductility. This drastic improvement in 

strength is attributed mainly to the combined effects of grain-boundary hardening, strain 

hardening, and particle hardening. Despite the improvement in strength and the presence of 

many brittle particles, the tensile elongation of the extruded alloy hardly deteriorates because 

a decrease in the size and area fraction of coarse unDRXed grains suppresses the formation of 

contraction and double twins that act as initiation sites for microcracks during tension. 
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Abstract 

 

We obtained the nontrivial spin texture by including spin orbital coupling effects through 

employing Density functional theory (DFT) in our calculation. The spin momentum locking 

the circles the Brillouin zone center and also has opposite directions along the different CuO2 

plane are investigated the results obtained through angle-resolved photoemission and tight-

binding results1. We create a Cu-Ca buckling layer model independent with bulk crystal which 

obtained a spin texture, thus investigated the local inversion symmetry in Bi2212. The DFT 

calculation results show that the spontaneous symmetry breaking inside the super modulation 

phase is necessary to the spin texture. 
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Abstract 

 

Gadolinium hexaboride (GdB6) is a well-known field emitter material that has been 

investigated for more than three decades. We perform a systematical density-functional theory 

study of GdB6 by using the generalized-gradient approximation and considering the electron 

interaction parameter U. The basic structural and electronic properties are carefully revised, as 

well as a strong U-value dependence in determining the magnetic structures of Gd 4f electronic 

states. Moreover, we find the distortion modes of boron octahedron play an important role in 

the interaction between spin and lattice structures in this system. These results will deepen our 

understanding of the boron-based correlated rare earth compounds. 
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Abstract 

 

Light-weighed materials such as aluminum and magnesium alloys have been expanding their 

applications to automobiles and railway vehicles which tackle energy saving demands. Recent 

trend and progress is to combine many kinds of materials, which is called “multi-materials” 

technology, and this is effectively useful for realizing weight reduction. This challenge requires 

sound joints, thus the dissimilar joining is a key to produce multi-material structure. 

Conventional arc welding has a problem such as formation of intermetallic compounds when 

dissimilar materials are joined. These problems can be solved with FSW. However, FSW has 

a problem that defects such as cavities and kissing bond are generated due to a change in 

bonding conditions such as a tool rotational speed and a bonding speed. The present study tried 

to produce sound friction stir welded joints of aluminum and magnesium alloy sheets utilizing 

a newly designed tool called “double spiral tool” which can increase the volume of stirring 

region around the tool. The materials used for the dissimilar joining tests are A5083 aluminum 

and AZ31 magnesium alloy sheets of 3mm in thickness. Two types of threaded tools were 

prepared; a M4-threaded normal type and a double spiral one with the same pitch but double 

length of lead. The latter one can transport theoretically double amount of metal along the tool 

axis as compared to the former one, suggesting that the increasing amount of flowing metal 

leads to prevent joints from the welding defects caused by the lack of metal being stirred. 

Microstructural observation with an optical microscope revealed that the double spiral tool 

effectively enhanced stirring action resulting in larger stir zone, less kissing bond, and more 

densely laminated region in the stir zone. The tensile tests at ambient temperature also showed 

the merit of the double spiral tool, i.e. higher value of tensile strength.  
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Abstract 

 

Delta-ferrite was formed in the fusion zone when the meted metal solidified to the room 

temperature. The delta-ferrite morphology was different and depended on the composition, 

temperature gradient and growth rate. The delta-ferrite morphology changes at 400 ℃, 600 ℃, 

900 ℃ were studied using optical microscopy, SEM, TEM, x-ray diffraction. The content of 

the delta phase reduced continuously in increasing temperature and holding time. Besides, 

sigma phase and carbide precipitation were formed at 600 ℃; whereas these phases were 

decomposed at 900 ℃. 

Keywords: delta Ferrite, weld metal, dissimilar welds, heat treatment 
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Abstract 

 

Disc friction joining (DFJ) is a novel joining method that is under development at University 

of Toyama. This joining machine consists of a rotating disc, a linear traversing unit, and two 

loading units with load cells. Two plates to be joined are set on the both sides of the disc, and 

the plates are pressed to the disc at certain force. The contacting areas generate frictional heat 

that softens the plates partially, and eventually the two plates get contacted directly to form 

joint interface upon leaving the disc. Several trials of DFJ have been conducted to join similar 

and dissimilar materials such as Pb-Sn alloy, aluminum alloys, stainless steels, and resins. In 

case of dissimilar joining of aluminum alloys to resins, bonding is achieved by the ejection of 

softened or melted resin into the unevenness on the surface of aluminum plates. This has been 

proved by some observations of the joint interface, while some other joining mechanisms might 

be still left. The present study focused on characterizing the morphological aspect of joint 

interface to make clear the joining mechanism in terms of anchoring effect, chemical bonding, 

and so on. The materials used were A1070 commercially pure aluminum and polyethylene 

terephthalate (PET) plates. The dimensions of samples are 50 mm long, 10 mm wide and 2 mm 

thick. The rotating speeds varied from 1000rpm to 6000rpm. Microstructural observations were 

performed on the cross section of joints with an optical microscope. Mechanical property was 

evaluated by tensile tests at ambient temperature with an Instron testing machine. The joint 

interfaces showed “zig-zag” shape, of which more complicated asperities appeared as the 

rotation speed raised. The joint strength reached 24MPa when the DFJ test was conducted at a 

rotation speed of 2000RPM, and the strength depended on the interfacial feature. This 

interfacial morphology was produced by scraping the contact surface of aluminum plate during 

friction before the plate meet the resin. So it should be important to prepare well designed 

surface properties of the disc to maximize the joint strength. 
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Abstract 

 

Friction stir welded joints are well known to specifically show fine grain structure in the stir 

zone (SZ). These fine grains are produced by dynamic recrystallization, and affect mechanical 

properties of the SZ or joints in terms of higher hardness and/or tensile strength. On the other 

hand, regarding grain boundary energy stored in the SZ, it can be said that FSW brings about 

larger motivation for grain growth. Grain growth is categorized into two types such as normal 

grain growth and abnormal one. The latter case makes a fatal effect on the mechanical 

properties of the joint if it is kept at elevated temperature such as post weld heat treatment 

(PWHT) or additional welding afterwards. Some FSW joints have been reported to show 

abnormal grain growth during PWHT while its mechanism still remains many questions as well 

as methods to prevent the phenomenon. The present study mainly focuses on 

phenomenological analysis of abnormal grain growth in FSW joints of 6061-T6 aluminum 

alloy sheets during PWHT at certain temperatures. The butt joining experiments for 3mm thick 

aluminum sheets were carried out at rotation speeds ranging from 500 to 2000 RPM under a 

welding speed of 180 mm/min. The PWHT tests were conducted at temperatures from 673 to 

883K for annealing times from 10 to 10k s. Optical microscopy and SEM-EBSD analysis 

revealed a periodic alternation of grain orientation in the SZ. This peculiar microstructure 

showed an effect on the onset or the trigger of the preferential grain growth, which was 

commonly observed to appear in the top surface of joint contacted the shoulder of welding tool. 

Thus the abnormal grain growth in FSW joints can be caused by such a periodical alternation 

of texture components appeared in the SZ that is consist of layered structure called onion rings.  

   

Keywords: friction stir welding, abnormal grain growth, stir zone, onion rings, texture, grain 
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Abstract 

  

Titanium powder is produced by the HDH(Hydrogenation-dehydrogenation) process using 

titanium sponge manufactured by the Kroll process. However, additional hydrogenation 

processes to produce powders can result in cost and energy. In this study, titanium hydride 

sponge was produced directly from titanium tetrachloride in a hydrogen atmosphere using 

magnesium thermal reduction method and then crushed to produce titanium hydride powder.  

A steel crucible containing magnesium was placed in a stainless steel chamber and placed in 

an electric furnace. The inside of the chamber was evacuated at room temperature and the 

temperature was raised in an argon gas atmosphere. After the heating was completed, hydrogen 

gas and titanium tetrachloride were supplied at a constant rate. After the reaction, the crucible 

cooled to room temperature was leached using de-ionized water and hydrochloric acid(1 M) in 

the crucible, and the internal product of the crucible was taken out. The product additionally 

requires leaching. After crushing, ultrasonic cleaning and drying of the product, X-ray 

diffraction analysis, observation of scanning electron microscope images and oxygen analysis 

were performed. 

As a result of X-ray diffraction analysis, it was confirmed that TiH1.924 (TiH2) was produced. 

