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Characterization of Sota Fujii’s Shogi using Various Shogi Al

Kazuki TAKATSU", Hiroki TAKADA™ and Takayuki HIRATA™

(Received September 27, 2019)

Sota Fujii is a professional shogi player who has achieved renewal of historical records. As Fujii

is a young man, his brain is in the growing stage. Therefore his ability of shogi is improving with his

brain growth. Analysis using shogi Al characterizes the future of the player’s shogi quantitatively.

There is a possibility that we can detect the rapid growth of the young player by analyzing only a

few games. In this study, Fujii’s ability was evaluated by analysis of records of shogi using multiple

shogi Al
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Beginners Try to Learn Android Programming

-Can They Master Android Programming in a Week? -

Noriaki MARIKAWA*, Kazuki TAKATSU"* and Takayuki HIRATA**

(Received September 27, 2019)

Can programming beginners create an application of mobile devices after 7 days lesson? To

answer this question, we have done an experiment. One lesson was limited to an hour. Java on

Android was used as a programming language.
in this attempt.

application on mobile devices.

Five students who major in engineering took part
They were beginners in Java programming and unfamiliar with making an

Before and after 7 days lesson, the questionnaire surveys were

carried out. The participants of the lesson succeeded in making a Java application on Android

devices.

Key Words : Mobile Device, Android, Java, Programming beginners, Education
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The Development of Reactor Neutrino Monitor

—Development of Liquid Scintillator Containing Gd with PSD Capability —
Yuta IKEYAMA™ , Kyohei NAKAJIMA® and Yoichi TAMAGAWA *
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Reactor neutrino monitor is a technology that utilizes an anti-electron neutrino generated from a
nuclear reactor to monitor the operational status inside the reactor. Currently, we are developing a
liquid scintillator (LS) for a prototype detector. The performance required for LS is not inferior to
that of commercial products, and the transmittance is 90% or more with an optical path difference
of 9 cm. In this paper, we report the result of light yield and transmittance measurement with

respect to the various amount of LS constituents.

Key Words : Reactor Neutrino Montitor, Liquid Scintillator, Background
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U-TRU-Zr metallic fuel is a candidate innovative fuel for the TRU burner. Americium (Am), one
of the main targets of burning, will diffuse and form precipitates. The matrix and thermal properties
of metallic fuels will change during high-temperature irradiation and annealing. In this study, the
property changes of metallic fuels (including Am) were investigated by using surrogate elements.
Niobium and rare earth (RE) elements were used as surrogates of U and Am. The thermal
diffusivity and the electrical resistivity were measured for Nb-Zr+RE (5 wt.% of Ce or Nd) alloy
specimens prepared by means of arc melting and then annealed at 400 °C.

Despite the similarity between the thermal diffusivity values, the electrical resistivity of the
Nb-Zr+Ce alloy was significantly higher than that of the RE-free Nb-Zr alloy. Annealing had only
a slight effect on the diffusivity, but yielded considerable improvement in the resistivity of the
Ce-added specimens. The thermal diffusivity and electrical resistivity of the Nb-Zr+Nd alloy were
quite similar to those of the Nb-Zr alloy, indicating that Nd had no effect on the conductivity and
resistivity of Nb-Zr. Although Ce led to a decrease in the resistivity, the resistivity was rapidly

improved via annealing.

Key Words : Nb-Zr Alloy, Electrical Resistivity, Thermal Diffusivity, Annealing Effects

1. Introduction

U-TRU-Zr metallic fuel is a candidate innovative fuel
for the TRU burner > 2. Americium (Am), one of the
diffuse and form

precipitates during operation. The matrix and thermal

main targets of burning, will
properties of metallic fuels will change, owing to neutron
irradiation and annealing at high temperatures.

Thermal properties of this metallic fuel have been
extensively studied, as simulations of the fuel
temperature distribution require the precise thermal
conductivity!?). Post-irradiation examinations of various
metallic fuel types, such as U-Zr or U-Pu-Zr alloys, have
revealed that components of the fuel (especially Minor
Actinides (MA) and Rare Earth (RE) elements) diffuse,

thereby resulting in redistribution of the fuel matrix 41,

* Advanced Interdisciplinary Science and Technology,
Graduate School of Engineering

** Research Institute of Nuclear Engineering

Kim et al. have revealed the mechanism of this
phenomenon®™. The property changes
should be

performance simulation, but studies considering these

caused by

redistribution considered for precise
changes are lacking.

