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Looking back upon exciting Kyoto University metallurgical
curriculums which we learned, with special emphasis
of comparisons to some of Universities in United States.

by Shinji ONGA
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Application of Nano-Geosciences in Petroleum Engineering
by Yunfeng LIANG
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1. A Short Biography

Since July 2009, I am assistant professor in Kyoto
University, initially at JAPEX Energy Resources
Engineering Laboratory and now at Environment and
Resource System Engineering. I earned a PhD degree
in condensed matter theory from International School
for Advanced Studies (Trieste, Italy) and specialized in
ab initio and classical molecular dynamics simulations.
When I was in Trieste, my research was to model the
structure, phase transition, and vibrational spec-
troscopy of silica under high pressure. It is well moti-
vated in geoscience community for understanding our
Earth better. After that, I was postdoc fellow in
University of Saskatchewan and exposed myself further
in high pressure community. The task is to develop
energy related materials, such as NH3BH3 as hydro-
gen storage carrier. My current research topics
include: Energy Resources (Enhanced oil recovery,
Shale gas and Methane hydrate) and Environment
(CO.geosequestration). Of particular, I study the min-
eral surface chemistry using First-Principles molecular
dynamics and large-scale interfacial and wettability phe-
nomena with classical molecular dynamics simulations.
Additional effort is to conduct Lattice Boltzmann Model
(LBM) simulation for studies of fluids in porous media
(in pore and core scale). In collaboration with other col-
leagues, I have also contributed the design of the

*Environment and Resource System Engineering,
Department of Urban Management, Kyoto University,
Kyoto 615-8540, Japan Assistant Professor

experiments, such as Surface X-ray Scattering, Raman
and NMR experiments. As a team member of Kyoto
Nano-Geoscience Group, we wish to utilize all the pos-
sible nanotechnology and related simulation tools to
better understand the interfacial phenomena occurring
among subsurface minerals and fluids, notably wettabil-
ity, and thereby better address the underlying mecha-
nisms of hydrocarbon recovery (hence better design of
oil and gas recovery process), and to develop tech-
niques and simulation tools to better characterize the
organic contents of shale nano pores and gas dynamics
through nano-scale rock structures.

II. Molecular Dynamics Simulation on
Asphaltene Problems in Oil Production

Asphaltenes can precipitate with decreasing pressure
in the reservoir, and clog the pore throats of reservoir
rock. This fact causes the reduction of permeability and
production rate. In addition, the asphaltene deposition
impedes the fluid flow in the production wells and pipe
lines. Stable water-in-oil emulsions may form during the
production of oil, which must be resolved to fit the
specified product quality. In addition, it is known that
the viscosity of a water-in-oil emulsion is strongly aug-
mented by increasing water ratio. Asphaltenes and
resins in the crude oil are known as major components
to stabilize the emulsions. In past two years, we have
investigated the interfacial behavior of asphaltene mole-
cules at the oil-water interface by using molecular
dynamics simulations. The asphaltenes are generated
by an improved quantitative molecular representation
method. In this case, it is a mixture of three different



738 Application of Nano-Geosciences in Petroleum Engineering

@

Figure 1 Asphaltene molecules employed in our study [1]: (a) island type, (b) archipelago type and
(c) resin type. The interfacial system (hetptane-asphaltene-water system) is shown in (d). In
(a), the heteroatom is sulfur (orange).In (b) heteroatoms are oxygen (red) and sulfur,
respectively. In (c), heteroatoms include nitrogen and two sulfurs (blue). In (d), Green mol-
ecules (left) represent heptane, and blue molecule (right) represent water

types of asphaltene molecules: of archipelago-type,
island-type and resin-type, respectively (Figure 1a, b,
and c). The oil phases are represented by heptane,
toluene, and their mixtures, respectively. The interfa-
cial behavior (studied here) includes the changes of (1)
the interfacial tension, (2) the interfacial mechanical
properties (such as interfacial elastic modulus) by
adding asphaltenes (Figure 1d). The goal is to investi-
gate the formation mechanisms and mechanical proper-
ties of emulsions at the molecular scale.

Just take one example, the interfacial tension (IFT) of
the heptane-water interfacial system containing various
amounts of asphaltene molecules was calculated,
recently [1]. It was found that asphaltenes form nano-
aggregates at heptane-water interface when the system
contains a small amount of asphaltenes. In this case,
the IFT is close to that of a pure heptane-water system.
However, the IFT of the system containing a large
amount of asphaltene molecules is much reduced ~ 12
mN/m. It was shown that the reduced IFT results from
a complete asphaltene film formed at the oil-water inter-
face (when asphaltenes are abundant), and from the
accumulation of resin-type molecules at the interface.
By increasing the mole fraction of toluene up to 66 %,
the thin film is still formed but with higher threshold of
asphaltenes. On the other hand, the interfacial elastic

modulus increases from 0.1 GPa to 1.3-1.5 GPa monoto-
nically with increased amount of asphaltenes, which is
in good consistence with recent experiments measured
by an oscillatory drop interfacial tensiometer. Since the
decrease of the IFT favors the formation of water-in-oil
emulsions while the increase of the interfacial elastic
modulus prevents the coalescence between two differ-
ent water-in-oil emulsions, our calculation will enable us
understand the stability of water-in-oil emulsion in oil
production.

II1. Techniques for Enhanced Oil Recovery

Enhanced Oil Recovery (EOR) techniques to
increase the crude oil production from oil reservoirs
are increasingly important for the energy security, as
the reserves are limited. Water flooding is currently
one of the most common methods to maintain oil recov-
ery from reservoir. Either formation water (produced)
or seawater is injected into the reservoir yielding recov-
ery factor at ~35% in average. Interestingly, the pres-
ence, type, and concentration of salt can dramatically
alter the efficiency of the oil recovery. It has been
reported for a long time that low salinity water can
enhance oil recovery from 5 to 38 % over conventional
water flooding (see Figure 2a for an example) [2-6].
According to Regtien [4], low salinity water flooding
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Figure 2 (a) Core flooding experiments for high salinity water followed by low salinity water [6]. The
oil recovery was enhanced by 15 %. (b) Illustration of oil-water-mineral interactions. The
presence, type, and concentration of salt can dramatically change the interactions and
change the wettability of the minerals. (c) Snapshot of kaolinite. Clay content is an impor-

tant factor to see the low-salinity effect.

EOR process is going to be matured in the following
years. There are two major key barriers: one is lack of
understanding mechanisms for the low salinity effect,
another one is lack of knowledge for full field design.
Hence, a significant amount of optimization and field tri-
als should be conducted to de-risk the concept or get
the correct full field design [2,3]. In the meantime, labo-
ratory experiments should be performed for bettering
understanding. There is a general consensus in petrole-
um engineering community that it may provide an
opportunity to understand the underlining mechanisms
to examine the crude oil, brine, and mineral interfacial
system at atomic (and nano) scale [7]. As shown in
Figure 2b, there is one aqueous water film between oil
and mineral surfaces. Components from a crude oil can
partition to the oil/water interface and can adsorb and
change the wetting, if the water film has different types
and concentrations of salt. In the previous studies with
high permeability Berea sandstone cores [5], additional
oil was recovered if and only if (1) Core contained con-
nate water, (2) Oil phase was a crude oil, (3) Core was
not “fired” to remove clays (See Figure 2c for a snap-
shot of kaolinite). So one of my current research is to
study how the salinity of water thin film affect the inter-
actions between water-minerals, oil-water interface and
three phases.

It is shown above that the “small”, like in nanoscale
or atomic scale, is very important to enhance oil recov-
ery. There are two examples: one is oil-water or miner-

al-water interface system, which is typically less than 1
nm; the other is the three phase zone of oil-water-min-
eral, namely, a conatct line of three-phase. Unlike the
bulk materials, the interface system is a noncentrosym-
metric environment about which we know very little.
Experimental measurements for liquid-liquid (or liquid-
solid) interfaces are challenging because of the relative-
ly small size—typically only a few molecular diameters
wide and the buried nature of the interface. Hence, mol-
ecular dynamics simulations are inevitable for such
nano-scale simulations of these three phase systems
[8].

In our previous studies [8], the light oil system was
modeled to realize the components of the crude oil,
which consists of n-Alkanes (n-hexane, n-heptane, n-
octane, n-nonane), cycloalkanes (cyclohexane, cyclo-
heptane) and aromatics (benzene, toluene). The inter-
face systems were prepared as follows: at first, all
hydrocarbon molecules were mixed and equilibrated at
the target temperature and pressure in the isobaric and
isothermal ensemble. The water molecules were pre-
pared in almost same box size with equilibrated hydro-
carbon system. Then the interface system was made to
combine the hydrocarbon and water system. It was
found, at all thermodynamic conditions, that aromatics
(benzene and toluene) concentrate on the interfacial
regions, whereas the other hydrocarbons of oil are uni-
formly distributed along the oil slab (Figure 3a). We
attributed the self-accumulation of the aromatics to the
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Figure 3 (a) Schematic diagram of oil-water interface on the basis of our previous work [8].
Aromatics accumulate at oil-water interface due to the weak hydrogen bonding between
aromatic ring and the proton of the water. (b) Surfactants used for EOR. (¢) Silica Nano
Particle. It is investigated in our lab for the purpose of EOR [10].
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Figure 4 2D FIB/SEM image showing porosity and kerogen within shale. Black depicts pores; dark
grey is kerogen; light grey is inorganic matrix (clay and quartz). A Type I kerogen mole-
cule is shown at right [12]. The nano pores are depicted at the bottom. Methane gas is
located in the nanopores. In such nanopores, adsorption is very important. The gas dynam-
ics is complicated. The SEM image is adopted from Ambrase et al.[11]. The size is roughly

estimated according to Milliken et al.[13].

favorable Gibbs free energy due to the lower interfacial
tension between the aromatics-water interfaces.
Further, we suggest that the “weak hydrogen bonding”
between the aromatic rings and the proton of the water
are the cause of the lower interfacial tension among
others (Figure 3a).

There are many EOR techniques including gas injec-
tion (such as CO,) [9], polymer injection and chemical

injection, besides the above mentioned low-salinity
flooding. The chemical injection is to decrease the
interfacial tension (IFT) between oil-water interface to
ultra-low value using surfactant (Figure 3b) and or alka-
line to react with crude oil to form the surfactant in situ.
The polymer and gas injection is to reduce the viscosity
ratio between the crude oil and the viscosity of the
injection water phase. Additional effect of polymer
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Figure 5 Schematic diagram of multiscale simulations.

injection is to modify the permeability profile of the
porous media. The limit of polymer injection is, howev-
er, the degeneration of polymers at high temperature
reservoirs. Nano particles (such as silica nano particles
in Figure 3c) can be an alternative for polymers and
may solve the difficulties for high temperature reser-
voirs. There have been lots of efforts on this direction,
including our group [10]. It was shown that nano parti-
cle can alter the wettability of oil-water-mineral.
However, the difficulty is that nano particles may coag-
ulate in salt solutions (such as in formation and sea
water). This is not a new problem but appeared in poly-
mer injection too. Since polymer injection has been
very successful in various oil fields, we believe that the
problem will be remedied and nano particle injection

will be practical.
IV. Improved Characterization of Shale Gas

The current explosive activities in shale gas and oil
production put urgency in developing new,
nanoscience- and nanotechnology-based, techniques
and simulation tools to better characterize the organic
contents of shale nano pores and their dynamics
through nano-scale rock structures. Current state of
our research and development is to better characterize
the hydrocarbon contents of shale pores and their
dynamics, employing the nanoscience and nanotechnol-
ogy tools, such as Focused Ion Beam — Scanning
Electron Microscope (FIB-SEM) [11], X-Ray Nano-CT,
Atomic Force Microscopy (AFM), NMR and others.
Chemical models for kerogen are prepared on the basis
of all the available experimental data [12]. Then, it is
possible to construct the kerogen nano pores to investi-

gate the gas adsorption with molecular dynamics simu-
lations. This is very important to estimate how much
gas is in place and how much gas is recoverable [13].

V. Application of Multiscale Simulations

By better understanding a) oil-water interface, oil-
mineral interface and oil-water-rock interface interac-
tions at molecular level, b) the absorption and desorp-
tion of hydrocarbon molecules on surfaces of rocks and
¢) their diffusivity under different conditions (ambient
and reservoir), it is possible to explore and assess new
methods to enhance oil recovery [1,8-10,14]. In next
few years, my studies will focus on the surfactant
behavior, CO,-effects, salinity effects, and “hard”
nanoparticle on the water-oil interface and the oil-water-
rock wettability. Efforts will be made on development of
chemical modeling of kerogen models and the gas
dynamics in kerogen nano pores. Molecular dynamics,
as a powerful tool, will be employed in my study. The
results will be assessed in comparison with experimen-
tal measurement in our group or elsewhere. At last, but
not at least, multiscale simulations will be developed for
the improved prediction of computer simulations. On
one hand, the First-Principles Molecular Dynamics is
employed in the study of the surface chemistry of min-
erals and nano particles [15]. On the other hand,
Lattice Boltzmann Model will be developed to investi-
gate the fluid dynamics in porous media by including
the above effects and the fluid dynamics in nano pores
[16].
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HRERITF AT H B NI F 7 T4 Y — R ok
BRI LT 5D, ZhidF /B ISERT 5 Enit#E
HREEHLTWA. AFETIIZ0ER%Z EERTH -
X950k, MEELOMMILN:ZSEE U722 fHE
H LAl BN 2 A, FEREZRmIITVSRT
Xl —RUMB OB T-72. Do EFEELT,
TR 2R B0 - & B X ONRTCHI 2 o 72 EERD - X %
M7z, fiud - 128 ) Ni T/ 74 ¥ —AHAi D Ag
Do ZITHI L7z, Bt Au Do Xt LT, il
BB LU QCM B2 L IR S B2 A0 E)E
OF R L B ORIKENORKHIE 2479 2 & T, o
BRI L7 3l L7205 X2 W T NI+ 74
X —AF AT D Au - &% AT- 72, BRALFW T % H)
L7285 & OFHliR° FE-SEM 12 X 281812 X 0, J{r
BTIEH LD —IZ Auddo ETETVNE I EAhho
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VR 2 2 LT E 2 B O N73E 2 225 EilEARIC
VT, B2 BEEL72. SOEE NI/ T4 ¥ —
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LCHREL 722 25, HERD- XIZXhEMmE LT
OYERER) LW AR S N7z SHIENi F/ 74 Y
— AT DD > EDE SR ISR ENS. 72 Ni
F 7 T A X — A B b & Ul e R R A O R
B2SIRES 5.

UF O LA F 2 ESERRICEIT
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face) AEK &, 2 SEI 2sEMMEREIC K & < BET S
ZEDHSENTWA, LA L, SEI OIERHME IOV TR
HEN TRV ENEL L, e RIERGRREDRIE S
TW A, RBIZETIE X BB Z OY5llE % v CERL
WIS U2 Bk coZ bz lzEZ L, BXSIZE->T
e S D SEL B L, Z DIERERIZOWTH~RIz. Z
DFER, TNFETSEIBROTEREZZ SN TWE
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1L, Y4 7 WHFEDSE ., Sk bR 0720, Fuvltdk
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X2 A M2 KA EICRIM & 722 2 & 20 HERLIZIN
HTHY, TANT—EEORCIEWE DM R EREA
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TEMHEEAS A 7 V% BAL S FHLICES 20
FHRTH 5. AWFFETIE, RBBSKIEDZDY (in situ) £
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-NUDYLYIR—bZRAVETONY
EEESI v I XBIREIE M

70 b ARSI & T 7 R it AR L
PRI & e, R EDSTTRETH U, BB CdH 5 K FED
FIH=R LIRS, 2l A B O AR T & 5.
AT, A v PIYA(Y) BEDT LTI —F—
T L VISR T 7Y b AREED BT 58
LYNat—b (BaZrO,) \2DWT, LK OIS
o Tnb. TNETOWNZET, BaZrO; ® Ba KIHIZ
E2Y O A MGRIEANORZENFHE NI £, T
O hyOEAIZLY, Y& F—7 L7 BaZrO, DT
FROBIRAHER S Tz, —T5, BHREM A BSOS
Pue IEME SRS 2 Fil 2B A L. R 2imA L, #h
T BRI ORZRE 4T - T L F 723, BV
ORZEEHIRL, %L LFAMEZIToTWAh.

- MBI ERE

AEFFETIE, HildE (200~600 C) THEKMFE W7 O
b AREERY, CAliiEE F—F LT vy o) Vi
BICHEH LTHe 2o Twb. 2hETIg, LaP0, 12
LT, 4 PRORLRLZBEOCHEDOIL F—T %217
ZEITXY, HILHE F—TOREICHR 2 EEVRE N
— 75 (K 25 mol%) %R L7z, 3k ¥ —7LaP,0, I,
400 T2 B W TIHEDFI0FE DB (3x10™ S cm™)
R L7z, ST, ERE F— 7 oIS, AWZET
i L 73R o AR Gl o) ST L 72 A8l (e 3
2b0EEZLND. F72, LaP,0, KDY VBT =
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BT AR RT 720, AL F 550 58Ok
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T NVEART. LEL, EROF 5 v EERII Ny F
KCTH 2720, HFERFEIIEFICEL IA NS0 5. Z
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EHGINY FE v v THIENZ S I HA TV 5.
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TEERFFER BRI T2
ME7T 0w X THHEE
T/ BEFNE

PBEFEmEZAVCEUZEEEEL

W T3 il L 22 LR i 7 & D 22 LR B % e
THITEZFETH Y, ERIZK > TERL N LTI~
DB IR D S, S HELZRILTETH S
V) KR RO 720, MR ORI OHT L v
T LTRSS, B FHaERIIE RO B
SRV 5T & 72 XRD M€ #: (Williamson-Hall
), TEM @igsik & il U O FIcENRTB Y, LT o
I REEZFES. (1) 10%/m? 265 10'%/m? D)\ WIEEE
P CHERE O TH 5, (2) B 2mm, FES
200 um & 70 —THPADIE,  (3) HRlr s B & E B
THETH Y, T4 OIERHNAROF A LTEE Lo,
& ZTARIZETIE FeNi B840~ VT A4 ML &
TAFS- 20 L 7zft8kich LT, B4 arid:, XRD I
1, TEM Big8:00 3 T2 v <, BB %17 -
7o, BT TH LN EEL XRD JlEE, hE#
firis, TEM BiZ0IH TR & { %2 - 72, XRD Tl
W OERBIZE VAN - EEEd B2 LX) iR
TR % MK EHIG 9 2 3 A%, TEM BIg2:2 B\ Clddin
MOEREDIHE Z > T S FEMHEEFIIC B W TR O
HMAHEE LAAEL B Z 212 & DB 2 8/ N3 5
A B 2 EATRIB I N, T 2BBEFEmEIRNE
HSEIZOVWTH —F/NEVE VI FREIE SN Th
5 OFERNE By A FE AL A S L O 385 BE STl Tk &
LCHATRERZ E2RLTWA.
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—AF7FA MR, = VRO OEIRY ) —
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GEZRAIT o 72k 5, Ry ) —THEEICEET S XD
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ZEDPHRL ZEDNHOEN o7, TE ) =T
BTOT7 254 MIO<IVF 4 A MO BEEZ 2
TW2bDEEZ LN, RIZETIEZ ) — 7 BRICBT
BUEEEEZAICAE H LC, M- % M 721 2
Do) =T, KA FHO ROV TORE &17
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75 7 TR ER IR B, Z DR
DM E GEAF) 13 27) = FRERISHI O 7 1) — T4
Lo TELT 5 LD FREND DT, R, SO
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WA BREE L% TS 5 B F VR L7z, BRI OBk
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L7227 ) — TS E S EIETHIET, &2
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W7 — & LT 5 &, IROIEE - IS HFE TR V—
R TIERHLR otz IS ORERITINES
) = FE&MTHESNI 7 ) — T - BT O
FHEEWET LI EICE T, B2 ) —F 50
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(1) STM (24 % LPSO A& DEHEERHE

STM GEAE T » A VBifeR) 135U %2 I IR
2R THIER T E 2T TH 5. 1o T, WEHNED
JETECE & R L e R AR 2 2 st a g, |
BT O R i 2 Bl 5 Z LD TRRIC 2 5. R
TR O M T2 T 5 E A T IAMEE & i
%k, SIM (2id, JCEROBIAIEEICNEETH 2 5, X
r—v (B OIS, Fito & 9 RalkRmo e
DA EN TRV, L L DRIEND
L. L Ladss, B4 — 5 — ORI g~ o
WEHTHDHE WS STM OF#IL, ABORBEIC L -
TiE, RELARICRY H 5.