The yield increased and the oxygen content decreased as the holding time increased. When the 

scanning electron microscope images were observed, the particles were coral-shaped and the 

particle size was 2~50 μm. 

It was confirmed that titanium hydride was generated after the reduction reaction, and 

magnesium reduction of titanium tetrachloride and hydrogenation of titanium were 

continuously occurred. It is considered that the powder size should be optimized in order to 

commercialize the powder in the future. Further, additional experiments for the improvement 

of the yield are required. 
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Abstract 

 

TiCl4 is produced from titanium ore by chlorination process, it is used as raw material for 

producing high purity TiO2 or metal Titanium. To use ilmenite in titanium ore as raw material 

to making TiCl4, it is manufactured as synthetic rutile through impurity removal. Many pores 

are formed in the synthetic rutile produced by the selective chlorination and it is believed that 

these pores contribute to the improvement of the reactivity. In this work, TiCl4 was prepared 

using porous synthetic rutile. And the effects of reaction temperature, time and gas flow rate 

on the kinetics of chlorination of synthetic rutile were studied. 

Synthetic rutile was charged into a fluidized bed reactor which reached the target temperature 

in the argon gas atmosphere. Subsequently the Cl2+CO gas mixtures was blown into each 

experimental condition to react. And then cooled in an Ar gas atmosphere. After the reaction, 

the weight of the residue was measured, and the TiCl4 conversion was calculated by XRF 

analysis. X-ray diffraction analysis and SEM observation were also performed. 

As the reaction temperature increased, the TiO2 reaction rate tended to increase. As a result 

of applying this method to the shrinking particle model for kinetic analysis, the linearity of the 

chemical reaction rate controlling was good. Therefore, it was decided by chemical reaction 

rate controlling, the activation energy was calculated as 90.148 kJ/mol by the Arrhenius 

equation. 
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Abstract 

 

This research focuses on the effect of severe plastic deformation (SPD) on microstructure 

and properties of Al and Al-Zn (in 1,2,3,4,5 wt%) alloys. The Al-Zn alloys with a diameter of 

12.5 mm and 62.5 mm long were pressed in an ECAP die (press angle φ=90°, Ψ=20°), using 

route Bc with 2,4,6,8 passes at room temperature. Microstructural characterization was carried 

out using optical microscope (OM) and scanning electron microscope (SEM). The cast samples 

were solutionized at 450 ℃ for 1 hr. Grain size of the as-ECAP samples decreased with an 

increase of ECAP passes. The smaller grain size and accumulated strain resulted in 

strengthening of Al-Zn, leading to higher hardness compared to those of pure Al and as-cast 

Al-Zn alloys. Electrochemical Impedance Spectroscopy (EIS) are polarization test in a 4M 

NaOH solutions were used to study electrochemical behaviors of the as-cast and ECAP Al-Zn 

alloys. The conclusion from the research will be used as a platform to develop Al anodes for 

Al-air battery in the future. 
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Abstract 

 

Iron nitrides out of two plentiful cheap iron and nitrogen such as a”-Fe16N2 and γ’-Fe4N are 

once again in the spotlight as the potential magnetic materials of the next generation for the 

electric vehicle industry. Extensive applications of high-performance magnets including iron 

nitrides, however, have not been reported since the massive production of iron nitrides has not 

been successfully established to date. Due to the low solubility of nitrogen in liquid iron, the 

production of iron nitrides through conventional steelmaking processes is difficult. 

This study, therefore, represented a non-equilibrium material processing route that can 

enhance the kinetics for the iron nitride formations at low temperatures. To enhance reaction 

kinetics at low temperatures, thermodynamically metastable Fe-based glassy alloy powder with 

a relatively open atomic packing structure was used as a starting material. Synthesized iron 

nitrides during a mechanical alloying of the Fe-based amorphous alloy powders and solid 

nitrogen compounds were systematically characterized as well as its thermal and magnetic 

properties were studied to understand the mechanism of solid-state nitriding reactions.  
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Abstract 

 

The hexagonal manganates, RMnO3 (R=rare earth), with a distorted perovskite structure 

have generated considerable interest on their various novel phenomena, including giant 

magnetoresistance effect, multiferroics, charge ordering, and etc. Such properties mostly come 

from hole-doping and the multi-valence of Mn ions. By doping alkaline earth metal Ca into R-

site, we can modulate the hole-doping and the valence of Mn ions simultaneously to study the 

magnetism in LuMnO3. In this study, we have successfully synthesized Lu1-xCaxMnO3 (x=0, 

0.1, 0.3, 0.5) single crystals samples via solid state reaction and floating-zone method, and 

performed magnetic research with multiple methods. According to the AC susceptibilities and 

magnetic relaxation rate, we can infer the evolution of spin glass (SG) behavior, which is 

dominated by the competition between super-exchange interaction and double-exchange 

interaction between Mn ions and finally vanish with Ca doping around x=0.5. The SG behavior 

is induced by Ca doping (x=0.3), in which the SG freezing at about 100 K and the 

antiferromagnetism (AFM) dominates at lower temperature. This study would be helpful to 

reveal the magnetism in RMnO3 series and the SG behavior in multi-valence doping. 
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Abstract 

 

A cerium oxide (CeO2) thin film is often used as a material for blocking ultraviolet light 

because it has high transparency and the property of absorbing and blocking ultraviolet light. 

The thin film of cerium oxide was formed by spraying a precursor solution prepared in advance 

onto a glass substrate by a spray dry method. The experiments were conducted with the 

substrate temperature (110 ℃, 140 ℃, 170 ℃, 200 ℃) set for several spray times. The 

substrate used soda glass. The peak of CeO2 was observed from the result of XRD diffraction 

measurement of the thin film on the glass substrate. As a result of irradiating light to the 

produced film and measuring a transmission attenuation factor, a large attenuation factor of 

light of a wavelength of 320 to 360 nm was confirmed. The film had island growth or portions 

with different thicknesses, and where the film was thick, cracks were confirmed by SEM 

observation. The cause of the light transmission attenuation is not only the UV absorbing ability 

of the film but also the light scattering by cracks and particles. Among the samples produced 

at four substrate temperatures under the thin film forming conditions, the best result was the 

condition set at 200 ℃. 
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Abstract 

 

From an increase of environmental concern, special interests had been paid for reduction of 

sulfur compounds in transportation fuels. Generally, sulfur compounds were removed by 

hydrodesulfurization methods in commercial plants. In 1990s, a novel method for 

desulfurization of fuels, oxidative desulfurization (ODS), was proposed. ODS process has 

many advantages such as mild reaction conditions, possibility for ultradeep desulfurization, 

and so on. Therefore, many studies concerning ODS were conducted in recent two decades. 

Oxidation of organosulfur compounds is involved as a key step of the ODS process. Various 

oxidants were examined such as hydrogen peroxide, organic peroxides, peracids, 

photoirradiation under oxygen atmosphere, and so on. Among them, hydrogen peroxide is one 

of the most expected oxidants, because of its cheaper price and lower reactivity (i.e. higher 

safety). In this study, oxidation of dibenzothiophene (1) with H2O2 was examined. 

Dibenzothiophene was stirred at 0 ℃ in acetonitrile solution containing RuCl3 and H2O2 to 

afford dibenzothiophene sulfone (2) almost quantitatively. Reaction conditions such as 

temperature, reaction duration, and concentration of RuCl3 and H2O2 were investigated to 

optimize the conditions. The authors also examined the desulfurization of model light oil (a 

mixture of 1 and n-octane).  
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Abstract 

 

Rare earth Nd-Fe-B and Sm-Fe-N magnets have remarkable magnetic properties. Especially, 

Nd-Fe-B magnets have been widely used as the most excellent permanent magnets. It has been  
reported, however, the heat resistance and corrosion resistance of Nd-Fe-B are relatively poor. 

The improvement for Tc is made by adding Dy and Tb elements, and coating on the surface is 

usually used to avoid corrosion. These heavy rare earth elements are expensive and coating 

process complicates the production process. While the Nd-Fe-B magnets have disadvantage of 

heat instability and ease of corrosion, the Sm-Fe-N magnets are recently used in various fields. 

