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Technology, MIT) ; 1962 FF BV 1S3 £ B £ 3 8 K 2 47 & & B 18 1 B i (Master of Materials
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Society of America) » 1987~2003 & £ 2 i1 KL iff 75 177 =2 (Materials Research Society) » EEl
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& {1 %0 Centro Nacional de Investigaciones Metalurgicas (2002) ~ Department of Materials
Science & Engineering, The Ohio State University (2006) ~ Advanced Study Institute on
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Past and Future Trends in Materials
Science and Engineering

Alan J. Ardell
Professor Emeritus
Department of Materials Science and Engineering
University of California, Los Angeles
Los Angeles, CA 90095, USA

The field of research that we know as Materials Science and Engineering (MSE) did
not exist prior to 1960. It has now reached robust adulthood, but is still a relative infant
compared to venerable topics like Physics, Chemistry, Geology, Biology and a host of
engineering disciplines like Mechanical, Chemical, Civil and Electrical Engineering. In this
talk | will discuss the birth of MSE from its primary single parent, Metallurgy, with input
from Metallurgy’s relatives Ceramics, Electronic Materials and Polymers. The evolution
of education in MSE in many ways has paralleled the growth of the field. Examples of the
changes in curricula that have taken place over the past 50+ years will be presented. The
influence of professional societies on the evolution of MSE will also be considered. The
trend towards synthesis and processing of “materials” at the molecular level has transformed
MSE significantly. This is particularly evident in the current emphasis on functional-materials
research at the nano-scale, much of which has been pioneered by chemists and biologists
in the search for ever-smaller devices. These trends will also be discussed, with emphasis
on the appearance of new courses in Departments of MSE and the diminished role of
courses on structural materials and the concomitant demise of related research. Teaching
and research on structural materials was the backbone of MSE departmental activities 50
years ago, but is something of a stepchild in today’s departments. | will also comment on this
lamentable fact of life. Additionally, | will offer some insights into the role of US Government
funding agencies on the transformation of MSE over the past 50 years. Government
funding has promoted collaborative and cross-disciplinary research, insisted on outreach
and educational activities on the part of the investigators and has provided access to ever-
sophisticated instrumentation. Modern MSE has been shaped by all these factors.
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Plasma-Discharge Activated Carbon

Nanomaterials Processing and
Characterization

(1]

TEEE
BIISEASEMARETIERFENR

w2

FREVENENE  TmBSTH @ £AAFREREEET  2IRAENERIULELENF
B - MRZERIGIMER "FHER , o IRMHIEEZNRIZENR (process plasma) AIES
&% (cold plasma) EAENEHE (thermal plasma) 27 @ RIBBRIEEMNE @ S5)8E (T.) 850
FRmENRE (T) SEMELR - HitFREERARIGEERI RSN ; 2ER
ALURMHEMGE  BEESENEEM AR F BRI  ETIFBIIOF 1 KRB - BER
MEEEE BB REN - ZEAEIMNERENE - hEBARIEEESENS (VLSI) » ik
REE ~ il EEEYEIE - EEKSMIFEN — IR - SRNEMBEH AL
EHOER « IFREMMRINHEA R ZBERUIHERN —IRBRILIN - BRERE S SEYLE
M IREER "EBRE. EIK -

TR BEER EEORPEEREN TR - BEHRFENEFHEMTMESEBRE
sp' > sp’ sp’ » AMAIESTK @ B8 EEER/AMIFIBHNIRNERERE o IOV &S
8 700 27& - tiBBHEMITRATHEMENCEZHIBAD o 1 70 FARBMZE ~ 26K ; 80 FX
Coo’ HBOIR ; 90 FREKIKEMR BRINGRE - S NRBRMEGBILEIET ©

SEESRRA SR BHKE B BB EB M couple F| B ZEH Ik (cavity) » E58IF
STV BIREYEIRE AT 0 o FFK R RE ART BSB89 $H B E B (sheath potential) » Klig
BB REEM TR RNVBEEE - BILHUK (245 GHz) 5IATT @ » IMNIDFATE R
1% (875 G) > MENEFRBHLREEFZRES G- LFSREASLIREFQiRHIK
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m, v
Bl w = w,» BAMIE - v IR/ - BIRIKCHERES (PE v 2R ERIR ) - ECR BEECRRM
REFERMLTR  REESLFE TR BRBEFESS (parasitic capacitance) 3
TEIIES o BRTLISOVEEER - ECR BHF 2 8UE AT (>30 cm) 6 E TRIF2FSE o
B RMREIR{LEITE (MPCVD) R ECR BEEC B AN BIB9S & 5 2 IBIREH
K BEMMRER - %08 - BEE - REENSRIUREE 2R - i - sssEsk
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&L  HOARRAKHS | S58E (T,) 50000-110000K ; E#3RE (T,) 200-350C ;
THREAI (V,) 17-25V ; Debye £E () 50-150um ; Debye IRAYEF B (No) 10°-10° ; BE
FEAI (V,) 20-200V ; BISHBENL (Vo) 2.5-5.5V IR ENHBEE S 2B FERE (V) 6.5-9.5X
10°m/s o DL ESBIREM BB RRERNGERERTEN - JiCh LIS EUESENT
Ap(50-150pm)<<50cm ; Np(10%-10°%)>>1; Ar(2.45x10°x10°)>1 o
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Sn-In-Ag phase equilibria and Sn-In-(Ag)/Ag interfacial reactions

Sinn-wen Chen*, Wan-yu Lee, Chia-ming Hsu, Ching-feng Yang, Hsin-yun Hsu, Hsin-jay Wu

Department of Chemical Engineering, National Tsing Hua University, #101, Sec. 2, Kuang-Fu Rd., Hsin-Chu 300, Taiwan

ARTICLE INFO ABSTRACT
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imental measurements of phase equilibria and thermodynamic properties are used for thermodynamic
modeling by the CALPHAD approach. The calculated results are in good agreement with experimen-
tal results. Interfacial reactions in the Sn-In-(Ag)/Ag couples have been examined. Both Ag,In and Agln,
phases are formed in the Sn-51.0wt%In/Ag couples reacted at 100 and 150°C, and only the Ag,In phase is

Keywords: formed when reacted at 25, 50 and 75 °C. Due to the different growth rates of different reaction phases, the
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reactionlayer at 100°Cis thinner than thoseat 25°C,50°C, and 75 °C.In the Sn-20.0 wt%In/Ag couples, the
{ phase is formed at 250 °C and {/Agln, phases are formed at 125°C. Compared with the Sn-20 wt%In/Ag
couples, faster interfacial reactions are observed in the Sn-20.0 wt%In-2.8 wt%Ag/Ag couples, and minor

Phase equilibria Ag addition to Sn-20 wt%In solder increases the growth rates of the reaction phases.

2011 Elsevier B.V. All rights reserved.

1. Introduction

Sn-In and Sn- In-Ag alloys are low melting-temperature sol-
ders and Ag is commonly used in electronic packaging [1-6]. The
intermetallic compounds formed at the Sn-In-(Ag)/Ag interfaces
are important for the reliability of solder joints, and under-
standing of the interfacial reactions is essential for Sn-In-(Ag)
solder applications. However, few studies are available on the
Sn-In-(Ag)/Ag interfacial reactions [4-6], and the results indicated
the formation of Aglny, and AgyIn phases at the Sn-In-(Ag)/Ag
interfaces.