Redistribution was mainly caused by neutron
irradiation and chemical interaction between different
elements. In metallic fuel, the main components, U and
Zr, form a single phase at high temperatures (>700 °C),
indicating that the van der Waals attraction between
different elements is rather small. However, owing to a
small attraction, sub-components of Am and RE will
separate from U and Zr, and subsequently form an
intermediate phase with plutonium, some other actinides,
or another RE from fission products. Prior to loading U
and Zr into a fast reactor, a U-TRU-Zr alloy forms a
relatively homogeneous fuel matrix since the possible
production procedure leads to quenching of the alloy .
The components of the metallic fuel will then diffuse
slowly during the reactor operation.

Hence, chemical interactions play a key role in

redistribution. In this study, Nb and RE (Ce and Nd)

29
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were chosen as surrogates of U and Am, owing to the
similarity between U/Zr and Am/Zr interactions. The
chemical interaction and thermal effect were investigated
by annealing each specimen as a simulation of reactor

operation.

2. Surrogate material

As in the case of the U-Zr system, a body - centered -
cubic (BCC) mixture phase forms in Nb-Zr binary
Metallic fuel
production can be performed by quenching and loading
the fuel into a fast reactor. Although the U-Zr system
undergoes many phase transitions, the mixture phase

systems heated at high temperatures.

should be present in the U-Zr metallic fuel prior to

loading.

3. Experiment

Nb-22.27r alloys (same atomic ratio as the U-10Zr
alloy) were prepared (by means of arc melting or
quenching) with 5 wt.% addition of Ce or Nd.

Two samples with the same composition were
produced from each Ce- and Nd-added alloy. Each
sample was polished with SiC paper into a disc (@ = 10
mm, h = 3 mm) for measurements of the thermal
diffusivity, electrical resistivity, and composition. After
the first measurement of these properties, the discs were
annealed at 400 °C for 36, 120, and 240 h and the
measurements of thermal diffusivity and electrical
resistivity were then repeated.

The thermal diffusivity was measured via the laser

flash method and was calculated as follows:

n—UlEEE*

(1

Where, @ is the thermal diffusivity, d is the thickness
of each specimen, and t,,- is the time corresponding to
The
diffusivity under vacuum conditions at 300, 400, and 500

half of the maximum temperature. thermal
°C was evaluated via laser flash measurements, which
lasted for nearly 4 h, i.e., for relatively shorter than the
annealing time. Black bodies were obtained by spraying
each specimen with graphite [-31,

A four-terminal method was used to assess the extremely
low electrical resistivity of the alloy. The measured
electric potential difference was converted into electrical

resistivity and conductivity as follows:

p=Fy ®F ®xFx
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Where,

electrical resistivity, 5 is the distance (0.26 cm) between

g is the electrical conductivity, p is the
terminals corresponding to the measured potential
difference, £ and d are the thickness and diameter of
the sample, respectively, ¥ is the potential difference,
and I is the current (0.3 A) P). The potential difference
was measured at both surfaces of each disc. The
electrometer and current were corrected before starting

the measurement of each disc.

4. Results

4.1 Thermal Diffusivity

Figs. 1 to 3 show the thermal diffusivity of
Nb-22.2Zr+RE (5 wt.% of Ce or Nd) for each disc at 300,
400, and 500 °C. Uncertainties of 5% were employed. At
300 °C,
specimens, except for the relatively high diffusivity of
the Ce-added Nb-Zr alloy. The diffusivity of another
Ce-added specimen was almost the same as that of the
RE-free and Nd-added alloys and the diffusivity of Ce
was lower than that of the Nb-Zr alloy. These results
indicated that the high diffusivity of the Ce-added alloys

lies within the measurement uncertainty. At 400 °C,

similar diffusivities were obtained for all

consistent diffusivity was obtained for all the discs, but
the results at 500 °C indicate an effect of RE addition, as

Thermal Diffusivity(cm?/s)

i=1
bbb

0 50 00 150 200 250
Annealing Time(h)

Fig. 1 Dependence of the thermal diffusivity at 300 °C
on the annealing time. Error bar corresponds to +5%



evidenced by the relatively large discrepancy obtained.

However, the diffusivity of each sample varied

inconsistently with the annealing time, ie., the
diffusivity measurement revealed no dependence of

diffusivity on annealing time and RE addition.

018

il
=
o

Thermal Diffusivity(cm?/s)
o
=

0 50 00 150 200 250
Annealing Time(h)

Fig.2 Dependence of the thermal diffusivity at 400 °C on

the annealing time. Error bar corresponds to 5% of the

value
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Fig.3 Dependence of the thermal diffusivity at 500 °C on
the annealing time. Error bar corresponds to £5% of the

value.