The Sm-Fe-N based magnets are attracting attention for high corrosion resistance and magnetic 

properties. Even though Sm-Fe-N magnets are prepared only bonded magnets because of 

decomposition above 773K, it is expected to substitute for Nd-Fe-B bonded magnets because 

it has a higher corrosion resistance without coating. The bonded magnet is prepared 

compressing a mixture of a magnet powder and a binder, and thermally curing the pressed 

mixture. It is widely used for high efficiency small motors with excellent shape freedom. This 

work has investigated the magnetic properties and corrosion behavior of rare earth magnets 

replacing the binder material from epoxy to a low melting point metal (Zn or Sn). A mixture of 

the magnetic powder (Nd-Fe-B, Sm-Fe-N) and epoxy, Zn powder or Sn powder was pressed 

with a pressure of 1 GPa, then thermally cured for 1 h. Thermal curing temperature was 463K 

for epoxy, 723K in Ar gas for Zn and 523K for Sn. The magnetization measurement was made 

with PPMS in the applied field range of -8T to 8T. The magnetic properties (saturation 

magnetization, residual magnetization and coercivity) were obtained from the observed 

hysteresis curves. The corrosion test was carried out by a salt water immersion method. For the 

immersion solution, 5mol/L NaCl aqueous solution was used. The change on the sample 

surface was examined by optical microscope. There was no significant change in the 

magnetization measurement results for Sm-Fe-N samples. From the corrosion test result, it was 

found that the change on sample surface of the Zn binder sample was less than that of epoxy 

binder sample. The sacrificial anode effect of Zn is considered to suppress the corrosion of 

magnetic powder. 
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Abstract 

 

There have been plenty of studies of the rare-earth intermetallic compounds containing both 

rare earth (RE) and transition metal (T) elements. The magnetic properties and structure have 

been described in terms of exchange interactions and crystal electric field effects. 

Metamagnetic spin rearrangement was observed in our resent reports on magnetization of 

mixed light and heavy RE compounds, due to the antiparallel coupling of the magnetic 

moments of heavy and light RE elements. This work reports magnetocaloric effect of 

Nd0.9RE0.1Ni (RE=Tb, Dy, Ho) single crystals. A polycrystalline starting material was prepared 

by argon arc melting.  The melted ingot was packed in an alumina crucible and vacuum-

encapsulated in a quartz tube.  The single crystal samples of Nd0.9RE0.1Ni were grown by 

Bridgeman method. The crystal structure and the lattice parameters were identified by powder 

X-ray diffraction (XRD) measurement at room temperature using Cu Kα radiation. The 

crystallographic orientations of the single crystals were determined by the Laue x-ray back 

reflection method. The magnetization data were measured using SQUID magnetometer 

(MPMS) with external fields up to 7T along the crystallographic a-, b- and c-axis directions in 

the temperature range of 2 - 300 K. The specific heat measurements were made in the 

temperature range from 2 to 60K with the external field range of 0 – 7 T. It was confirmed that 

a-axis is easy axis and b-axis is hard axis for all samples. Magnetic phase transition was 

observed at around 10K and 25K for all samples. For RE = Ho and Dy, metamagnetic transition 

was observed along a-axis at 2K. 
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Abstract 

 

Solid Oxide Fuel Cells (SOFC) are receiving attention with the co-generation system 

(improvement of energy efficiency by heat recovery during operation) as one of next-

generation energy. It is becoming popular as the household generator. A major problem of 

YSZ-based SOFC is it have to be operated at a high temperature (900 ℃). For that reason, a 

long heating time for the start-up is required, and also the material to be used is limited. In 

addition, degradation of SOFC internal components will be faster. Thus, we use ceria (CeO2) 

as electrolyte instead of YSZ. It can be reduced the operating temperature to 500 - 600 ℃.  

Also, for the efficiency of power generation, the thickness of the electrolyte should be thin and 

have orientation. So we deposited CeO2 on Si(001) substrate (25 mm x 25 mm) by RF 

sputtering method, searched the deposition conditions. And we predict the internal structure 

and orientation of the membrane surface by using XRD and First-principles calculation. 

In the previous experiments, it was confirmed that the thin CeO2 film oriented (001) with 

high Ar gas flow rate, and the longest Target-Substrate (T-S) distance on Si(001) substrate in 

our sputtering experiment. However, this time, it is confirmed that the orientation changes in 

any one substrate. It is found by XRD that the CeO2(001) orientation is dominant in the area 

of far T-S distance and the CeO2(111) and CeO2(311) orientations are dominant in the area of 

close T-S distance even in a sample. And the center of the sample shows an intermediate 

tendency. It seems like CeO2 thin film has gradation of orientation. When this film was 

measured by rocking curve, peak of CeO2(200) showed a slope of 0 to 0.05 ° respect to the 

substrate. And the CeO2(311) crystal showed that peak is rotating 5 ° with keep their orientation 

on Si(001) substrate. Look in detail, it could be observed that the CeO2(200) peak was separated 

into two. The angle between the two peaks was approximately 0.05 °. Furthermore, it was 

confirmed that the peak was rotated at an inclination of 0.02 ° per 20 mm in the sample. 

We calculated interface between Si(001) substrate and CeO2 film using first principles 

calculation. As a result, The first layer of oxygen was deposited on Si(001) substrate that has a 

structure of CeO2, and CeO2(001) layer was deposited with cube on cube for Si(001) substrate. 

Furthermore, we found when the film has the lowest energy, CeO2 tends to orientate (001) 
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during the film deposition in our RF sputtering apparatus. This is consistent with the simulation 

results. 
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Abstract 

 

Lithium ion rechargeable batteries are used in various products around the world, and 
demand and supply are currently increasing rapidly. In this research, overcharge and 

overdischarge treatment causing irreversible change was performed, and the mechanism of 

deterioration was investigated. And the recovery process was examined by comparing the 

charge and discharge capacity. 

The used and recovered LiMn2O4 -based lithium ion rechargeable batteries were further 

overcharged and overdischarged. Each state of cells was disassembled, and investigated by 

XRF, XRD, SEM. Moreover, the pulse charge process was performed as a recovery process 

method. The pulse charging process was that a base current of 0.5 A, peak current of 5.0 A, 

alternately applied with frequency of 10 kHz, a duty ratio of 30 %, for 1 min, and after 3 min 

interval, these process were repeated 80 times. 

The XRD peak of the overcharged positive electrode was similar to the profile of 

Li0.05Mn2O4, The profile of the recovery state and the overdischarge state showed the middle 

state of LiMn2O4 and Li0.05Mn2O4. It is indicated that the three states of positive electrode 

samples were in the condition of Li ion lack as compared with the LiMn2O4 lattice. The charge 

capacity was increased by 2.2 % and the discharge capacity was increased by 1.2 % by the 

pulse charge process. 
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Abstract 

 

Yttria-stabilized zirconia (YSZ) has been widely studied in recent years for applications such 

as SOFC solid electrolytes and buffer layers in circuit boards. However, there have been few 

examples where the behavior of thin film and substrate at high temperature was observed. In 

this experiment, with regarding the YSZ thin film on a Si substrate deposited by the RF 

magnetron sputtering apparatus, the characteristics of the YSZ films deposited under specific 

conditions were grasped, and the reciprocal space maps were measured at high temperature. 

In the apparatus, four substrates position (a, b, c, d) can be formed simultaneously, and they 

had different distance and angles between the target and substrate (T-S). In detail, the T-S 

distance of the substrate b was 76.1 mm, and the target was located 12.1 ° from substrate normal.  

The films were oriented to YSZ(111) on the substrates b and c with short T-S distances, and 

in the a and d with long T-S distances to YSZ(001). In addition, the pole of the YSZ(111) of 

the substrate b was inclined by about 12 ° with relation to the substrate surface normal. This 

angle was almost the same as the angle between the target and substrate. The reciprocal space 

map measurement was performed on this substrate b from room temperature to 200, 300, 400, 

500 ℃. And the Si(002) peak around 2θ=33.2 ° was observed because the Si lattice was 

distorted in the vicinity of the substrate interface by the thermal stress and lattice mismatch. 

Since the intensity of Si(002) become weak as temperature rose, and become strong again at 

over certain critical temperature. It is considered that the thermal stress and lattice mismatch 

generated during the previous cooling was relaxed by expansion of the film. In addition, change 

in lattice constant value due to the temperature rise was differ than ideal value of bulk. This is 

considered to be due to the influence of the restriction between the film and substrate. 
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Abstract 

 

RT2X20 (R: rare earths, T: transition metals, X: Al, Zn, and Cd) attracted much attention 

because of their variety of the novel properties, such as heavy fermion behaviors and multipolar 

orderings. Among them, for Ce-based RT2X20 compounds, only a few physical properties have 

been clarified until now. We have succeeded in growing new compounds CeT2Al20 (T = Nb, 

Mo) single crystals and studied physical properties. 