Knowledge of phase equilibria is fundamental for a material sys-
tem, and it is essential for understanding the related interfacial
reactions. Experimental determinations in the Sn-In-Ag system
show there is no ternary compound, and there are liquid, Sn, AgsSn,
AgyIn, Ag and { phases in the temperature range of soldering
interest [7-9,11]. Two groups have assessed the thermodynamic
parameters and calculated the phase equilibria of the Sn-In-Ag
system [8,9], and there are only three Sn-In-Ag experimental mea-
surements [8,9,11].

Furthermore, the thermodynamic models of the Sn-In binary
systemused in the two assessments of the Sn-In-Ag ternary system
[8,9] are inconsistent. There are five phases (liquid, Sn, In, InsSn and
InSny) and three invariant reactions in the Sn-In system [13-16].
Although the two calculations basically reproduce the invariant
reactions, the calculated liquidus and solidus curves are different.
For example, the solidus temperature of the Sn-20 wt%In alloy is

* Corresponding author, Tel.: +886 3 5721734; fax: +886 3 5715408,
E-mail address: swchen@mx.nthu.edu.tw (S.-w. Chen).

0254-0584/S - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.matchemphys.2011.02.078

145°C as calculated by Korhonen and Kivilahti and 165°C by Lee
et al,, respectively [8,10].

This study prepares one Sn-20 wt%In alloy and four Sn-In-Ag
alloys to verify the existing phase equilibria information, including
one set of recent experimental phase equilibria data of the Sn-In
system [8,9]. The thermodynamic descriptions of the Sn-In and
Sn-In-Ag systems are reassessed with new experimental data,
and the Sn-In-Ag phase diagrams are then calculated. This study
also investigates the interfacial reactions in the Sn-51.0 wt%In/Ag,
Sn-20.0 wt%In/Ag, and Sn-20.0 wt%In-2.8 wt%Ag/Ag couples
reacted at various temperatures.

2. Experimental

Sn-In and Sn-In-Ag alloys were prepared with pure Sn shots (99.95%, Showa,
Tokyo, Japan), In ingot (99.9%, Alfa Aesar, Ward Hill, MA) and Ag shots (99.9%, Alfa
Aesar, Ward Hill, MA). Proper amounts of constituent elements were weighed, and
sealed in quartz tubes in a 2 x 10-% bar vacuum. The total weight of each sample
alloy was 2 g. The Sn-In and Sn-In-Ag sample capsules were placed in a furnace at
350°C and 1000°C, respectively. After homogenization for seven days, the capsules
were quenched in ice water,

For phase equilibria study, the quenched Sn-In-Ag sample capsules were placed
in a furnace at 250°C, and quenched after 12 weeks annealing. The alloys were
removed from the tubes, and metallographically examined using optical microscopy
and SEM {Scanning Electron Microscopy, [EOL JSM5600). EPMA (Electron Probe
Microanalysis, JEOL JXA-8200SX) was used for compositional determinations. Some
specimens were etched with 40 ml DI water + 10 ml HF (40%) + 10 ml H, O, (30%) for
better microstructural observation.

The solidus and liquidus temperatures of the Sn-20wt%In alloy were deter-
mined using DSC (Differential Scanning Calorimetry, Pyris Diamond DSC, Perkin
Elmer, Shelton, USA). The heating rate was 5 °C/min. The DSC results were calibrated
based on pure Sn, In, and Sn-51 wt#In alloy.

For interfacial reaction studies, proper amounts of quenched Sn-In and
Sn-In-Ag alloys were cut, pressed together with a piece of 5mm x 5 mm x 0.5 mm
Ag foil (99.98%, Sigma-Aldrich, St. Louis, MO, USA), and then encapsulatedinaquartz
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ABSTRACT

Metallic glass, as a prominent material, exhibits several uniquely mechanical, electro-
chemical, and thermal characteristics, and has been developed in multifunctional and
structural materials. To further explore its diversity and applicability, the technique of
physical vapor deposition (PVD) has been employed to extend the attainable dimension in
metallic glass. The metallic glass prepared by sputtering process retains most of distinctive
properties existent in bulk scale, and thus a so-called thin film metallic glass (TFMG) can be
applied in various novel fields owing to excellent mechanical performance and nano-scale
features. However, the endless improvement in properties is always worth pursuing in surface
finish, especially, the thermal stability as well as hardness in nano-device application. To
achieve the goals, the minor alloying is undoubtedly an effective approach, which has usually
been used in surface modification engineering to enhance the mechanical, thermal, and
antimicrobial properties. Different from elements used to be doped into metallic glass, the
role of nitrogen atoms play in TFMG is quite distinct due to ultra-strong electronegativity and
small atomic radius. By inserting nitrogen into TFMG, the configuration energy of short range
structure can be greatly modified. Evolution of glass transition temperature and variation
of elastic modulus in TFMG with nitrogen cast significant effects of nitrogen atoms on the
potential energy landscape (PEL). A large amount of nitrogen addition leads to increasing
nitroren-centered clusters, and more energy is required to cause plastic deformation.
Furthermore, to extend the amorphicity region in N-doped Zr-based TFMG, the incorporation
of Ta can restrain the growth of nitride crystalline phase and enhance coating performance.
Besides, TFMG reveals significantly antibacterial capability in Escherichia coli and
Pseudomonas aeruginosa within long-term incubation, indicating that TFMG shows a great
potential in biomedical applications owing to its antimicrobial property and biocompatibility.
It is expected that TFMG, exhibiting uniquely mechanical, electrochemical, thermal, and
biomedical characteristics, can provide a feasible and potential material candidate to inspire
the next generation design in nano-device application.
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ABSTRACT

We present an all-wet process consisting of diffusion barrier layers by electroless plating
and electro/electroless copper wirings by using an organosilane layer as an adhesive/catalyst
layer [1]. In all wet process, the organosilane layer is formed on the SiO, substrate. The
alkoxy group in the silane radical makes a strong bond with the SiO, surface, and the amino
group of the reverse position traps the Pd catalysts initiating the electroless deposition,
resulting in the formation of the diffusion barrier layer. Electroless NiP, NiReP, and NiB films
were uniformly deposited by using 3-aminopropyltriethoxysilane (APTES) as the organosilane
molecule. The electroless CoWP film, which was produced on NiB nuclei formed on a Pd-
activated organosilane layer, was uniformly 10 nm thick and had excellent thermal stability
after annealing up to 400°C for 30 min [2]. The all-wet process has also been applied to low
dielectric constant (low-k) materials and polyimide films.

Additionally, we introduce the process for electrodepositing Au-Ni alloy with low sheet
resistance and high wear resistance by incorporating a significant amount of carbon in the
alloy. The wear resistance evaluated by the linear repetitive sliding method showed more
than 5 times the cycles obtained with the conventional hard gold [3].

