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1) M. Li, K. Xiang, G. Luo, D. Gong, Q. Shen
Preparation of  Monodispersed  Copper
Nanoparticles:  Environmentally  Friendly
Chemical Reduction, Chin. J. Chem., 31 (2013),
pp. 1285-1289.

2) H.Yagyu, Y. Tanabe, S. Takano, M. Hamamoto,
Liquid-phase Reduction Synthesis of Mono-
dispersed Gold Nanoparticles on Glass
Microfluidic Device with Flow Rate Control ,

Micro & Nanno Lett., 12 (2017), pp. 536-539.
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SEXH

1) Y. Ishizaka, S. Makino, T. Fujisawa and K.
Saitoh., “A metal-assisted silicon slot
waveguide for highly sensitive gas detection”
IEEE Photonics J., vol. 9, no 1, 2017.

2) B. Roel, Kristinn B. G. Sanchez, A. Griol, H.
Schlstom, M. Holgado and R. Casquel, “Silicon
Photonies: silicon nitride versus silicon-on-
insulator” OFC, 2016.

3) Y. Kurosawa and Y. Ishizaka, “Evaluation of
sensor sensitivity in metal-assisted silicon
nitride slot waveguide” MSST, 2018

4) Q.Liu, J. Kee and M. Park, “A refractive index
sensor design based on grating-assisted
coupling between a strip waveguide and a slot
waveguide” Optics Express vol. 21, No. 5, 2013.

5 GRHET “BE7A MY aryzuy ME
W THR S LTe~ vy Y = VX —TFE A
H RS BARFRERFHI/RE - BREFS
MREHEE 5 62 %, 2019.

— 19 —



2019 BAR¥BRAFAFRETFHZAR BLafiRiE BLRXBRE

BEhEER S X T LBARICH (T
RBEEST)FEREYZTaL—YaYy

1 FLHIC

T, REEELTEL A5 L (ADAS: Advanced
Driving Assistant System) X742 B EEHROERIC
BT -EEHA AT LOFEBEEBIERLL TV
V. IRLOERBIZE, mEREMARD LN, R
Be v YOFWEHLEAVETHL EENTWES,
MERAME bEGRBRELZT-TCW-AEIEY HEE
Ry 27 AT 2 XD IT B LT, BEIREOR
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REZBETHZLEARFTENATVS I LnLen
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FREREPETH B.

EQITHER /it B
HESE AR BT

OpenstrretMap \

|
openDRIVE $FVFER
Driving Scenario Designerl
wwﬁh } Siiiowe
wHEE } ¥Iab—¥av
BRIk > TRHAXE, B#T

i

M2 YFUFERFHEEVZaAL—DIY
3 LFUFERFE

21, KRR TIRET BT ) AAERFEERT.
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1) S. Patole, M. Torlak, D. Wang, and, M. Ali,
“Automotive radars”, IEEE signal processing
magazine, pp.22-35, March 2017.

2) R.H. Rasshofer and K. Gresser, “Automotive
Radar and Lidar Systems for Next Generation
Driver Assistance Functions”, Advances in
Radio Science, Vol.3, pp.205-209, 2005.

3) F. Zhang, D. Clarke and, A. Knoll, “Vehicle
Detection Based on LiDAR and Camera Fusion”,
IEEE 17th
Intelligent Transportation Systems
pp.1620-1625, October 2014.

4) T Lim, A. Ansari, B. Major, D. Fontijne, M.
Hamilton, R. Gowaikar and S. Subramanian,
“Radar and Camera Early Fusion for Vehicle

Conference on
(ITs0),

International

Detection in Advanced Driver Assistance
Systems”, Machine Learning for Autonomous

Driving Workshop, pp.1-11, 2019.
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— b EEFEINTERY, AV—F—Z &R L
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WMAERRL CATELERRIBFS VAT LAEHBET
xHrboLHFEINS, (K1)
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— R — N DESNEL T a2 OEERN
EL, ARBOT—X 2R LT, AKENEHWIT
HED LT, =7 arBEEL TR EEAIT
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RELIGIOUS AND MULTIFAITH ARCHITECTURE

(Comparison and Elemental study of Religious and
Multifaith Architecture)

1. INTRODUCTION
Rising incidents of religious racism is an increasing concern in
the diversely growing world of today, therefore seeking the
solution of such issues is a necessity. This study highlights the
architectural contribution to that issue with the existing theory
of multifaith spaces (GMFS below). The purpose of this research
is to investigate the correlation between religious architecture
characteristics and how such similarities may have contributed
to the possibility of the combined worshipping places. (e
multifaith spaces). As the base of references, the study presents
the religious architectural characteristics and find the common
set of principles among distinctive worshipping spaces.
Furthermore examining the current state of multifaith
architecture to expand the knowledge of such spaces, using the
illustrative case study method, which also gives an architectural
vocabulary to the “multifaith spaces” that were not mentioned
n the previous studies.
1.2 Multifaith Space Definition
Multifaith space does not have any clear set of standards
or a clear definition, however, it is a space which is
designed to offer religious purposes to the various people
with distinct belief. MFS is not defined by any religious
group or organization which promotes the idea, there is
some scholarly research that discusses the meaning of
it[1]. MFS in this thesis is defined as a place that should
provide for everyone regardless of their backgrounds, for
the tolerance and respect for different faiths, hence
conveying a message through such space that no belief
system or human is superior to another.