4.2 Electrical Resistivity

Figs. 4 to 6 show the dependence of the electrical
resistivity and conductivity at room temperature on the
annealing time of each sample. The corresponding
uncertainties were associated with the measurement
points of each disc and contact situation. The resistivity
of the RE-free and Nd-added alloys exhibited almost the
same dependence on the annealing time, but the
resistivity of the Ce-added alloy exhibited a different
dependence. In one case, the conductivity was relatively
lower than that of the RE-free alloy and was rapidly
improved after 36 h of annealing. However, in the other

case, the conductivity of the sample in the quenched
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condition was almost the same as that of the other

specimens.
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4.3 Compositional Chages

Fig. 7
SEM-EDS analyses of the Nb-Zr+Ce alloy (uncertainties
were estimated from the measurement points and the

shows the content map obtained from

SEM-EDS system). This map revealed a heterogeneous
distribution of Ce (ranging from 1.5 wt.% to 4 wt.%)
through the surface, indicating quite low solubility of Ce
in the Nb-Zr alloy. Fig. 8 shows the compositional
changes in each RE at the surface of each disc. As shown
in the figure, the Ce content of the Ce-added alloys
changed only slightly, whereas the Nd content of the
Nb-Zr+Nd alloy increased significantly (from 2.5 wt.%
to 4.2 wt.%). The difference between Ce addition and Nd
addition may have resulted from the solubility difference
of these metals. Massalski reported that, at 2640 K, the
maximum solubility of Ce in Nb is 2.0 wt.%, whereas
the solubility of Nd remains unknown [10]. However,
similar trends observed for the RE solubility in other
d-transition metals indicate that the maximum Nd
in Nb would be <1.5 wt% at high
temperatures. Mattern reported solubility values of ~12
wt.% at 1000 K and 7.7 wt.% at 1700 K for Ce and Nd,
respectively, in solid Zr [10, 11]. From those published
data and our SEM-EDS analyses, Ce and Nd solubility in
Nb-Zr alloy was estimated as 2 wt.% to 3 wt.% and =2
wt.%, respectively. This suggested that, for RE amounts

solubility

exceeding the solubility limit, the Nb-Zr alloy was
unstable and excess RE diffused toward the grain
boundary, thereby leading to equilibrium of the alloy.

Ce

Fig.7 Ce content map of the disc surface
5. Discussions
The electrical conductivity and compositional changes

exhibited strong dependences on the annealing time,

whereas the thermal diffusivity exhibited no dependence.

S
i
1
Ll
1
1
1
!
1
]
II
b
1
T
'
.
.
'
:
.
.
'
:
.
.
'
.
i
b
!
L
.
'|
.

Nb Contentiwt%)
%) £~
—r
4 ™,

! ‘
e
)
t3E
]
P
T+t

]

{
:
:

] ) 00 0 200 750
Annealing Time(h)

Fig.8 Dependence of RE on the annealing time at the
surface. Error bar includes uncertainties associated with
SEM-EDS and different areas of the sample.

The decrease in the electrical conductivity may have
resulted from: (1) the shape of the sample, (2) the
precipitation of oxide products, and (3) an increase in the
RE

precipitation. The specimens were prepared via arc

amount of electron scattering induced by
melting, where each specimen was polished from a
button into a disc shape and, thus, different disc shapes
were obtained. However, a correction was performed in
order to obtain a finite disc shape of the specimens, based
on the measured size. The conductivity varied with the
shape of the samples. Furthermore, oxide products could
be precipitated from RE, owing to the high reactivity of
these elements. To verify this hypothesis, one of the
Ce-added alloys was re-measured after polishing one side
of the The

re-measurement results were almost identical to the

specimen with #2000 SiC paper.

previous set of results. Therefore, the decrease in
conductivity was attributed to an increase in the amount
of electron scattering induced by RE precipitation (see
point (3) from above).

We tried to determine the correlation between the
compositional change and the electrical conductivity. Nb
has the highest thermal conductivity of the elements
considered in this experiment and, hence, we assumed
that the Nb content at the surface is correlated with the
conductivity. However, the results obtained for the
compositional changes at the surface revealed that Nb is
more distributed on the Ce-added alloy than on the
Nd-added alloy. the
concentration was realized after 120 h of annealing,

In addition, maximum Nb

although the electrical conductivity remained unchanged
from the quenched state. This indicated that the Nb at the



had no

conductivity. Similarly, the concentrations of Zr and RE

surface correlation with the electrical
were uncorrelated with the conductivity. That is, the Zr
concentration differed significantly among the specimens,
but the conductivity of the Nd-added alloy improved
only modestly, whereas the Ce concentration changed
only slightly, but the conductivity improved rapidly and
significantly. We also considered the solubility difference.
As previously mentioned in section 3.3., compared with
Ce, Nd would have a relatively lower solubility in Nb
and, hence, the main Nb-Zr phase contained a low

amount of Nd.