ARAEREA S, LPSO (Long Period Stacking Ordered) ##
3LV BB A R 2 DD Mg Y-Zn 3 LR EED
STM I X A3HliZ Bt L7, ShETOMEICLY D
BEPICE InY 5% b T FAY—=HHFELTVEZ
EDHBNTBY, TFDT T AT —OIARMZLES
OFFICET2HAPELSN Tz, LA LERYD, 75
25 —FHOFEHN B LTI 2 0% WIRILTH -
7. STM BIEROFERE, MR OIRBENTW2r TR ¥
—HEEPIERE o TWDE Z 2N, TR
%7 T AY —ORFOFEMNEBEET 5 Z LITEYI L7z,
BUE, 7 9 25 —ORFIOKT &2 7 IR 5 2 & T, &
SOTERGRFIIT 5 FA0 0 2135, AgEE D
TV,

(2) MRZE 2 #REt STM DORH

Bet & 2 DL LA 2 72PTE S ERET STM 3 i 2 i
DE RGN WE S 5T & LTE  Onigeslsd
5%, W OV ORLE TIEIES L2 Bt nm DTS
VRS EPHL L, BRSH BN AT 4 v 7 3R
BT LMEIRETH 72, ZDXI LRI bk
1 20 DEE A A ISR E S N5 2 BEs
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RYF I Fa—TEMENLZLOLLTEZOND)
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Pg B LATE, SHITHS ORI D HIKWESTH
% B, R B X UHMHO 7T 75 A0 BB L E58k
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1) F/T74Y—DWH> IaL—>a>
SROBIF T, 2 OYA, B rmbiE o/
N5, Au, Al %2 EOIREIE TIE, 300K - 4K &H 5D
YA b BN C RSB AT S 5 %%, Mg
DA, 4K OF BT TR T-HT D S
2500, 300KTIIHESEFNTH S, T OHFT-HT
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Mg/ 74X —D5|->F 0l Il —ars
300K 4K T o7z, F/ 74 Y —O#lia [0001] 5
ZO[01-10] TH B. AKTEELELDF ) T4 ¥ —b b
BECHE CHE T E TEIET 2 2 L 50012
ol 2RI LT 300K TOF -k ) ZKTIE, BT
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WIS ESTICHIL, Y Iab—Ya voRE
1, 300K CTlI B T-HET AT S il v & 5 SR
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HDH IR END A, FEETOBIBIIHRE ST
BHT, TOHICOVTIZE SITHIESLE L 725> Tw
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Ni DEEICD, AV F 25 VAL AT T AIBIT S
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CueSn; @ 2 D Cu-Sn G&ITH L, 14 71 v 7KV
Z X M) —®{To728 25 CugSny DA Mg DT
A& SN DMLY DB S 7z, BAL +0.1 V vs.
Mg THRITKEDVH 1A 2 5727280, CusSns 1IXF
LT OV ~+0.1V vs. MgD I DFf: 4 72 EAL T AL
ATV, X BUEEC & ) ER R OB O E % a7
A5, Mg-Cu-Sn A& oM h o7z, 2O EH5 Cu-
Sn 4 4 /Grignard i{3E DA A D TR T = Ot
A5 10 Acm™ DA — & — LIEFIT/NE L, Mg OFidF
ASUSHIEF RN L 2 W] 502 L.

F 7B B L C, Grignard iR3E & 1 4 ik
TMHA-TE,N ORARIZOWTHRHAE L 72, ZOkE%E, Grig-
nard FRIEND A F VIAFRA RO, Mg OFF
HEEEDMART LI L 2HLNII LA, A4 Vil
& TMHATEN OJRAIZ LY, ERERH MK LB
OHFHEA NIRRT 5 Z & BFABHSHS L2 L
L, @A ZIETH S 7Y = v — VS X Bk
WX > CTTMHA 54 ¥ BSR4 \5HET 2 720,
EREAHILT 5 (1 BRG#T 5 &40 Mg O 7%
MY A 7 VRS TEIE S A 4 ViR AT &
FREL%25) 2L b900, VRREDO L) KE L h T
F U ERHWD G E L THREIHT 5 2 L35 HoRE
Lo Tn5b.,

KBERDSD Cu,0 B

Cu,O I FFHMEERIMGEZ & 5 p BLPERTH S, Cu,0
221eVONY F¥yy 7E@muntliUgmEz o2
EHS, n RO A TH S Zn0 LHllAEDES
Z LT A M p-n HAEKGEBSHRSND, 20
BRI L SRS T B Zn0 @ {0001} 1 & DIAME:
LB BIEEZE LT (111) Bl Cu,0 ANE & 74
5.

ARBFE T, BEMRSHRERIC bR & L CRLmE% TR
L 72 % v, BT Cu,0 OftFMED pH B & U
WERMARLAE 2 NSRS 2 L 2 HAYE L7z, pHI.5
5 pH12.5 DR DRk 4 2 pHIZFREE L 72 IR & B4
BEMTENLT Cu,0O 2 TBAT L, Z ORI 2 XHt e

E 761

XD FHIT L7z, ZORE, BT Cu,0 12381 % (100) KL
& <111) Eefo#EH & pH 10.0 & pH10.5 DICH 5
CEEWLNICLI. E72, pHOS, 10.0TH BAENE
MLCiE (111) BRIEAMS S 7223, EREE ORI
L TwaZ LAvRgEsn.

BRI 7 VRIEDERR

IR A &~ (0) I ZEERT 0, D 1 BT IT SIS
Oy,+e (O)) ICLoTEHSND. BRI A + 121
ARET (5 V7)) BUMEEL, AREKICBITS T
TAhNVHIE LCTHH SN TE . RIRIGERA 2 J51- 4
F U THY, FEHHH O EDOH A X2 FFolz0, Hik
TOBBIKEDM, Tabb A+ ViROBKT =4~
LR BTREND D B, F 2 TR T, SEREEE D v
R A+ > %7 =F b4 F VR, BRI
A& ko EE B E L.

A F VRO~ B ITETH L, 2FvRE
IHIN L BMRBOSICIER L, B Y 7 A KO, &4
F VR (B 1D ICX BEME R, 1 106
TORKIIZN 725 %h 572 LA L, KO, SR A R =
LA F VAR Py CLICH BRBERIRT 2 2 &%
Motz A F VRIS (0 BEEATAEL T, IR
HhHHIERETIUL, TV H VAR MO B
L LCOFMICD %035 RN D 5. 2 Z T, KO, D7k
ARZY LA F VHARP 666 Cl ~NOTIRME % T2 &
25, KOy D Pyygp6 Cl ORI 20 mM FEETH 5
Zedbhol. ESTEHEET £ b= M)V R
JE1Z 6mM % K& TFlalo 72, 2 OOV, Frik
S TEBHIEBERL, A o HURIZRA & v ) RO
ENNZEBHDEEZSND.

HUD LMEEYDERERK

ZLH) v A (GaN) IFOINST A 4+ — Fobrre L
THWHNB13A, Pd HEF GaN 04 A A B3
LR SN TV EHS, ek 7 0t A CTIEH K
D KIEEIE~DO R E 2 5N 2 EBAEICL S
GaN M BI§ 2512 & A £ <, SZOME 2
BIlhol.

Ga-H,0 RO - pH ¥ L O N - H,0 ROEN -
pH Mz HEhRQfbE, ZNonOFME N 4 7 A 05
B L OBHFAMAD S GaN DL D b nizFh S~
DETRBUG DB )7 % B L, GaN DL % i~
2L 24, Ga-N-H,0 RIZBWT GaN IZEI 1%
ETHEWI EDbh o,

Yo &l FH
By # JekH %
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762 fiff
TEFRRZERE AR T

MFHRRE S R R
WEEREZ T

KEFKIREY Y IV DHAFERGIC KD
£/ HFOEE(L

&F RTIEMHEE By T VT HIET
JRTERN 77 A G EHEL, KTEEOF ) 2 —
VORI B A RS L I ENTE S, The
KGBEMRLGER 2 ENBHT 5121, &F /T %
FEARFEAR A~ X < el - Beyib3 2 Bl o biss
DTETdH 5. AT, &F /BT DRERG L)
I U ADOWALESUSIC & B EE L7 Tt 2 DBIFSIZHLY
HATZ.

GF I RT OBt T O A% R L Wik L, W
WML E WS Z & T, B 20nm O4F J RF%
RFEHEIAL Si R EAE LT HZ LTk L7e. £
72, OB RARGENE 2 _THER, &F N Fo TS5 X
EUHRBIC L ) FEE LR HD D 2 EDSHRETH B T LS
Stz BB, B EoF 2 EBORIGER T O —T
VY757 412X DKRERRIL S 88 — Y R T S
Z &, WER 40nm O 1 XIe&EF /RAT LA OFERIC
DL 7.

2o0F L7« VIKUY—DEZRINNEbE
REMAREEET

vrzuat L7 4 »RY<— (Cyclo-Olefine Polymer :
COP) &\ B IPERe, ek, 2k, msemi, 1Rk
KU, SIEZEMRICER, JuE L v X0, R
TIAF v 7R EOMRLR BT ENTn 5.
ZO—), RS T Th 5720, HEEME N & v
RIEH D L. COP EKIMMEMIC & ZEEMEM LIZFEH LR
EHBEHRTHD. UEETIII N T T, BRREH A
TCTHEZERYL (Vacuum ultra-violet : VUV) SEIESNIZ X
0 COP EifixHAILL, COPRLEZHEET LI LITK
WL TELD, TOFMEBIKIEA I =X LEHSH 1T
BRI izlzd, AL TIZZOMINHLY #LA 7.

COP #iffit (A¥ ¥ a— MITHEE) 12 VUV bz g
L, XPS ReKifgei A ille, FT-IR 7 & CRALIREO AT
AT o 7245 %, ROH 278 C=0 L& [l L TRV EIss
LTWBZ L, $72, BREDEIPMENETD VUV L
TGS Tld COP DG AW S, frF-hF MO Hik
B EIND Z WG hoiz. ZOREDS, [
50 VUV IEEIC X DIk s 5, BRI omvE
TIREFE oMW & T, COP KMLFI e Fu ¥ L HEAIEHK
SN, VUV ORIRENC X D hie Sz ik L R4V v
EORIBB LT FuF oMbz L ), C=0 #é&
HITHHIVKRINVIERLH VR VBRI NS Z L2
ST,

A FVRIFEFRICHBITD
RIORIDLREEBDT /— NaEHE

BN, K& 2ImERA T D Mg 13,

#

<7 AT AZREMOBEBHE L LT, F AR
HEPRME 72 B ORI E 2 D O A F ViR, ZetEoEWE
BT L LTI TnS, ST TICMfgesE T
WXBOKTEA + R E i L LT, i Mg Eix v
1B EDOTERACFEH L CTE 2. — 5Tt Mg 28
BHIIABREL 2 2 3 2 E DSEBHE & LCoilshy
SHEEE 2o TWBDS, Mg lZ L 2RINTAZ L1255
i BT, EEAmRE L THWRHEIENZ -
THIER (RIIRALZ B X7 2 — NUEi#EAS ) (VR
35 EMEIND, 2 TRIZETIE, Mg 12 Li 2
WA 7-EEE2H, 207 ) — FEEHEICB XI3TE
[ AN

KT V¥ VAT v 7P & %sampled-currentR )V ¥
A MY —=%4FW, 30°C90.05 mol dm™ Mg (Tf,N), -1
F VAR TMHA-TEN #5 W CERLIE T 2 +1.30 V vs.
Li*/Li° TH» 5 L BAEY, #MgX V011V TH S Z L8
otz 72, TMHATEN ¢, Mg-Li 4434t Mg
L HAR, BT 43.0 Vs, Lit/L0 12 B 5 EEAEHPOE
TMEAS 1ML PRS2 2SN LE. 26D
A, WThY Linog A2 5Rd. €512, Mg
Li B0 oML, i Mg & FERC, Hhoksas
EEIZH T VIRAF L RWA, BRORGERDOHINHE
W7 — NIERER S B, Wh oK eRIC
b 53, BIK L CEREES TR AT
LT EDbhol.

17 VRIE-BBFESTDIHD
EXLF FM-AFM ORF

A F VIARIEE BRI & L TR DI
MED HNT V5D, RIFFETIL, £+ VAR
AL FBB ORI Z BN E L, 44 ik
T T R 2 P AU LA D B A - ) g (EC-FM-
AFM) OBIFIZID MAZZ, & XADKSIRET- %2 7 + —
At =L LTHRL, KLAREBREIC o=
WA S AT S RS - o iRe g R Bl L 7.
A F VAR OEIRENEICEH L, BEAERE T CHfES ¢
5T LT, AF VBRI EENAMEKG R EOEE
Brd s &L big, Higetkzmbh a7,

Z DEZE ECFM-AFM % V¢, £ 4 Vifk1-butyl-1-
methylpyrrolidinium tris (pentafluoroethyl) trifluorophos-
phate& Au (111) TEMBAIIITL, 2 KockMkE> 7
b=y ¥ RV TON &7 o 72, ZORR, L7 <
b 6B LEDS R BRBIRD A F VAR RS %
Lt a R IS ) A B = Nl R A= VA | e
B2 L 2h, WHRAEOMED Y 7 MBI I 2D
T 7 M RN L7, B o A 4 > ofl
B Z B E N TV B REMEAVR S N, FLZE EC-
FM-AFM 734 7 > {AR-BAR S I D v BEFIRE 18 D Bl Y
IHTCERTHLZEDRHLNE o7,

R OB W2
B %~ #



#24% 3567 20134104 KB
TANF—FEERTER AL F -t -

HET 3U¥ —FIyHE
IRVE—HETHHE

BRI

HREDRR

20134 7 HBUE, W 94, (NMFA 1, 2
Fval, NyZIFVal, TRV, @EL, H
AR BT 7 4, A 4 BATR S hvTw
5.

FRICAY v 7 5 BEMAT2650 9 BEANEAD 6 4
BHOTWD, SHELLHT, HARE, WG, A Vil
N b ;LG EERE, N AIVEEE WD 6 7 EEREE
LTWTC, 7a— NV RBEOT, MEFRH, T hLF—
BRI BT 25 R AT > T 5.

RIEDRFEN S

B OMFER & LT, 3 =4k Le Hoang-Long
BZE BT ¥ MEROY A 7 VI 207 A
T 5. XM A% EOFER LETIE, MHEAA B
D7V v MEM (PCBs: Printed Circuit Boards) (28 %
NBEFIZ) A 2V ENTWDLY, MBS
EENTHIENTEY, L7 X7 IVHEMKE LCHES
AN TR orHIRTH L. Tz, LHEEICBWT
b, TR E o THIE N B ITHORFR HE IR
B, F A, HATO 72 HREZZ T T R 22 [
HLTw5. & - BEOMEA S ) 4 7 ViR B
IR 2 C L IZEETH 545, ZD720DOFREEHBL
DL AT TER . FIZIE, BER—-RI2L )
A 7 IVEGHETIE, BETEOY A VIR E N5
A, BEROAEREDOTHEIAHITH )M TH->TDY
PA 7 NTRETH LIS N, & T TRIFFET
W&, EEAE & BRI O & IR L CRHIC & Sif
AFHIE TV (Model for Evaluating Metal Recovery Ef-
ficiency of Complex Scraps, MEMRECS) ®Bi%% 17\,
BURO VA 7 v 7 at 2138 UGS L7z, 5oz
FHAERIILTO@EY TH 5.
(1) Eco-indicator ® & 9 7 BRBEBHEEE & WHRAEE % 2E
L7 e R L 2 o br Y= X DR

/f\‘\

& 763

Tl

ALz e L 7.

Q% DEMFHEHAETEEICEThE 7Y v MR
YA 7 W2k LT MEMRECS % W CEm iz
FHliL7-& 2%, CRTTVRTAZ b v 7 PC Tiddl
LAZXD)HFA 7)v, DVD 7L A4 ¥ —Tiddll, A X,
&, WArE D O SOV YA 7 VHFEETH S
Hoghrote, (X1).