BEZXER (407 YU—»4
HEHR iz H

1.3 Objectives

The purpose of this research is to study the common
elements/characteristics of religious architecture, thevefore
using the results of this research to design the multifaith
architecture of the future. This research aims to expand the
multifaith idea among architects to create a neutral combined
worshipping space for people with variant cultural backgrounds.
A detailed analysis of each religious characteristic could be
useful for the MFS since multifaith architecture is designed to
fulfill the worshipping needs of large number of users.

1.4 Limitations

According to Adherents, an independent non- religious
affiliate organization, since there are roughly 4300
religions in world so it would be difficult to cover all the
religious architecture characteristics in this research.
Therefore, this research would be limited to religions that
cover approximately 70 percent of the world population.
The research studies particularly 7 religious architectural
design guidelines characteristics are studied, which are
Islam, Christianity, Judaism and Sikhism, Hinduism,

Taoism, and Shintoism.

1.5 Method

The methodology includes a literature study using
the different religious architecture guidelines for
designing and its characteristics/elemental study.
The illustrative case study is conducted in order to
get an idea of how the multifaith spaces are
designed and to show the diversity of MFS.

Table A. Arranged and Categorized Characteristics List

L.Prayer Hall Haram(Main prayer hal Prayer Hall (Segregation)

Sanctuary

Prayer hall

Architecture Musfim Christain Judaism Sikhism Hinduism Taoism Shintoism
Characteristics MOSQUE CHURCH SYNAGOGUE GURDUWARA (Sikh Temple) MANDIR {Hindu Temple) Taolst Temple JINJA (Shinto Temple) |
The Gathered Assembly Area or l

Mandapa(The Frant Porch) rooms ta chant scriptures | Worship Hall (Haiden)

 The Church Edifice {recognizable

2.architectural Form N
design)

Temples (domes)

The Dome and Steeple upturn eaves roof kirizuma

portal, lwan

3.4 h
pproac {entrance),(approach}

Gathring Space or Narthex

Four entrances

Three gates at the
entrance, Approach/Nature
Environment, (stairs}

{stairs approach) Stone stairs (Approach)

Liturgical Art, Iconography,
Statues and Shrines

4, Liturgical Art, iconography,

N Menorzh, Ner Tumid
Figures

Guru Granth Sahib(iconography)

(diety, statue),temple hall decorated
with paintings of gods and goddesses

Guardian lion-dogs,

murals, sculptures , Symbols ) i
P 4 Sessha/massha (small shrines)

5. Water Element Washing facilities (water} The Baptistry (font) Mekvah

The Reservoir {water) Fountain

6. Direction Qibla direction, (Mihrab} Ak (direction)

Cardinal directions Axis

7.Altar [ The Altar Bimah

{Guru Granth Sahib, altar)

(altars} altars to pray at.

Congregational area {courtyard),

3 rd, "
8. Passage (Courtyard) (spproach) The Temple Hall Courtyard (Pathway {Sandd)
9. Exterior Symbol Minaret (symbol), portal Bell tower, The Crucifix {symbol) Nishan Sahib (flagpole) , symbol Torii gate (symbol}, 1676
Vast dal
10. Decoration Decoration Ornamentation g >
design)
11. Site Selection Site selection Nature Environment (Nature environment)
12. Geometric order Vas'(u-purusa-mandala (geometrical Feng Shui
design)
13. Hierachy {Hierarchy Hierarchy

4. Sanctuary for Deity

The Inner Chamber Main Sanctuary Sanctuary (Honden)

the interaction of sunlight and

15. Light Naturat Light Natural light (lights from above) hacows

16. Pulpit Minbar (pulpit) Pulpit Pulpit

17. Floor Covering Floos covering Floor Cavering i

18. Sanctuary rail Communion (attar) rait Tamagaki (fence surrounding the
honden]

19. Guardian Office Magsura {guardian office)
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2. COMPARISON OF RELIGIOUS
CHARACTERISTICS / ELEMENTS

2.1 Listing of Religious Characteristics/Elements
The similar characteristics/elements from the design

guidelines were analyzed using the literature [1][2] and listed,

re-arranged and categorized in a list (Table A). By doing so,
19 common characteristics/elements were found. The
characteristics/elements in the re-arrangement list were put
inside the list if two or more similar elements/characteristics
were found that were extracted from the religious
architecture design guidelines. Furthermore, similar
characteristics were put together into the list of the key
characteristics. (Table A)

2.2 Visualization of Design Characteristics

The religious common characteristics/elements were
visualized for a better understanding of the position and
space Even though each of the 7 religions has different
belief systems, religious history, and architectural floor
plans, the unexpected result shows how each religion had
two or more architectural elements that can be seen in
other religious spaces as well. (Table B)

Table B. Visualized list of Design Characteristics

ikl Fipdulm 1 Tackim SHintoBm
Sikh Temple indu Temgle Taoist Temple Shinto Shrine

Approach
(Entcance)

passage
(Caurtyasd)

3. MULTFAITH ARCHITECTURE ANALYSIS

3.1 Multifaith Space Analysis

Several examples of MF'S around the world were discussed
and divided into two categories of “purpose-built MFS” and
“non-specific MFS”. The list of spaces was made accordingly.