References
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[2] T. Osaka, H. Aramaki, M. Yoshino, K. Ueno, |. Matsuda, and Y. S-Diamand, “Fabrication of
Electroless CoWP/NiB Diffusion Barrier Layer on SiO, for ULSI Devices”, J. Electrochem.
Soc., 156 (9), H707-H710 (2009).

[3] T. Inoue, K. Sato, T. Yokoshima, A. Sugiyama, Y. Okiaka, and T. Osaka, “Effect of Carbon
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158, D403-D407 (2011).
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Application of TiN coatings to the accelerator devices
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ABSTRACT

Since a TiN coating has some advantageous properties such as hardness, friction proof,
chemical stability and durability for high temperature, it is widely applied to machinery tools
or decorative plating. It also has a high electric-conductivity as a metal material. These
characteristic properties are suitable for accelerator devices operated in uhv (ultra-high-
vacuum) and in high electric field.

One of the applications of TiN coating is to suppress multipactoring, which often takes
place on the insulating materials of alumina ceramics for use as a klystron window and
insulating beam tubes. The multipactor phenomenon is caused by secondary electrons
emitted from the insulator surface under high-frequency electric field. A secondary electron
yield & from the TiN-coated alumina ceramic can be described by the film thickness t, as,

t 1dE z
X - exp| — dz
Xﬁlm j alur{ina|: B dz [ }\«zlumina ]:| (1 )

where As are mean-free-paths of electron in the film and alumina, and B, E and B are an
escape probability from the surface, a primary particle energy and an energy required for
secondary electron generation, respectively. Since A in TiN film is estimated as 0.4 to 1
nm while 50 to 100 nm in alumina, the thickness of 1 nm or more is enough to suppress
secondary electrons. A TiN coating to be formed on the accelerator devices, on the contrary,
should be thin enough to prevent any excessive heating due to ohmic loss or eddy current
effect.

The chemically stable property of TiN coating is also applicable to outgas reduction
for uhv chambers. The pumping time to reach the required vacuum pressure is shortened,
suggesting that the adsorption energy of water molecules is possibly reduced.

In order to realize the chemical stability in a TiN coating, the stoichiometry of Ti,N, should
be controlled not to be TiN, or TiNO.

o= Bexp[—
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ABSTRACT

Due to their extraordinary mechanical and tribological properties, diamond-like carbon
coatings (DLC) have established themselves for many industrial applications. These coatings
in combination with the plasma nitriding of the substrates show better improvement of the
life-time of the tools and reduction of the energy consumption of friction-intensive processes.
Anyhow, the coatings react with highly varing friction characteristics, if the humidity changes.
The reason for this behavior is the change of chemical binding mechanisms between the
coating and its tribological partner.

The aim of this work was to analyze the influence of the process parameters and coating
design on the tribological behavior of DLC-coatings under changing humidity conditions.
Furthermore these coatings were tested under application-related conditions in order to
reduce the friction during of a wood cutting process.

In this study, a magnetron sputter device was used to deposit coating systems with
different DLC-top layers, such as hydrogen free amorphous carbon (a-C) and hydrogenated
amorphous carbon (a-C:H). The coatings were deposited on plasma nitrided cold work steel
substrates. The hydrogen content was analyzed in terms of Nuclear Reaction Resonance
Analysis (NRRA). Additional surface analysis was performed by x-ray photoelectron
spectroscopy (XPS), mechanical and tribological properties of the coating systems were
investigated by Nanoindenter and ball-on-disc tester. The coatings with the best results were
applied on round blanks to demonstrate the enhanced life time of pressing moulds and the
reduced friction during wood processing.

Keywords: DLC, diamond-like carbon, bias voltage, tribological properties
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ABSTRACT

The phase transformation, or the phase stability of energy storage materials, is of
great importance for their performance and safety during application. By coupling an
electrochemical or a thermal process with an in situ X-ray diffraction and X-ray absorption
experiments, phase transformation during electrochemical cycling, or phase stability at
various temperatures, can be monitored. It is critical to provide a better understanding of
charge-discharge behavior, fading mechanism, and the thermal run-away mechanism to help
design batteries with better performance and safety. Applications of powder diffraction and
X-ray absorption techniques in some active materials of layered compounds and Sn-based
anode materials will be given in this presentation. The results provide valuable information
about the real-time structural behavior of active materials during electrochemical or thermal
cycling. Additionally, electrochemical techniques are shown to be an accurate way of
investigating such complex systems and also to provide a new way to synthesize materials
with very precise composition.
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Design, Synthesis and In-Operando Analysis of
Li-Alloying Anode Materials
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ABSTRACT

A vast amount of research has been devoted to replacing graphite anode with new
materials that form alloys with Li and give far greater specific capacities than graphite. These
anode materials, however, suffer from serious volumetric expansion and contraction during
charge/discharge cycling, which tends to cause rapid capacity fading. Introducing pre-
set voids within either the active material particles or the electrode layer to accommodate
cyclic volumetric variations has been a common practice for enhancing cycle stability of the
Li-alloying anodes. The presence of the porosity leads to reduction of electrode capacity
(energy) density, an issue that has often been overlooked. The inter-relation between the pre-
set porosity and electrode materials will be discussed to elucidate the microstructure design
from the viewpoint of capacity (energy) density. Examples of synthesizing Sn and Si-based
anode particles with different microstructures will be presented. In addition, the presence of
the porosity leads to reduction of electrode capacity (energy) density, an issue that has often
been overlooked. The inter-relation between the pre-set porosity and electrode materials will
be discussed to elucidate the microstructure design from the viewpoint of capacity (energy)
density.

Understanding the variations of the porous structures taking place during these
electrochemical processes can provide valuable information to the development of better-
performed electrode materials. In this presentation, the applications of synchrotron X-ray
microscopy (TXM) to in-operando and ex-situ characterization of the Li-alloying anode
materials caused by the cycling electrochemical lithiation process will be described.
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Organoborane and borates as electrolyte additives for LiFePO,
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ABSTRACT

Organoborane and borates anion receptors, tris(pentafluorophenyl) borane (TPFPB),
triphenyl borate (TPB) and trimethyl borate (TMB), are investigated as electrolyte additives
in lithium ion batteries (LiFePO, cathode, 1M LiPF6 EC-DMC 1:1 electrolyte) at 25 and
60°C. The effects of additives in electrolyte at the LiFePO, cathode on the high temperature
capacity fading were investigated by electrochemical impedance spectroscopy (EIS), cyclic
voltammetry (CV), cyclability, SEM, XPS and Fourier transform infrared (FTIR). According
to the study results, tris(pentafluorophenyl) borane has the ability to improve the cycle
performance of LiFePO, at high temperature. LiFePO, electrodes cycled in the electrolyte
without the TPFPB additive show a significant increase in charge transfer resistance by
EIS analysis. SEM and FTIR disclose evidence of surface morphology change and Solid
Electrolyte Interface (SEI) formation. FTIR investigation shows various functional groups
are found on the cathode material surface after high temperature cycling tests. The results
showed an obvious improvement of high temperature cycle performance for LiFePO,
cathode material due to the TPFPB additive. The observed improved cycling performance
and improved lithium ion transport are attributed to decreased LiF content in the SEI film.
TPB shows formation of a thick surface/electrolyte interface (SEI) which hampers ion flow
and does not protect the electrode from degradation. Although useful at 25°C, TPB at 60°C
results in only 7% capacity after 100 cycles, whereas 0.1 M TMB results in 53% capacity.
TMB performance improves with increasing concentration. TMB also suppresses thermal
decomposition of the electrolyte and formation of the SEI film.