(3 T4 7% A 74 »o87 FEFMiF2:21E Eco-indica-
tor’99, Eco-indicator’95, EDIP2003 7z &5 % %5, 3k
W OGUREEA T T2 B & 5 T K B3NSR
%0, BIREAVNS D EENREL DT LAY
oz,

@ FEE LECH S h27) v MERO Y A 7
HEZOoWTC RilofE e Hn-CiEl Lz & 25, i
ENZED VA 70T 00bIFE L, KIS
F2ICBT BB TOY A 7V TH Y, Bifr%
ATON TV L HENI BT 2 F#ERNIR DI F L <
BNEWD DD T

S
e # ¥z
B %
BAIRE

PEYS
A
11 S |
A

mAl WFe Co ®WNi ®Cy ®Zn ®WPd ®WAg #35n ®3b "Au "Pb

0% 10%  20%  30% 40%  50% 60% 70%  80%  90% 100%

Fig.1 MEMRECS % W CaMilli L 72 &8 &
/DY) ¥ A 7 VEZE (1. PCBs from CRT
TV; 2: PCBs from Desktop PC; 3: PCBs from
DVD player; 4: PCBs from cell phone)



S
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THRVEFIERIER T AL F— SRRl

T RIVE —RICHHEE
EFIRINX—-7OX3EH

B - \|EES T/ MRORETE
FALZE S L UIEFHRR

EFIAVF—-T O A5, KEtEfA LT
ANF =LY AT MW T BIEEIT> T b, A
STREB X OSEE LY T BEE RO SRS T ot
ARFED & FERCIRAB ISR 2 AR oSO, 28, HH
EZDEPOMFE BRI E T X AdbbRs &
7t A &#FEILTWwA. LIS, F /34 X0hkES
K OMERSATRL 2 BRI L, SeEicBs) AH00, ShmE A,
BT BE), [LFEUEE VD 4 DDEELR OB E
M BT ER P 2 HER L T 5.

—RICF J MEN, BRI, T/ 4 R,
W FECHIR)R:, FRERE O, BRI, R
R o 7ok 2 R R SIEH 2 0 TB Y,
2L DBEFIIBHEN TS, BifRETIE, by 75
VRIS B—RILF MR R ET AFERE LTV
Ry —< Nt oLy baA¥ = v Ve flaseE, &
RS E MRS B ICHIET 22 L10k 5T
HeoF kT, F/0y ¥, F/294%—, F /774
N=ZEL, Eokhith e — XKooz F 2 HErsk
23D BT OB K A2 FBLL 72

BIEFIVF /) T7AI—B&LV
FHVBEANOAYFOLF/T7AIN—

RV W) RV EFIZI LT XV KRS
J—=IVIZEN L TT R F VT & b v 2l L7 IRAVE
%, FVINET 15kV TERIS% LT, 450 T T 3 RERBER
L, 250 nm O¥E LT > F ) 774N —%
Bz, BALF 5 v F ) 7 7 A N—Z R L7t ik
P AR AN TS &, BbF 5 v F 7 7 4 N~
FIANC & D OGEaELIS R 3 2 0B s A i OB K & B
TEON EEFEBL, BT 8.1% OELNF 2157,

F72, KYEZWERY FUEF I a7 bEVF
BLOWHBA bu v F o AxFERICE»LCT 2 F VT
b Y ERTRINLZREERE, AINERE 15kV TR
LT, 700C T 3IEMMERL L, HAE 250 nm O¥E 4 F
FUBANOYFILF ) T A N—" . TOFY
VEEA MO Y F LT T 7 A NIRRT & il
ELTHESERD, F=Er 7LD 34A22I12LD,
KB ORFFHACH LT, #HFFR F—=72 LTnin
FEVBA QL FILF ) T FAN=E0)H TIPS

w
1585 @ eGP 1.2~2.5mmol h' g' % 1572,
BedEinr /0wy R7 A

VIVRY—< VAR RE(L LT, B 25nm, Oy FE
240nm OELHSHF / ay K7 LA 2/ L7, 34b
b, WSR2 5 & L CH E 72 2 7T A B EAE A
A F=TWALA > T KM, BLHEED Y — FE2IE
EEHTBE, IhzMBlEsmKERIcASTAFL »
TN I VRN 7ZRATIRE L TR L, HE %
F/uy Fafil. COmLsET / ay K711 %, &
BUER)—DORY) GAFINFFT2V) LHAEE
TR - RN A 7)) FRERE RO T T a2 s
L7865, LIS 2 0y PRI, 4 ¥ ) v
KRR 7 TN Y LEOUFUNGTREHT D &, FE
(LEFEORBFE—A Y POMEERESBIOELR
FRHOKE ST o T, BIRHE (4508 & BKEE
(f588) BENRZNRRGITHIR L.

FERRTE S 2 7 VA ) ST & T8 TR L 72 LR
g 2R (EEE 4nm) 1I22OWTh, A - NS T
Y v NP EMOEF A EA L, LR Rk T
BECEFEING T2 B4 L7z, 208, F /RT3 F /0
v FED HRAHEAPFITRE W LIZX D, RO
BEELZER TS 00, aFEzHuBRLiisiosk
Mifshfild, EEERY =225 KT HOZZI~NRET
BOEPITTLE Y, MEARICHS LRV ZEBROLEAE
12D, BREROKTEZ57:632 LMot ko
To 12220, F R ONF 2 ay FE S BREER
RREHDOIZ%R D I EDbh o7

RILT VY - TS—LYV—RADTFESEK

FEBICBT B FUF a7 4 VOFRILEY
THHTFFTTzZVRVT 1) YOFKZ, BTV
FUIEN 2RV 3 FIREZ KL, HOER
WCHESREIRA L7z, SOMLEWITIE 3 7D 7 I PG
BHY, YrantdrREOEEEERFTINSD
D5 F AT AT LD, HEHRILL 2R
T4 Y O—RKICHTFHEERPEE I NG, ZOHLE
JRMSRIC, MAUMERELE LT INkedbo7 95—
LU ENAEA R L TR, NI VT4 22T R
LX) TOSARERIRIIL, Rv74) r 2T v
TFETHRNT A 5T T—L Y ND100%E

BIBE Y AT L ZEH L7
oo M

By % mty W



4% 65 20134F10H p/
I AT —RHEEgER AL — s RHF R

I XX —CRA7OtRXFEBE
ME7 O+ RS

BEBEDSONR7ZIVE=ZU LD E

SRR O R 13T D o E VR W HRT
WA, HEFEIRRTEOBIED S “ilisho - &3 O
BHRLENTWE. oML LT, MADOIFKELE (¥
AF W AWK Y, DMSO,) 58 L Al XD - X
OB EZITo TWA. ALK SBITTHZ L1
TE WS, HHED DMSO, 28T E LTHWS
Z T, W AlEE 100 °CAHEDIRE TEITT 5 2
EDHETH 5.

INF TOBNT Al BUIESERTH - 7228, BHHEIM
BOR)IF LTI VHFIELO VO AR5
s sE, EFEGREAET 5 Al BESENTHETH S &
Z R U7 s 2 mm L7260 585 s Al BT
JEOFHL X 1L, RN, HHE 6N HD LR TI0
D 1LTFICE T Lz, g2 Em i s
THIEIZKD, BT Al OFSSRAHIE L, ek
WAL SN z7z0, AlESSEGIREET 4 L9124k
STeEEZ LN,

&5, KYFL 733 (NH, (CH,CH,NH) H,
n=1~5) ZRRFE LTHOBEEIZOWT, BRT IV
I = DRSS & N2 BT R EHPE B X O
ZRGIRHNEEEE 2 NV R VBRI & o TRz, EORER,
MIZFLYF I3V n=3) % 0.05mol ¥hI L7255
HIZ, wHINCEREER (7 30~100mA cm?) THt
N7V I =y ZENEPHONE Z ERH LN L o
7z,

BNICKDR—S AT IV =D LB DIER

) F 7 A A F VRO IEMERMRRLER D > 7 Yk
EDOBRMIZ AL DA SNTWS, B O Al %40
BAbTE UL, KA T 5720, Biwea v 74
DOYEREDYEEDHIFFTE 5. % 2T, DMSO, 67450 Al
BITEZFIHLC, Al OZFLEAREZIEE T 5 722 ZADR
BEIToTWA, KYAFLrauq T2 sd
723 E v, RETRIOZERUC Al 28T L7221k, KU 2
FLrauf Fe ARG CTHERRETS7ut AL
0, B =Ko U E B0 Al JEOTERRIZKT L
7z,

F7z, K OMEZL Al ZILVEAROER T2 X & L,
DMSO, \CAED KB K & AT ISHERE L 72 IR C
Al 28BN 5 ITEORIET-> T b BITICL D, KiE
P REEET S AR SN, ShEKET5E%
LB A BEBLZENTES.

KR IOLRICKBIEFRRE

ALZEBAT AR SN B KIER T TOLA S % )
U 72 S8R5 R o s 7 o A DRSE 2 1T > T
5O WET TIFbRAKER 70+ 21, i R
F—HEMOTO LR EE R 5. R IR % EHI
B L e DS DO A Z MY 5 2 L ST E B b %
B (7a=)72r7%—) v, oBEROEE, pH B

S 765

X ORI 2 R IS 5 2 & T, M B Rk
RO E HIFL T 5.

(1) Ga##hn ZnO ¥ ¥ F 3 ¥ )L

ITO 12 B EHEMHEL & L T2 Th 368
ELTHIEHEN TV Zn0 OBBEHAM OBIF %217 -
TWwWab, TYEZTKBEREH VA7 X2k >
T, 7 74 THRERIA LI Zn0 HEZ2 S F 2 1)L
WRERDL I ENTE, 51, Zn0 EOMIKIIRL
ZHM, GaliiT¥ ¥ %3 v )b ZnO o Bl i
72, ZOFER, FUSAETIC GaCly 2T 5 2 & T Ga %
BRTS5%EATHIESY F T v )b Zn0 BEHE SN 7.
B O Ga 3 ZnO EOKIIHR IR L /S VWb 0
T02Qcm THo72h, 225 300°C THALHELZ fiid
&, Ga & AaH 25% @ Zn0 JETHADIKBTEK 6.5 x 10
Qcm 235672,

2 7F5—EHTIO, T¥ ¥ % v )L

TiO, &, e, fRBEKRE, v f7uTlL >
Ma=7 A% EOMA RGOSR ENTW 5,
AWFZE T, &8 7V A TR BN RO % T
L72KEH 70t A& - C, 757 —€®M Ti0, T ¥
&3 v VI & BB 2 T ORAL & A T, FEGRE,
FOCETRIERE, pH 2 N2 b s8C, #BELA0%1t
DTN BT T3 2 RAAN SRR R, pH 1.5 ~
5.4, LEE 70 ~ 80 °CIZH VT, SrTIO, Hiff MR Fi2 7
F & —¥ERITIO, BT ¥ 3 v VkET 5 2 &8
HoENERoT72.

=ERTIT 4+ b w ISR DER

7+ b=y 7L, PREITERO RN 5 %
D NTHET, S5t BAEICH T X 21
HELOHLWEHETH S, 7 Ly b=
A s TNNA ZANOIHE HIB L, Je#= i 7210 ¢, &
LSO EN 7+ oy IR R AR SO
ZDBZICHD HATWS., ZO/EEED—o & LT, 2
oA FiimET oy 7L— b ELTHY, TOZ%R% Zn0
THRELE, 7 7 L— N WRRET A2 8T, an
4 PO R EEZ DD Zn0 255 5 =KICT + b
=y kR RS T Ot ADFEEITo TV A,

Yo
HEHAZ

g 1)
ST

2um

B ZnO =Xkt 7 + b= 7 i SEM %
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THRVEFRER TV F— IR

IXIF—ICRA7OtRXSEHEE
7O+ X#(LE 95

BARETIVZERAWVE
Ca,Si0,-Ca;P,0; BEBFR D DEEDE R

1. #8

WL 25 7 DIEARTH S Ca0-Si0,P,0-FeO %
2BV, ) PO, 1% Ca,Si0,-Ca,P,0, &k (<C,S5-
C,P>ss) HICHHE &N, <C,S-CyP>ss DA HH$HE, P,O; D
BEERERER <C,S-C,P>ss LA A 7 7 OTH51) v 45 HL
WA shTcwnsd, Kl@IR L7z 1573K I2BIT 5
Ca0-Si0,-P,0; AIRFEXIC X X, <C,S-CyP>ss 28 CaO
&S B HEAHEAET B, RIFFETIIBY v 25 7D
BALAERAT %2 HIISBERE TV & T <C,S-CP>ss 1
DRSFERE R L7z
2. BFEFIVICKBEESE

X1 (b) I27R 34 oo RN LU, o -C,S & a-CyP
DO CRHRBEERAER T 5. EEARTTIE “CaSi0,” &
“(1/2)Ca;P,05" DV 2 L% %, iR ¥V & KT
FZL

Y=2ncyp/(cos+ 2 ncsp) )
2T g B RF OB | OBV E TR, B
ERERE 7V R 3, e BEERE @ o -C,S,
a-C3P) RTINS,

RTInacs=AG%(C,S)+RTIn (1-Y)+Q Y* ©

RTInacp=AG%(C;P)+2RTInY+2Q2(1-Y)? (3
AG® VIAERED T 3V £ —21k, QA ENER /<
A—=FTHY, CaSi0, DEALFT— % B LT Ca,SiO;+
Ca,Si0,+<C,S-C;P>ss ZAHILAFHIRIZ BT 5 1573K T
DB apap; = -25.63% VT, 1573KIZBIT A iz sk
7z,

AG,(C,S) /K] mol" = 1.13 @

AG®°,(C,P) /K] mol” = 0.21 £ 0.21 6)

Q/KJ mol" =5.74 + 0.12 ©)
3. &R - BZE

H1(@) 2R & 9 12<C,S-CyPoss (ALK & 1) HAi5
5 [HAY Ca,Si0,, CaO, CaP,0, EZALT 5. The#

PU

&L T Ca0,Si0,,P,0; Oifite & Kb 724 R %2 X1 (), (d)
2R, Ca0 & 459 5 <C,S-C;P>ss T Ca0 &1
1THY, CP OEEAHINT 513 L PO, it B4,
Si0, IHEIHE T L7z, F72 Ca,P,0, & Ca,P,0 OfEHEA:
B H BT AR OV F—224Eh 5, Ca0+CaP,0g+ Ca,P,Si0),
“HHAFEUE, Ca,P,04+CayP,05 “AHHIAFHBE T D P,O;
WHEIIZNEN-25.18, 23.66 L KD BN, AWFEDOEH
HIEI NS DML BALENITIE L o7z

deE RN

()

NN\ <C38-C3P>ss

C24P109
CazSiO4 é b Ca3P208
(b)
a-CsS ! - o-C3P
1673 /N M\
< I\ 1743K
o 1573 i CAELEEE
1473 i L | = -
1'-C28 Q = .
& @
1273 / 2l | & —
L ; < |
@
] | © f |
(© LT T T T T T T
S -0.1 |- —
é) 1573K —
02 H L
&
= o3k He e i
Y0/ A | Of .:L o': ] L
(@ T T gy T
46k 157K = & H 24
Q © P N
- P ih— @
N i : .
g 48k P0s 15 S
s - £
S | | =
2 T 2
5.0 — 26
[ e ]
52 TR 1 | | i | 1 27
0 0.2 0.4 0.6 0.8 1.0
Ca,SiOy 2nCq3P,04 CazP,0s3

" BCasSiogt+ 2nCazPr08

1 (@CaOTHRIEEICB T 5 1573 K T D Ca0-Si0,-
P,0, = JCR&mbr
(b)Ca,Si0 -Ca,P,0, #t - ICRIRAEX
©1573K I2B1F % CaO Oif=:
d1573K (2B1F 5 Si0, & PO, Difi



w

4% 65 20134F10H Ko OHE i 767

F 25 FEKEE LB

OH BF P25 6 158 (1) 11:00-16: 30
= 1B AT 6 Tl L U AR AR

6A 158 (1) [CERLEFEKESASDBEESNK Ul FRICIFTZECSEDOHBESE—HREL
SUIC1B3BZEICTMREBINTDORRAY—RBR, FEISITEAFRSAKREICCERR, Bx, 55
FESMTONF U, FRIORTRICE30REL, BRAICIIE8H, #i - KREBERICI85RIFL
DHLZDEHRZWVCIEET U MEEXDBDEBBRAEN 3RIF L, Hx - HRIFEERF20R(IFEDIEINT
Uiz

BEMAEBNORRY —RREEBRIGENN 1 KEITON/C%R. BREAFERSEEREOEBETRN—IU
MICTERRDFESNE U, MRR—BBEDT=DH LT, BHIRRRO®KE D, #_ERE—RREE
[CEMDCHRFEZVCIEEFT UL, LES<EEOENRWLCRIC, EREDEETD SOESHET
P, RFEEBBEE U CBHEICE o TlUB S ANDIERBEZELE, MKza< & UICSFEROF, BREsLH
BOBaDEEEBICEREDDBITHKT LE UL, 0%, RBICTCERIIERENTONE UL

EERN—ILISEICREZE U, GRZEROEROD EBHARRKID EH24FEDERHRSE
SUCHREHRE, VBB (REHESERE) KDBEERENLIN, LWIFNEERINF L. LT
TEREHZE(ICLD, iIaRICHBKLBENERSN/CR, HaRMBRETN, HEREZEZR/NSNFL
fo. TD%, UTD2H4DORREEMTONE U, HRlEBEOARGF, XaER#@EE U CASEICEHRL
RIEVWTHEDFEIDT, FHHllFZHE5ZTETREL.

[RK - FBCRARLIE —KEXRZEHERLT—]
ORZMEREFE LYY — RSUY—FIVYILT 4T
FE - K
[TXRILF—Hia CRENR]
BEAR HE U B= K

KEEIF, 6F148 () [CREXZIFEOCSHEOLUBERFRALIEBICCHRESNDFECT.
BEOoCOCEMZB/TBLTHDHEHT.