  Single crystals of CeT2Al20 have been prepared by the Al self-flux method. Excess Al flux 

was centrifuged out at 750 °C before cooling down to room temperature. A small amount of 

residual Al flux sticking to the crystal surface was etched away by dilute hydrochloric acid 

(HCl) in an ultrasonic bath. Some single crystal grains were crushed into very fine powder and 

analyzed by the powder X-ray diffraction measurements, confirming the CeCr2Al20-type 

cubic crystal structure with the space group Fd3m(No. 227). The lattice constants a were 

estimated to be 14.735 Å  and 14.58 Å  for CeNb2Al20 and CeMo2Al20, respectively. These 

lattice constants are close to the previous report and not following the Lanthanide contraction, 

suggesting the Ce4+. 

The temperature dependences of the resistivity  for CeNb2Al20 and CeMo2Al20 show metallic 

behaviors until 2 K, and no anomaly are observed. These behaviors are in contrast to those for 

Ce-based filled skutterudites compounds, which show semiconducting behaviors. The 

temperature dependence of the magnetic susceptibility  for CeNb2Al20 and CeMo2Al20 show 

almost temperature independent behaviors, indicating Pauli paramagnetic. These behaviors 

indicate that the Ce ions are Ce4+ state, and consistent with the results of powder X-ray 

diffraction measurements. 
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Abstract 

 

It is widely known that TiO2 has photocatalytic activity. There are three structure types of 

TiO2 (Anatase, Rutile and Brookite types). Anatase and Rutile-types can be made easily, and 

they have a photocatalytic activity in the ultraviolet light region. On the other hand, Brookite-

type has photocatalystic activity in from the visible light region to the ultraviolet region. 

Therefore, if Brookite type titanium oxide is put to practical use, the application of the 

photocatalyst is expanded. However, it is difficult to fabricate the Brookite-type.  

In this study, titanium oxide of the Brookite structure was prepared by the hydrothermal 

synthesis from the precursor solution of a peroxo glycolic acid titanium complex. The condition 

of hydrothermal synthesis was controlled by the presence of NH3(aq) at 170 ℃. Brookite type 

titanium oxide successfully started to be produced by hydrothermal synthesis for 15 minutes. 

Their thin films were deposited on the substrate by 1 h and thereafter the integrated intensity 

of XRD profile did not change caused by the crystal grows without changing the film thickness. 

Prepared samples indicated the photocatalystic activity not only in the ultraviolet region but 

also in the visible light region. 
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Abstract 

 

Cu matrix nanocomposite reinforced Al2O3 particles can satisfy the requirements about both 

of conductivity and wear resistance. In-situ method is a widely used synthesis process to 

provide high-quality composite materials due to fine reinforcement particles, good distribution 

of particles into the matrix and enhanced bonding of matrix and reinforcement. Firstly, the 

oxide powder was synthesized by combustion reaction of hydrated metal nitrates, i.e. 

Cu(NO3)2.3H2O and Al(NO3)3·9H2O. The Cu-Al2O3 composite powder was obtained via 

mechanical milling and then reduction process in CO gas at 1000℃ for 3 hours. Cu-Al2O3 

composite samples were fabricated by SPS at 830℃ for 10 minutes. The XRD patterns 

acquired on the powders obtained from combustion synthesis reactions indicated the presence 

of the oxides CuO and CuAlO2. After milling, powder particles had nanoscale and uniform 

distribution. SEM images of sintered samples presented that the Al2O3 reinforcement 

nanoparticles well distributed into the copper matrix. Hardness values of synthesized 

composites were larger than that of pure copper. Moreover, Cu-Al2O3 composites exhibited the 

good conductivity.  
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Abstract 

 

In recent years, interconnection lines have been miniaturized along with the miniaturization 

of integrated circuits. This size reduction increases the scattering of electrons by grain 

boundaries, which causes increase of the internal electrical resistance. As a solution to this 

problem, the grains may be coarsened to reduce the scattering effect. 

In this study, we investigated the crystal growth in Au thin films, which were deposited by 

different methods, by using laser scanning annealing in order to establish the optimum 

conditions for selective grain growth. A chevron-shaped laser beam was used for the laser 

scanning to selectively promote crystal growth. The grain size and crystal texture of the Au 

thin films were measure by using scanning electron microscope (SEM) and electron backscatter 

diffraction (EBSD). As a result, the crystal grains were coarsened about 11 times after laser 

scan annealing. The effects of the laser scanning repetition and the substrate types on the grain 

growth in Au thin films will be discussed in details. 
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Abstract 

 

New challenge in application of advance materials are the fastest-growing application is in 

the actual manufacturing of parts for final components as for example additive manufacturing 

technology (AM). AM processes are stimulating innovation, mainly in component design, 

enabling the manufacture of components that cannot be made by traditional methods. Moreover, 

AM enables the manufacture of highly complex shapes with very few geometric limitations 

compared to traditional manufacturing processes. The aim of the present paper was to 

investigate mechanical properties at cryogenic temperatures of 316L austenitic stainless steel 

processed by powder bed fusion in the as built conditions and after thermal treatments. Also, 

fracture surfaces after tensile tests were investigated by FESEM. The results show that material 

exhibits high ductility and toughness even at low temperatures.  
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Abstract 

 

To recover economically and environmentally worldwide wasted heat, interest in 

thermoelectric materials is growing. The performance of thermoelectric materials depends on 

the dimensionless figure of merit, ZT= S2σT/κ where S is the Seebeck coefficient, σ is the 

electrical conductivity, T is the absolute temperature, and κ is the thermal conductivity of the 

material. By adjusting the carrier concentration, the Seebeck coefficient can be improved, 

leading to enhancement of the power factor. So we doped Sb atoms in GeTe and tuned the 

carrier concentration. The lattice thermal conductivity was affected by the microstructure and 

defects such as point defects, dislocations, herringbone structure, and coherent nanostructures. 

In order to reduce the thermal conductivity, we tried to increase phonon scattering effect by 

dispersing micro porous carbon. In this work, we report the adding effect of micro porous 

carbon on the thermoelectric properties of the GeTe, and Ge0.9Sb0.1Te thermoelectric materials. 
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Abstract 

 

Half-Heusler thermoelectric compounds have attracted extensive attention due to their 

promising thermoelectric properties. The properties of thermoelectric materials are determined 

by dimensionless figure-of-merit, ZT=S2sT/k, where S is the Seebeck coefficient, σ, κ and T 

represent the electrical conductivity, thermal conductivity and absolute temperature, 

respectively. To increase the value of ZT, optimized Seebeck coefficient and electrical 

conductivity, and low thermal conductivity are desired. The half-Heusler materials have the 

general formula XYZ, where X and Y can be a transition metals and Z can be a main group 

element. (Hf, Zr, Ti)NiSn and (Hf, Zr, Ti)CoSb are mainly investigated in half-Heusler alloys. 

But Hf is very expensive. A study on low amount Hf alloys is needed. Thus, we chose NbFeSb-

based materials among half-Heusler compounds. It was reported that NbFeSb-based materials 

had high power factor (S2) and high thermal conductivity. In our presentation, we fabricated 

Si doped NbFeSb thermoelectric materials for inducing point defect scattering and higher ZT. 

We analyzed thermoelectric properties and microstructure of NbFeSb-based materials using x-

ray diffraction, Hall measurement, Seebeck coefficient measurement, scanning electron 

microscopy, transmission electron microscopy, and thermal diffusivity measurement. 
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Abstract 

 

Device performance is strongly influenced by microstructural characteristics such as 

stacking fault, phase separation, and interfaces. Therefore, it is quite important for solar cell or 

thermoelectric device that understanding and controlling its microstructure because electron 

transport phenomena are significantly affected by the microstructure. Transmission electron 

microscopy (TEM) has been a suitable and unique method to obtain information down to the 

nanometer scale. The results have greatly helped in understanding the performance of the solar 

cells. CuInSe2 and its related compounds have been studied extensively because of their 

promising properties for the photovoltaic energy conversion and thermoelectric applications. 

The ternary chalcogenide CuIn3Se5 compound is often observed as a secondary phase in the 

In-rich CuInSe2 films. However, there is controversial description for the possible crystal 

structure. In this presentation, we will provide TEM studies of Cu-In-Se compounds and also 

their thermoelectric performances. Then we will discuss the relationship between 

microstructure and thermoelectric properties of these compounds. 
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Abstract 

 

Since the importance of energy recycling has continuously been emphasized, the study of 

residual heat-to-electricity conversion materials is ongoing actively. Among them, half-Heusler 

compounds which are composed of three elements XYZ form a face centered cubic structure. 