Keywords: Lithium ion battery, electrolyte additive, tris(pentafluorophenyl) borane
triethylborane, trimethyl borate, lithium iron phosphate.
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Nanoparticles for X-ray imaging, labeling and therapy
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ABSTRACT

A novel chemical synthesis approach is developed to take advantage of the extreme rapid
reduction by intense x-rays to achieve accurate control of the process. Many nanoparticle
systems were successfully synthesized, including noble metal, alloy and composites, by this
approach and showing unique properties which could lead to new applications. In addition
to the introduction of this new synthesis strategy and their advantages, this presentation
will further focus ona number of applications in biomedicine benefited from the materials
properties of these nanoparticles. Specifically, the use of Au based nanoparticles and their
use as contrast and labeling agent for x-ray imaging which improves the image quality and
leads to better understanding of the nanoparticle interaction with cells and the whole biology
systems. The preliminary results of the first successful demonstration of the enhancement to
radiation therapy will also be presented.
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ABSTRACT

As a two-dimensional carbon material, graphene and its derivatives have attracted
tremendous attention because of their intriguing physicochemical properties. Such properties
have been exploited in diverse applications, such as micro/nanoelectronics, fuel cell,
flexible transparent conductive film, nanocomposites, and clean energy, etc. Besides their
outstanding physical and chemical properties, graphene materials have recently been
reported to possess exciting hydrophobic properties. In this presentation, several methods,
including chemical vapor deposition, exfoliation and microwave, ultrasonication, and
electrolysis, used for preparing graphene and graphite nanosheets are reviewed, and the
microstructure evolution of the synthesized graphene examined by Fourier Transfer Infrared
Spectroscopy (FTIR), field emission scanning electron microscopy (FESEM), transmission
electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS) will be reported.
Furthermore, the applications of the synthesized graphene and graphite nanosheets on
the flexible transparent conductive film, nanocomposites, and superhydrophobic and
superoleophilic sponge will also be discussed.
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Preparation and Characterization of Nanocrystalline Microwave
Absorbing Composite Materials
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ABSTRACT

Not only for the military purpose to prevent radar detection, but also for civil applications
to avoid electromagnetic interference emissions to protect humans from electromagnetic
wave pollution, radar absorbing materials (RAM) have attracted increasing R&D interest.
RAMs are dielectric or magnetic materials that can absorb and dissipate incident
electromagnetic wave by converting it into thermal energy. The reflection and attenuation
performance of RAMs can be determined by the complex permittivity (¢’ - j¢") and complex
permeability (u' - ju") of absorbers using coaxial/waveguide and resonant cavity perturbation
methods. In the present study, various microwave absorbing composite materials were
prepared and their microwave absorption properties were investigated. The performance of
these nanocrystalline microwave absorption composite materials will be addressed.
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ABSTRACT

Fuel cells are classified as one of the ten technologies which will change our life in the
near future. Direct formic acid fuel cells (DFAFC) can be a viable power source, particularly
for portable applications. The most significant issues in this fuel cells are activity and stability
of catalysts used at the electrodes. It is well established that palladium performs particularly
well as an anode catalyst [1]. It has been shown that addition of the second metal increases
the activity of Pd-based anode catalysts for formic acid electrooxidation [2].

In our studies, we have investigated Pd and Pd-Au supported on multiwall carbon
nanotubes (MWCNTSs) catalysts, which were synthesized via polyol method followed by heat
treatment in H,-Ar at 200°C or Ar at 250°C. The catalysts have been characterized by X-ray
diffraction, FE-TEM, EDX, cyclic voltammetry and were tested on the anode of DFAFC.

It was found that the method of heat treatment of the catalysts significantly influenced
DFAFC performance. We showed that Pd catalysts annealed in H2-Ar performed better than
that annealed in Ar. Also addition of gold improved Pd/MWCNTs catalysts initial activity. We
found that the main reason of deactivation of investigated catalysts is poisoning of palladium
surface by product of decomposition of impurities present in formic acid (e.g. acetic acid and
methyl formate) and by accumulation of CO, gas bubbles in anode catalyst layer .

References:
[11 X. Yu, P. G. Pickup, J. Power Sources 2008, 182, 124.
[2] R. Larsen, S. Ha, J. Zakzeski, R. |. Masel, J. Power Sources 2006, 157, 78.
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Conductivity analysis on the hetero-junction of multiple
nano-structural layers

By Wen-Cheng J. Wei

Dept. Mat. Sci. Eng., National Taiwan University

ABSTRACT

lonic/electronic performance of various cathodes in contact with electrolytes used
for intermediate-temperature (500-750°C) solid oxide fuel cells (SOFCs) is investigated.
Perovskite-type material, e.g. (La,Sr)(Fe,M)O; (LSCF), mixed with Y-stabilized zirconia
(YSZ) or Gd-doped CeO, (GDC)particulates in various size ranges has been synthesized
by Pichini method. The composites are assembled into multilayer cathode structure,
which is arranged in sequence of cathode/composite/electrolyte. The microstructure of
contactinterface, electrochemical performance, and interface conductivity of various cell
combinations are investigated. The results are compared with the cathode combination
consisted of the other mixed ionic-electric conductive material (Bi,.,Ca,)Al,Oq..
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Nanostructure-induced room-temperature ferromagnetism
in titania-based thin films
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ABSTRACT

As a versatile multifunctional material, titania (TiO,) and related materials have emerged
as one of the most fascinating materials in the modern era, capturing the attention of
scientists, and engineers in exploring distinctive semiconducting and catalytic properties.
TiO, and related materials have many existing and promising applications in areas ranging
from photovoltaics, photocatalysis, photo-/electrochromics, transparent conducing oxide,
ferromagnetism to sensors.

Materials such as pristine and doped ZnO, SnO,, In,0; and TiO, have been investigated
on the development of room-temperature ferromagnetism (RTFM) during the past decade,
but the microscopic mechanism of long-range order magnetic behavior for the oxides is
still an open problem. RTFM is observed in annealed pure TiO, and various transition
metal doped titania including niobium doped titania (TNO) thin films. Both the as-deposited
amorphous films were amorphous and only when annealed under specific window of
conditions, they became ferromagnetic. For the TNO films deposited on silicon substrates
and on glass nanospheres, precipitation of ~10-30 nm-diameter Nb,O nanoparticles occurs
in the TNO films air-annealed at 600°C or above and enhances their saturation magnetization
(My). The largest M, is found in the 800°C annealed 40 nm-thick TNO films on glass
nanospheres (~60 emu/cm®) and the M, reduces as films increased in thickness or deposited
on flat Si substrates or annealed at lower temperature or in hydrogen.