After examining several examples of MFS around the world,

two categories for MFS and 3 types of multifaith settings
were analyzed and made into a picture list (Table C).

3.2 MFS Illustrative Case Study and Results

The case is conducted to get the state of current multifaith
spacesis two types of settings. The religious characteristics and
considerable characteristics analyzed by the author were
examined with two of the “purpose-built MFS”, which are “The
Prayer and Meditation room in The United Nations” and
“Interfaith Peace Chapel” designed by architect Phillip
Johnson. spaces. (Table D) Besides religious and suggested
considerable characteristics, 9 unique characteristics were found in
the two places. As a result, 8 common characteristics in total were
also found that are present in the two spaces.

Category Purpose-built MFS.
Setting Attached to Secular Buildings
Type Multifaith Room

Table C. Visualized list of DeSIgn Characterlstlcs

@

otko Ch o
| BB
(mh

The Interfith Peate Chy s, US

m.% oy

Kamppi Chapeltforsi Firng

Table D. Multifaith Spaces AnaIyS|s Result

Multifaith Room

Muttifaith Center

Unique i 2 comman
o,
Uni
ited Nations Meditation | L oo Chapel Two Spaces Two Spaces
and Prayer Room
Prayer Hall Prayer Hall
Altar i

[Artificial Light effect Praver Hall

Form Abstract Painting [Astar

Floor Covering Orientati Darkness [Accessable Location

Half bare and haif carpeted
loor

Religious Altar Neutral interior Design

1
2
3
4
Characteristies [ 7] Approach
3
7
8
9

vinimura Religious symbols
[ Artificial Light effect

void

[No windows

Site Selection
Natural Light

| 18 {arsiticial Light effect Void

19| Abstract Painting Sacricity

Unigue .20 Darkness Fully Vacant Room
Pl bare ard ball carpeted [ oo

Characteristics | 21},
No wi s inside sacred area

22 [Void
23{No windows

4. CONCLUSION

By analyzing different religious architecture characteristics,
this thesis has shown how exclusively diverse belief systems
could have familiar precepts and architectural terms. Also
reviewing how such similarities may have contributed to the
possibility of shared praying places around the world. This
study inscribed the characteristics/elements that might be
considered in designing such spaces. Not all the religious
architecture characteristics were present in the studied MFS.
however, they might also be appreciable if integrated into the
MES, such as the courtyard, etc. The study also stated the
need for a designing solution that makes it reasonable to
assimilate necessary characteristics/elements for individuals
worshipping within a smaller space setting as well. Also
given an architectural vocabulary to the "multifaith spaces”
that were not mentioned in the previous studies. The
approach provides new extensive insight that could be
valuable in the designing of the future neutral worshipping
places. Based on these conclusions, practitioners may
consider and implement brought up MFS characteristics in
the making of multifaith architecture, however not all the
mentioned characteristics/elements are expected to be
present. The combination of raised characteristics could also
be tested.
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Flexural behavior of concrete beam reinforced with
steel bar, bamboo and continuous fiber rope

1 INTRODUCTION

Using reinforcing material, such as steel bars for
concrete beam has been a great method to
strengthen the resistance against external force.
However, there are alternative methods to replace
steel in reinforced concrete, namely bamboo bar,
carbon fiber and other material. The experiment
executed by our laboratory resolved the question
of the effectiveness of the replacement for steel
bar, focusing on bamboo and aramid fiber rope.

In this paper, not only the behavior of
bamboo reinforced concrete beam and prestressed
aramid fiber rope concrete beam under external
loading are studied, but also the relaxation of
aramid fiber rope is investigated.

2 EXPERIMENT

2.1 Outline of the experiment
Two kinds of experiment were executed, namely
bending test and relaxation test. The total of 7
used for the
including 2 bamboo reinforced concrete beams
BRC1 and BRC2, 2 steel reinforced concrete
beams RC1 and RC2, and 3 prestressed aramid
fiber rope concrete beam FRC1, FRC2 and FRC3.
BRC1, BRC2, RC1, RC2, FRC1 and FRC3
were used for the bending test, and FRC1 and
FRC2 were used for the relaxation test. The
strains of steel, bamboo and concrete were

specimens were experiments,

measured with strain gauges during the bending
test. There was grout injected into the sheath of
FRC1 and FRC3, while there was no grout in
FRC2.

2.2 Materials

Concrete strength of BRC1, BRC2, RC1 and RC2
was 39.31 N/mm?2 Concrete strength of FRCI,
FRC2 and FRC3 was 39.8 N/mm? Yield strength
of steel bar was 406 N/mm?2. Grout strength after
28 days cured was 62.3 N/mm2. The mechanical
properties of aramid fiber rope are shown in Table
1.