6. Conclusion

The effect of annealing on the thermal diffusivity and
electrical conductivity was determined for a Nb-Zr alloy
with RE addition as a surrogate metallic fuel. The
diffusivity of each RE-added specimen decreased at
500 °C. However, at 400 °C, similar diffusivity values
were obtained, regardless of RE addition or annealing
time.

The electrical conductivity of the quenched Ce-added
alloy decreased at room temperature, but improved
rapidly after a short annealing. However, as in the case of
the RE-free Nb-Zr alloy, annealing-induced changes in
the conductivities of the Nd-added alloys fell within the
uncertainty limits.

For each disc, the dependence of the compositional
changes on the annealing time was investigated via
SEM-EDS. Compositional changes of Nd were detected,
although the changes of Ce fell within the uncertainty
limit. The difference between the behaviors of the Ce-
and Nd-added alloys may have resulted from the
difference between the solubility of these elements in the
Nb-Zr alloy.
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Influence of Filtration Oil Temperature on the Membrane Patch Color of Oxidized Turbine Oil
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Oxidation of turbine oil used in combined cycle power plant has become a serious problem.

Oxidation of turbine oil causes varnish generation finally and affects the operation of machine. To

prevent this problem, the method that can diagnose the oxidation of turbine oil at early period of

oxidation is required. Authors have been clarifying the relations between color of membrane patch

and degradation of lubricating oil. In this study, we investigated the effect of filtration oil temperature

on the membrane patch color of the oxidized turbine oil by using a colorimetric patch analyzer (CPA)

and FT-IR (Fourier transform infrared spectrometer) with cooling and heating stage. As a result, we

found that high oil temperature cause oxidation products by cutting hydrogen bond. So, it became

difficult to trap with membrane filter and the membrane patch color became light. Moreover, we

found not only oil temperature but incubation time affects the property of oxidation products and the

color of membrane patch.

Key Words : Oxidative degradation, Colorimetric analysis, FT-IR, Membrane patch, Deterioration

diagnosis, Hydrogen bond
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Fig.1 Filtering equipment.

Table 1 Details of membrane filter.

Material Cellulose acetate
Pore size, pm 0.8
Diameter, mm 25
Thickness, mm 0.125

Fig.2 Magnified image of membrane filter.
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Table 2 Physical properties of non-additive oil.
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Fig.4 RPVOT test result without copper catalyst.
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Fig.8 Total ion chromatogram.

Table 5 Detected ingredients by GC-MS.

Peak NO.
®

Estimated ingredient
2,6-Di-tert-butyl-1,4-benzoquinone
2,6-Di-tert-butyl-4-methylene-2,5-
cyclohexadienone
2,6-Di-tert-butyl-p-cresol
Unidentified ingredient
3,5-Di-tert-butyl-4-hydroxybenzaldehyde
4,4’ -ethylenbis (2,6-Di-tert-butylphenol)

@O|®® ©

5. TWIRIC X DBALAER OEERIL

IR OZAL BRI & D X 5 7ot EZ b %
B2 DT ONEHLMNIT D702, B FT-IR (2
MEHHN T L — N AaE e T, IR X 58k
WOREEAZ ) TAH A DITHNT LTz, Rt
IS FIRE 2 7o —7 L LTHWS 72, HiH
IREENIER IR, DAL TV AEAY DR
REIE DOEHISOM AAEHIC @RS A OF R,
BGHEIA T — UE OIS % Fig. 9 12”7, SEHS IR
TV =7 AKUZE & 20 pm, AME 9mm, NEE 6 mm
DV TIRAR—=F ZH]Y FiF 72 DT, ARX—
ORNEMMICREHZ SuL i F L, CaF o L

T
15:00 20:00 25:00 30:00

39



40

Microscope

o i CaF; plate
— 11

" ——— i Aluminum plate

[ ]<—4—1— Heating cell

Sample oil
Spacer —

Fig.9 Schema of cooling and heating stage.
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Fig.10 IR spectra of sample oils from 1800 to 1650 cm™.

Table 6 Wave number of peak A to D.

Peak Wave number at each Oil temperature, cm’!
20 30 40 50
A 1710.6 1711.5 1714.4 1714.4
B 1698.0 1698.0 1699.0 1699.0
Wave number at each Oil temperature, cm’!
Peak
60 70 80 -
A 1714.4 1714.4 1714.4 -
B 1699.0 1699.0 1699.0 -
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Fig.11 IR spectra of sample oils from 3600 to 3200 cm™'.
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Development of Principle Experience Type “Simulated PET Device”
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PET (Positron Emission Tomography) is one of the tests to find cancer cells in the body. When a

radiopharmaceutical called FDG (Fluor Desoxy Glukose) is concentrated on cancer cells, positrons

are emitted from FDG and cause pair annihilation with surrounding electrons. At this time, two

gamma rays with the same energy (511 keV) are emitted in the opposite direction of 180 degrees at

the same time, which is called annihilation radiation. PET examination uses the characteristics of

annihilation radiation to find cancer cells.