In contrast, pure TiO, films of 400 nm in thickness were deposited on Si substrate by
reactive sputtering in argon—oxygen plasma at 100°C. The as-deposited films exhibited
ferromagnetism with a relatively low saturation magnetization (Mg) around 0.5 emu/cc. The
films were subsequently isothermally annealed at 300°C for 1 to 8 hrs in air and in H, to
vary the crystallinity, the crystal size and the oxygen vacancy concentration in the films.
The Ms values of the annealed films increased with annealing time and peaked at 6 and 7
emu/cc for the films air-annealed for 5 hrs and for the H,-annealed for 4 hrs, respectively.
Apparently the Ms values of the H,-annealed films are about 1 emu/cc higher than those
of the corresponding air-annealed films. We also showed the Ms values of the films were
greatly affected by the thickness of the films. In our study so far the largest Ms in pure titania
achieved is ~35 emu/cm® for the 6 nm-thick films air-annealed at 300°C for 5 hrs and the M,
reduces as films increased in thickness or annealed for either shorter or longer time or at
higher temperatures.

We have characterized the films using XRD, AFM, SEM, TEM, XPS and Raman and
found that for the film exhibited the maximum M, value in a series of films, its spectra,
morphology, grain size are significantly different from the rest of films and the difference could
be caused by oxygen vacancies and by quantum size effects. The results demonstrated that
the RTFM in the titania films are affected primarily by the nano-grains with sizes comparable
to quantum dots and secondarily by the oxygen vacancies.
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ABSTRACT

High-entropy alloys (HEAs) have become a new research field of alloys. They contain
at least five major elements with equal or near-equal mole ratio and are entirely different
from conventional alloys based on one or two principal elements. High entropy effect is the
most important effect for such alloys since it can enhance the formation of multi-element
solid solution and let the microstructure simpler to analyze and understand. Lattice distortion,
sluggish diffusion and cocktail effect are also important in influencing microstructure and
properties. Suitable designed HEAs can have excellent materials properties, such as
exceptionally high strength, reasonable ductility with appreciable work-hardening and
plasticity, excellent corrosion, oxidation and wear resistance, and high thermal stability.
HEAs can provide a wide range of properties and possible applications. In this talk, the past,
present and future perspective of HEA research will be presented.

Keywords: high-entropy alloys, high entropy effect, lattice distortion effect, cocktail effect
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The Industrial Applications of High Entropy Alloys
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ABSTRACT

High entropy alloy (HEA) is a multi-element alloy system composed of more than 5
major alloying elements, which posses the characteristics including high hardness, wear
resistance, high-temperature softening resistance, corrosion resistance and some of them
are so unique and rarely exist in the traditional alloy systems. Using these characteristics,
HE alloys can be applied to various territories; such as cutting tool, manufacturing mold and
exploratory well components . The premium wear and corrosion resistance properties of HE
alloys could elongate the life time of cutting tool and promote the exploration or development
of oil, gas, geothermal, or other mineral resources. Substitution of multi-element alloys
for Co as the base phase can enormously improve the material properties of WC super-
hard composite materials and reduce the cost. Besides mechanical performances, soft
magnetic properties were investigated recently leading to exploring the application of electric
engineering products with high saturation magnetic flux density and low core loss. The multi-
element nanocrystalline magnetic materials is suitable for a magnetic core materials to use in
transformer, inductor and motors. Due to the low thermal conductivity of HE alloys, thermal
barrier coatings also can apply to the die casting and semi-solid forming die to improve the
metal formability. The High entropy alloys with excellent material properties is encouraging
for enlarging the application field of industrial and consumer products.

Keywords: high entropy alloys, applications, material properties
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Controlled Shear Bands and Fracture in Zr-based Bulk Metallic
Glasses and Composites

*Chun-Hway Hsueh' ( &27%}8 ), Jia-Bin Li? ( 224 ), Jason Shian-Ching Jang?® ( £/&)5 )

'Department of Material Science and Engineering, National Taiwan University
*Department of Mechanical Engineering, National Central University
*|nstitute of Material Science and Engineering, National Central University
(NSC100-2221-E-002-129, NSC101-2221-E-008-043-MY 3)

ABSTRACT

Limited plasticity inhibits the engineering applications of bulk metallic glasses (BMGs),
which often deform by the formation of localized shear bands. Overcoming the brittleness
of BMGs necessitates advances in our understanding of the mechanisms of shear band
initiation and propagation. However, it is difficult to control the generation of shear bands
and associated fracture. A unique loading fixture, controlled-shear test, is demonstrated
in this study which allows not only controlling of the location of shear band formation and
fracture but also alteration of the normal to shear stress ratio on the fracture plane. The
ability of controlling the location of shear bands paves the way for in-situ observations of the
initiation and propagation of shear bands and how shear bands interact with second-phases
and particles when they are used for ductility enhancement. The capability of altering the
stress ratio allows the systematically study of how the normal stress affects shear fracture.
Controlled-shear tests performed on Ta particle-dispersed Zr-based BMG composites
(BMGCs) reveal that shear bands cluster on the controlled-shear plane. Also, different
morphologies of the vein pattern are observed at different locations of the fracture surface.
Meanwhile, the interaction between shear bands and the Ta particles can be observed on
the surface of unfractured specimen. Studies of the effects of the normal stress on the shear
fracture of Zr-based BMGs and BMGCs show good agreement with Mohr—Coulomb fracture
criterion.

Keywords: Bulk metallic glass, Shear band, Fracture, Composites
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Thin Film Metallic Glasses: an Overview
Jinn P. Chu ( K12)

Department of Materials Science and Engineering, National Taiwan University of Science and Technology,
Taipei 10607, Taiwan
(NSC 98-2221-E-011-037-MY3)

ABSTRACT

A new group of thin film metallic glasses (TFMGs) have been reported to exhibit
properties different from conventional crystalline metal films, though their bulk forms are
already well-known for the high strength and toughness, large elastic limits, excellent
corrosion and wear resistances because of the amorphous structure. In recent decades,
bulk metallic glasses (BMGs) have gained a great deal of interest due to the substantial
improvements in specimen sizes. On the other hand, much less attention has been devoted
to the TFMGs, despite the fact that they have many properties and characteristics which
are not readily achievable with other types of metallic or oxide films. Furthermore, these
TFMGs have been progressively used for engineering applications and thus deserve to be
recognized in the field of thin film coatings.

In addition, while the BMGs are still difficult to use because of their brittle macroscopic
nature and difficulty of processing, TFMGs are a possible solution to make use of their great
properties of high strength, large plasticity, and excellent wear resistance. In this presentation,
many advantages and properties of TFMGs are discussed. These are such as mechanical
properties, tribological properties, annealing-induced amorphization and resulting smooth
surface, some of which lead to useful applications, for example, for substrate fatigue property
enhancements. In addition, potential applications in microelectronics and optoelectronics are
mentioned. Ironically, there have been enormous research efforts dedicated to developing
metallic glasses with large critical sizes only to reveal that the best use for these materials
may, in fact, be in thin film applications. It is thus hoped that this talk serves the purpose of
calling attention to the importance of TFMGs such that many more studies and applications
may be explored.