768

3
#5*

2 7

EEEECT

[ e e

o B SR S

P e g e e e e e




2% 67 20134E10H] K i

] R ——— == -3 | =
lqzaz:-rsﬁm?: KIBEAS
TYTVIVITeTYYY “

p-
=

EFEH:+3;IE§ KBS ';

o “l‘!‘!r"’!]ﬁ-w* -




770

3

1. X&BafE

= ERE245F6H2H (1)
= TE65HE 1675 %=E:
HEEBNRREI—RBTR
= BEEREREEE:
R HFRIEER. BRS

. [

FRNB RIS S
THHNE
R & pl &
# A IF NG

§ g 8qf

| S

i 0 &

£ #

2= 0t

RK-ERTFANCL
KEKPEHBRLT



H24% 565 20134E10H KR

& Gk 771

FRLAFEKEAR RS

P25 3 H31HBIE
I A b H
T AT AR 4 6,322,350 | SEEFEIRIA (BERR - B6E - BRuskA)
= # 3,353,977 24% 5 %5 1,755,932
SBIA R (BURRALA) GLERAT  24%E11H R 3,015,404
24% 57 426,275 KR ® (2446 H 2 H) 1,254,696
LIRS R (BURRALA) MIERRARE (F—2R—YR&E) 137,802
244E11 A MK 284,175 RS ERE 115,000
% % 5 b 1,467,992 O
& bk 5,090 (B)F - BBl - JRAFEED) 268,655
KIES R AP 245,000 Ly YN ¢ 769,000
TH 4 Fl 2 1,303 B - CH - a2 94,804
7 ¥ 7,000 BRAEILT VoS4 MR 143,300
24 AR IR 10,500
Z Db 1,840
0w oA & G 12,113,1621 | /h At 7,566,933
RAEEN DR 4x 4,546,229
FREoE ) SEEHEESR L 5. MR gUT 84 1,014,779
Fk254 6 H15H HUT T4 3,500,000
K[EtEEFE W A 1 B AE PR T 4 3,380
VLo HiEZ SwE A, T HH & 28,070
Fathd (Ef) 55 W ¥ X om & 12,113,162




772

5

P NIEE T
SN

KR, HAERD Y » 7 A7 Y #ILTh o 7o
SR SEZERT R SEIL OKIE 3 4E~FRAISS4E) 1S9 %
flizeDiliFE T LOLDOTH LY. MEORFIERK
1Z, BAFI264EICSRILAER 2 SKBESIC AR L, FAEE
FRCHE, RASELCTHL - $REEICRI) S iz, G1RM%E,
REFITORGFRERZ O LAEOREL KO SN
B, eSO ME RET A2 L%, PH23FICE
JUETR S22, 20, FARO REHT-KASTAD
HERME, VIR GUIRES SR, AR
(B & AG OB - fEIR), INARBEEIR (K2 x v ¥
) —ER) ICHREOH A MRS I, P24 B ITTIAT
L7.

DAEOFERL, T < 1&, 7 ~ 8 AL OHATEHIESR
DFENII & 16~ 17 A AT 0 0 T3 TR b 52 e 0T 12 28
PSR 20 2 72 2 Wb TW A 2S, Hsis L
WERTHDY VT AT UHRFRINI=DIL, S0
AL % 327 DIEHER R O WIR204E LR T d - 729,

FEELAE R, 58 KM ORI AR R 1,200 ¢ (252
L, #EBORENNC—IERIZ L2 00, 1970448
FBATIE 2,000t ZHAZTWD. LA LAEDS, 20, M
ER N R B R LT DAL & OB DR
1k, & SIIIFEBHE R EOENTEBILINARAIRE
WFER L, 19504F 124621330 (E3E H $167,807
N) ThHo8mEnE, 19804FI2IZ59FH T (TR
$8,295 ) ICEFTHA LA (B1)Y.

BtofhE 3wz, Zok) RERINLED <5k
LWERBRE Y > 7 A7 LB BISCld o7z, Wi
ORFERIZHAROERIIIOFRE ZRIZED L B
i - FRILHAT OWHEE B2 A5 b KBS OBSE DK
BT N SO o 1 SR (M GAV AR Y 5 S

Ao IELDIZ) 1F, RERO®BME, [HERD 2V
BHF126, 274F, “& 510" IZELWREREEILIC, 21355
Frgl oIk L, Siil & ST EL, shil e BTk
VD) BRATE2, FORBIINAH 2 ) L
L, KL T HBEII25EMED. A IMEEW Tk
0% MZ 72 JE VI NETIHE Y, [Z T E -2
&, RASLILOFEE D HIHRE TO—4, L) Z &8
TE L), | L)k THOBEON TS, BRI, K
HOZFET O S, LEMAEEICRELEEH
DEFRDMHETH 5.

B5 ¥, 4145— Y ORI, iE2SEILE TS
FLILOBIHREL, HEVIIEFZEHICL4I
X% THRCHER S, MIREOIRIL - $RI5 - BPLBROG

EpZE]
120,000

{- 100,000

[ 80,000

60,000

[ 40,000

ERIMER XN

L 20,000

113 \"\
. T

71 73 75 77 79 81 83 85 87 89 91 93 95 97 99 2000

X1 @Rl 7T 7 - ) L SRILLORAE
R (it 77 - ) o

e
T
% ;‘:\ ¥ P
‘ B /R e
' b e .
.

o
o~

>

vl A

1 —

T E1 HEUEBEIIREL A

W7 EHEER O CBHIRMA S, HEoRT-eH LN 04
B0, B L Vo o HEEGORTFICES T, 5%
LR IZHERGFRE 2o T 5.

B, A UK S O R L, RIS 2 32
B OA 6 MOF LA S, e L TR
DY Y TAT Y -8 MORRNRDOI6DY v T IVEE
AT —TEWEN TN 5.

ATRFGLT DA, TR0 T, A% (3,000
[ &3k (350M) DEBETOMM & %o TS,

(i pesT 7L)
T621-0037  HURBIT A kel v P EE P T BE 454 11140
DbaagkeE]  REAT
TEL : 0771-23-2072

2 Z X ®

1) AEREELSE: 8511 ,63,[1],33,(2013)

2) KMEE&EE (&) |, 24,[51,699,(2012)

3) /NBEFE: HARGL I OWFTE, 5 Ik 35 )5 3-8, (1968)
4) KIPEKE &S H A D1004,132-138,(2006)



$24% W65 20134E10H X i

FERERDITERS

WEAERED DI AFE 2 M BROFAEREE LTERS
Z Lol BRTAEROZAN, BARTER - BT
FR(EBITABREIRER) CRHE S b4 & —
A [HIRT 2R o5 & U CTASL, 3 AR AR AL
T TRBEERE 52\, 22T, i b G T Ik
KR ERFEREHAITH  ~ETOBY HHAEIER

7wz E~] LT, 4H20H (+) IZHHF v 232

FHE3 YARKEIRE

2 i 773

HRSEREME LS 2 SO S 21T - 72, 2AERE
2%, VR—MEOBENSY, HFOB4A%, HETHD
BRBABDOBIMEH D 1, 30RERTHEOE T-0BIC X 2 i
MEEFAED S O LB & Ht X, BASLERA
ZRLAGHSBBOMM & % o 72, KIS 513, HiEk
B ATIsEIT o A At t (H145585) 22 S AL
RS 2 W LB O S TN D - 2. RIIKBEOWIE
RIS RO THIR 2 2RO, #T L7z Zofl
T893 5 %, BT A TFETH 5.
OKBESZESBIY  (LHRIL)

FE2 BB




774 =

BREREREBNNESEE

OV 6 BN TH A OB Z I E
LT, BA2AEICB T E N, RAEICh2 DR THAL T
RFELAGHEERE 1L 20MYBshp 2Ll F
L7z (BE1). ERFETBOLOMED ORIE, 4Tl
DFHETHDL L2, BROREAIFFHIEL N
F L7 Zol, IGaSHR, sl Ly, &iELEH,
Z U CTHER LRI L5 0 — R L HE AR ) b
D F L7, BELHEMEOEMEIHOIZLA LRI
LOWRTHERINTRE Lz, #RBICr 2B
EBRLOREED LI L LELET

WE, HFHRZE LT 20 oDy — %
BB LETE - - - BWIIMIT S h 7Rz 3R
FTLoTAZET L LW IR, ROER)ICR 572
M, ERERHIARICE S SNDL T L 5L Do Taht
BnFE§. F72, MO THHT 2 NIEFEZ 0Bidsh
ML L BT A 2 A2, LiE LB DSHEE
DFIV- T, FHEEZFLET L2 L1200 F Lz FEHM
A CIOHEEBRSAMO F 7%, BFRCRX 2488
EAYEE, N7 BICHE ) BUL CilggE R i Mo BT
DHWTLE) ZEDPLIELEDR Y F L. T it

RETH o7, ERFEHHREICAB T HEITRE
BTVy vy —%b 2 F L R20ERNI KRB OWIEG

BEE1 HEHEEDVD D EEOHE

He

PSR E SN DA E COMBERIL, BIIALELB L £
BEHZTHEVIRLWIRIICH D T L2 KR8 H
DOREFBEARTIE, A HH L X R TLZ
BEEEEARE SN T 513, SEIRZDE—Y -0y
W E SN FEE LY, BEMEOBELTIINE R
FECRET DL ENEEITROONT L kst
DY 5Ty 7 BHBMOBHE S % ok,
WRENICH T APRALTRENRL, BUHTOICK
EEHF LD T L2 BEIFI— AT, 20
X9 HhHBEREOME N A —D—DWFE L, WEEEERIC
R7 ) 72U LB T, o & HIEAHRC A L%
WREB IR ST EME L E L7z 7272, TORGIERZE
DI NS EMICR S L, #HDTFHLTWTETA
TL W ODOMENERH -7z 813wz, HEAMIZE
S TRBEDEVEBTH > THEN LT, 4085
HEDWEIZIIREDOKE SOFHRETL. HHRE
XF L7
DX HITEZEA, BEOMFITRER W IR VR
FEOPNEN LA, 7HI6H (K) ICEBIOEIRT %2
— AR BINHEE 1 Tt Lok, B LY a—
AYECHRABEA NN LE L7 (BRL2). B
DOERHICED LT, INSDFEIGHHRE RSN
REWEP LBV ENZY > NFICR D F LAH3EN
T7.
CNTER, JREFEE 3R)

LA 1 R T T — 2B




2% 67 20134E10H] K i

& ik 775

X HEWE

BEBI28F (FHl) [ZNA\&] AES

Feh, WHI2RE GHrfl) o X v N—13F4E I,
HTEAEZEHOTHE L2 [THiEReo THIRY TR
Bi% ] &) RS 1, 2445 5 HIZH)G Y CTHES
& FE L7

LT RBUCIINR S, A, R, I8, SEM<E, Ik L,
Ao 6 AothE D F L2

BEEN O [HEE] (1) OIHARFEDOL A T v

S — i

(97505 —=T - Fv - ¥5 45 ] THEH, Hirx
HLELL

P 7E7 T VATEITL, i EDIIRE Y F IV
J—=X] D37 =FTY] THHEEZ B, HFED
ERLWT 7 ZARBICERE L L7,

ZO%, [TENFERE] 2B L, [RRWEEE] &
DRIFHENRDOLFE AT L, B LWV E o,
FRREOREEZE I CATEIRTHH L £ L.

ORFy 70

FAn il R, 9, JRL, ZERSE, ARR

4




776 =

—tohEE

FRI2TAEOHLIN AR AR A4 TR T 2 00 &
T79.

A UIN—EHE AW L TISHICR ) F L2 456
H12~13B A NE LRI TH0m oK% L £
L7z S 2106 3 AAEmfit LT 0 9. Linid e
BB LIRS T LIRS, A BN, AR I3RS
IH/EVEENKLWELETLZ:, L LA AELRDTS
b, ALRDIZELVW—FZIETEHIENTETER
ol BnET,

HIE L7220 RED 2 L2055, RHslbLL 2w
O TR % S KIEE B3R SNTW S A
A TETWDDIIMIHED 720 L 13TV A SRS
<.

IR I RO BEER L b Wb, WZWENSRO

BIVED SFILRAN, 6, AHFA
HIFAE7 SN, Rk

, WHEIA, AL, FHil, Ak

He

AIE DR FRHIZ— R S WEE L7z & v ) Wil ¢
T SO [72b 5% ] 1ZHIZES00F, Y - ZRHE3T
HE W) BT

TEAERN IO 7P T e B5ERS, LEHD
BEH T AN, WEOEMZ THEE LS,

N DB Uk RS A
NI R WD T T LIROLE
VNS aea ETE TN 3 viRvAy
NI

BHOFEZ RN 2L £, GEEFIAES 510,
BT, @I HFIERA, A, RN, BHIA
AL, H, AMROFERE T

(G T Y

.
e




§24% #5675 20134E10H P/

BIFETHHEEM 49 FEERES

SERE254FE 6 A15H (1), RUERS E R Rit &
T DO NTKIBEREN A b TR T RHIEHI49E 7
DOREE% 7z, A OILARRE =3 (R S50
HiZ) BT AN F G L RRFRR] L, R
119 LD L TREMAMEEJLOIZDDOTH S, BT
b o 7z, FERMCOIARE LH— A & 138 2 0

HKARAERGHAR SIS T P25 6 H15H

5

AL w

VIR D DT, BN —FRVIESEZ 2T 7z,

TREE L THEOENLE[~0D | THEZMEIT 2
HIS DIV % Bt L 72, ST IR A%E L, 2
MBI 723 727230, Bd THRAE CER264E 6 H14H
() KRB ZH Z LicguE Lz, RS ICE» N
TREDICTFEICANTBWCHE 72 BEHGEH L [
9.

(R4 HIR TA7pk e WiRih wd)

{i

feart  wE (@RI , N, A, #E, bk

[Pl 12T
fehs sk, M, #§E, Hk




778 =

RiBKES

[ X T 5 2 X B OBIEZ XS 9 | & 5 4
BRI - KB (S3OAR) Al B - Bkt
A (SMAR) SHMAL, EAESIE - HHEE (SI8AR)
PREMFEANL 25T, K- B SMIHEAEEED,
20084EHI204E 5 0 ISHUI KR 2 BHE S L2 20
o, HAERMELTBY, HRAKE6IMHZ 9/ 7 128 Hilk
& RIS TEE L £ Lz, 444135650
KRRV, BT RIGE Y, EEERIEEOM
G [T R SR OBy | & e &, el bR
2RI TEBBAREITY, KEOREINTS I LHTE

He

F L7

BUE, WS ENS L T b il di
SALERHG, F 1 RBBOWEZRTTB Y 9. 5, Ik
B, fCEE T 2 KBS HO e Rl LTBY
F 95, A TOHITHEEIATE IS TEB Y FRHA.RE
VI, ZINTH 2 2B 0 J51%, Tad $ TR THIT sk
EEIS) FE7 Mo AR E ) RE, MENS LD
F9.

JAEIE | yu-yasuda@wh.commufa.jp
(W e

K 3 AE SEER)




H24% 565 20134E10H Y/

18 &%

FRIASAEIm R A SE AR P25 9 H 28 H () 1233k
WOFEMBET TR THMLE L. (X &ML E
7)) Fa O, KFEGFOMP T, RO AL,
FEEIRRIC S H N TOAFERER, AFK DXL oo
722l H 0, B LEH AT, ZEA-L T3S
H£HLT L

POERNORBE 2B E, HETHEINTWIF4bw
T KPP B 2B &, R OEZONEEZHELA
TWIE T,

14 1 00~15 : 00IZ FFFEEIZIC & % &R RS FL 0L BO
ZHHA, 15 1 00~17 1 00VE FIHMF, SEHE, 7R, STRERT,

/> =
E

s 779

BN B L, e oiizes SHiiE $ L7z, 24
GIEA B T4 FH X T, HLA LR 7o 78
TLEID, FEHFDOTHMC LA L 7 R 72N L
THEMEI A EVREICR - TLE o kil
L7-.

ZOtk, Bk NEREL ] \IEERL, e %
RRATRBEZHMEL, HEZRDKWIZFELEY Eo
D F L7z, YHOBINIFOIRERT O ks [HE ] T, &
 F THEEIZ % > TOMALHE & MK TIER Y OFE
BRI D F L7z

R D 5 F BUFHEN 272070 EH1C 2 0%
DL L P E S,

e o

FE—)




780 = Hh
4 N
a0 o= =
= B & [ W
PRI AR A~DRERDE 21, BROJ 45 5% DRSS
ERBEATRE L oI 2o— e R LES. 2B CEAELD
OB ERA B RS b HH T L EBIID WL ET
/

EB FEEIEAE3H) 3HICHUF IR EFLA T
RTY. %K WK - R DE =R BT
THOFEZFRF->TWET.

HIIR  HEE(RI64E12H)  mill THATHEE <, 45
K EBRERSEA: & 13 5 /200 =it AR A THB AW R
LEBoTWET.

HE BBABRGHES, WR17) BETIHERTHLTWET.
DG DOERE) Y + —F ¥ Z 2 HTTWET. NMC
DIEH OBEEDS, Me—DAHIZZR ) F L7

=% #ekGG4, WRISE9IH) AL fEmE 3 AL
DR LWIRY T2, FEOFIITTRIZEEbNZD
Sl oTHATILTCWEY

BA BEWE ) oo, BiEihid
A RENHTY.

=18 R, 2D 904124 ) F L7z AE4 I
FTAICLTB Y, F, RITEEELATHET
KE BZ@EL, H2D) SRS RELET. %D
DOEEE L TVWET.

A ROEEE WD WEMEHTRICHE LTV E
FTHBHFICTF = AZELATHET ERICLALL.
BEE —HEBGAL, H2D) MECTAABTY DS Ak
PIEATHLTEY 3. REOITEEEHY T
AGE KBBGEIL, H22)  BIE, B ABRMERERZ AT LT
BHET.

E EERL, BE22) R EECATTIR LR
ALY HoTWET. A AL L—T 540
hHY £7.

FH OTERGARE, M22)  AELK66E, MFILE < 2 0
0. BEFOMEHEE BB L LT

KA EGEE, B2 BUNMITLTEY 9295
AICBILTBY 9.

=8 XR@L, WH23)  FRRAEEMEE 2 1 AED £
L7z, FAHBEEEAICITERTB Y £37. M2 1,2 ml
ALY OFHRNIEE 2HHIZ EFVTnET

=i AB0HE WH23) W) 2 TERAIREINC R
DFELA 77y 7 =122 HITE, HENDODRE L AR A
WELTWETZOETY.

&0 FEGESE W) MEDSTEHOTA N7 A

THBEE) ZMFIIV T 0igEE LTwET

R EZBEBIRIL, MH24) P44 3 H, RofEF Vw0
<Y va v TRELZKEIGEBLE LS, $374<
FKTET, BhERBWlEZR) L7

[EE EARQGHEE 24 HAMEROBAEIBEFFHT
N, BEHEMROME, TIEII R 0 £9. WERK, 7= % 7= T
WZHAE Lo (B8 Imm, 1) 2584, i
YL F L7z, ENhoPERV B LZBIETToL
25, HRRHIEIIE R, RlIID TRIF, &b
T OFERFTIEEUSHATRBUE, Y a—ba—z2oaL
TR AR ERELATOE Y. BT REIZE A
PICKYPE V) e HE D> THREHRLET.
T8 GRS H24) HAROEDEED 720, w5
ST TOHBEMOMIEOLEEERELTBY £
T KR4 OMFERANEH L ET.