+RKI%EHK Nguyen Duy Phong
BEHE WHE

pory
=

Table 1 Propertiés of aramid fiber rope D

Cross Young’s Unit Max. Tensile
section | Modulus | mass Load strength
11.5 45.7 16 27.8 2414
(mm? | N/mm?®) | (gm) | (N) | N/mm®)

2.3 Loading test

Regarding to the bending test, RC1, BRC1, FRC1
and FRC3 were designed to be failed under
flexural moment while RC2 and BRC2 were
designed to be failed under shear force. During
the experiment, every 5kN of force increased up
to failure. Cracks were checked if they appeared
on the beam, and the widening of the cracks as
well as the expanding of the cracks. The position
of the cracks was also recorded, as they showed
the kind of failure of the beam.

Photo 1 Setting up for specimen

Aramid fiber rope was tensioned by a

‘hydraulic jack in FRC1, FRC2 and FRCS3.

Regarding to relaxation test, since the maximum
load of the aramid fiber rope was about 30kN, in
order to ensure the safety during the relaxation
test, tensioning was stopped at 15kN and locked
by anchorage system. Grout was injected after
tensile process completed.

3 TEST RESULTS

3.1 Bending test

From test results, a comparison chart for load —
deflection relationship between specimens in
bending test can be drawn in Fig. 1.
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Load (kN)

10 20 30 40
Deflection (mm)

Fig. 1 Load — deflection relationship comparison

As can be seen from Fig. 1, the maximum
load of BRC beam is only about half of RC beam
and aramid fiber reinforced concrete beam.

From the observing the tests, RC1, BRC1,
FRC1 and FRC3 failed due to bending and RC2
failed due to shear force, exactly as expected.
BRC2 was designed to fail due to shear force but
failed due to bending. It can be said that
resistance of BRC for bending moment is weaker
than of RC for shear force.

The results obtained through the tests and
analysis are shown in Table 2 and Table 3.

Table 2 Test and calculated results

RC1 | RC2 | BRC1 | BRC2 | FRC1 | FRC2
PUcal
72.2 1 70.2 - - 51.7 66.8
(&N)
PUexp
81.5 | 69.0 42.0 39.29 68.0 74.7
&N
P
10,89 | 1.02 - . 0.76 | 0.89
PUexp
Table 3 Properties of bamboo bar
Cross- Tensile Young's
Type section area | strength Modulus
(mm?) (N/ mm?2) | (N/ mm2)
Mosochiku 112.51 144 17.41

3.2 Relaxation test
Both concrete beam specimens had already been
cured for about 4 months after concrete was
casted. The maximum strain data at 20 micro
obtained from measurement shows that the effect
of creep and shrinkage on the relaxation is very
small, therefore can be neglected.

Fig. 2 and Fig. 3 show the observed
relaxation during the experiment and their

trendlines for FRC1 and FRCZ2, respectively.

N
B 50
N
= % Observed Stress
E 25
2 Stress Trendline
0
0 (Hour) 2800 4000 6600
Fig 2 Relaxation of FRC1
100
(0 T S——
g 75
&
?é 54
c % Obsepved Siress
E 25
i Stresk Trendline
0
¢ (Hour) 2000 4000 6000

Fig 3 Relaxation of FRC2

The graphs show that relaxation of aramid
fiber rope became stable in about 2 weeks after
the test. When the test was finished relaxation
rate of aramid fiber rope were 15% for FRC1 and
17% for FRC2. The difference of relaxation rate
between FRC1 and FRC2 was only 3.2% (0.5kN).
Therefore, the effect of grout can be neglected.

4 CONCLUSIONS

The following conclusions are obtained from this

study.

(1) Maximum load of BRC is about half of RC.

(2) Maximum load of FRC is almost the same as
RC.

(3) The calculated ultimate load of FRC are
underestimated for the test results. This is the
reason that the grout is mnot taken
consideration into analysis.

(4) Relaxation of aramid fiber rope reached stable
state in 2 weeks.

(5) Relaxation rate was in range of 15%-18%.
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AT EREY 7 VR EFEA L, B LI-FRKE
iR T —iRE sS4 (GEV) T ONCEED BN #
OWNLIRAET —Z &2EHTAZ T GEV oL@
WO rGEV AT OBERE BT 2 ET L, Bl L
EBESMEORELE 2 IR, BRI 1000 £
DERKEINHRZET GEV 5428 156.87cm, rGEV 47
A 161.90cm ThH -7,

®2 BRURSOERXILEE

ERKEMNEZ (cm)
B (5F) GEV %% | tGEV 204
100 131.82 135.00
200 140.16 143.87
400 147.78 152.05
800 154.76 159.60
1000 156.87 161.90
5 £&8

BMERE L ERSNSEKREDERAMEE, $E
fEED A, 22 FEOBESERNE & BRZELED Y
¥, BERELHT L, BERNEIETTVEZHBEL
2. HEEHERKEET VPLEIEOEBELZEH L,
B OFRRBIMFEZEE 1000 FoMli Lz, F&K
AR 2= DERFHEAT 21TV, BEEIF Z & 0Fx
RN REOHEELZEH Lz,

BH X

) ELREE SN OB 2 EITREE
E2 T LB ERFEORBEIZ OV THE
BH, 2015.