Keywords: metallic glass, thin film, mechanical properties, annealing-induced amorphization
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Multifunctional Ceramic Nanocomposite Particles through
Microstructural Design

Wenjea J. Tseng

Department of Materials Science and Engineering, National Chung Hsing University, 250 Kuo Kuang Road,
Taichung 402, Taiwan

ABSTRACT

Ceramic nanocomposite particles (CNCP) possess a unique set of engineered
nanomaterials (ENM) in which their enormous benefits to humans regarding their industrial
and biomedical applications are certain. In the last decade, we have witnessed a rapid
growth of the CNCP in research and market interest. On the one hand, we have the duty to
explore new functions that associate with the development of nanostructures in the ceramic
composite particles. On the other hand, we also need to understand any adverse effect
to human health and environment that comes with the use of nanocomposite particles; in
which, some of the potential problems are (hopefully) largely preventable through careful
microstructural design. In this talk, some of the structural design on nanocomposite ceramics
will be addressed with main objectives in novel functionalities, benign environment, and
minimized health concerns. Specific examples in mind include some of our recent works in
rattle-structured Ag@TiO, core-shell capsules for bactericide and photocatalysis, BiFeO,@
Fe,O, composite particles for organic dye adsorption in aqueous water, and literature report
in Au@ZrO, capsules for CO gas oxidation, and etc.




168~ 2026 PEIMRINIBEBEZRERE O

= R A= WA ooy v NEEEY i
At—

RINAEERTI2E8R

w2

VIR B 5 FE o NENBVHE BRI - WAREER/ N RBINENDEEE - HSHELKE
Ko THINMDREIRISRIL ~ NEIE ~ IRIBML ~ (RIEFE - BRAFBESEE - MBRBHIERM
AEFRHEM L2 FEK - WMER T ESREIZ KA1

RUFSBRRMATREBEMTHE - INRBRBEMBSHIERIFEMENEMR - BIiL
F)JE NiCuZn =S « IREERRIFHMN BRI ER VLA K IROVIERIEE ©
NiCuZn & S ESERIFHAME N BT RHEFS IIB b iR N — 2T © et ELABNBRIES:
MERESIFNSEEIRIENEE - RISSIEUTHEESER T - IfHEERNUSER -

AMANNFAELEHEESEBBEERERBENBBRZIFWENTEMR - HINiEdira
NiCuZn #FBIEAETT « EASE NICuZn AL ISEIRE - MeER IR FREBMITE S T
HEIMAFTTPINESEZIL NiCuZn HFHIE « IRSERERHENT BRI HIEFIROVIEAULS) -
TR0 B BUNHISRIRANEY TS A ©

087 ©



[ 19
o] J
(¢] o)

0 B2 2012FPEHRNESESFEHBER

Microstructural Investigations and Electric Field-induced Strain of
(7-x)(BigsNa, 5)TiO4;-xBaTiO,; Lead-Free Ferroelectric Ceramics

Chen-Chia Chou,* Guang-Rong Chen, Quei-Chi Feng,
Brianti Satrianti Utami and Cheng-Nan Chen

Department of Mechanical Engineering, National Taiwan University of Science and Technology-,
#43 Keelung Rd Section 4, 10672, Taipei, Taiwan
*Presenting author’s email: ccchou@mail.ntust.edu.tw

ABSTRACT

The field-induced giant strain of lead-free (7-x)(Bi,sNay5)TiO;-xBaTiO; (abbreviated
as BNBxT with x = 0, x = 0.03-0.12) ferroelectric ceramics, fabricated by an oxide mixing
route, was correlated with microstructural features investigated by transmission electron
microscopy. The phase investigations reveal that the ceramics with x = 0-0.05 exhibit a
rhombohedral symmetry in the perovskite structure. For x = 0.06-0.09 and x = 0.10-0.12, a
transition phase to tetragonal symmetry and a tetragonal phase were identified, respectively.
Microstructural characteristics as a function of composition will be compared with electrical
properties and discussed. The coexistence of mixed symmetry of R3c and P4bm is supported
by the TEM analyses. The electrical properties measurement revealed that the largest strain
for specimens with x = 0.06-0.09 achieved 0.32% and is believed to be attributed to the nano-
sized polarization domain switching or phase transition of a P4bm phase.
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Metal Oxide Enhancement the Electrocatytic Activity for Direct
Methanol Fuel Cells Applications

Hong-Ming Lin"*, Yuh-Jing Chiou®, Andrzej Borodzinski’, Leszek Stobinski’,
Piotr Kedzierzawski®

'Department of Materials Engineering, Tatung University, 40, Chungshan N. Rd., 3rd Sec, 104 Taipei, Taiwan, R.O.C.
*Department of Chemical Engineering, Tatung University, 40, Chungshan N. Rd., 3rd Sec, 104 Taipei, Taiwan, R.O.C.
*Institute of Physical Chemistry, Polish Academy of Sciences, Kasprzaka 44/52, 01-224 Warsaw, Poland
*Email: hmlin@ttu.edu.tw
(This research id supported by project NSC 98-2221-E-036-013-MY3)

ABSTRACT

Nanohybrid MWCNTs materials are new type materials which have special properties
and provide new applications for many fields. With the addition of MWCNTs by simple
and economical fabrications, nanohybrid MWCNTs materials with unique structural,
electrical, mechanical, electro-mechanical and chemical properties attract researchers and
manufacturers. The metal oxides, i.e. NiO and CeO, etc., are hybrid with MWCNTs to be a
supporter for Pt and synthesis to enhance the electrolytic activity in DMFC’s applications.
The results indicate that MWCNTs serve as a good support material where cerium and
nickel oxide can provide rich oxygen to oxidize carbon monoxide absorption on Pt surface.
According to present results, CeO, nanoparticles is a strong oxygen promoter to reactivate
Pt poisoning surface and MWCNTs can be a good support for CeO, and Pt nanoparticles to
enhance the methanol electro-oxidation and carbon monoxide oxidation.

Keywords: Nanohybrid, Carbon nanotubes, Metal oxide, Electrocatalytic activity
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Calcium Sulfate Bioceramics
*Wei-Hsing Tuan ( E3#£57)

Department of Materials Science and Engineering, National Taiwan University

ABSTRACT

Calcium sulfate (CaSO,) has been used as a material for bone substitutes due to
its well biocompatibility and biodegradability. However, the key issue of CaSO, is its fast
biodegradation rate, which has limited its applications. The present study demonstrates that
the degradability of CaSO, can be improved by using sintering techniques. Various amounts of
additives, 1 wt% to 10 wt%, were mixed with CaSO, powder and subsequently sintered at 900°C
to 1200°C for 1 h. The effects of additives on sintering behavior and degradation properties
of CaSO, are then investigated. After sintering, a small amount of additives promotes
the density and compressive strength of specimens. The second phase, calcium silicate
(CaSiO,), forms at boundaries of CaSO, grains and hinders the growth of CaSO, grains. The
degradation rate of calcium sulfate is therefore decreased after adding additives.