X and Y are transition metal elements, and Z is a non-metal or post-transition metal element. 

In order to obtain a semiconductor, we used silicon as the non-metal element. To synthesize 

thermoelectric material for high-temperature range, high melting temperature transition metal 

elements were used. We synthesized the half-Heusler compounds using arc melting, and 

accomplished X-ray diffraction and thereafter measured the thermoelectric properties which 

include Seebeck coefficient (S), electrical conductivity (σ), and power factor (PF). All these 

factors affect the dimensionless figure of merit, ZT = S2σT/ κ, where κ is the thermal 

conductivity. A high ZT requires both high Seebeck coefficient and electrical conductivity and 

a low thermal conductivity. In this presentation, we will discuss synthesis and thermoelectric 

properties of Nb-Co based thermoelectric materials.  
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Abstract 

 

Amorphous Carbon (a-C) thin films have received much attention due to their excellent 

mechanical properties, including high hardness, wear resistance and low friction coefficient 

against various kinds of metals. The sliding characteristics are known to be largely different 

depending on the counterpart materials, but the wear mechanism is not sufficiently clarified. 

The purpose of this study is to investigate the tribological properties of the sputtered a-C films 

against different counterparts of brass, SUS304 and alumina and to make clear the wear 

mechanisms. The ball-on-disk test was conducted in dry air (50% relative humidity ±1.5%) 

under the applied load of 5N and the total sliding distance of 1000m. The tribological test 

consists in measuring the variation of friction coefficient, the wear volume, and the observation 

and analysis of wear track. The wear track morphology of a-C films and counterparts were 

observed using optical microscopy. The specific wear volume of a-C films were calculated 

from wear profiles obtained by surface roughness measurement and atomic force microscopy 

(AFM, HITACHI, AFM5100N). Microstructure observation was carried out using EPMA 

(JEOL, JXA-8230) and TEM (JEOL, 4010T). In the observation of wear track of a-C films, 

when the counterpart was alumina, wear powder was found little around the wear tracks of the 

film. On the other hand, when the counterpart was brass or SUS304, some amount of wear 

powder deposited on both sides of the wear track of the films. Wear rate of brass was 30 times 

or higher that of SUS304 in spite of a relatively small difference of hardness between 1.49GPa 

for brass and 1.91GPa for SUS304. 
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Abstract 
 

Aluminum is widely used as a matrix for metal matrix composites due to its high specific 

strength, excellent processability and corrosion resistance. We have focused on the fabrication 

of Al-based composite materials containing ceramic particles such as TiC or Al2O3, and 

researched their mechanical, physical properties and microstructure evolution. There are 

several methods of particle reinforced MMCs, for example powder metallurgy, stir casting, 

squeeze casting and spray forming. It is known that fabricating MMCs by casting method is 

difficult to obtain without particle aggregation, a high-volume fraction of particle, fine particles 

below 5μm. However, three-dimensional penetration casting method (3DPC) enables to resolve 

the problems as mentioned above. Several reports are available about successful Al-based 

MMCs fabrications by 3DPC using TiO2, WO3 and stress-luminescent particles. In this 

research, we have conducted the fabrication of Al based composite materials with cubic boron 

nitride (cBN) particles by 3DPC. Using cBN particles as a reinforcing particle of Al-based 

composite material, it can be expected that the high hardness of the cBN particles will make 

the composite material have excellent hardness. The key points are to find the optimum casting 

conditions, such as particle size, melt temperature and how to prepare the free-form.  

The intention of this research is to establish the optimum 3DPC condition and estimate its 

mechanical properties.  
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Abstract 

 

Energy conversion efficiency of the thermoelectric materials is represented by dimensionless 

figure of merit, zT(= σα2T/κ, σ: electric conductivity, α: Seebeck coefficient, T: absolute 

temperature, κ: thermal conductivity). Electric conductivity and thermal conductivity must be 

controlled independently to enhance zT of thermoelectric materials. Here, we report a reduction 

of the thermal conductivity by addition of nanodiamond (ND) particles in the the N-type Bi -

Te-Se based thermoelectric materials (BTSe). 

The ND particles-dispersed BTSe composites were fabricated using the high energy ball 

milling and followed by Spark Plasma Sintering (SPS) processes. The ND/BTSe composites 

had high Seebeck coefficient, as well as low thermal conductivity compared to those of the 

BTSe without ND particles. Meanwhile, it is observed that the addition of ND particles reduced 

the electrical conductivity. These results show that a drop in electrical properties should be 

firstly considered when the nano-sized inclusion such as ND particles are utilized for bismuth 

telluride based thermoelectric materials.  
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Abstract 

 

In the present works, the highly porous alumina was prepared via powder metallurgy route 

from alumina powder using ammonia bicarbonate (NH4)HCO3 as the pore-forming agents and 

chromium oxide as the sintering additive. In order to investigate the effect of particle shape and 

size on properties of porous alumina, disk micro-sized and spherical nanosized alumina 

powders were used. The commercial disk-like micro-sized alumina powder had an average 

particle size of 8 m. The spherical nano-sized alumina with an average particle size of 40 nm 

was synthesis via combustion synthesis route from aluminum nitrate salt. The results showed 

that nano-sized particle was more effective in aiding sintering (densification) of alumina than 

micro-sized one. Consequently, at a fixed pore-forming agent concentration, the sintered 

porous alumina using nano-sized powder had a smaller pore size, 90 m compared to 220 m 

of that with micro-sized powder, and lower porosity. At the same porosity, compressive 

strength of porous alumina prepared from nano-sized powder have a much higher value than 

that prepared from micro-sized counterpart especially, with Cr dopant. 
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Abstract 

 

Highly porous activated carbon is an essential electrode material for high-energy-density 

supercapacitors, since the electrical charge is stored through electrolyte-ion adsorption on an 

electrode with high surface area. Here, we report the facile and simple synthesis of an activated 

carbon with tailored porosity from the blended polymers with different thermal stabilities, i.e., 

polyvinylidene fluoride (PVDF) and polytetrafluoroethylene (PTFE). Through a thermal 

treatment (900 ℃) under inert atmosphere, PVDF is simply transformed into highly 

microporous (< 2 nm) carbon, owing to the release of the combined hydrogen and fluoride. 

The microporous surface morphology reduces the specific capacitance at high discharging rates. 

Meanwhile, the PTFE is completely evaporated to the C2F4 gas at 900 ℃ under an inert 

environment. The mixed polymer with a specific ratio (PVDF:PTFE = 2:1) is carbonized to 

porous carbon with a highly accessible surface area. The mesopore (2–50 nm) formed via C2F4-

gas escape from PTFE facilitates ionic transfer to the surface at a rapid discharging rate with 

the high specific capacitance, i.e., 99.1 F g-1. Compared with the PVDF-alone derived carbon, 

the carbon derived from the appropriately mixed precursors exhibits a 19 % higher specific 

capacitance and increased capacity retention at a 10-fold faster discharging rate. 

 

Keywords: Polyvinylidene fluoride (PVDF), Polytetrafluoroethylene (PTFE), thermal stability, 
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Abstract 

 

The lithium(Li) ion batteries are the most widely used energy storage devices based on 

their high energy density, charging efficiency, and cycle stabilities. However, high 

manufacturing costs and safety issues are the big challenges. The use of an abundant 

sodium(Na) and aqueous electrolyte can solve this issues. Therefore, the positive electrode 

material where a hydrated sodium ion can intercalate/de-intercalate should be developed. 

Prussian blue analogs(PBAs) can accommodate various cations such as alkali metal ions and 

divalent metal ions lager than lithium ion during charging/discharging due to their open 

framework structure. It has also long term stability and rate performance caused by three-

dimensional pathways for ion insertion/extraction. In this study, we focused to find the 

optimum electrolyte for the nickel hexacyanoferrate(NiHCF) positive electrode with PBAs. 