2) MRS - BRFZ - L BENEIEE
TV E W RO, ERRRICE, 20
%, pp. 95-100, 2004.

3) JUNRKZRFERBELFEGEHIRRER FHH ]
8% [UEIFSE (IR FERE) - BHE
KIEBRT —F ~— X, 2017.

4) EARBL - BE: HAREAGEEZEBT 5B
DERRBHEEROWE FIE, LRFERHXE
B3(EAERR)T1 &, 15, pp. 16, 2015.

5) Myers, V. A. : Characteristics of U.S. hurricanes
pertinent to levee design for lake Okeechabee,
Florida., Hydrometeological. Rep., No.32,
Weather Bureau, U.S. Dept. Commerce, Wash
D.C. 106p., 1954.

6) EIFER . mE oM, pl, iLEEE, 2008.
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AN ES R A BENOHALEICRIETEEICONT

1 LIS ‘

BRI Y OREY ~OR O BT —BRICEH K5
AEETDHZETHREELZVN, RIS DR
MCREA 2 F I E BN B A BE1C, iy o X E
HBENIREREBEEZ DGR H6. 61 LT, &
N iR BEYOBEAGREDHRE OLRIRERETH S
T, #EmORENC L > TR S 3 ER/ NI L
STHELDLT T v H—, IRV T ERERR-O
BRNPLALZES FTRMICEELZRETHA R E
BET HND. I LORFHCIE, fEk &Y EIFEFEER
ERHOWZLORELEEEORWVIHMEFEER L L TH
AEShT&, LML, THFEOa L Ea—F DM
kizky, EEHE LUV TORBERERHEST (CFD) OF
ARELH>HHBH V. — 5T, fEGROZYLMHEICD
WL, HEBIOERER S TRV &SRB FiES
SHEREL THDHZ END, TOERVDHELVWONE
RTHsH. BEZSTHFHELFFORESNVF~—
7 LERAHERREREERLETA RTA 0% 2017
FEIZABLTEY, ERESICBWTHRELE O CFD %2
HEITRFBED LN TWS. EETORAZEET
Lk, BaRHETRE (V7 hvT) REHESEMET
DHEFZEHL, EHEEDLILERHD.

ZZ CAMIETE, WH FEM Y7 FTh 5
COMSOL Multiphysics & ¥4, #FFE0 8 & HLITIK
SHWwWbLHh SO —T ) —ATH5DH
OpenFOAM2 % W T, EEFFWmE & EREE L
R TEETRARAT 24TV, AR RO ZYMEICOWN
THET 5 &b, FENEERS L BEEORWI L
< UMDAERICEB LTEEEZIT-

2 BUERWEN

BAE TR O FE L LTk, DNS (EE&EH)
L, BT LAV DL LT RANS, LES 2 &
D5, FIRET NV EIZERTAXID /PAZV@IZD
Wk & U CEMB L, &R0 o FBE A
EHAHFEETHS. COMSOL Tik RANS O FED—
OTH D ke BEFNNBIRAETH S.

(1) COMSOLIZ& % 2RTLTOMFTHR

EHRHmAEEZ RIS, A% 0° b 45 ETE
fLERFTHFTZIT-72. VA AV AEIE Re=30 & L
T, ERETAVEAVAZY DNS (BiRHE) & k-«
ETFNVOHBERBREELRET S, WASKMEE LT, W&
BROBIEDRELZ G225 LINHMERELNRWZD,
AHEZ 0L SELMAIH 22BN TENEH, £0
B TRETHE LT -, ERHBIL 47460 BH L
G0 ERERL LT LIIRT, EBEA v 2Th
v, BIERE DI HOVWTEESREMA LTS,

TRIZER BEH
REHIE dik

w

K1 EEH

WA 0° OBAOEESAEK 2 18T, BREHHE
TRHEROBBARHATHY, IO Loz
HAIE LWERE & o TRV, —F, ke v
ERAWAZ EICLY, BEROMBIRABICEES
TEY, I BPHFRINATND.

- o
o B &

M2 B, b EREE, FRk e €7

WIKR D OFNEIERLIZbOER 3ITRT. B
WEHE T, HBEERRIETE O BV R B AL A R
WEOEERFLTERY, #RiEAEERENG E
2o TWh, k- e BTV TIIHIBERETE O @RS
B X B REtE S L CR S, TIRICHA D
WP THEARDESMIRY, &k d UTHEE
FRAKRELS FTHRIFICETIERY, fRELTH
AIE LW R (W<l Z2BRTAHAZENT
E=TWAH.