B e (ha 1H25) e iRl Tl 9.
FA  BOEE W25 86k SEIRAMER IR
OHFETYT. TONERL R THRAZEBNE T,
] BRI, WH26) NPOMEN Bkt s %
PRG54 1 IR LT L7z,

= @R, WH26) JSAERCL E L 2ERRATZEAS 3
TAERGE LTI A R F L mEOENFICH
FTAMEICREAT200H0) F9. BH - =ALF
—ROBEILF 24 RMLLTVET. L9040
T CREE BV LHITET

Mk F@RL, WE26) REREFRIIMED
BHEAEXTBY ¥
At #n% (Bl #326)
S REBGAR4, WH26) JCAICHLTED 7

RE =f@L, WE27) KESOWAOTHEEH -
TWET. BHEESIELTBY 7.

HAE FREL, WE27)  HEAEIE 2D 2w
WETHILTBY £9. My L&l 2 EOBMKRDORIC
H 5 EHET BIEPEDOATY LTWET.

WSO LIFET.

B R=0h4 127 ZEGURIERH O RLEIRTE %
115 T CHHEIE60%. 723, F0THEBE A S
HERE LT HoWRORNE ML T, KPR, Bk

BTN ISR > TR ET.



H24% 565 20134E10H KR

NEFTLTBYET.
FE ERGARE W27
HEE MBI, Hi28)
HEE27OLATHWET
ZoH AT @RI, E28)  Z oz FBE L, RS
X FR AL TR S 2T TR TS BRIl
BUDPELATT. (THLIFEHKIEA.)

el RBEEGRL, WE28) TR TR AR LA ARL
ZLTBLET

BT L, 1E28)
THREEHZTBY T
EH OERGES HR) MESEBHIIVALET
EH EEGES, H28) ZALIEHIHLTVWET.
FHICHANRL 2B LKLY, Bzt
BRO ZRFETLEEND 7

AN =R0ARE W2 BBEHT Thibilmkicwy
72LTBY ETH, RN ERDS, BAhi#EOH % %%
S>THBYET. BEEH->TVET.

= EGAE 2B BIEEERL TR T35
Hco & (86F) RIESETWZE T,

W Bs0E4E WH22R) PEERO-OKE S Tl& T
T HEROBEOFOT) E HUNTE L Y BEIEA D 222
DET. ERcEALL.

R BOEE W29 AFEZEMISICEE RS R
ZEDBLVTTY, LRICLTBY 5

R FDAGSE W20 HH, BEzEKRLTET.
Tl BOARS WH29)  TRBNE 2 Bbe sk d
EIZEZONFEAN? KELHMIED, VF-T
AREIEVIEHR L L AN F L FoBNIEmRIC
Ro5TWVET,

KRAR BEROAESE WH29) NTHEBZBE, LHOFERZ
HET 2128108z OEAE A LD S IEH
TT. LTV i, TA VY a— M BEFVIT LT 7 —D
WL AT BBENRITTVET. KBSKED THES
BHOHLET.

NS B—(H4 TH29) WAEBIARORE. LTz
Z, 2D 2~ 34, #k® Home Coming Day (21K i
THF Y URAZHNDLDEEFOE L AL TVWET
R ZABGES W29 TOESTEST, o Ll
LTBIEE o7 e L T, 28 Se 7 o
FENLOhFEA.
B Th(E4, 1E29)
DET.

EE ESEBELIL, W30) @megkFadz, (T
7) MatlcEad b2 icLTnEd.

L ORRRE (LI, BH30)  IBMEREREREICINE S TwET
A5, AERT ORI P IBRTFANR D, fERL s 2 L2

O AT Y 5
TRTED ) TEAPKTHR

85 T AT — e

TEERCLTBD £7. X2

& Gk 781

ITRICHL T ET. SREOBREENEL TV ET.
=dm FwAGRIL, 30) P R, TvT, AIA T
72 ETLRATBIRIE 2 DTG 2 %> T E T,

EN BRI, H30) FerEr BB LESD, kA
EMTRICLTBY £

{ziE SFERGHS, BE30) &4 HalomH Go¥iie) ©
FOROL, H - RUE R T DT L oo RIS
RELEYTY.

B &E— Gad, 1H30)
A

ME XKL FE3D  SFICE, R cle 2y
P AAENIVEZEE > B S RWVIRGE.

I BREGARS 3D mRICLTWETH, SFIER
JESECTHE T 9. HIXEANS etc D

RE  BAGAEE. W31 81HIT% Y F L72AMl s 2t
AWML TBY FT.

FE2 k(64 WD BEBEECEIEITRCHEEL
TBOET. KA - AMAEHNT? HMER LA ST
L2 EHE, FARKREEOLTLH) T

BT (GRS W3 AEiaVKIEE A EOR O
SN EIICRY, HMEELCHET.

e BAT@RL, H32) REIABEHR TR SE T
7ZEET.

BRI 1B (h4, WH33) BEFETTATENZHIL
TWEY. 3HE () FEAEDERDITAT, 4Ok
FASEECTHEREIT) PEICLTWET. SH%ILN
KIEZ DA DFRBEEFLELTVET.

IR RGARE 33 ZORUE, INEEDRIERED -
DYFRAAHTTA, HHESCHIELTBY T
WA EX (G4, H33) S0 L80FaMi v
L7225, N DICHAETY. & 2A7T, [HBae] &
W KT R 2. ek LT A

B ZE=@L, B3 swRICEHEE R Z LW E T
mE EZGRE, M3 KEEKRESITHE L TAZW
ERVODOREEICTH S TV ERA. FEHZ#ELCR
IHMZCTEFE L

X8 RIEGKIL, H35) W76FICh-722 2ATY. 9
KHED S 2BWFO LUONWDH Y 38, Fhioksk
Tk BnET.

HER 1EH#E SEiL, #E35)  SRILERH9604E 1L, 20134E5H
17H, BORBRA 7 4 ZZHEM L, # T o3 clRy)
&M, ERLE DR - AR - L - B - sl B
T DR - RRE AR - AE - BRF - ORH - BAT K
R - AV MR, R 6 N, T, FERIIA S MED B A
H0, EH LMY 2 HMEHFOE

KHE  JohE B, BH35) BERRCTREZR {EHFTAZ
FL7

AERASBAZ D E Bk &



782 =

BHF K (BE WEH) TR/ TR-oTwET.

I HBAGHE, HE3) TESEBIIDHELTBY £
=8 BEHEGRIL, B36) v F—EH. kik BRE K
%% E I ENJOY LT,

FH E— GRS 11636)  [EEF ] oo )T, MEE
RIZY =T — ka2 B L F L7z, BIEOBHMITT
FFFEFILRICLTF T

HRE MEQEE H36) DUAEHFEREZELTWET,
H 4 T5UICE T S THEHWTE ) 7.

A & (E4, 1H36)  BUE RN S—F 0 Uil
ETENTEHE TRAO BRI 2 EH D S 1ED ST
WLIKN GO THTFLRORESETHE T, Aldi
XANO/NISARHEES) - BHILEE) 2 & &2 4T > TR E 3%
RIFRICE 2RSS X ) #Il ST 2 IRETT.
REE BB @RI, IH37) AR & 13, RO ETRICT
FusOMK ORI EROTNET.

i RGN, WE37) MBI NHK #FE (ME kL
Ly EHELEYRETT.

[FH &E@LL, H37) BEMKTICRICEBLTHWET.
AATHFICRYE LD, Bbbe Ko y—LLTT
EDBLELART VT AT TBHLTIERED S
TWET.

BB @R, FH37) PREELGHZR->ThE
T Lo L, BHARKRER R FFE GG A LS oI
WEZLRLT, BLVWEWTT.

BB EGRE W) TuroRRrLATHE
9" URLhttp://bloggoonejp/snawata [THFIVy HAGE &
PFROEME 2 &b E]

ZE O EGRE W39 DAV EERYDOANEZRL
ATBY 9. BEREEERITAETT.

AT BCGEE B0 HF, Xpk Didz2ic#L v
W7D fhag .

HEE BB CRUE, 1H40)  FESHIGTRRBL M O IRIE & &
WA Ny v MR TWET.

2A EBERCHIE, H40) AFERDISTERICLTEY 7.
MHHX OB LR L R TBY £, KESAED
RESEAELTBY 9.

=% FHREE. B0 BRI TIEAICELTBED

e

FE BRCEN HAD  M5ELH ) 3. L ek
IZRoTnET.

T ERERE, H4) 6lOTFEH T 72K D
AATIVERICAD L7z T—DBWiEEEARDD
FTWET.

Il FTHR AR, ) EAERR L 10D E L7
e, SEBRPITH TR M I T 5
NE L ERGES WD) BESTIfFLThE T

#

FOHE GRS B4 &Lz LTHELIRS
TBY T

e EEGRE W4 b9 1AEREEY £9.
KE SEREEE W) HWHEEIC6 HTlE#FT
LEw/zLE L SRR B ARV &
AR Sl

BHF FRAGE, D) SIEROR 2 X4 R IE
LBA=1) Y7 - )R NDH Y, Biiiam, BROFHEW
HNETE. GAEIISCE TR 7 5 v 7| %56, Bk Tw
5—iAkATIE [ OFE.

EH BRI M42) HAORMNbFFEE L2
fif & IR > TBY 9.

o HERCEIR, WH42)  KIESBIMEREICIE, 25K -
HFFATRE RV RIEW2LET. 28RN REVG
FE2yAPTTL Y I —TIRITL T L7225 Sl
ZOIEEHILE, RI1ID 25 AH0HTTH S
TETY. TR IZENDREDF ¥ L I TT.
HOEE  HEE (A4, W42)  WRA4MRR AR - BB
DEFANTRICHEL, 11% (—ANIAEB L) —ME
E) oz 0 E, BHEEAERRITR - 7280 TR LW
2 Fpogids iRk L72.

e ERRGAE, W42) 1he (M%) A TR %
HFoTHBY T HGUEEOFICRONTE Y 325
FEREMA S A B> T, BRCIETV 7 3 LA
TBEY EF. FHTOEY ZIRY T L7275, FERAOH
KRGz WEH ORORRICHEHICENLTB Y £7.

H#R XEGEE, BB42) tRIGELTEY £

Z) ERBCE, B43)  7/4 PM 2 Wi~ SEiCr s
FRSEA v o L X1, 7/27 PM 1 i~ @A vE— 1T
IR H R KPR 2 R TR ) £ 5. Wi TIER
T EaEVWEELTET.

2R EMGESE 1H43) MRk cBlikikbih. £< o
HAEHT L L EDIT, FHRFOT T P
#. RFEOT 7 v FhEMEFN ESE5 X ) TR Y
FLx).

s FTRGRE, W43 B2FERk% Bon#ESsdd
D, FIEEFMOEAENTLADS, HHAKZER DS
1, BESOZRIARIC R Y F Lz b - BROFEES
LI 2 057000, EATHEH-TVWET,

B OEHCEHE B44) 4 A0S PSR
TR e LTS T2 8ic ) T L2 RS
Wi, BATREERZRE 6 R HZHY L 5.

tE REGES, HE44) KBS IWEREEZ BHD LT
WETL L IIRED T 4 GERIGEITZER) L35 L
Ty H-o>TWE9. Thanks!

BEE BG4S W4 SHADPSPLWSLVEIFICE
WL F L72As Lam Rt ot FafEil T d.



H24% 565 20134E10H Ko

272 FORE W) 6 /151FERMNIE 2 P58 TRIE
ER D FF. WEERFD, THRO—MOAIETY. FHED
ERHLTVET.

B EALGHE B Basdh ), STl 9
Nt B (S)E, BH44) KEOBESEHiaL TnET.
W3O HIORIZTHARECELTVET.
SH ERGG4S, WR45) ot B4 HiE 6 Hogais
BIEL, SHBAZRELATEY 9.

g —H#EGE4:, H45) KRBT ENE SifsE
DOfgE & X Bk L v X OREINEN Lk oWt % 5
KTIF->THY 7.
HE (SR, 1645)
WOTHBELT I,
A ERCEUE, 1H46)
T FESENTT

2@ WA WE46)  20114F 4 HIZERAAMHLZ JEIK
L, W74 REEBEL D=7 v 7 TiiEh Ty,
Rt IERCEIER, WH46) SEEBAESERICAD, 47
— DEREITIEED GRS 52—, 15 H OBHGEHLERA
W LA LT F T HohiiokicBigh s, K9 v 74
TiGEE A4 v o AT

LB 8BRCEWH, 1846) TR OHHRIICE L
T, WE, MfEE 7 LOSKFT, S A TeET.
BE B AW I46) AR L T4 H. FEx
& L7232 34 LIS, Y= AMt v ¥ —
W8S LT, EHOLWHIPITHWTWE T

PR T, WH46)  AHZ D & 3N & 2 o BE0E
R FE ShTnEd.

TR HAEOFKRICEB Y 9.

BEIC &2 R Rk L T g

¥ BRCEWE, W46) BEIEHH 9.
e a4 IH46) FEE3 HERT (B4 BIKL
L7

HR (G, O)
KLATEY T,

GHEOLHIVEZDONER

AR AR (EIE, WH46) TTRTT.
B R— (&8, H46) SHEIARZ TR (Tr

Ry vaFA Ty NER) OB A BT L, EEEEE
ELTEREZRELIERLTVET.

EE —ERCE, WR47) RSO RER L F9.
HiE F&E B47) BB AEREhTTo
T, REICHETEIEA. (3)

M XERGRE, W4T 6 HKFEFTYINEFT 1 A
AT .

WNE A=054% W47 BEE 7)) —& %> TR
2Ry, WHTORT V54 TiHEBHZBOLH) L LT
BYFT.
KE GRS, WH4T)
HE#TTd.)

JERICLTWET. WAL
ERICE A L BIRA TS,

/N 2+
& AL 783

1ERE i CAUR, HE48)
TWwWiz2xEd.

£H  ECEE 1E48) KRk, MR ASEAERL, BUE
13 HAEERE I L Cw 3. %9, iz 2
Y, BRECE LTV ET. BSENALTBY 9.

LIRS ) AN, K SE

HHE ERECEIE H48) ATRUK (D) oL LTh
HEHICZ > TV E T,

BE  R0EE W) Iv—TEHAOMIRAS
H4TY.

BT AGRE IH4E) HWLRDY FLA. BICES
T CHFHEZ LT EToT, ERELTBY 9.
KEF 1BEREGE, H49) A SEEICRED £
BT Fae (U5, WE50)  FRIFIRREHEE (Gare) Hocisko
Hffilrottsias LTnEd.

BT E-—BRC&IE 500 WEFEKEZREBRRLEL
THA# T AHERDIZ ) I28DTH Y 7.

R BEGE, W50 MEAREIVIEELE L.
B RE(EE, 1E50) WMHEX D JFE ¥ UV %
LTwEd.

HEE T=(EI, W51 FEERTEEBERL T L
NI FF @R, W51 AME=ARTESRRL, B
FER UG ISR ST E 3. 2T 72505UTHER
>TET.

Hlig  Z(&E% WD
ERoTWET.

i  EEESR WD) RETIVIT, TIVINK,
TIVITL—2 (YW= A5y 7GR % 5%
LCWET. REEBRCE, FUHAE (, Sy —{a)s
LRV BVONEIIR Y FT.

XE =2 (@ER M5 PRI T T LA, FIOR
ORI AR LA THET.

R B&IER, W51 UK R R SE L
(H24%E~) ofREEE L LTI B S/ Itk 7 )
— DRNEAF B OWZERF . THUF & B o1l
HEETWRWTEB) 9.

A BECEH 152 HA 7 87T 2 L, —il
BEN LA 7 =T

HE R CEIE WH52)  MZR)INS30ELL L w72
BV X TR AL

=R @R, IH52) AR T LA
Bl FE(BER, WE52) A4 FICIUN R L
FERMNCREY L F L7z, WRDPABE TTANIMS T 7
OYxy b —F -kl £

R & @ER K52 AL TwET.

AEF RE@ER W53 TELLES, worzh &y
IITBDTVET. ALRYICKERZRTAZVER
S>TWE LD, AlldEcE9%aTy.

HIZED & i E TR I T



784 =

A =& (&ER, 1B53)  WMHEI0H, #H#k e F80Ht
BREEDHEILET L 2o TBY 9

=i Frh (EER, HE53) AR (20134) 1 HIZASED
KOFAMEERHTHELE L 72 EADRDHL
WAIZE) Z e TEFE L

TH TRCEW H5) MRt oZRkodid, L
WEHWE LFE L7z, YLD S TN
TEICLTET.

B EACEHE H54) JE&SzBHiowniLlEd
Mt FHER(EER, W54 SEA SR tFos
LLARXIHBELSOoHY FT. Fry v A% 52T
7RV, T

KA HE@ER W) [T/ I7 2] 0OREL %
, avaviRe-sTET.

g FE@EER ) BILUTIEAICRsTwET.
PIERII R LI TS, MPfmE LAl ERE
[AR<P NS

et ASECEUE, HE55) FEL#E OB & LCRERT I
¥ RICIERT - TB Y T35

ANl RS AU, WH55)  FEUNT ISR L £ L. &4
AW 2T IT BRI Z4HL LCH 0, MR ML I
FATVET. LRI TB) £

18Il 87 (&ESR, 155) UH, MEEL, HFETaF
FA, BEREOTLEEBHILTEY 5.

EA BEE (BER, WH55) I T3 HICE
Ao UFE L7z K22 L 7 WEAEEASIIRE L T
9. SLERIERYOETT.

I W @&ESR, H6) ZCAhHAZ%E->THET.
& EAA(EER, WH56) NSO IS TH
RPWFMALATH F L2AS, HEDLT FINY LTH
DEFAERZITHSE D 2T KEXDIEA DO THIE
BHIOHLFT.

e FEXGERER MH6) RIS ~58FEEIEDH
ETIZAEEER->TVET.

L KSR, BE58)  ilZEx v Y VMRS
FHZOENTVBERET I ENL VAT ZBLTED
39

B R@ESR W58 HRlEsIkT44HICR
NFELZ

28 FUZCEIH, W59 44ERYOT I AAEHER
Z, BAIVHBHHEL B 7.

BE  IH(EWE, WE59) 6 H 2 HICTHRIT 4 Stk o
BUH Y . FICEHET 32 PETT.

B BRCER #E59) CRICLTWET.

0O F— (@R H60) HRUIREHL T R7HEHI
D F L7

At EE(EEAR HHED  9H TSV AT TY %

#

BLIT. REMHEMEEIER, SALVLOTY.
A E& (S)ER, {61 mERICEBI LT ET. 7
N/ I ATHAREEOEGZ HET 2HHTY.

Al BRCEIE, WH62) /Nl A CHEIREHRRE C—
NS PLTE L&A BALIRY T fAld 4 GE
HABEHATET. VODHPBRVWTELDRE LA
IZLTET.