NiHCF powder was fabricated by co-precipitation methods. Surface morphology and crystal 

structure of a manufactured material were analyzed by field emission scanning electron 

microscope and X-ray diffractometer. The sodium-based aqueous solutions were prepared 

with different anion (NO3
-, SO4

2-). Through the cyclic voltammetry and galvanostatic cycling, 

the electrochemical performances were analyzed. In this research, we tried to find out optimal 

electrolyte for aqueous sodium ion battery by comparing electrochemical behaviors and 

performance depending on different anions. 
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Abstract 

 

Ni hydroxides(Ni(OH)2) are synthesized on Ni foam by varying the 

hexamethylenetetramine(HMT) concentration using an electrodeposition process for 

pseudocapacitor (PC) applications. In addition, the effects of HMT concentration on the 

Ni(OH)2 structure and the electrochemical properties of the PCs are investigated. HMT is the 

source of amine-based OH− in the solution; thus, the growth rate and morphological structure 

of Ni(OH)2 are influenced by HMT concentration. When Ni(OH)2 is electrodeposited at a 

constant voltage mode of -0.85 V vs. Ag/AgCl, the cathodic current and the number of 

nucleations are significantly reduced with increasing concentration of HMT from 0 to 10 mM. 

Therefore, Ni(OH)2 is sparsely formed on the Ni foam with increasing HMT concentration, 

showing a layered double-hydroxide structure. However, loosely packed Ni(OH)2 grains that 

are spread on Ni foam maintain a much greater surface area for reaction and result in the 

effective utilization of the electrode material due to the steric hindrance effect. It is suggested 

that the Ni(OH)2 electrodes with HMT concentration of 7.5 mM have the maximum specific 

capacitance (1023 F/g), which is attributed to the facile electrolyte penetration and fast proton 

exchange via optimized surface areas. 

 

Keywords: pseudocapacitor, nickel hydroxide, electrodeposition, hexamethylenetetramine, 
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Abstract 

 

The supercapacitor gains an increasing attention based on its high power density of 5,000 

W/kg compared with the low power density (500 W/kg) of the battery. A carbon-based material 

for supercapacitor electrode should have porous morphology to obtain the high surface area 

and, correspondingly, high energy density. The polyvinylidene chloride(PVDC) polymer can 

be conveniently converted to the high surface areal carbon by thermal annealing at inert 

atmosphere due to the micropore formation. However, the multiple micropores can limit the 

ion access to the entire electrode surface, leading to the low specific capacitance at a faster 

charging rate. Under this circumstance, we endeavored to create the mesopore by using 

Mg(OH)2 template during the PVDC carbonization. The PVDC was mixed with Mg(OH)2 in 

dimethylformamide (DMF) solvent for a homogenous fusion. During the thermal annealing of 

the mixture, the Cl2 and HCl from PVDC contribute to form micropores while the MgO formed 

from Mg(OH)2 derives the mesopore by making the hard template. The mixture of 

PVDC:Mg(OH)2 with 1:3 was converted to a mesoporous carbon with three times higher 

specific capacitance and 40 % enhanced rate capability compared to the PVDC-only derived 

carbon. 

 

Keywords: poly(vinylidene chloride)(PVDC), Mg(OH)2 template, DMF, mesopore, 
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Abstract 

 

The manufacture a transparent supercapacitor electrode, we deposit an activated carbon on 

a transparent indium tin oxide (ITO) substrate by electrophoretic deposition (EPD). EPD 

technique offers a faster electrodeposition of the active material than conventional fabrication 

routes. The colloidal solution used in the electrodeposition was prepared by mixing an active 

material and a conducting additive with a binder, and dispersing them in an isopropyl alcohol. 

As a binder, ethyl cellulose and PTFE were used to analyze the effect of the binder material on 

the electrochemical properties of the deposited electrode. A field emission scanning electron 

microscope (FE-SEM) was used to analyze the surface morphology of the electrodeposited 

material. The impedance spectroscopy analyzed the electrical resistance of the fabricated 

electrodes. Cyclic voltammetry measured the specific capacitance, rate capability, and life-time 

stability of the electrode depending on a binder. The adhesive strength between the electrode 

and the substrate was evaluated by a standard tape test. In summary, ethyl cellulose shows the 

superior characteristics to PTFE considering its higher specific capacitance, faster rate 

performance. Furthermore, the excellent mechanical bonding strength of ethyl cellulose binder 

induced the electrophoretic-deposited transparent electrode with a long life stability. 
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Abstract 

 

Heusler compounds have been studied in various fields such as magnetic, superconducting 

and thermoelectric materials. Especially in the case of Ti-Fe-Sn alloy, it has a theoretically high 

value of Seebeck coefficient, and it is considered as a candidate that can be commercialized 

because it relatively uses raw materials with low toxicity and low price. However, the 

experimental results show a difference from the theoretical value. To solve this problem, the 

microstructure was controlled through long-term heat treatment and mechanical alloying, but 

it did not affect the improvement of the thermoelectric characteristics.  

In this study, the alloy was manufactured by vacuum arc furnace. An initial microstructure 

with uniform composition and fine grain size was formed by rapid quenching method and 

fabricated as-spun ribbon test specimens after which pulverizing and hot-pressing process was 

done to fabricate a bulk sample. We compared thermoelectric properties of the as-spun 

quenched alloy with those of conventional method such as long-term heat treatment for the 

stabilizing initial microstructure. Further characterization was done through XRD, FE-SEM, 

EDS and thermoelectric properties. 
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Abstract 

 

The chemically ordered L10 FeNi is a very popular rare-earth-free replacement for next-

generation high-performed permanent magnets. Therefore, several researchers have reported 

how to achieve successfully artificial synthesis of L10 FeNi alloys. However, many researchers 

have serious difficulties in synthesis processes due to the extremely low atomic mobility of Fe 

and Ni below the L10 transition temperature of 320℃ (590K) and conventional metallurgical 

methods were unable to induce its formation. Therefore, various methods such as some 

mechanical treatments and adopting metastable state alloys to enhance atomic mobility have 

been employed and there were successful cases to produce artificial L10 FeNi phase via those 

methods. Thus, we have also mounted the challenge to synthesize artificial L10 FeNi phase by 

using 2 types of precursors such as multi-layered Fe amorphous composite containing 50 wt.% 

Ni and FeNi-based amorphous ribbon. 

The as-spun ribbons were prepared by melt spinning with Cu wheel rotating at a 40 m/s 

linear velocity and high-energy ball mill was employed to prepare Fe-based amorphous 

composite precursor containing 50 wt.% Ni. Prepared precursors were annealed under 

optimized temperature and conditions and the annealed samples were analysed via XRD, DSC, 

SEM and VSM to investigate and reveal a feasibility on the successful synthesis method of 

artificial L10 FeNi alloys. To identify the influence of defect density on diffusion rate under 

low temperature, we investigated phase transformation behavior of the FeNi-based amorphous 

ribbon as a fewer defect precursor after annealing compared with those of composite precursor 

containing more various defects. 
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Abstract 

 

Recently, nitriding has attracted extensive attention as surface stiffening processing of pure 

titanium. In this research, the influence of processing temperature of pure titanium after 

nitriding was examined. As a result of the examination, the surface hardness was approximately 

increased firstly and then decreased with the processing temperature increasing. And the 

hardness of the diffusion layer reached to the maximum value was about 1792 HV when the 

processing temperature at 1050℃. Furthermore, the indentation modulus also reached to the 

maximum value was about 270 GPa. The wear depth reached the minimum value at 1050℃. 

At different nitriding temperatures, the content of wear depth was 14.8 μm. In conclusion, when 

the processing temperature at 1050℃, the nitriding of pure titanium can improve the 

comprehensive properties.  
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Abstract 

 

In present study, horizontal continuous casting Al-12%Si alloy was modified by 30% fine-

grained structural material (FSM) of the same composition as the master alloy. The effect of 

this FSM master alloy on the morphologies and crystal defects of eutectic Si has been 

investigated. Results show that microstructure of eutectic Si alters from coarse needle-like to 

fine fibrous shape after modification. TEM observations reveal that the crystal defects such as 

twins and stacking faults generate in the modified eutectic Si while no obvious defects are 

found in the unmodified Si. Furthermore, hundreds of nanoparticles present in the modified 

eutectic Si along with the twins and stacking faults. Finally, we determine the composition of 

these nanoparticles to be Si-Si bonded nanoclusters which should be the genetic factors in term 

of metal structural heredity. 
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Abstract 

 

The search for lead-free alternatives to PZT materials is currently going on worldwide. 