In this study, we developed a simulated device that can understand the mechanism of PET by

measuring simultaneous measurement events of two detectors placed at an angle of 180 degrees.

Key Words : PET, FDG, Positron, Gamma Rays, Annihilation Radiation, Cancer
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2. PET (Positron Emission Tomography)
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Proposal of Web application attack detection method using machine learning
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In this paper, we proposed two effective feature extraction methods for detecting intrusion in

HTTP request sequences. We compared the classification accuracy of each proposed method using

a machine learning.

Attacks on Web applications are difficult to distinguish between normal and abnormal, and me-

chanical detection is not easy. Therefore, we focused on the fact that attacks on various Web appli-

cations are closely related to special symbols that differ from ordinary characters.

As aresult of classification using a method characterized by the number of occurrences of special

symbols, the accuracy rate was about 95%. Also F-value and AUC are about 94% each.

Key words :Security, HTTP Request, Special Symbols, Machine Learning
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A Method to Human Activity Recognition Using Acceleration Data

by Machine Learning
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In this paper, we proposed a method to identify human behavior using a 3-axis acceleration sensor

of a smartphone. To realize context-aware services such as efficient energy-saving appliance control

and elderly monitoring, high-accuracy in-home living activity recognition is essential. We tried to

improve recognition accuracy by using deep learning for HAR(Human Activity Recognition).

The proposed methods are CNN(Convolution Neural Network) and Istm(Long short-term mem-

ory) methods. An experiment was performed using the HASC dataset to verify the effectiveness of

the method. The HASC data set is data of three-axis acceleration. As a result of the experiment, the
result using the CNN method was 95.4%, and the result using the LSTM method was 94.3%.

Key Words: Human Activity Recognition,Machine Learning
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In recent years, various types of robots become familiar in our living space, and they are expected

to play important roles in various scenes in the future. Inspired by these situations, it is investigated

that the robot’s behaviors can actually affect our behavior. We consider that if a contrived experience

system which can simulate the effect on us brought by the robot is implemented, it becomes easy

to study appropriate robot’s behaviors which are desirable for us. Therefore, the purpose of the

present paper is to develop the contrived experience system based on several interaction games

between an avatar and us. The system is developed on Unity, where two kinds of interaction games,

(i) repetitive rock-paper-scissors game and (ii) prisoner dilemma game, are implemented. In the

system, a user can freely decide the avatar’s strategy of the game and the change laws of facial

emotion and utterance contents The interaction game is played in virtual reality space with fruitful

presence by using Head Mount Display, providing making easier to interact between the avatar and

us. In simulation experiments, we perform the repetitive rock-paper-scissors game and apply the

strategy which deceives us in the decision of rock-paper-scissor. All the subjects are fooled by the

avatar and are confused which is better, rock, paper or scissor. We have succeeded that the avatar’s

behaviors can really affect our behavior. Thus, our system is practical to simulate the effect on us

brought by the robot.

Key Words :Interaction Game, VR, Human Interaction Simulation System
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Why Should Engineering Students Study a Quantum Computer?

— History of Computers from a Digital Calculator to a Quantum Computer—
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Quantum supremacy is demonstrated by some groups. Quantum computer is a hot topic in both

the scientific community and the general public.

At first, let’s summarize the history of a computer

to understand a meaning of quantum computing. A Turing machine is an epoch making innovation

in calculation by machine. Human being has gotten a powerful tool not only in numerical calculation

but also in logical tools. However, Turing machine has a limitation on some problems such as NP

complete and so on. Quantum computer may be one of the solutions that is a key of breakthrough of

the limitation in modern computing.

study a quantum computer.

In this paper, I will discuss why engineering students should

Key Words: Quantum Computer, Quantum Supremacy, Computation, History of Computers,

Quantum Mechanics, Engineering Student.
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Toughening of Epoxy Resins and Carbon Fiber-Reinforced Plastics (CFRPs)
with Core-Shell Particles Containing Epoxy Functional Groups

Takahiro KAWAUCHI*, Ko YONEDA*, Ayaka YAMAGUCHI*, Tamotsu HASHIMOTO*

Michio URUSHISAKI*, Toshikazu SAKAGUCHI*,
Kazumasa KAWABE+**, Keiichi KONDO**, and Hirohumi I'YO**

(Received October 23, 2019)