- & §

X3 kK, &£ BiKEHEAE, A k€T

EFEAEOE G OB, BARKICHO>VWTE
Bl & dEIic 4 RS, BIRET VI, BOED
I HEBE & L TR0 60 EIC 72> TV, Hi
FFERME O KERMEERLTW D B3MERNEER
EE—HLTWBHEE LS. i1, L bICERE
FkeZHNAZ ETRODLNREIZZ>TEY,
0°7° B 10U iRFEF I — B LT\ 5, £ HiT 10°
b 30°COMMNERMEV b REREERLTEY Z
ORI ERMBEOME & IX—K LTy, Larl,
FOMOXBOBEMIIEFTICELAREER LT
%, 10°~30° KB OB A —FH L TWRNZ EIZDN
TS HREICHEMICRAT OLERDS.
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M 4 ESFBAREOTUIRE, SOHREK

WEHEICOWVWTHRIEIZ 6L TOEELTTo 2
9. X5 2WA—5 oEESMERT. BiREET
i, FTHEAOFEHEN T (EBIZITAETRY) Mm@
HNERIUBNE T TWDER, k¢ EFVTCIHELRET
MZE Y, FTHEMOFBERNS FTIRICHN-> TRE
ERXIAATRY, FHERSNOHEBEL N L
BEIZEXADZ L TCHAY VBN ERENTY
A, EHRESITHOWTIE, FYURERIELLTY
A, BEIRAICOW TR EREN S K& v
e TWBHAREERD S .

1

! 4

=2

X5 WEHk>s OREESH, WA 5°
5 EREE, EMk 2TV

WE 5 OBE& OHIRE, BRI W TEEE
OEBE, HEEBE L HIZK6ITRT. BEOELIYD
HAOTEKRLIE BATII/HOREIERLER
EriEsllF—HLTWS. ALKET VEALLTY
RV HBEL LT oL RERBRGEOND DL, F
HESARRAIICEES D20, MEA Y OGN
bARERRINI D EEZONRS. T272L, kiZ
T LT RERIIRELS B ThY, Y
WD EEL > TEYUMEHBT5Z LITEHELWY
EHnz B,

2.5 “—Exp “Exp 1
~—EXp LES
——LES -+—RANS
AR

——RANS

&

¥

EN

=" 15
—e—Exp
-w—Exp -LES
——LES ——RANS

1 - ——RANS _ -o-Z&FF%
-6 -3 [} 3 6 -6 -3 0 3 6
() A ()

X6 SOR 5 OHIEE, HIIHRK

SYRICEME & EM L7, MIKERmOBERSGMES T
RV HY | T BRI SM TR E LTI,
WBEO [TRVEL] OBEREETIHINEBIELN
IRno iz,

(2) OpenFOAM I= & % BRIT#HER

0.03X0.03X0.4mDEHFHIC>WT, EF/ET
& LT LES # AW 3 kotitHE % OpenFOAM (2
TERLE. BESBLERT23X105THS.

WiAE Y % 6wtk 4D
THETHZET, ¥
RTLOBERZROOT A
INELL, BAOE
LI b R DOEET
FCRIGETAH I ENT
x5,

JRGE AR & S5
X 81 T. t=1.0
Borx, ETHRICHTB»OFHEELZRAL, B
KEHTHRZIAALTEY, TRICHIGLTENS E
TxtBIZAEOHEESEL TS, t=1.6 BT, &
HIZHNES -, B CEMELRRENZAELT
BY, FOREZt=10.0 BIZBWNTHREETH-
7. BEEBICEAB 2T BB STV RN
DL, MO 3T ZTMADHRBRKREN &
BEREZ SNDHD, EMIZIOVWTIEE LIZHRET S
VERH S,

7 OpenFOAM 2317
B Ay oy

t=1.0

ek sty

8 OpenFOAM LES 75/
F:t=1.0s T :t=1.6s

3 F¥&o

ARFZE TR, ESEWET S & OB R 2 5t
SUTBER AT ZERB L, MROZAMECONT
BEHT A L L bIC, BICEEINABRSICAER LT
EL L. HEEEAWBERNOREZEET VicL -
THEIICHEMT 2 Z L8, A< RmOERB LT
RN OB HEET L LB ynoTe. 5%, A
MBS E LT, MARPEST D5, £
s B aE IR S LS AT O VW T bR 2
%, FBROMMRRFHT B T 2 BEFR AT ORH %
DB IZhTeoTo, EHHT—Z ZEHL TS
FETHD.

B Lk

1) Takeshi Ishihara, Tian Li : Numerical study on
suppression of vortex-induced vibration of circular
cylinder by helical wires, Journal of Wind Engineering,
2020

2) #—7 > CAE %% : OpenFOAM IC L 2 BB E &
whoBEmEST, R, 2016
3) BEhEL « AUDEEREIC B DR ET & A8
W, A T43EE, Vol 34, No.3, pp.353-356,
2009
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ERIOERZAW=®F/ HFOEK L

1 ®E

ERHROEERBIL, FOYA XEH nm 2> 5 100 nm
BEICT R TITAENALT IR a=—
PR R & AT R e R RSN IR ISR, ZORF
BeMEx, BEETm T T X F L1 (Localized Surface
Plasmon Resonance: LSPR) & FE{EL 5, VLSPR D B — 7
WRAENL, 7/ RTFOfEE, R, k)01 X,
FHE, AR OMED BRI L VELT D, FFiZ,
(LML E TAEKRRME OBV, LA
OEFENSER SN TWD, &F 7RFiE, BIETR
ENTWVWDLA V7NV PREESMTIRREE 2 Y
CRAWSLRTWS, X5, BREGELZET IR
D&F ) TV — MIERETH DRI LSPR
BEOZLDND, TITREZy I N T EVTRT
= L (EBO)IRE 2 E~DICA RSB SN T
W5,