Na0.5K0.5NbO3 (KNN) thin films were fabricated on (100) and (110) oriented SrTiO3 substrates 

by chemical solution deposition. Stable environmentally friendly aqueous KNN precursor 

solutions were prepared from Na-acetate, K-acetate and Nb-ammonium oxalate and deposited 

onto SrTiO3/Nb:SrTiO3 substrates by spin coating at 2500-3000 rpm for 20-40 s. The films 

were dried at 200 ℃ for 2 min using a hotplate and then pyrolysed at 400 ℃ for 5 min. The 

film thickness could be controlled by repeating the spin coating procedure. The final films were 

sintered at 600-900 ℃ for 5 min in oxygen by rapid thermal processing (RTP) with heating 

rate of 40 ℃/s. To aid texturing of the KNN-based films, Dissolution/reprecipitation of KNN 

in a molten mixture of NaCl/KCl was tested to enhance texturing by incorporating salts in the 

solution or deposition of salt layers between the KNN layers, which could be washed away 

after the thermal treatment. Homogeneous films with an average grain size down to 60 nm 

were prepared after heat treatment at 900 ℃. The high degree of texture was confirmed by 

XRD. The intensity of the KNN (100) reflection for films on (100) oriented substrates increased 

with increasing sintering temperature up to 900 ℃, while for KNN films deposited on (110)-

oriented substrate the (110) reflect that texture could be controlled by the crystal orientation of 

the substrate. The ferroelastic and piezoelectric properties of the film was confirmed by PFM. 

Local piezoelectric properties of selected films will be discussed in relation to the processing 

conditions, effect of the molten salts, microstructure and orientation of the substrate. The high 

degree of texture and the fine-grained microstructure of the KNN nano-crystalline thin films 

demonstrate that this environmentally friendly synthesis method is applicable for fabrication 

of textured lead-free ferroelectric thin films. 
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Abstract 

 

It has been reported that β’ phase (CsCl structured) in 60/40 Cu- Zn alloys phase decomposes 

to α phase during annealing processing at low temperature and it increases hardness. This phase 

decomposition has been reported as the bainitic transformation, and the phase decomposition 

process is β’→α9R→αfcc. In our previous research, it was reported that the machinability of 

60/40 Cu-Zn alloys with higher maximum hardness by annealing was good. In order to develop 

a lead-free brass with good machinability, we have research the hardening mechanism while 

searching for a 60/40 Cu-Zn alloys with high maximum hardness by annealing. As a method 

for improving the hardness of 60/40 Cu-Zn alloys, addition of alloying element has been 

reported. In the previous research with addition of alloying elements changed the peak hardness 

and the time to reach the peak hardness. However, the effect of added elements is not clearly 

revealed. In this research, Ni, Zr were added without changing the Zn concentration of Cu -

42mass%Zn alloy (base alloy). These alloys were annealed at 473K. Microhardness 

measurements was conducted to evaluate mechanical property. Microstructure observation was 

carried out using scanning electron microscope (SEM) and transmission electron microscope 

(TEM) at each annealing time were performed.  
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Abstract 

 

Al-Mg-Si alloy is an age-hardening type aluminum alloy which strength and elongation are 

significantly changed by heat treatment. It is also called 6xxx series aluminum alloy and is 

mainly used as an aluminum sash. In recent years, this alloy has received attention as body 

panel materials for automobiles, and it is needed a further increase in specific strength. 

Therefore, studies on precipitates that controls the aging precipitation process and strength are 

actively conducted. In the past, it has been reported the "positive effect" which changes the 

aging precipitation process under the influence of additive elements such as Fe and Cu, 

improves the age hardenability, and increases the maximum hardness. Actually, practical alloys 

such as A6061 alloy and A6063 alloy contain elements such as Fe and Cu. Also, two-step or 

multi-step aging would enhance or improve its mechanical property during aging process. In 

this research, it is investigated that the effect of transition metal addition (Ni) on Al-1.0mass% 

Mg2Si alloy. Two kinds of alloys, Al-1.0mass% Mg2Si and Al-1.0mass% Mg2Si-0.4mass%Ni 

were prepared using casting. Alloys were undergone a homogenization treatment, hot rolling 

and cold rolling. Solution heat treatment was conducted at 575°C for 3.6ks, and then quenched 

in cold water. Aging treatment was carried out using silicone oil bath at the temperature of 

200°C. The mechanical property was estimated using Vickers microhardness tester. 

Microstructure observation was done using transmission electron microscopy (Topcon EM-

002B) under the accelerated voltage of 120kV. 
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Abstract 

 

Extruded 6xxx series aluminum alloys are widely used as structural materials because of 

their excellent balance between extrudability and mechanical properties. 6061 and 6005 alloys 

are often used for structural materials requiring higher strength such as transport equipment. 

The A6005 series (6005, 6005A, 6105, 6205) alloys have superior in strength and extrusion 

processability among 6000 series aluminum alloys. However, it is containing excessive Si, it 

would generate grain boundary cracking. Factors such as excessive Si region and a cooling rate 

during extrusion promote grain boundary cracking. These factors greatly influence the kind, 

size and distribution of grain boundary and intergranular precipitates after aging. In this study, 

the internal structure of air-cooled and water-cooled materials with different cooling rates after 

extrusion were observed and investigated by transmission electron microscope (TEM).  
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Abstract 

 

The effects of Sn addition on the microstructure and mechanical properties of AZ62 alloy 

were investigated via optical microscopy, field-emission scanning electron microscopy, X-ray 

diffraction analysis, electron probe microanalysis, and electron backscatter diffraction analysis 

and by means of tensile and compressive tests of indirectly extruded AZ62 alloys with Sn 

contents of 2, 4, and 8 wt% (AZT62x alloy). All of the extruded alloys exhibit a fully 

recrystallized grain structure with abundant fine precipitates. However, only Mg17Al12 

precipitates are present in the AZ62 alloy, whereas Mg2Sn precipitates as well as Mg17Al12 

precipitates are present in the Sn-containing AZT alloys. With an increase in Sn content, more 

abundant Mg2Sn precipitates are dynamically formed during extrusion, which results in a 

reduction in the size of recrystallized grains through effective inhibition of their growth via the 

grain boundary pinning effect. Tensile and compressive yield strengths of the extruded alloy 

improve gradually with an increase in the added Sn content, which is attributed mainly to the 

enhancement of the grain boundary hardening and precipitate hardening effects. Tensile 

elongation decreases slightly up until the addition of 4 wt% Sn and then deteriorates 

considerably upon the addition of 8 wt% Sn because of the presence of large undissolved 

Mg2Sn particles in the AZT628 alloy, which act as crack sources during tensile deformation. 

The tension–compression yield asymmetry reduces significantly with increasing Sn content; 

this is because the activation stress for {10-12} twinning increases to a greater extent than does 

that for basal slip owing to the refined grain size and additionally formed precipitates. 

 

Keywords: magnesium alloys, extrusion, dynamic precipitation, mechanical properties, yield 
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Abstract 

 

Magnesium alloys which have low density have been attracting attention in the automobile 

and electronic parts industry, which are required to be lightweight. However, magnesium 

applications are limited because of lower strength of magnesium alloys than that of aluminum 

alloys. In order to improve the low strength, researches on precipitation strengthening that have 

the highest effect on strength improvement are being conducted. The precipitation 

strengthening shows a great difference in the improvement of the mechanical properties 

depending on the size, distribution and shape of the precipitates. Therefore, detailed analysis 

on the precipitation behavior is needed to control the precipitation strengthening. However, 

there is insufficient research on the effect of magnesium alloys on the precipitation behavior in 

the presence of twinning which is easily activated during cold working. In this study, we 

investigated variations in aging behavior and precipitate distribution when it has {10-12} 

extension twin caused by pre-compression. The research was conducted using commercially 

available extruded AZ80 magnesium alloy, and the precipitation behavior was analyzed after 

aging at 150 ℃ and 200 ℃ difference between pre-compressed and uncompressed AZ80 alloys. 

The aged specimens after pre-compression showed that the {10-12} twin boundary formed 

during deformation inhibited the growth of discontinuous precipitation during aging, whereas 

the defect formed during deformation promoted the formation of continuous precipitation. As 

a result, the pre-compressed specimen indicates reduced peak aging time and improved 

hardness than the uncompressed specimens. 
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Abstract 

 

In this study, a three-point bending test is performed on specimens with ND, RD, and 45 

basal textures to analyze the effect of initial texture on the bendability at room temperature. In 

the sample with a ND basal texture, bending deformation is mainly accommodated by 

dislocation slip in the outer tension zone and by {10-12} twinning in the inner compression 

zone. In contrast, in the sample with a RD basal texture, {10-12} twinning in the outer zone 

and dislocation slip in the inner zone. In the case of the sample with a 45 basal texture, since 

its grains are favorably oriented for basal slip under both tension and compression conditions. 