Three types of core-shell particles with different epoxy contents were used as a toughening agent
for bisphenol A-derived epoxy resins and carbon fiber-reinforced plastics (CFRPs) prepared
therefrom. Influences of the epoxy content of the core-shell particles on heat resistance, rigidity
and toughness of the cured epoxy resins and the CFRPs were investigated. The addition of the
epoxy-containing core-shell particles slightly increased glass transition temperature (7;) of the cured
epoxyresins. An increase in the epoxy content of the core-shell particles increased tensile modulus
(E) of the cured epoxy resin among the samples in the presence of the core-shell particles. The
addition of the core-shell particles decreased the interfacial shear strength (IFSS) between the cured
epoxy droplet and a carbon fiber in the measurement by the micro-droplet method, but an increase
in the epoxy content of the core-shell particles increased IFSS. In the single-edge-notch bending
(SENB) test, the presence of the core-shell particles improved the stress intensity factor (Kic) of the
cured epoxy resins, but an increase in the epoxy content of the core-shell particles rather lowered
Kic of the cured epoxy resins.  An increase in the epoxy content of the core-shell particles increased
E of the prepared CFRPs among the samples containing the core-shell particles. The presence of
the core-shell particles improved the Charpy impact strength (acn) of the cured epoxy resins and the
CFRPs, but an increase in the epoxy content of the core-shell particles did not necessarily increase
their acn.  In the end notched fracture (ENF) test, interlaminar fracture toughness (G) of the CFRPs
was improved by the presence of the epoxy-containing core-shell particles, but an increase in the
epoxy content of the core-shell particles rather lowered G of the CFRPs. These results indicate
that the use of optimum epoxy content of the core-shell particle is important to obtain highly-tough
CFRPs.

Key Words : CFRP, Toughness, Core Shell, Epoxy Resin
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~ MU w7 ZRICEENER L LTiRmEn D =
TV = NRLAZIZ R DRI H D LB B
% (Figure 1) M, —2>HIL, BIICRARH (7 7 v 7)
DRAE LTS, TOERE & HICBIENICH S =
Ty VR RERT A LI D X — %
INT5ZEThHY, Z2BHIT, %ibt%ﬂ%ﬂ7
Y VR BMENT (Y v 7)) LTRED
RBEISZETHS.

a7 ¥ VR ORLE EO LR EOWFITITH
HEINTWDL RN a7 oo VRN EReE %
DG, TOFREOEAEOKEGIZET 2 HE
ILZNE TRV, 22T, AUFETIE, EFERHRS
NI RV EREEZE T 527 ¥ = VR -2l
TARX UHE & CFRP D58 LAl E LTRIH L
(Scheme 1), a7 ¥ = VR FHROTRFEHE
25 CFRP O J) PRI T T 5 B A it L7z,
HWiza7 v = )VRii1%, a7ilanR) 72T
Y, VWAL T VIIVERE AT NG,

Y VEAIC TR R VN DG ETEASNT
VW% (UF-1, UF-2, UF-3; Figure2). 227 ¥ =/l
WrOZRXF U EFEERN/EMNTH LIk, a7
VR L ARF UBIROBE MR L, 7Y
Y VU TR Db DR AW LS H 2 &N T
=, IDIT, BEEABEAL 0, HEE - iEWE
b bET o2 ENM/HTED. £IT, DRI UE
HRORRD a7 ¥z )VRI1Z L0 wEL S -l
(L= % 485 & CFRP O « R « %0 % 1

EL, ary o VR TFHOTRY S EA &L Rl
L.

Epoxy Resin Bridging
o W
Crack . . /
Figure 1. Image of toughening mechanism by

core shell particles.

Shell : Polymethacrylate

100 l Epoxy Group
nm 3
° e/ \ o
Core : Polybutadiene
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Figure 2. Image of core shell particles used.
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Scheme 1. Schematic picture of preparation of
core shell-containing cured epoxy
resin (CER) and CFRP.
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2-1) ZHWT, a7z /VRiT L BA ORSIRE Y
Table 1 IZRTEE TiTo72. a7 ¥ = ) VRIFD TR