Keywords: Calcium sulfate, Sintering, Degradation, Calcium silicate

Air-based sputtering deposition of TiN, TiN,O,,
and N-doped TiO, thin films

* Bigl (Fu-Hsing Lu) » BRE (Mu-Hsuan Chan)

BT hE A RIRIEER T2 % (National Chung Hsing University)
(NSC 97-2221-E-005-018-MY3)

ABSTRACT

In this work, air was employed as a reactive gas for sputtering to produce TiN, TiN,O,,
and N-doped TiO, thin films. Air-based deposition conducted in a low-vacuum base pressure
environment can reduce substantially the overall processing time. Processing windows of
the aforementioned films prepared by the air-based deposition at different air contents and
sputtering powers were determined. Tailoring the air content during sputtering yielded not
only the single layer but the multilayer consisting of these different coatings. Kinetically-
favorable reactions occur at low air contents in such plasma environment, leading to the
formation of titanium nitride and oxynitride films while thermodynamically-controlled reactions
predominate at higher air contents, yielding the formation of titanium oxide films.

Keywords: Thin films, sputtering, air, low vacuum
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33 | GhETERER N BIRAT AL AR T HEEBAE S 11 8% 5F 02-89901580 | B (1)
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FEAMERIZEZE 10044 F W AESE (100.01.01-100.12.31)
I H 100 4 & 100 4 J& 100 4F 78 1 & b A
| | H % = TH B o B b
1 AR $ 12,209,707 | $ 11,000,000 | $ 1,209,707
1 EREEEILA $ 100,000 | $ 120,000 $20,000
2 HEEGEIRA $ 305,100 [$ 500,000 $194,900
1| EAgE $ 160,100 [ $ 300,000 $139,900
2 | kAEE $ 145,000 | $ 200,000 $55,000
3 EEREMEIA $ 4375674 |$ 2,500,000 [ $ 1,875,674
4 Bk $ 2,071,800 [ $ 1,900,000 [ $ 171,800
5 EURLEREhU A $ 2,000,000 | $ 2,000,000
6 BEEEA $ 153,000 [ $ 520,000 $367,000
7 SRR E $ 220,195 [ $ 500,000 $279,805
8 TR $ 8,541 | $ 10,000 $1,459
9 SEEUA $  2,522294 [ $ 2,000,000 [ $ 522,294
10 HEUA $ 54,000 $ 54,000
11 HERBIA $ 133,696 | $ 700,000 $566,304
12 BRSO $ 265407 [$ 250,000 | $ 15,407
2 EEE $ 10,736,362 | $ 11,000,000 $263,638
1 NEEH $ 1,856,716 | $ 1,935,000 $78,284
1 |BTH $ 1,041,600 [ $ 1,200,000 $158,400
2 |(REEwEENE $ 87,354 | $ 120,000 $32,646
3 |HEE $ 631,950 | $ 500,000 | § 131,950
4 ke $ 43200 | $ 45,000
5 |BEEERIRE $ 50,112 | $ 60,000 $9,888
6 |tEFlE $ 2,500 | $ 10,000 $7,500
2 ¥EHEH $  5903,730 | $ 6,945,000 $1,041,270
1 | EH® $ 16,477 | $ 25,000 $8,523
2 |EEE $ 113,740 | $ 100,000 | $ 13,740
3 |HE $ 7,887 | $ 40,000 $32,113
4 |EETR $ 95,650 [ $ 100,000 $4,350
5 | FEE $ 8,798 | $ 30,000 $21,202
6 |EENZE $ 45,183 | $ 50,000 $4,817
7 | EERE A $ 102,727 [$ 200,000 $97,273
8 | E RS $ 90,740 | $ 100,000 $9,260
9 | A $ 3,029 | $ 20,000 $16,971
10 |EfS4EE SR $ 30,000 $30,000
1| FgsH 718,468 [ $ 4,500,000 $3,781,532
12 e 522260 [ $ 950,000 $427,740
13 [ EE $ 400,000 $400,000
14 g $ 474,450 $ 474,450
15 |BEEE A S ERE $ 512,178 | $ 200,000 | § 312,178
16 [{F2R-BEEREZEE |- 239,044 | $ 100,000 $339,044
17 |Fr{se $ 50,000 | $ 50,000
18 | ARHER $ 81,711 [ $ 50,000 | $ 31,711
19 |$0EE $ 3,299,476 $ 3,299,476
3 El#E $ 1,367,924 | $ 1,850,000 $482,076
1 [MCP45EIE: $ 1,367,924 | $ 1,500,000 $132,076
2 |ETIMmENE $ 350,000 $350,000
4 RN $ 39,130 | $ 40,000 $870
1 |3eE $ 4,130 | $ 10,000 $5,870
2 |FEEAE $ 35,000 | $ 30,000 | $ 5,000
5 iRHE $ 306,991 [$ 200,000 [ $ 106,991
1 (B i $ 115332 [$ 200,000 $84,668
2 |ERSMiE $ 191,659 $ 191,659
6 HoAthZE $ 61,871 | $ 30,000 | $ 31,871
I [hoBEg $ 61,871 | $ 30,000 | $ 31,871
7 RS $ 1,200,000 $ 1,200,000
3 AlH{E $ 1,473,345 (S -|s 1473345
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B = 101 4F /&% 100 4£ & | 101 4F 2 100 4 J7 B Lh 8 100 4
| B ER TH B 8 D M B TH B 8
1 ARERAEIA $ 8,500,000 | $ 12,209,707 $3,709,707] $ 11,000,000
1 EREEIA $ 100,000 | $ 100,000 $ 120,000
2 HIEFEITA $ 360,000 [$ 305,100 $54,900 $ 500,000
1| EAEE $ 200,000 [$ 160,100 $39,900 $ 300,000
2 | kAEgE $ 160,000 | $ 145,000 $15,000 $ 200,000
3 FEEREILA $ 1,400,000 | $ 4,375,674 $2,975,674| $ 2,500,000
4 Bk $ 1,500,000 | $ 2,071,800 $571,800] $ 1,900,000
5 BRI A $ 2,500,000 [ $ 2,000,000 $500,000 $ 2,000,000
6 BEEBRA $ 600,000 [$ 153,000 $447,000 $ 520,000
7 M EEE $ 400,000 [ $ 220,195 $179,805 $ 500,000
8 1R EEE $ 10,000 | $ 8,541 $1,459 $ 10,000
9 SZEERA $ 1,000,000 | $ 2,522,294 $1,522,294| $ 2,000,000
10 FHBULA $ 100,000 | S 54,000 $46,000 $ -
11 HERBIUA $ 200,000 [ $ 133,696 $66,304 $ 700,000
12 iRk e=t- (' ON $ 80,000 $80,000 $ -
13 R U $ 250,000 [ $ 265,407 $15,407| $ 250,000
2 AT $ 8,500,000 [ $ 10,736,362 $2,236,362] $ 11,000,000
1 NFEEH $ 1,675,000 [ $ 1,856,716 $181,716] $ 1,935,000