FH Bz (&E% W62
fFnzLF L

wE K (EER K62 BlED s TwE T Uk~
TV AT 2HEERBINTE E L

RaAIl F&C&H, W63) F—A+FUT7 ¥ F=—71
.

EEE WSR3 MESTFIv - LT 2%
VEROHFETICL L R->THBY 7.

hE BEA(SER W63 ML E L7

SR ECGRE FL1) BsELER ALV — B
FIIEOMFUER L T T

=28 EEGEE F1) ZACERLE Lz K&
BTN TRKEE R D29 TT.

i ET@ESR F1) WEED 6 AR HErEsEY
MRS OREIE AT AT L F L7z

BA BHEGEGESR T1) 4AAX0ARHEHEICR)
L7

N BE—(@ER F1) WEED S MIEEERIE
HLTBYET. Wb DY, &R 7a Y2 7 b
T7AF Y ADE L, EROBEEDECEFHZLTBED
E3c

BEK —FB&E T2) BExBwo)LTE) FT.
A  BEE F2) RS KBS F L7
2l NEB@ESR, F2) FEH0FEUELFEDO L,
KREFRERICBMFE R - 22T OB LY, s
LEDBRWERIRHIZR) 3

Bk ZE@ER T2) FETOHERTEL7HAT
SR D £9. WIEAMmFEIMIC T R&D D7 a— 30
BRI LTBY 9.

WH  EEESR F2) SFclirdocfokkH
e, SECHY RACBMEECHEFT. (KK
LET)bAAICHBFZSETTANVLATHRLTE
(FEL LTE, KERRD) BEOTF Y5 VMEEZ L
TWBEHTY.

ot BRE (U, F3) WALRBIEBHHLTT.
TENEHD TE8WE L

A KR E3) ANA BHERTLR—A v 7
T DK BALREFIF b > TH Y 5.

A EEER, T3) B o L L E
¥ RO, TR THIETWZ2WTET. S0

AAE4 ] &0 IUHRAAITHR



H24% 565 20134E10H Ko

BEENSLTBY 7.
L+ BRAL(BESR. F4) SHSEIT AR EREL
LD & HIRIE L B o TV E T, B4 RS2 TG
It EElwERWEY, TRARHALT
BHET.

it @RS F4) FEAETEICRD F L
52 SABREIER F4) AF2BEETrS, B
e &I BEAPRZ T L2 KBS TS
PR £ 9.

X8 HZ (@R F6) =R~ FDK b7 At
WICEFEL, RWbOTAEREZNZ 3. = v FVKFE
MO PSE— Tl -> TV T

B OFENEW CF7) WMEET HICY =— LSI 7HA
YHILNARE L) 6 FERD IV =—WEART 7/ u Y —
7 —IREL, CMOS A X — V& v —DRSE &
FTBY T

w2 EEE TT7)
WLFE L.
BT
Ml #WA(EER T7) R CHEES>TET.

NME #®2@&E% F7) SHORIITKRER LD
OHHY TTA, AL LTIHMTE DD AIZ> TR T
WEF

AE ME@ER F7) JEEH DAL TEFE
T RUCEHTFENDHY T LT, TATEAIKESE
THEFT.

St HBACEN, F8) KoMl E L

=R WABRB AR, SPl0) i b T 7 OBEKRMEET IV
B 2OFH/E LT, HEOBMIIEOFEHE B
nTnEg.

LH BAWHT T ABT, F10) HHTOEBL
E, MEHETE S G 2 LCB Y 5. HF~N
A OBAME R (T 2% 2720, QC FEE#Z
) nszZ 2 LTS, EEEORMT, WS
DL REEDPFEBETHL LR, BEF L)
P ERMWEET. M, 1D RESE 7 HICHOrBEZE L
FL7.

W BT T ABT, P12
LEL7

AR FIB Gk T
ESe

/A B R M, SF14)

WEAE 7 I RBIARAATE 2T
SO ERBEELDDL L THRVER

WEAETLH AT

HiR, Tl4) TTRICR-THED

20134F 4 IR A&

N

i 785

R L L7

B ACOUIRT ' T15) REZFS> CT—HER
D HAHETET LA V7 -2 x =Ty — HFORDHIEFLED
EDL I, WEBRIONTVET.

FEH OEFWHET M, P15 BrFSFITICLLL
TBYFT.

FE HEEOLERT HJE, Fle) RESHoEEL L
THARELTBY 3.

BE  BIGbERLT B 716 FRDTVRARL
0, SEABRLEVENRLTVWET.

%5 WELT M, Fle) BBHTIAICLTSE
DFEY. HFOFEAFALY T

B HEWHET M, F16) 2013E7H XY —4FERH
TA)HESLTT.

R EFERT B, F19) LR THR- TBY
9. SHBEBMEIA LI BHCVIHLET.

AT BARACHERL IR, F22) BUE, KR OBIHAE
I CEIBLTBD £9.

BiH EAECHIRLT EIR P22 AtL24HT, EBH
ZERBE OB ZHY L TBY $9

=Ig GERIMWHEL M, T22) BRSEIHH T

BH  ERWIFT M, PB) HEAE LT, HATFE
TY.

=7H HCEEER)  RWONERES R LB ) £
L7, LDV A,

NE BROEHE) 30FEIEOERTHREOL ) 28
LATWES. FEREEOZES BBl oZH %2>
L, ZoOWB R GEWK TR 28) LTwET.
R BZBOLEE) 894 BS, A Y FRYTOL
T A Y IVEIRHEE, B%EH.

B# BIZSERCOCHE) JTHEKEDH DL I TSFL
7. REDWADFBEETY 5.

B BOHE) S0LIATRIILTWET.

#F OEMOHE) KFTOTROBHNEEL L0
CERGIIR AR ST TB Y T AEEOT
FERA BT OB L LIFET.

E =BOoKE)  BEANERR, 186, TR TR TW
T3 E D3I 7 ATHIZES MR TS, FIEMEIE
EZNT272DTL LM ?

WO EAGEHE) TR TY. miicnw s & &2, &
AAR=Y 73T TIHRHREIN == 7 LTWET.



DOFGE)

786 = e
R 25 F£ 38 A X ¥ & B &
B & F X%
PEREREE
K % i R W X @ B M OB Kk
o FARERYIRF ST BT
(B IAT14IORAHDEH)
HoA — B | ZSILEMERE RIS RO QE O 5E TR AR BE T A 5e Rt
((Cak YRS
KA W B | AR OILBAKEZILIZ X 200143 O3 TARREEREBE T2 Fe R
('ﬂgj:u%%il_%)
i 1 B K | DEM-FDM#RIC & A NG AREE) S 3 2 L — 3 3 ¥ | JUBRARS e T 7eR
DIEBENTTE (CawzSieides)
O O W | EESSPEREEERE O I 2 L—2 3 %R TARREENEBE T FeR)
('ﬂgj:u%%il_%)
£ K A | VLF-EEMEEIC X 5 T Ie3huk s v 8L 12 B $ A e TR AR A= BE T A 5e Rt
(Cak YRS
MET 95
(B REERVATLIZHEH)
4 mo5 & |E tion of Wettabili th Two Phase Lattice Boltz- | Ti#f k22 k22 T 2242 R
TR mﬁlrrrlull\l/?etﬁgdo( ei‘ﬁiﬁgl‘é‘ty?vg‘l e /@/(isée)ﬂ U‘lfc_emﬁﬂ(/)tffli (éftj%%iji’gi&f FRRSR

Koot e | BERCO~ A 7 unNT IV EIEA LB OMBEKDOER | sk b Tmigest
M B LR
f o m3EF | Molecular Dynamics Studies of CO» and CHy- Asphaltene | Ri#fiafRap b T2 5eR;
Systems for Enhanced Oil Recovery (EOR@?% DCOz, CHy- | (M5 t3AtES)
TAT7IVT VRICHT A0FET%YIalb—3y)
WO E W | BTV I FEER WSO ORGES TSRS R AR e T2 gkt
(B LRRREAES)
B 4 W 41 | Understanding the NMR Relaxation Behavior by using Mo- | 5kt A2 K2k T 245t
lecular Dynamics Simulation (/- FBiJJ%%Y I 2 b —3 a3 | (5 13HAES)
> % B 7 NMRAEFIIRE [ O i BH)
WREFARTE S E
WO | IRE OBUNRE R 7R A A SIRIERIE DV T | FURKERS b T TSER
('ﬂgj:n%%il_%)
77 JA S| SRR ORI & i & 2 b S 72 KR SR SRR R E e TAPhigeRt
B RREAE )
WO & N | KIS L 22 AR o SEAT 2R By o 152 RIS R
T M OR | MHULETMICE 27 7 7 F v — N TOIRIREBI OB | SRR RF B LSER:
B LRAREAE )
B OH O F | = VRO RE R BB AERAEBE AR Fe Rt
('ﬂgj:n%%il_%)
SHASHEISS %
(8 YAAHOZIRSHEH)
B OB ORKER | YNV N Y RIVOEIRA S = XL EZF O | HBRSFREAE TSER
2B S kg (s eeiXesd
JiOH | BRIUIICERAHEST S 5 1L b 2 A VAOI R T ORR | FUER RS b TR
RS B AR5t (AR
A B — | JEEMIRBIEHINICIED KREETM OSSN T 528 | RURKF RS b LT SeR
TEE o (B
+OdE B A MRS X B b R VO BRI B S 2 AT I9AR AT | # Donuts




H24% 565 20134E10H K - 787
iV =2 iF R W X & B MmO Kk
MRIRIE T S8R
T B L | M) E— bR Y Y A B EBER L B L2 | SRR b T AR
HEEE O (LRSS
® OB M K | T AKROHERALS & AR Z H W72 )RR E R O | R RE B LA mieft
e (Caw T35
BRIRNF—YATLERS
W 8 | STEEEICE 5Ty h— DR EALHENT TR RGPt
(CawzSieidsa)
A O W | F 7 R— 5 ZAuD PR B SE TR REEREEBE
(Canoi=i3E)
O S | T I AN X B AKA DR TR RGPt
(PR Sieidsa)
Hom " & | 7 R— 5 ZAW/Zn0 DYt A 0 £ — R BREAT TARREEREEE
(Canoi=i3E)
BRIRF-TOEREDY
OO0 B K | 723y AEEWIIBT 5 AR RO TEEE) %kﬁk%h1$w$—
ﬂ%ﬁﬁnﬂ (Cawe viissd)
shWg BE | SRR IR B BB R SRR BT A —
FHErgeRl (B AEEs)
B KR | BENIMALEAR A O ZERR IR K B 5 0 FEERIKFZE %kﬁk%hlxwﬁ—
ﬂ%ﬁﬁnﬂ (Cawe visissd)
= B | R L 72 SR AT B 225 5 2 WO O ATEEE) | SRR AL —
FHErgeRl (L)
A B | BRESEAC BT S R R IR A B TR FRFBET AL —
%#Hﬁnﬂw%+%EL¥J
SxINTOEVVINE
dt & w5 o | ~A 7 unNTIVIERRICET 5 s-Ekrh A o - %ﬁ%k%Mlxw#—
M ﬂsaﬁﬁ B (i)
H d #2477 IWERICE 2B L OALRE Ok a%t%ﬁ%ﬁ%$W¥~
B3 % fiff 5 B R st ES)
o R 2 | &EF TV NI A ORI K O %k%k%&1$»#—
ﬂ%m‘iH%i%ﬁ =2
& I fli | NAF A A% 5 L72CHy—CO,—HoSIR G A ANA K| FUB KRBT AL F —
L — b ORAERATSE RRERA (5 T-aRe)
BLFEETE
iV % ifF R X @ B MmO
o R ER IR 2 EF
(B YF74I9ZPEH)
G B A | RTFEEHCAREBEROY I 2 V=3 3 YO | &R
B W 47 HA (E@;%ﬁiﬁ@ﬁﬁﬁ*ﬁb BUILEWRIA v N—=T a Tl | ) iR FE IS
7L
& H St | BEEISEI~ ZA N TV 2 AT — ¥ BREORFSE ERHCELE
C % o B | S EiyIal—Ya il a~r~ibny | Bt

AT KO




788 = W
iV =4 i % @ X @ H OB St
MET 95
(R BBEEYATLIZNE)
pun B | XHCT AL 12 & B Berealb 5 D~ A4 7 /N7 )V | A& IRBIFEER
CO i B R D F it
oM D | WERETE T VEBRICBIT A T a AR o AR | Z2ERS A B
LBV TE
h B OE | BT Y IFREEHGERAT X MEOMBEBRICHE | ZHam5%E
AL &
B WM B |77 A= NI E B EAD T AMZICE T | BSOS A
5 FERIGIISE
= Lk B ¥ | AWRARSETOT A7 VT YEEICET L0 TE) | A
¥y Ial—vav
WRERAR T EDE
KL & B [ HAOYT 27714 v EEERE RINHE R EESL LR
o oE R 5{727*7"v—qu:ﬁbf%iﬂii‘%ﬁl%ﬂﬁ(%b:ﬁé?é%%% FHrE IR B FE R
7t
HORM XK | SRR IRENKIR D 720 O he i S A B AFSE | EIRSAM B SR AR
SHRAIFHE L F 9 EF
(B YAANPOZIRASEH)
mOHE oW ;\“1’7’%@??75:1#—}13Lf:?ﬁ%iﬁiiiﬁ:;éﬁﬁﬁ@[ﬁﬁ%ﬂﬂ% R H 7 S ER
Zown
R M W | WEZERANOEADE AT A5 Oty S e - ALt AR
i S P2 b
MRRIRIE T S S8R
2 A X M | BEEbho K ENEO = REETY V7 IR A I B F A R
=R KR | BRZRIEHENTIC X 2SS S EAE B | PEEIR

5 E OB A 7 = X 2 ORI

BRIRF-YATLERS

WH

s

ule
2
=

it

&
IE

=3
AN

it

.
B

K

First-principles study of thiolate adsorption on nanoporous
Au surface 5 MRS & 5 9 5 A3l
FF = V¥ WA DIFHT)

Electrical conductivity of 12Ca0 - 7Al203 electride fabri-
cated by a new process (H LF#(Z & 512Ca0 - 7ALO3 =
L7 b5 4 FOMEREB L 2 0BERfmER)

First-principles analyses of deformation and fracture in
is[iﬂt;lé101‘;1?1;‘al materials (HEEM BT LT & RO FE—
q:

Studies on hydrate-based separation for CH4/H»S gas mix-
ture (/N4 N L — MEIZ X 5 CHy/HoS (G 47 A 5B BY
ERCY )

Fabrication and characterization of nanoporous metallic
composites (F/ F—FAEEa KT v + ORIESE X
O PR

Ay EI—RL— 3
v
POSEEY ) 2—ay
2R

B HE SR

BT AR

=7




524 4567 20134E10H KoM & Gk 789
159 % i R & X & B o OB St
ERIRF-TOERENH
H ¥ B #FJ | Heat Transfer Characteristics of a Circular Water Jet Im- | 7 H #8340
pinging on a Moving Flat Surface (£ B [E A AR~ 243
B K IR0 A S P
g # # = | Lubrication Characteristics in Square-cup Sheet Hydroform- | (02 R %
ing (/14 ) A ANEIE K IR 5503 5 B A5)
Ho M 422 | Accurate Parameter Identification for Crystal-plasticity Fi- | =288 T30
nite-element Simulation of Magnesium Alloy sheets¢(7 7
T DGO BV BRIEEFIRNT I 1T B Sk e
%8 F A — 5 [ % T)
#» ft 3 E | Nonlinear Deformation Behavior During Unloading in Var- | JI[il% 2 T 3£#0
A ious Metal Sheets (#Hi 4 412 5 U 5 Bl I 22
TE2E)
# A %% Wl | Experimental and Numerical Study of Two Droplets Im- | JFEA F— V()
pinging Suc\cessi/vp}z and Obliquely on Hot Solid (i ifi. [l
PRI RO e T 223 2 E O F BB L OBl 7E)
ERSNVTOEYVING
% 7k K P | Atomic simulations of interactions between screw disloca- | H REBXMMEFH Y AT A
tions and twin boundaries in Mg (¥ 7% ¥ 7 AIZBIT 5 | 1
543:&?:&1& ERHROMEAEHICETAH TV I 2 b —
vav
A A+ 4 — | Fabrication of Nanoporous Ru and Its Catalytic and Electro- | {3/ 4 T30
chemical Properties (+/ & —F 2 RuOAI# & 2 o fils
B - R AL
oo f£ | Ion flotation of metal cations and its surface complexation | {3k 4@ 451 LR
" modeling. (&8 % F+ ¥ D 1 + 2 FR L 7 DKM
7V vT)
ETgHREETE
K % i R W X & B OB %
B T3R8
(R RBEFYATLIZNE)
b /& %1 | Geochemical Clogging in Carbonate Mineralizationon Car- | & 1]k
bon Dioxide Sequestration
w | WHPEAICBT B AL E O AT & SR OHEREN | A550 I A\ Ikt v 3

B9 % hige

BRI ERAE

BRI F-TOERENE

o BB | SmEEEEE OO - VEIEICB ) AEEEEOMI] & | B HEES, A2
TR R#ALIZ RIS 2 TT5E 7 —
BrEEs5E FEEL
K % ifF R X B B x = HRSERH g &
E TS558
(7 RREEYATLIZNE)
il & %I | Geochemical Clogging in Carbonate | £ [ £ 3L |“FR(244F 9 J24H
Mineralizationon Carbon Dioxide Se-
questration
9 M E A B 5 ALK FEOSAIE | 1B W 1% ER244E 9 H24H
Sl 44 T AT 4 3¢ el R R
BERIRILF—
TOERE5EF
o Bl | EEERERE O —VREICBT S | B Wl M | PM244E 9 H24H
%%%ﬁ@%%kiﬁ@%ﬁﬂﬂ%T
Fin