FoaaREF0) EMOTEHELE.
ECMX—EXP - 065ECBA

0.35 (0
ECcore shelt (mOl/g) GiZTQ/I/V*ﬁ%@IﬁffF‘\/ﬁﬁ

&, ECux.exp (mol/g) I1X MX-EXP D TR ¥ &4 &,
ECga (mol/g) ¥ MX-EXP IZ& £ 5D BA ODTRF
VEARTHD. ECITTRX I YE (geq) DMK
Thd. £F, kD BA DHRORBIERM AT 7.
jER828 (T Y&, 187gleq) & jERI001 (=7
XM E, 474 gleq) &% 80°C T 0.5 HEM, MivaL
RRLIRM L. 0%, WkHITH D DICYLS &
@m%ﬁﬂfﬁéthW9%mzfﬁU%@%ﬁ
WZR2N D 1S BERIRM L 7=, KIZ, BAIZa T v =)L
Wi Z Nz T- AR IR %@mﬁ%ﬁot jER828 &
MX-EXP (UF1) (miRFI 4, 286g/eq) % 80°C
T 0.5 R, BaZITWARR R L. I,
JER1001 %1% C 80°C T 0.5 B[], Wiy AT 72/
DR L7z, D%, B{LAITH S DICY1S &iEfk
EHEHRITH D DCMU9 % Nz CTHOMLIE &2 1TV e
25 1.5 BEfEEM L7=. MX-EXP (UF2) (mR¥Fv
WH, 277 gleq), MX-EXP (UF3) (m/RFI Y&,
269 gleq) Z WA ICRB W T B [FEREDOFIETIT -
7-.

ECcore shell =

23 a7 v x/VRIF L BA DL R F T BHIEDIE
20}

FBHIRRM CIERL L 72 BA DA DORHEE LU, BA IZ
a7 vz VR E IR T BIRIRE Y O L = R ¥ >
BIEZERL L 7=, 2 D AT o L A O Frm i B
Fa@Ai L, BIESRNAZZ WL 22T 572012, 1K
DAT VAR IS, TEWEO W T — 7 % T
EHRCES 2mmOT 71— M EEY T,
B2 LiAdr, &9 — KD AT o LA THEATS.
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L0 EE 2 &, 2 mm JEOmE L= R ¥ M5
- F£7, BEX4mm o7 T7er— rEHN
T 4 mm JEDOHLTRF MR L.

24 a7 v =x)VAIF & BA O CFRP OEHRL

MHIE RS CIERL L 7= BA DA DORHER LY BA IZ
a7 vz VR N2 TR IR AW @ CFRP % 15
Liz. B v o /77— FRoKIEa—T v
HE (v VF a—4 —M-500) &AW T, BEAHRICE
HP—RRIZ R o T BIE 2R ET B Z LI D LR
Jvw—— hafEL7-. 7V 7L — b ofEf
\ZIE, R TR o 2 — 3B L iz Ze R B
AR L OMHREN S 58 2 T AN~ ) 7
L7 R I8 2 e IRERHEIE S I L
(k) %4 (TRS50s 15L; #EHERE 6.8 pm) A L7z,
ERIL7=7 VLT — % [0l g & [0] 5o
T4 F¥alb—varTHELE 1 o7 7L
V= hDERIK 40um TH Y, 1ER L 7=FERD
EBERIFNFNFI32mm, 2mm Tho7-. 4A—F
7 L—7 & MW T Z OFEREIR T OBE & b S8 5
Z LX) CFRP 2157, #bE&EL, §XTn7
UfVﬁV~FVﬂLTOSMh®EﬁTT,BO
°C, 2 RFH DS TIT o 74

25 HiE

b= AR X BIIEDO N T ABBIRELIL, =27 A
TA T ) my— (#R) # EXSTAR DSC6220 # H
WTCHIE L. =Y P CIiZ T LIS 2N
T, ZERFHK T CHIEEE 10 °C/min DR E S
TITW, 7 AEBIRE (Ty) ZHE L. k=
REVEIIEDSIERERIT JISK 7161 I
WA O A X1 IS K 7139 0B A (XA 7
B) ZRW=U8L bR R, HEMEH)

Table 1. Composition of cured epoxy resins (CERs)?
CERD Epoxy content of Core shell particle, Low-molecular-weight BA9), High-molecular-weight BA ,
core shell, mmol/g phro) wt% wt%
Neat CER - 0 40 60
UF1-CER 0 15 40 60
UF2-CER 0.383 15 40 60
UF3-CER 0.690 15 40 60

a) (Low-molecular-weight BA) + (High-molecular-weight BA) = 100 wt%.
b) [Epoxy group of epoxy resins]o/[active hydrogen of amine groups of DICY]y = 0.72.
[DCMU (curing accelerator)]o/[DICY (curing agent)]o = 0.14.

¢) Per hundred resin.

d) (BAin MX-EXP) + (JER-828) = (Low-molecular-weight BA).
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3. MREBE

3.1 bR VR OB Rk

TR L 7ot = AR % S BIE D Ty 2 DSC I & v #l
FEL, a7 VRO RF U EA IS K D MHEL
MEOZALZ G LTz, HIER S % Figure 3 IZR7.
9, FLaRTEY N v ANICES LIZBRICAE
Ub T, O FIF Z 5720 572, ¥ =)L T3 L
DD TNDI LT, TLEEHY DTHRFT
BHEOMIRZHNET=oTho EEZLND. &6
2, a7y VRIADOTRXERRENENT D 2
L2k, bR, TRERLE Zhudiy =
WCIFET DR F VR~ N v 7 AR CTHDH =
R HE L RIS LT aT & o LGS LA A
FN, BESNENLIZ2DThrEEZLND.
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Figure 3. DSC thermograms of core shell containing-
cured epoxy resins (CERs): Neat CER (no
core shell particle), UF1-CER (epoxy
content of core shell 0 mmol/g), UF2-CER
(epoxy content of core shell 0.383
mmol/g), UF3-CER (epoxy content of core
shell 0.690 mmol/g).