VY arReh T AERLECERSNZ&T ) TV
— MNIBEES TEZRUT2DDOREERT v
Bl (Surface Enhanced Raman Scattering: SERS) I Z: 4K
ELTORBRRED D, —Mic&T /) 7L — hid Seed I
% & Growth & % Fv 7= Seed-mediated growth 1512 T
AREND, WL LAERL, ZOART ' XIF,
BENEMECEHEORELZLEE L, SHITER - X
[EOT T AT, £ZT, LVBETE=X
a7 e AFEMORREI RO LD,

Z TR T, RIEICHSR, XY T NT,
HOEE c KERECTE) /7L — 2T 5720
DEREJRANE R 7w A 2% T 5 & & HIZ, LSPR
BIFRE Y E L TOBBEMELFMTI 222
el Y

2. REBHZE

2.1 BRVIVEEREERAW:-&104 FBER&
OEEE

HoAEREBET & 20 A FARREBEOFHR
SR BB nEE AT, BERICIE, 1.0
mM DHEALE&FE(O)YHAuCL)KEKRIC 0.14 M D7 =
FE=F h VU 7 (NasCeHsO)KIERAZHML, =R
THEBNGSE, ERL BN, SBA TR
Sy N EEE, BhAgYEHEGEL(Dynamic Light Scattering: DLS)
HEERWTREM L7,

2. 2 F/)TL—FOHSFTRAEHR~DEHR
&F ) — FEERT A ERITE, BMRMFILE

NELEGHEER SEH HHY
fEgE Wb F-—

(BRORLD APS 22— F R T A KA T ARKBER T Z
Ve We, ZOHT AL, BAKEOT X BEM T
SATHD, ZDOHTAFERE 21 CTHEILZ&a
A FEERTICATERRRE L, RE e Lie, £3HT,
B 2, SEATTRLE AR A0 I E R, XRD(Cu-Koff),
BER BT EFEMEE(FESEM) % W TRl L 7=,

2. 3 LSPREHELYHFILFTIE

2.2 TERMLEABEZBITRORR LA 7 n—AK
WRHPIZREL, TOBRKERRT S LERET LT
TR U EERIM Lz, KBERP DA 7 1 — R
Ex 0%05 60%FE TENLE®DHZ LT, BROBET
RE 133 0D 142 FTEMS®, WHEERAST b
JAIHBERBENSRD T, BIWRE o VEETE
rIBH R H 7~ Y (Refractive Index Unit: RIU)? LSPR E°
— I HEOVT7 FENMLRDT,

3. MREEE

3. 1 &304 FBERDXYy3I2)VE—-ay

b &BAKERICRTRI CHZ 7 BT NI D
LETMNT DL, KRBEEOAHIIEEREAN O IRAY
A by Ry~E B LT, 3B 0 84 R ARG
FEZR7 F B, R 532 nm T2 1 ORI E
— IR ENTZ, ZOZEnL, RROET RT
DERNPHEE SN D, 7 UBRIISEAI L L ToRSE
LdhY, &7 RFREICI D VBPRETHZ LT
KWFREITACEBRL, TOHEXREIITKRPILHE
LTWAHEEZLND, DLS DR CEHIN
T BT DY A XTI 45mm ThoT,

3. 2 &F/7L—FOF¥3H042)E—-VaY
310 THRRELAEE&av 4 FERICTTIROBRAMET 2
J FAEMH T A EPTERMBRE L, ERLIETT A
HEIROKDBERAIL 50°0ThoT, £33 4 FEEKIC
3 HERE LT 7 2RI EAEHTH Y, FIER
DOFERE OCRALTLILBR TIIER TCE o7, Z
DECFERLABORKEARAY MERE L L
25, M1 OXIICHENAERTH DR 530 nm {7
UL & ERAER T B R 854 nm FHEIZ 2 D DRIX
=7 &FEoZ L RbhoT, 61T, XRD ORIER
HEnb, 4 (fec #E: ICDD #04-0784) 111 (A& SEED
m L7 EITE— 27 28 20=38°fFTic Sz, T H
DEEEHLNITRL, 7 AEKET% FESEM
WCCBIE L, SR TEHELZEMNL FESEM &
BAX2WRT, Znky, 7 AER TR
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400 nm D =AFRO T L— b & ZOERBMICEERK
50 nm DERREFRTFELTWDH I LE2ERLE, B
WIXZABLUMCL AABSLEOABRITEEAF
Wor /77— rofritb RIS N, ZhbDT/
Fr— b mo A FEERTCH I ZAER EITHT
CEER - BRELEbDEEZLND, —F, TL—
b EOBRIRRE TN T AERES & LT ABICe=
A FEERFORFRYEHCRE L D LB X
biLs, KERORBOBEHRND, 77 AEREK
F~DHLF DWERIT 10%REThH-oTm, ZOHEE
DOIESE, BRLETT AERBEAETHD Z LN
KELEBELTNWDIHDOEEZLND,