790 = e
B £ B %
PEREREE
K % i % %" X = H OB 5%
MRERET T2 D5
H OB B R | vt O —2 A EEmRoT PN Sy N B
('ﬂgj:u%%il_%)
WA B #k | w7 A Yy ARELOAR/ EMEREOMEOITE | ST LR
(e
BOW OE & | LEEARIERROEE b SOSE ORE & OmF5E HUEB KRR T 5eRt
('ﬂgj:u%%il_%)
R N | AV AERERBO Y = 7 U IVRLERA R OB SRR AR BB T Fe Rt
(Cae i)
Mo & OE | VFYLAMLEWEBROT TR Yy ABRIZ X B R Y | UK TR
2 BB R OB e (B RAR )
REWBET F9FH
W B T | ZngPod WK E IS A AR O BR LR MO | TR LR
T (Bt
woR O OE | AUFERHEREIC L S (CdZn) SEEOER SRR TAF5eRE
(s L)
T — M | wmLEAFIIuI 4 FOEREMB L6 TEICED | SRR L5 5eft
A H 5Bl (Bt
W oA K W | Xa7xhq Hﬂﬁ%t%BaxSnxCoF O3.5 DKMIEDS | FEBKFRFBE LAF7eR:
F UM TR DR, - I - 5 R Lo (s t-apesiess)
K OB O B | PYA NEESENR L ZLaPODO AR E X VBERISENE | USRS RS b LA R
(e
TOEAZET 2N E
(R YERERIZHH)
K 3| BEORERICHT ABELETEOR R H 37 EER R
WO H | MoSixNbSiy 40 FH AT O BT 58 SRR RN - Bis
ZEMFZERF (5Lt s)
& B S | AV —FNV3I Ryt y ADMGHENT ﬁ%ﬁ%kéﬁ%ﬂﬂ-ﬁ%%
2EIF7ERE (5 iR )
BOW OB A | BRI 205 SR REEREEBE TS 7eR)
(Caw i)
N — o | EEORTEMIE) G0 RV F—ELo FUBREFREFBE T 7ek}
(e
(AN NI HHOR I LR 5E
A 52
YA O OMBESE
(R F/18E25%)
FE W fEEREH %ﬁﬁ%# A X B BOCTHI B o 7 ) — T H Tl | SZEE TR
7L
i M| ALK 71:%%0)%2 RINC X BFeNiA ¥ N—&40 | 74 3 V8
i AL O
JC g | BT émi:c X 6000 RAIG SR D F 7 5 A | BRI
5 DIRLZET) O FFHT
W EOKES | EEE R 7:74 NMHOBERE LIS ) # T RIEOEAL | 5B R R
ZBENCHET S




§24% #5675 20134E10H K # & % 791
iV =2 F R W X & B M OB Kk
Seimtt IR
A OH O M | RBRCBIALBIOYOREaY 52 5 VR TR AR A= BE T2 7e Rt
(iRt S
H OB # X | WAADPinch Off TSR AR B LAt
(CawSieidss)
H OH ¥ F |[SIMIZEAF/Fx v 7OBI% BRI SERT TSR 1
B Rl (I LR HESE)
B B % = | Zn¥E:SoJump to contact D5 HE T L EHORR
i =% " |BCCF I/ IAY =DM Il —Tary KPP T I F—
ﬂ%li}f B (=)
A& K | BEEEEICBKIND RKETF SO E TR REER B T 220 5eR)
(Caw it
EFHHEDE
L E O F | BAWEHICBI A2 —F WAy NI =2 BT VY x| GURREREERE AR
D5 (R Sieideay
AN A | Sn (1D AR O AR & EA - SRR WARREER B T2 5e R}
('ﬂgj:n%ﬁil_%)
[UEJRE == ) B1203’\@21?+3£7E,r~/\ RN X BRI A A AMBEEE | RUERRFRS B LA 7e Rt
Ak (i Sieidend
M OH E W | CuOlZ BT 5 3dER SR A HEA 0BG RE SRR B T2 5e R
(Caw i)
AR 8 | PLDEEC & /R L 72 Cu/ZnORE JE BB 0 k6 S AL BIAR | SRR K2R b T4 7E )
(CawaSieideny
EEYETEDE
AR B F | LLMS)E ML AW IrsNbIERS 5 o MK 7% KGR R AR KRR 2
I‘m#@gaﬂlﬂiﬂ%ﬂf ek (1B
H%LEJE%)
E 4 B K | HCPREHA M~ A 7 0t I —ociE#i TARREEREEBE T2 7e R}
(Cawiisizead
o % & | MoSib X USICHURE S~ A 7 0 ¥ T —DEMETEE) | SR RFR TR
(R Sieidss)
BOH #E b | Cl4BLavestHFeoNb sk ik o ¥ TEZE T FRUREERAEBE TR 7E
B stiit=)
BOK S 3E | MgZn-YALPSOH 0% ik 3 0 LS ARAEE TUBRF R LA FeRt
(R Sieidss)
BEYEEDE
AN & | Dual Phase$li O JRATIN LAALREB O F /) £ ¥ 7 27— | FRBRF KRBT AN F—
a VI X DT B Rl (I R AR ESE)
& WO OB | EROTAMIICE ) ERL BRI AI-Mg-SiG &0 | 5 jtf"jtf*l%clzx)v¥~
WERN 2 ) ﬂ FWFFERE (51 AR AR HE )
wOEOE K | ALR2SwtSMgREl ISR A S OE KR U D ZERICE & % )M | SIS RFBE TR
24 (RS
ol WA | FeNitr G OZBFHR~ LT ¥ 4 MERBIZBT 5715 | 50H jV"iV*I‘:cIZ\)D¥~
E’J%Biiﬁj D EmAb ﬂ'?'ﬁﬂ:luﬂ' (ARt )
A N | EEA AT A e EHG T ML Y VT | BUBKFE KSR AR
VA A N AETE (iR RS
HER E O | M7 =54 b - 28—=F 4 Dual Phasedli] O#L#% & 122 | TURRZFARZFABE LAFER
%‘FEE (1At ss)




792 = W
iV =2 iF R W X & B M OB Kk
Seintt SRR D e
B i | 6000RAIE & O R 0 72 8 0, AIKWIUR 2 vy | HASES
7 BRXGHR N i EL TR O B 3
W OH M & | FesOuF 2 KTk 0 T IR O GISASTE T X 2 A asfNT | Al S8R
o B #\ | AMIEELEEC X 5 Mg85Zn6Y9skE M DLPSOME R DT | KifftZ v ¥ a— & —W
HEIEIRE S
K & — & | n-h =1 FEZLYFesMosND & - B AR 2128 | 5B RF R LE5e R
U % A5 E (Canoi=i3Es)
N W | PSR R AL FesAICOVERE & Rl RN B R
= K| EHEHEEH 2R TEIREA VY 7 AY V75 ADO | AR RSB LR
7 (Cano=i3E)
o W | MET =T A b OEIERHAE SRR & ORIl (R H A S5 Fy
Aol W [ 498% -7 — 34 FALEWT2XMosC(T = Fe, Co: X = Ge, | BB KPR A TAWFFER!
Si) DYy RS (Cano=i3Es)
P ERIHSESET
fO K | VF T AL EMIEREM 2 5 O 4 Y L %‘Kﬁ%ka@]‘miiﬁﬁ%ﬂ
(CawzSieidsa)
% M 5| A Y iA-Grignard i EER A RIC BT 2 SIRMgD B | BUBK R BE T Jekt
1k (AR
1] B G| KB S DOCu0FBMT L %‘Kﬁ%k%]‘mi?ﬁﬁ%ﬂ
(LRt
BB R | B Y ML B OB A K TARREER B T2 7e k)
('ﬂkj:u%%il_%)
TSN A | BERL A o VRO ESR SRR EER A e LW ERE
(L)
PHEBSRE D
Ko % P | BERREEE oM E RS OXPSE T TARREER A2 BE T2 7e k)
(RS
AR FE O %rzﬂ‘/*i%ﬂ/ﬁ? Mk 37 2 at v FERy1 IR %’jv“jv"[&clzx)v:\:~
OB AR ﬂaﬁ-’ﬁﬁmﬂ (it ss)
NI LR | 7y FEBIIEOVUVIRIC X A R S A PRI
¥oodl PEKER | WHDEEGROSIC X B YY) O v R R T A E fnbiiyN sy N R
(i)
h NE F | FM-AFMIC & % A F ¥ AR AR A o 5547 RN BEL A F—

%’J}%ﬁ%ﬂ» (s Lot s)




=y

H24% #5677 20134E10H N 793
K =) R M X & B M OE Xk

IRF—HETEREH
Mo W T T PR YA YORN AN I YIRS | FHBRERFBET R Y ¥ —
Jié F T S FHtiFgert (151 B aES)
WO S 2 | NEEEIC X % In-Sn200F i EEE SRR R AT AL —
B 7eRt (B 1A
OO M | TVISYAOR—VIY) VI R FEBRICBT S | sHEA R BT OV ¥ —
SO Fo) 7 PR gest (B taetes)
TR O K| BLESOR— VI Y TICERBRBRICBT L I | FEPAERFRE T AL X —
> 7B Ok B 7eRt (B 1A
5 WK | BSOS £ B X TVt L o DRSS RBOE O | SR ERFBET AL ¥ —
RS FRriiseRt (1At
= & Wl | AA= AN Y THF Y =T F ) MERIC RIS RE | SRR AL —
B 7ert (B 1A

METOEARESE
Ml A BA | DAFIVANE VDD OAIENIZ RUATTRGIRE DR | 5HPRF KRBT AL 5 —
H Feffgest (1Rt
I B | KB T 1 A2 & B S F— 7 ZnOfg DI HHRREER AT L —
BRI 7ERE (B 1A
B JE BH N | Iuq BT Y7L — bRV R = F ANIB L O | GUERRAREE T A L F —
Cun AT FEffgest (51t
O A | Mg& & A OAIEN HHRREEREAET ) —
B 7eRt (1A
YL M MR | Y27V 3 VIR RIS B 2 A U 7 MBS B | SRR R AL 3 —
¥ 0% Feffgert (1Rt
W W 3| 7u—=U 725 — 2O R L ATIO, T ¥ | sUlEASERE ST AL F—
F ¥ v VR OMER FRFR7eRE (B

TOERABEERE

HOA M OK | evo—2+eR) DL REW DIER L 72T v — O | FERRSERFBET R L F —
A A I ) 480 5 ORI D P AT B 7ert (B LA E)
oMK P |y —o0BMEE LCTHC 2 EEE OB | SRS BET AL ¥ —
Bas FRAIERE (IR ESF)
iR T | BRI 2 AU L2 R COL R & SRl o 52 HHRREER AT AL F —
B 7ert (B LR
oW A W | BLRMANOIEREEE TS T OV H ) SRR | R R BT AL X —
W FRERRIERE (53R
AT Bt | Ca0-ALbOsf A F 7 OTTTHMIC A 3 B MBS & | SR EA BT f L F—
[ Z B sert (B LA
oA 3 R | ERERORELY Va7 R i Y2 X B0 | BERERFRFBET AL F —

mEETOTIVI oy AEEONE

FHPRETERE (5L RREAES)




794 = e
BLFEETE
K =2 F R % X & B M OB Sk
MREEETTIESEH
& F M OB | VTFY AL F yERBOSIKRCAISEABRO~ 2 TR | B H S
L ZFDY A 7 VEREAN DR
B OH OB & | UF YAk EMSEEINC A ) 2 XER SR R & | H A
% AR / B SR R S T 3 AT
BOHOE M| EBRECTHEEEOMRBICES Y F AL+ v EE | I ¥ ABHER
HhSn B KGO #AL
REIET F 9755
K M B M %&ﬂ&tiém&ﬁﬁmﬁ%ﬁ;@%%%%ﬁ@/Hﬁ:yﬂ%
B OB B P | BaZrosYp2Os s & V270 b U REE T Xy 2 AR | RS TEW
T Mt O W HAS FL O FRA K OB IR % I 72 AR
A WO F 5 BRI ORI 2B TORIRE XK O RS & | 3 H8E &
43R B 70 AR O JE B R
TOt AR EDE
(B YERRIZSH)
K OH O K | AEFRForEtomst SIEE W
4 T B | BRSO Fe N BRI A g O B 5 B H 884 40
XA O OMBEDE
(B F/iEEE95)
N H | 6022A15 & ORFIALIC T T FEOR BLm
WO E K| BRSO A 7OV & R 22 LR E) T H A AR
I ST CM%%%%%KI%MD%@R%%&TD%X@@ AR 4 T30
i - SRR
oA 5O | 28y ZEERHVZSI02/SEHER ETOEEIR 2 T 7 7 | ZHAIE S
A MBI 7 0t 2 DB
ZES fid g | TiZk PRLEWREEBE O ER & WY R (N4
St E D
WO O R |HCPF/ UAYDARy F U VEREBRETHEOEE | BHE
Hl 4 — K | CuNiRIIBIT B WS OSTMBI%E AR 4 T 3R
O OB NMETI VY5 v ADREREN H ARA: iy PRI 234
EFMHEEDES
=i Mt | LISICONEGRFALY OLIA A+ AMREEORIE & S | =2~ 7 7
A7
oA EER %§%¥§WﬁﬁtﬁwényFﬁ7kyb®@%% H AR 4R )
oK Al K| ERBEEICIE WA ABAE S oWl Py
S KW | ZnixCoxOFEDIVER & A - o et aHf P T AT
B 8| o MHEELBILY A< RSB ALY A+ A ¥ — 7
BN AR | ARSI SV T YA SV FICE AT [ ) F A 82— 3

HE 7 DR

yal




24% 55675 20134E10H KoM & Gk 795
iV =2 iF R W X & B o OB St
EEYETEDE
a O MR | AKREWUERGH YA 7 VICEE S LaoNiz O #% v i 2k PR AT SRR
WA H W | NAERR~ A 70T —[EHETE H=ZE R UFI$UY T
B#N & 2 | K T ORBRIGT) O BRI 2 8 3 LR S8 AL | B B 8
B OBEZI
B % A | MoSia/MosSis3t Sk 12 KT 348 3 suRIBIM D 5E =EE T EW
BEMEESET
M WO A | 7254 b+ T YA FDPROEREEIC KITT | JFEAF— IV
<IVF A MO %#W%%
= #i | Yielding Behaviors and Hall-Petch Relationship in High-Pu- | 5T KSRt T2 58
rity Iron (AR SS)
O #H W | EMEARRE AT AT VI = AR OMEE L E | JFEAF— U
CTWARVADIEALEN
= % | Microstructure and Mechanical Property of Al-Sc-Ag Alloy | Bz L 7 b V(R
Severely Deformed and Subsequently Aged
Bt ¥ f£ | Temperature Dependence of Deformation-Induced Marten- | HUAR KA S-be L 7E R
site in SUS304 Austenitic Stainless Steel (LA R SE)
O HE K %\hmcﬂﬂa)mﬂfﬁlﬁc IBIIFTTYNT U A MBI | AR T ER
D2
#H OB 2 K| ECAPLJBESIC X 0 (EE S 7 MRS Sk 7 v 3 = | Z2EH T3E
DZBIF BT v —whR
Seimt R EE D EY
B K & | a—Fy Fary s s —oRiB L OCREERICBT S | JFEAF—IUH
B Al & R ) On il & O AR
B M N | VB O R % 5 ZrCuAlEE T A BALERB | JFESHIER
DAY —VEBGEIC & 2 W5
oM EEM %EEEGA%J?F&:'—%/{ VT TEOL TR, BB X0 b3 ¥ HEHER
Ay
TEo 2 R | BHEEBIRIC BT AR R R E Lot H HER
¥R OB M | 4THRn- A=A FOTF AN — MEEEOBER RSB ETT
[ N f%-é]—/“/f KR EALWFecWeCD 7 5 A % — 75 Ak | H AR
4
B I | SEEEETT7 T A b L— MEMERY (S Mnad A —VEh S | B
FREEIBERSE 8T
oK R %{17 Tt L7 4 R v — OEZERIOEIRAL & KRR | RS = VR
4:
=S SR I N F{%% ¥ BAR-BAR ST AT D 72 0 O ERALFFM-AFM O | 115 8 T30
B it K{ifé‘lﬁﬂb/ ) ayOFEFRINC L B4 2 KT O/ | HEHBE
E
B OB OWm | A RARERRICBII AT I A YT AREABOT ) —

R

DOWAK — V571 ¥ 7 %
R




796 = e
iV =2 iF R W X & B M OB Kk
IRIF—HETERE
B O 2 E | TVAVEBEREEEEIY LB YBE SV Y | BT R
TAPSDY) Y OEH
S T O ﬁ%z‘if—ﬁ)bi‘J‘/7%:)3@Lf:ZnO-SnO2‘I§'/a\7FfJ‘3E®ﬁ'(:ﬁ!E DIV a7
He
& EoOW | AV L Y YOI R 50T B RS AR ‘7“@%7)(77“')’7‘—:/5‘/
A
ZES O | &R 2185 L 22BiOCIo Yl fE o 24k TR RAF BT A )L & —
FHAToeRt (i pe )
OB OE— | EoBIEIC T 5 #5 (R IMA B ERT
MRTOEAREDEH
W — AT | 7=V T 7R HWIALFEITIEIC L A S X | 2T TV
¥ VCASIE B X O ZnSHE o 154
A BROHE B | VAFVRAVE VBRSO T IV I =7 AT 200 | b
RFN D2V )V EAERIZ X 2 &l
A2 JE B\ KBE 7O 2L 5 =R iEEE b o ¥y | SR
F ¥ ¥ IV EZnOREO/EH#
i F—HB | {110}<001>% & MLk Fe 7 — 7 % H W 72 28l 4% & B0 1 | ZFHEw
YBayCusO7#8 T B o B8
Gl Bl KRBT O 2K BAIE 2 EGal T Y ¥ F 3 v v | HAF A
ZnOfisE D L
i F Bi | YAFIVANKVBEDPSDAIBIICEAR—-—F A7)V | b3 ¥ HEHE
PN (]
TOEABEESE
LS | CaO-AlyOs - JCH B & 1°Ca0-Si02 - JCRAE — Bl i~ | FERALFH
DR FEHIR
WO O B | B -LABERICIBABIY VATV v —TF k| EREESLLER
NDOMgBafli 1 #
B o B | VF AL BMIEEAELIFePOO B - ) A 7 | FPRFEEH
WVICHT % 8 b
B OB m O (MR OxRICBIFLIREBIT V7 oBEEFRC | RIS

B3 2%k




524 4567 20134E10H KoM & Gk 797
BT HREETE
159 % i % & X & B OB %t
MEEEt TE 9
ook g | Designing of Iron Group Metallic Nanomaterials via Elec- | @47 #4507
troless Deposition
JOCAREEDE
(R YEBERIZSEH)
i3 BE | AR O SEM-EDX 5341 KIE
HOH W OB | XBERSHOTZ 7T AYIIN - 8F A =S IZHT S | R A
Wr%e
SFMREDE
o 1 #4 | First-principles study on cation exchange of inorganic crys- | 5T # K 27 5 T 5 i HE AR T
tals with aqueous solutions W TR S g
ek - KeeEige B
BIEYE RS
A £ 3 | Dynamic Ferrite Transformation in Fe-6Ni-0.1C Alloy TR 5 A B R i
WsRFZEs (ESISM) - i1
78
HEERRE DT

T A

SEMRTRIC 3317 2 BUSHRSEUEER Z B 5 A %8

INVINYT A4 w7« FpooN

MRITOEARESH
fi% 5o

Development of recovery process of rare metals from vari-
ous resources including rare metal waste by hydrometallur-
gical process

Korea Institute Geoscience
and Mineral Resources




798 = il
BIRR5E HEEL

K % i R & X & B = NSFEAH fi&

MRS TE S5

OBk %, | Designing of Iron Group Metallic Nano- | #% Ji J&—HE | Ek244E 3 H25H
materials via Electroless Deposition

JOEAEEHERE

(R YEERIZIE)

& B | AR O SEM-EDX 5T oA | k244 3 H25H

a WU B | XBERSHO7 7 vy Ay % | i A | 244 3 H25H
I A —=F I3 A%

SFHREDE

Fo 1E 5L | First-principles study on cation ex-| H Iy | FER254E 3 H25H
change of inorganic crystals with aque-
ous solutions

BIEYEE D

Kb # ## | Dynamic Ferrite Transformation in Fe- | it i % | PHi254 3 H25H
6Ni-0.1C Alloy (Fe-6Ni-0.1CH4xIZB T
HENT =T A4 NERE)

HEERSRE D

TN A | SRS BT BB ERECGER I | A2 A B 2 | PHi254E 5 J]23H
Y B

HHIOEARENS

i 5 — | Development of recovery process ofrare | S & 4 ®] | FEK254 5 H23H

metals from various resources including
rare metal waste by hydrometallurgical
process




4% #5675 20134E10H xoOWB & ik 799
A
= 8l
5T (20134E 6 H15H)
[# %5
H1E REZKESEHMHT5.
(B 9]

2% ARIEE TAVF—, BREEB XOMEHCHE S 5540, Bl OISR O JERICE
5L, 2BMHEOBREZEINrLZEZHNET 5.