3.2 Bb R URHEE D SR R
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%, a7y VR RS LTV AR AR F
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Figure 4. Stress-strain curve of core shell-containing

cured epoxy resins (CERs): Neat CER (no
core shell particle), UF1-CER (epoxy
content of core shell 0 mmol/g), UF2-CER
(epoxy content of core shell 0.383
mmol/g), UF3-CER (epoxy content of core
shell 0.690 mmol/g).

Table 2. Thermal and mechanical properties of cured epoxy resins (CERs)
Epoxy content of 5
CERY T, °C Gimax®), MPa EY, GPa IFSS®), MPa acend, kJ/m Kie®, MPa-m'?
core shell, mmol/g
Neat CER - 110 72.08 2.68 22.07 1.42 1.38
UF1-CER 0 116 51.03 2.10 12.30 2.90 3.11
UF2-CER 0.383 117 56.58 2.20 13.01 2.91 2.68
UF3-CER 0.690 118 59.56 2.20 15.15 3.01 2.51

a) [Epoxy group of epoxy resins]o/[active hydrogen of amine groups of DICY ]y = 0.72.
[DCMU (curing accelerator)]o/[DICY (curing agent)]o = 0.14.
b) Glass transition temperature measured by differential scanning calorimetry (DSC) on second heating scan.

¢) Maximum stress measured by tensile test.

d) Initial elastic modulus (Strain 0.1 — 0.3 %) measured by tensile test.

e) Interfacial adhesive strength measured by micro-droplet method.

f) Charpy impact strength.

g) Stress intensity factor measured by single-edge-notch bending (SENB) test.
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Figure 5.

Figure 6.

Stress Intensity Factor K, (MPa-m'2)

Figure 7.

Charpy Impact Strength ag,, (kJ / m?)
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Interfacial adhesive strength of core shell-
containing cured epoxy resins (CERs):
Neat CER (no core shell particle), UF1-
CER (epoxy content of core shell 0
mmol/g), UF2-CER (epoxy content of core
shell 0.383 mmol/g), UF3-CER (epoxy
content of core shell 0.690 mmol/g) .

40F

Cursd Epoxy Resin
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ﬂ Neat EP

Charpy impact strength of core shell-

UF1-CER UF2-CER UF3-CER

containing cured epoxy resins (CERs):
Neat CER (no core shell particle), UF1-
CER (epoxy content of core shell 0
mmol/g), UF2-CER (epoxy content of core
shell 0.383 mmol/g), UF3-CER (epoxy
content of core shell 0.690 mmol/g).

1@'

Cured Epwy Resin

il
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Stress intensity factor of core shell-
containing cured epoxy resins (CERs):
Neat CER (no core shell particle), UF1-
CER (epoxy content of core shell 0
mmol/g), UF2-CER (epoxy content of core
shell 0.383 mmol/g), UF3-CER (epoxy
content of core shell 0.690 mmol/g).
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Table 3. Mechanical properties of carbon fiber-reinforced plastics (CFRPs)

Epoxy content of

CFRP? Omax”, MPa E9, GPa aen®, kJ/m’ G9, K)/m’
core shell, mmol/g
Neat CFRP - 75.59 7.87 9.93 0.80
UFI1-CFRP 0 29.44 3.96 23.23 0.98
UF2-CFRP 0.383 43.27 5.98 20.54 1.30
UF3-CFRP 0.690 42.12 6.31 16.99 0.69

[Epoxy group of epoxy resins]o/[active hydrogen of amine groups of DICY ]y = 0.72.
[DCMU (curing accelerator)]o/[DICY (curing agent)]o = 0.14.
Maximum stress measured by tensile test.

Initial elastic modulus (Strain 0.1 — 0.25 %) measured by tensile test.

Charpy impact strength.

Interlaminar fracture toughness measured by end notched flexure (ENF) test.

93



= 104 nm

Figure 11. SEM image of core shell-containing
CFRPs: (A) Neat CFRP (no core shell
particle), (B) UF1-CFRP (epoxy content
of core shell 0 mmol/g), (C) UF2-CFRP
(epoxy content of core shell 0.383
mmol/g), (D) UF3-CFRP (epoxy content
of core shell 0.690 mmol/g).
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