Accordingly, basal slip predominantly occurs in the outer and inner zones, which results in high 

bending formability. Microstructural evolution and corresponding mechanisms caused by the 

initial texture are systematically analyzed. 
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Abstract 

 

Deformation behavior and the static recrystallization behavior of the cold-rolled AZ31 

magnesium alloys, which have initial texture with normal direction (ND) and transverse 

direction (TD), respectively, are investigated to find out the effect of the initial texture. As a 

result, dislocation slip, twinning, shear band, and distribution of internal strain were different 

according to the initial texture. Deformation in the sample with ND texture (ND sample) is 

concentrated in the shear band region, but that in the sample with TD texture (TD sample) is 

accumulated in the non-shear band region as well as in the shear band region owing to small 

effective grain size and the dispersion of (0001) basal pole due to {10-12} tensile twin. Because 

of the difference in the deformation behavior, the recrystallization behavior in the subsequent 

heat treatment is also different. According to the degree of deformation, the shear band region, 

which is a highly-deformed region, exhibits a rapid recrystallization rate and does not allow 

recrystallized grains to grow beyond a certain size. However, the non-shear band region, which 

is a relatively lightly-deformed region, shows lower rate of recrystallization than that of shear 

band region, but recrystallized grains are gradually growing. Therefore, the ND sample, which 

recrystallized only in the shear band region, does not change much after the rapid 

recrystallization on the early stage in annealing and shows non-uniform microstructures. On 

the other hands, the TD sample, which recrystallized in the non-shear band region as well as 

shear band, shows similar results on the early stage in annealing, but shows a high fraction of 

recrystallized region and relatively uniform microstructure due to the recrystallization in the 

non-shear band region on the late stage in annealing. The difference in recrystallization 

behavior affects the variation of internal strain, hardness, and texture intensity. 
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Abstract 

 

The influence of artificial cooling on the high-cycle fatigue behavior of extruded AZ91 alloy 

is investigated via fully reversed stress-controlled fatigue tests of alloy samples indirectly 

extruded with and without artificial cooling using water. The application of artificial cooling 

leads to a decrease in the size of recrystallized grains and an increase in the amount of 

dynamically formed Mg17Al12 precipitates of the extruded alloy; this consequently results in 

an improvement in its tensile and compressive strengths. The artificially cooled sample has 

superior fatigue resistance to the non-cooled sample because the fatigue damage per cycle in 

the former is smaller than that in the latter. The dominant cyclic deformation mechanism of the 

non-cooled sample varies from twinning–detwinning to dislocation slip with cycling owing to 

the occurrence of cyclic hardening, which causes the initial asymmetric hysteresis loop to 

become gradually symmetric with an increase in the number of cycles. On the other hand, the 

artificially cooled sample has a completely symmetric hysteresis loop from the first cycle 

owing to the suppression of twinning in compression by the high compressive strength. In 

addition, the shape of the hysteresis loop, the tensile and compressive peak strains, and the total 

strain amplitude of the artificially cooled sample remain almost unchanged throughout the 

entire lifetime because the sample is cyclically stable. These different cyclic deformation 

behaviors of the two samples are strongly related to the difference in their dislocation densities 

in the as-extruded state. 
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Abstract 
 

Hydrogen diffusion affects the performance of hydrogen storage materials and contributes 

to the embrittlement of structural materials under hydrogen-containing environments. However, 

compared with steel materials, aluminum and its alloys have less effect of embrittlement 

because solid solution of hydrogen in solid phase aluminum is smaller and stable hydrides are 

not usually formed. Moreover, they are excellent in lightness, and are expected as materials in 

a hydrogen environment.  It is important to investigate the hydrogen diffusion energy barrier 

in metals. 

We have carried out molecular dynamics (MD) simulation to investigate the diffusion 

behavior of hydrogen atoms in Al. This simulation used a bond-order potential for the Al-Cu-

H ternary system as interatomic potential. In this study, we focused on atomic vacancy. We find 

that the diffusion energy barrier were 0.89 eV and 0.44 eV with and without atomic vacancies 

nearby, respectively. Calculations for Al-Cu alloys are ongoing. 
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Abstract 

 

Nanocarbon materials have excellent electrical, thermal and mechanical properties, and are 

expected to have various applications. In this study, we investigated the influence of the 

interaction between graphene and other materials as a basis for controlling the electronic 

structure of nanocarbon materials. First-principles calculations based on density functional 

theory (DFT) were performed on the structure, adsorption energy, and electronic state when 

Cu and Al atom were placed on graphene. In order to represent the graphene model and the Cu 

and Al adsorbed graphene model, we used periodic boundary conditions. The graphene sheet 

was modeled by a 4×3 supercell, i.e. 24 carbon atoms, using the calculated C-C bond length. 

The repeated sheets were separated from each other by 2 nm of vacuum. As a result, we found 

that Cu and Al are stable at the bridge and the hollow site, respectively. It was found that the 

adsorption energy of Al atom on graphene is larger than that of Cu atom. It is considered that 

the difference in adsorption energy is caused by the difference in the dominant electron orbitals 

of the Cu atom and the Al atom. Additionally, Comparing the density of states where Al atoms 

are located at each site on the graphene, the Fermi level is shifted by about 1 eV, which 

indicates that there is electron transfer between the Al atom and the graphene.  
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Abstract 

 

The melt flow with the phase conversion is fundamentally important in many natural and 

industrial problems. Since the solidification structure is influenced by the liquid-phase flow 

patterns. The composition of the resulting solid is generally different from that of the melt when 

a melt of a binary system solidifies, and release of the latent heat occurs in the vicinity of solid 

phase front. Consequently, heat and mass transfer occur simultaneously on the melt, which 

leads to a complex fluid motion called double-diffusive natural convection. An important 

characteristic of double-diffusive convection is sometimes to form time-dependent 

horizontally-stacked roll cell structure. Our study aims to investigate the behavior of double-

diffusive convection during the solidification process, to clarify its relation to the solidification 

structure and to predict the flow behavior of molten metal during solidification in an industrial 

equipment. In this time, based on the numerical simulations for NH4Cl-H2O system and Sn-Pb 

system, double-diffusive problem during horizontal unidirectional solidification was 

investigated. A simple solidification model that ignores the increase in solid phase volume was 

proposed and used for the simulation. The convection flow observed in experiments for the 

NH4Cl-H2O system was successfully simulated by numerical calculations in our model. The 

complex dynamical behavior, i.e. double-diffusive flow structure developed during the 

solidification process was predicted in the molten metal flow in a certain range of conditions. 
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Abstract 

 

  In this work, we explore a new category of two-dimensional monolayers composed of solely 

the element selenium combining the particle-swarm optimization method with first-principles 

calculations. Three stable structures are screened from outputs of crystal search computations, 

namely T-Se (1T-MoS2-like), C-Se (tiled 1D helical chain), and S-Se (square structure). Phonon 

calculations, as well as formation energy calculations have been performed to confirm the 

stability of the three phases. The electronic structure calculations show that both T-Se and C-

Se are indirect-band-gap semiconductors, with gap values of 1.11 eV and 2.64 eV respectively 

when using the hybrid HSE06 functional. In particular, C-Se has a centrosymmetry-breaking 

structure which provides a spontaneous in-plane ferroelectric polarization of about 2.68×10−10 

cm−1 per layer. Interestingly, S-Se has a Dirac cone that can open up a band gap of 0.11 eV if 

spin–orbit coupling is included. The tilted Dirac cone of S-Se shows anisotropic band 

dispersion as characterized with different Fermi velocities of 1.26×106 and 0.24×106 ms−1 

around the Dirac point. Our works enrich the family of 2D materials of selenium allotropes and 

show that their versatile properties could give rise to potential application in various fields. 
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Abstract 

 

The ferroelectric properties of the bilayer 1T’-WTe2 have been studied by the first-principles 

calculations. we have discovered that the polarization stems from uncompensated out-of-plane 

interlayer charge transfer, which can be switched upon interlayer sliding of an in-plane 

translation. The ferroelectric polarization directions further control the spin texture of bilayer 

WTe2, which may have important application in spintronics. Therefore, we propose a spin field 

effect transistor (spin-FET) design that may effectively improve the spin-polarized injection 

rate. In addition, the lattice strain has been found to have an important influence on the 

ferroelectric properties of the bilayer WTe2. 
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