1 |ETH/E $ 1,000,000 [ $ 1,041,600 $41,600( $ 1,200,000
2 |(REgwEBNER $ 100,000 | $ 87,354 $12,646 $ 120,000
3 e $ 450,000 [ $ 631,950 $181,950] $ 500,000
4 ke $ 45,000 | $ 43,200 $1,800 $ 45,000
5 |FEURIRE $ 70,000 | § 50,112 $19,888 $ 60,000
6 |[1EFE $ 10,000 | $ 2,500 $7,500 $ 10,000
2 g $ 4,605,000 | $ 5,903,730 $1,298,730] $ 6,945,000
ez Yt $ 40,000 | $ 16,477 $23,523 $ 25,000
2 | $ 150,000 | $ 113,740 $36,260 $ 100,000
3 |FidE $ 15,000 | § 7,887 $7,113 $ 40,000
4 & $ 50,000 | § 95,650 $45.650] $ 100,000
5 |Fat $ 30,000 | § 3,798 $21,202 $ 30,000
6 |EENE $ 280,000 | $ 45,183 $234,817 $ 50,000
7 |Ersit A $ 400,000 |$ 102,727 $297,273 $ 200,000
8 | Eps et $ 100,000 | $ 90,740 $9,260 $ 100,000
9 [HAthpE A ER $ 10,000 | $ 3,029 $6,971 $ 20,000
N $ 20,000 $20,000 $ 30,000
11 g $ 1,500,000 [ $ 718,468 $781,532 $ 4,500,000
12 |HE#: $ 610,000 [$ 522,260 $87,740 $ 950,000
13 [ $ - $0 $0[ $ 400,000
14 [t $ 474,450 $474,450
15 |EEE A S $ 100,000 | $ 512,178 $412,178] $ 200,000
16 |FER-EREZEd [ S 100,000 [-§ 239,044 $339,044 $ 100,000
17 |t $ 100,000 | $ 50,000 $50,000 $ 50,000
18 [\ $ 100,000 | $ 81,711 $18,289 $ 50,000
19 [{EEhES $ 1,000,000 | $ 3,299,476 $2,299,476
3 Ep#dE A $ 1,700,000 | $ 1,367,924 $332,076 $ 1,850,000
1 [MCP4RENE: $ 1,500,000 | $ 1,367,924 $132,076 $ 1,500,000
2 |ETI4RENE $ 200,000 | $ - $200,000 $ 350,000
4 SEBII $ 50,000 | $ 39,130 $10,870 $ 40,000
1 [ $ 10,000 | § 4,130 $5.870 $ 10,000
2 |EENE $ 40,000 | $ 35,000 $5,000 $ 30,000
5 JikAEE $ 340,000 | $ 306,991 $33,009 $ 200,000
1 [EA i $ 140,000 [ $ 115,332 $24,668 $ 200,000
2 B4 $ 200,000 [$ 191,659 $8,341
6 HimZH $ 30,000 | § 61,871 $31,871[ $ 30,000
1 [hnFftg $ 30,000 | $ 61,871 $31,871| $ 30,000
7 RS $ 100,000 [ $ 1,200,000 $1,100,000
3 AR $ -|'S 1,473,345 $1,473,345| $ -
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1EER 2EEH
IRENE $5,658,843 |\SREHA(E $869,610
ERHE $10,000 JEfTE A $53,850
SRITIERK $5,648,843 UG $17,913
TSR T T3 1T-24F 1| $1,775,134 THUGKIR $691,053
T HERAT TR 2 T-FAF $6,290 JEfTHE S $106,794
B FEEIH£00149759 $2,298,365 Hoth & & $2,151,926
FI77:2490-5 $1,112 [N $18,000
Z176979-7 $100 FHIERAR $1,329
WEE-IERE R B $280,491 PR $2,132,597
H SR TR 153 17- 247 $87,351 B (EEEH $3,021,536
TE IR $1,200,000
IRENEE $8,096,462
JEUSIRSK $39,077
THITEH $30,087 3NFE B B A
EIDES $345,000 INTE R BRAH $17,900,146
JESCRRRK $16,760 AR $9,828,986
FEHARYE $7,665,538 AHARRAE ($322,988)
[ EEE $7,166,377 | miffiBzsaREe $27,771
5 R A $6,923,751 NS $7,166,377
e B $242.,626 LA $1,200,000
H AR $20,921,682 | & (& K /N b f 4t E4H $20,921,682
; e
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1014201 501 H ~ 1014£09 H30H
=R & H /N & &
[ AH] $2,966,789
EEEETTEN $113.,400
| EESEEUTA $65,000
KAEEYA $8.000
—E e A $40.400
EERESTON $173,925
S R/ $173,925
SERUTA $2,404,279
BENEULA $570,000
EEEEULA $599.528
E3lON $885,000
e EE UL A $204.500
et e e UL A $78.566
HEEstEWA $66.,685
SEXSAIA $275.185
FIEUA $10,596
T A $108,000
AU A $99.999
L E A $219,736
OHATE A RS ($163,146)
[E=dasksEl $3,289,777
N=EEH $1,060,167
B THE $685,800
LRl wE $64.,441
1 4 $272.794
TEEER R E $34,632
TR $2,500
T $1,208,855
<~ BLFH /T, $6,613
F R $56,746
oTki=! $4,639
=ik $5.850
F4EE $3.842
| HIE $10,646
T H $452,749
| A S $90.545
A2 $2.000
i $9.663
$382,000
b g $10,000
RN = B2 $38,120
N = $17.445
{EE $117,997
E[EYE $849,715
MCP4REIE $849.715
AT $43,009
RerE $3,009
RSN $40,000
JikiEE $128.031
i~ $128,031
K AHAE T K ($322,988)
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oMW &
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DEMRARIEZEESHEREEE ABRESERFEIRETEK
[E=pN FEHH(FE/R) Bt s BAEBE BRBY(FD)
1 57/09 149
2 58/12 18 230 3
3 59/12 20 283 2
4 60/12 21 360 2
5 61/12 24 560 6
6 62/12 25 612 9
7 63/12 30 674 22
8 64/12 33 705 8
9 65/12 31 752 18
10 66/12 34 785 25
11 67/12 36 911 29
12 68/12 44 1,003 27
13 69/12 44 1,056 28
14 71/03 48 1,145 44
15 72/04 54 1,221 57
16 73/04 56 1,293 88
17 74/04 56 1,314 80
18 75/06 62 1,371 70
19 76/05 51 1,435 138
20 77/04 51 1,024 185
21 78/04 53 1,112 268
22 79/04 50 1,229 326
23 80/04 54 838 337
24 81/04 56 923 346
25 82/04 53 996 496
26 83/04 57 1,077 375
27 84/04 58 1,140 380
28 85/10 61 1,222 382
29 86/11 73 1,555 360
30 87/11 71 1,637 409
31 88/11 67 1,731 468
32 89/11 67 1,671 450
33 90/11 72 1,268 577
34 91/11 63 1,458 709
35 92/11 25 1,222 866
36 93/11 22 1,088 740
37 94/11 23 1,265 974
38 95/11 24 1,124 998
39 96/11 25 1,108 1,013
40 97/11 25 1,430 1,240
41 98/11 28 1,463 1,239
42 99/11 31 1,679 1,184
43 100/09 28 1,657 1,359
44 101/11 28 1,294 1,025
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