& &l
F3% KREEZPUTERREFERRET 2.
FBa45% EXBRUTORKHEOWTIANICHELTLIHLTS.
1. AR LICEIT 2528, HRE 2 EHEERED L VBT LoH
2. ME2IT|IF LMK OFREDRLY TH H#E L 72130 FICB W THITEFE D
VIR E 2 Z T THEED L VBT LH.
3. FIHOME L7230 OB L OCHEL I A.
B54% FHEKBENER2ICHITLa -, MELZR0THICIEEST 27 P EE T 5.
(% &8]
B64 ARIBUTORBEZENT S, EINI1FEE L, BELZLTRV. 220, B3
24EE L, HALZWT .

= E3 14
H & R T4
e 2%
itk R H & 14

L H T

BT4% RRIAZERFEL, A22MRET5. 2RIIEASOMEICL D AKESBEIIBW
TARRET 2. RISRUTORBIIHZISED MU L ) SRS BAT 5. BRI
KRIZFROD 7206, COWBERITT 5. KEltEFO ) B 1 NIMHOEH
BRARFTOEAZIT), WMEZERIINEIED ZMANCS & O & XEEOME AT
I, BHEISEoMmE, R, & THBIUZOMMIIOWT, SR, HaE &
AHEHB L ORERERZMEL, SBE, HEBICED LMD L DS MHT 5.

% =]

B84 MR L IFKET 5.

(% & =]

F9% AR HREXKZHKL, AXOEIFHOEHRZIT).

(€S

105 ARIREE KBS BRO [KBEM#E] 25175 5.
Bl ARRBTOMAZOBWZERT 2 ICLERFEEZIT).

(& #]
H12% AXORBIIHEIEDZLEH, FHNETOMOWAIIZ LY LT 5.
SRIEE]

B13% ARORNMIIRBXOMERET, RROMRICIVEETLI LN TE 2.
Fl45 HIBEOBEICL ST, FIFKL, 2XBITHAIEREZOMERICLI VLT TL L
MHTE5.



800 N B
)
1. oL THR54E 6 H15H 25 M+ 5.
2. BERIOAHNC X 2 EAHIREM OIS RRERAET 2D ET S,
KELHEZ—S (201 : [B2H. BEKZ) 20014 BL1E
. @ | o g | TRERARER
- ” WL LR, IR AR, SR TR, SRR
\ \ G, BAEER, SRMTESL, G TEeY
25 ez oy e ’ ' ’
Ko B | TR o e T2
e 201 14EBLAE
WIRTR | WRTET—R | Al - 55
WERET — 2 | 4 -
2ow | T o2 oW TRV E A TG
WERT M | oL F— T2
o TRVETRNEE M ae A
70 2 B
T P M R B2
MR T W HOEESE T 250
SRR T2 45
TR B
A 2 T BB Y A T A TR0
mT H IR T A
OB T W % SR - 0
K2R TR F—FE - BRI | TR F AL A TR
BT AL F— Y 2T KF5H
BiFL A F—F 1t %580
LA~ I AT — I LI AT TaRY VT
FHERRTE R : ’
P
70 & A B L
IOV F — FERER A E BrIAVEF—7at 255
KIS EHE
(20134F 6 H15HELIE)

1. IE&HIE, FER2000MOXEZMAT 5.

2. FAESRHEE, FBAEFETIC500HO B EMAT 5.

3. ERCATHN 2. (P4 A S A S L, SPIR2SAEE LT A E DA R HIE, R
£ 5.

4. 1WAEFERHORIBRERZES W TARRAERB L UOKRE N ES) OB ZHA
L7z ERRE, SBZEMLZbDET 5.



H24% G675 20134E10H K i

& ik 801

IKIESEEISTEIRTE crmastei0/31 0D

1. ¥iREHE

(1) #HEEBOFEE ELOYEIE1 2L 13k
BEASHTRUINE RS2 \w, 727210, KSRk
WMEZHS UTRERBSLVY)) TRDLY
BIEZORY TidZ\w.

(2) #FERNIIC, W, R, W, a8, &
Bl E L, SEIEEVR VIR ER
B HET 5.

(3) HREROGEHIIOXOREEIILN) b L
5.

a. /X MoTTWoORZEED D OT, AN
% b OEH OIBENTE F 721300 HRFZE DR
HORBER R EEZNELETHHD.

b. E BoEERLE L LICEHTEL0T,
EMINATED D B EBD SN H D,

c. B HEDOMEIZ D W TR E WHE
POMH L, TOWREMS I ZIHETOD
D.

d. BE [FHEoOREIZOWTHIY FTIFC@

L, SHOKZ, BHEIHEIDOLO.

. REE AHOUIRREREZAY, GHOBE

R s o b o,

. BE M d 5 WIEIATED H 5 N

Brah, SHOBZEERL L THRIOLO.

(4) T3, B IIEIELREDIIDNC100ER # D
PR % R S 7z,

(5) ERORSZLELRK - 25O TREITRT
LB L, ThzBzshHRLERE+al
v, HUKEERERICOWTIZZORY Tl
B, BB, XE1HEIREO RV E Z12I1F
240077 (2577 <4811 x251) THYH, KEB LV
VOB B Y 1/4BE~1/2B2 8552 L 2%
R E Nz,

[¢]

-

G M HIBR~— V%
E bl SEERIEY 6 HLL
#H & B ) 6 B
e B KRERIE Y 10E LI
F JiE KEERIE Y 10E LI
S SEERIEY 4 HLW
& * B ) 4 HLW
% M o % ) 4 EHP

(6) BAITEE L CIARBUEDERHAZ A L,
JEARE I — N RSz,
(7) BEROERNEEZOEDEBY T 5.
) KIREAR—LR—TH5DERORE
(http://www.suiyokwaijp/)
i) BEIC X B EMOEA (Tid)
T606-8501  HUAR T /e 5t X FHAH]
TR K 2 T2 U LR AR A7
HHRK S TR K &G R &%

(8) BRI KMEEMERB SV ZHLAZO0Z2 -
TZHO LT 5.

(9) HERERICR L, MERESEERET-> TH
WOTGHZRET S, T2, WG RICEOEE
ZHAIHERERICS L THEDE, TLENE
DBTEERDDLZ ENH 5.

(10) fREZRESZ, HilZn 5 IR ER—D 720
BRI L > TLEZEZ 2 WEREICRBERO
FTHOBEEZTLZ DD 5.

(11) 8 - FERIEEH ST, BRI
MEZE AT .

(12) BIRNC DWW TIE, FHICES0HP/EE SN
5. 508 % MA DGR ER A IRV,

2. FROEEA

1) #-HAHEEOXRFERS V- VAT LK
b, Thbb, BICHYT L] - M54 S3h%k
22T L, EICHYT A1 - 1 EBRATER
EldhmicEE, 2X¥0T LA e L)
T4, F/z, HLHICHYLT S (1) &% &
Kwill#HE, 2FRHITTERLEDDIT L. Ad
HEHIH, MEETETAAGC T RARAE
WY (FEACAR=IFEGERLA) , 1X=Th
D 2T REDITHRE 5.

(2) HHEIZEAZD O THALZ L. R LY KHOK
EZEMBETD o TIRET L DD LT E75, Bl
18 (65mmUN) T 2BEL (140mmbh
W) OWTFNrL s eEEINIV. K
IR oA ED 2 5 1CHE rNI2n,
OBKHEOHN % ZR L TERL, & IO
FTOREZWZOVWTIEMoIEREZ bRV,
F72, BOLTHIZEES, Wlh, MET%
EERLIHRE SN, REOBET— 7 1220w
TIX600dpifEEDIRIEIE & 3 5.

(3) HALIZEBRHALR (SIHALR) KXk AZ L
FLw.

4) Z2EZEOLOLMEZRLTHAICEALORFICLD)
2) wEERML, BSCKRIC T FHE, 4, 5
¥, [98d, HE, (RN, ] o ATHE
mzsz k.

1

1) RFE—M, =i
521-525, (1971).

2) M.R. TayloL R. S. Fidler and R. W Smith:
Metallurgical Trans., AIME., 2, [7], 1793-1798,
(1971).

%1 HELREE, 87,[100],

1=



802 = il

KBRS RFREEHICONT

KIEETIE, TR &) ZRHHNC S DX EFEERBFERZRLCBY 3. ERFFITIFEOERT LIZEE
%, BEREI DK 1 BOERGREEED, %R0AEREBOMKTOERPFERSE2REL TKESEE~DOZ
W EBECT S LI T, ERBFICTHRETES KBOH 4123, KBEOFEHZ LV RELZDDOETS
728, MAETHIORBE VWL ET.

PN o S e

H ®

Bl KESOMEGEEO/DEREEL D, KBEEKERIIROESZHET 5.
1. [FUERE B O ED R,

2. RSB 2R L CORBEEE~ O

G R

8524 AERBH R ZEEERT LICIHEER GLID 14, HEER (B 142 E0Lb0ET 5.
(CEES 1))

E35% M 2FEE L, ERERYITRZVEDOLET 5.

()

45 AERGHOBEL, FEXSEOMWEICL )V AEIRETLIODOLT 5.

Z OMHNG RIS 6 H14H & Y T 5.

#Hix & B B E R &
BEE2ABE S SR BT LTS SHEOERKE T  HEAS

724 TY, <IHE& PR >

HATTEBEEBH DB LLFET, SE244E12H 1 H Liang Yunfeng  BhEICHRA
SEH254E 3 A31H IEAR B B dimih Wkl

P44 8 H27TH kB TLHE AT ST

2449 A 7 H NI f73g HE23 - iR K254 A1 H AR EI BIEUCRA

SPI%244 9 A18H  RPH dE— WA27 -

P40 6 H KR X5k WRA7 - 4 <IH&B%>

k24412 A =AF R WE28 - ik SE244EI2H 1 H N W BRI AR

k254 1 A ma % HR45 - i WE25E3HIH =% B #EERICETE 4

SPI%254E 3 H20H WRE MEF A16 (12) WV — 50 R B

SPk244E 8 A13H IR 17 - & o A VE—FR

254 2 A16 H o0 I - 20 - 2 (ME7 ot 2

Fk244E11H 4 H TH 8k HR20 - iR )N

22412 A i E 320 - & ER25E A A1 H Rl FE PSR

FRE25% 1 A13H L S W21 -k 254 A1 H B RES MEEUZICHAT AR

SERE244E11H pNL | H25 - 15 TAdY - MR 7 o

P 244E11 H10H AR 726 - 4k L AT (F 7 Hidk

SPik244 1 H12H Kik AB HE27 - iR )N

2447 A20H 2 PFE WB29 - iR V254 1 H EE AR BhEICERM

R254F 1 H26H WL 17329 - & FER25E4 1 H ME EAT BBUIERH

PR254E 3 H24H WEIL R W30 - iH

2542 H 6 H N R 733 - $ik

24411 H17H B ik 733 - ik

244 7 A30H WA K 36 - 4k

2545 A19H H HZ W38 - ih

PH4EION15H A B H41 - ER
PHR24E4 AT H B fesk 42 - iR
AH e Fg 61 - Bl



H24% 565 20134E10H KO & 803

KERFEDRBESEICDNT

KIELERERE S

ALRRETIE, FMPZECBAM IO, #Edus, FEOPRERLTE OMH - &5 - E
&, KEOBEHDPHEES EN TV LA ZEIER IOV TOMIE - EHICHT 55, 5
WITEHKOER, B, BELCREVEREFELTBY 7

BARBEARI, R0, il MR, WM, WGRE, WF, KERE (SEME, £H0N, &R
WEMZ L) ICHHINTE) 7. BREICOE T L TEERBUERZ TS 728w,

(1) F ABOFITIICRIERE DS 0T, MAIEE b OFEH OGN F 721208 HBIZE D BE,
HOMBURR EZNELTL2H0%2%ELTBY 7.

@) Wi BIGOBERE R EIHEHT D OT, FMWICMENDH S LBDOLNEDDE/FLRE
LTBY FET.

Q) MBI FEOMEIICOWTHBMIZIL VTP SMIL, ZOWREMD ) ZIEL2L D
EMHELTBY 7.

(4) W EFEOREICOWTHY TP TRHEL, SHOERE, BHBCHIODbOEHRE L
TBYET.

() BR D FMND BV IERNICEO D 2 NEE G A, KHOBEERL L TRISb0O%
WHELTEY 7.

(6) HFE  AHOBHOENRRE L EIRACHELRHEEZWNANT S (Rl 2RI T E
. g 12, RERNOER - BB LTCITHMHEL L Z2HE L0
TT. RDOEI Zd0EHRIILTEY 7.

O —MTIHET oK B OIRLVIES - Hifd

OF DT ORI REHEER R B RN E % &)

OMFEIZOWTD FE v 7 2 (ERIEM b2

OHB & MR - 21T

Offi 4 D5 BT TR O & B O 5 2 (KBt 3

OFig HoHCHARifa L &

OKIBEL DIETYIZ BT 2 FERM S ITNE
(7) KBOF  SHOWKRORLVER - REXZHET L [KAOF] 27 TBY 9.

(8) “EMEM : KBS KSREEZOBEMEZBROM A LR THEEONTEY T BMEY 248
WELTHBY 7.

©) Zofti: E)~@DMNPICKGEETHL 222k EBVETH, “HEXE Wi
DES R WERELRTLF (OB, oW, F4) I200nTh, “FERE L LToRK
MEFFD RBICB E 2055, RMINCBIRL - WEF L FT.

T2, SOEMCNY EFERESHRPLELF L ETRENTSVE LOWERTES T TBH
HETF 3w,

KEOFMICHT, H, KEOBRHKEISORBMEBHFLHLTBY ETOT, Bo TIINE
ABEDLEIBHCKLET. Rz FPE3NTEHE, BIZEGbN kb o 2ERMIc2&EFLTY,
FlEMEBHLLTBYETOT, EHIZIALLBHCVELET.

%8B, KiESweb¥ A b (http//www.suiyokwal.jp) OFTFEZHIEL, KEKENNY 7 F >
N—OPDF#E#, RFOwebEMOME R EXTHRoTWET. 4B EH L) ZHL L BEVH
L EFET.



804

3
#5*

TR 2 F EKERZSRZREZE
ZHE ANt W
w3 % H Bl (&) £ & OL)
% R S S S Bl g % NI
FHER ook ' L & F W £ ot
A A oW B A VAN S S

SFIK254E10H25H  FIRI SPK254E10H31H %84T

ol WA B Bk
S VAN 7 N A
H AR H B R 2

553-0006 KPRfEEXEH1TH2H7 5
EOAF KPR (6441) 6594 (fY)
FAX KB (6443) 5815

wAE o ROW Ok ¥ T EH K i £
606-8501  HUAR I/ 1t X 5 HAM]
TURR R 2 LA R AN
Tk (075) 753-5930 (‘K-&:HEH)
PREEE 7R 01090-8-26568 7K IES:
PUTIEE  AFIZPUTIITSENE %58 1242526 KIEE




CODEN : SUIYAA

October 2013 Vol. XXIV, No. 6

Suiyokwai=Shi

TRANSACTIONS OF THE MINING AND METALLURGICAL
ASSOCIATION
KYOTO

CONTENTS

Memorial Lecture in the Annual Meeting of Suiyokwai

Looking back upon exciting Kyoto University metallurgical
curriculums which we learned, with special emphasis

of comparisons to some of Universities in United States. «+«=ssereerererreeeeeceeees Shinji ONGA ------ 703
Energy Supply and Economic Growth «««-««-srreerrrmemmemrin Ryuzo YAMAMOTO -+ 710
Forum
The work I experienced and following research task from now on -+ Hiroaki KOBAYASHI ------ 717
Analysis of interfacial electronic states in MOSFET gate stack structures
by synchrotron radiation photoemission spectroscopy ««:t--«=seteseeeerrreceses Satoshi TOYODA ------ 722
Development of Proton Conducting Electrolytes
by Low-Temperature Solution Synthesis +«-+«-«-seerersreerrmrriiemnrninn. Naoyuki HATADA -+ 797
Materials designs of organic molecular assemblies and
nanostructured metal oxides for photovoltaic devices «:+xterrerrereeeeeeeeees Takashi SAGAWA -----+ 733
Application of Nano-Geosciences in Petroleum Engineering «--«--eeeceeeeeeeeeeees Yunfeng LIANG ----+- 737
Current StUdies in Laboratories «««------wwwtttrrrrremrerrrmmiimeerrriiiee et 743
SUiyokwai TNFOTIAtion =+ -+ s ssesserrerreete ittt 767
LEtter £0 TLditOr «r++errrrrrrerreerrrruimeeeermtiiaeettttiiiaeerettiaeeesttiaseessataeee sttt e eesabaeeaaaaanns 786
Regulations .............................................................................................................. 799

Kyoto University

Japan