3. 3 LSPREHEL R

B3 ICBRAMET X BT T AREICHE Lcé&
F /7L — +® LSPR ¥'— 7 W RALE L EE O BITER
L OB ETRT, (@FE&F /7 L — b @ Transverse
surface plasmon resonance(t-SPR) T, ()23 7 L — kD
Longitudinal surface plasmon resonance(I-SPR) D & £ T
bHD, BryotigE R TRERKRY &V IKE
i%, &7/ 7L — b @ t-SPR T R?>=0.98, J& £ 88 nm/RIU,
I-SPR T R2=0.99, & 99 nm/RIU Th o7, LL EOR
Binn, BAMET X EEMHT TR Ricir L&)
J 7 L— ME LSPR ICES L BITE L ¥ & LTHERE
THZEEBHLNE LT,

£
a

4. #

FRIZ VBB TEERAVTHE L&A R
BIRPICBRAKET X ) REMT T AEREIRDLZ
LT, & T L— MAMERITTE ZRERARR RS
D AFEMERRE Lz, WIEEANT bAVDORRND,
AR B HFRAEEIC T &/ T — D t-
SPR &— K& 1-SPR £— FIZ%-3< 220D LSPR t'—
g EnE, 47/ 7L —hFD 220 LSPR ¥—
JPRITA7 0 —AKEBROBITRICL > TET
L Enb, LSPR BITRE V& LTHIEETS L
PHLNE L,

2% 3Lk

1) K.M. Mayer et al., Chem. Rev.,, 111, 3828,(2011).

2) P.R. Sajanalal et al., Nano Reviews, 2, 5883 (2011);
DOI: 10.3402/nano.v2i0.5883.

3) M. Morsin et al., Procedica Eng., 184, 637 (2017).

4) M. Morsin et al, 17, 947 (2017);
DOI:10.3390/517050947

5) @mEH»Y, EEHE—, 2019 FEBER AR
T/RE - RESSUITERRFERIE, pp.36-37
(2019).

Sensors,

LSPR peak wavelength / nm

0.08

0075 . 854 nm

0.07 -

Absorbance

530 nm
0.065 -

0.06 : : . . :
400 500 600 700 800 900 1000

Wavelength / nm

X 1. BEEYHOTEAET 2 7 EE
iy A BT Li=&)r /71 —1+oD
WA AT~V

=K
10.0kV x120k SE(M,LA100) 2016/04/11 SE R

X 2. BEEZAWTEAKMET I 7 &M
oA ki Liz4e&F /7 — F® FE-
SEM BEHE

552 876
(a) (b)
550 - ® 874 - A
548 872 -
6 - Re=gos07 810 + A
lll. !
544 - ; 868 - ;
' A’
542 ¢ 866 / R=0.9924
50 - @ ot -
A
538 ' 862 : :
13 13 14 145 13 135 14

Refractive index

X 3. &%/ 7L — FDLSPR E— 7 ERAE L
A7 m— ZKERDOIEYTR & OB
(a) Transverse surface plasmon resonance,
(b) Longitudinal surface plasmon resonance
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KEKEICHITEREOHRBRSN & FKIOEM

1 FC®HIC
BNWRHSRERED, RREORXAZOF /AR
ZBHARCT 4 2N E T —VRFHRBANL, 2018 F

22U NTF OB SRR NZ A TN,

INEZITEU TIFERZ2ENICECTZ. £z

20094 11 AT ZUARET AT I—FRy b7 —
ZEMTIUNRETHTI-NH_FALTY 7Uh
KB ERAZIF /A RRBEOFEHITONT,
LURTERADOTHH Y TU—F 2RO D2WEZER
EZLZY. ZOLS TR TREEORMA ZE A
THABWHENRESNTNWEHPT, BBETED
FOMENINTE ST, BAHEEMIEBNHTVWS.
ZFIZTANETIE, BAERAO T ¢ 702V OFH
R EHERL, H1IRT 70 702 OBHIRIC
DWTHREZRITS 7/Z.

Ay bB/IBYE

gk
(FoRMERER)

— HEMMEE

74 7B ETS

- a7 Y B

BEEE ]-—— ot

B1 Z«470Z)\VO8TFE

2 BRAE
BEimkoamMEERBT -0 MERIIRNEZ
FND2D0OKENGFEAKEZToR. BKEREZR
2 E3ICART. AkMAE 2 DOWIIE 11 ET

A U=, £k HiX 2018 4 5/26, 5127, 6/1, 6/3,
6/9, 6/10, 6/11, 6/12, 6/17, 6/17, 6/20, 6/23, 6/24,
6/30, 7/7, 7/22, 7/29, 8/6, 8/7, 8/16, 8/17, 8/24,
8/25, 8/31, 9/5, 9/8, 9/12, 9/18, 9/23, 10/9, 10/13,
11/17, 11/18, 12/25, 2019 4E 1/26, 1/27 ®Et 35 [[
(BOFEIT6/10 N 6/11) (BOHFBEEABIER
BEOEIT N 623 1T ERREZTT> TWS) o
7=,
BAKLEY>TIVE 250 mL BLD, A5 AAK
GS-100(ADVANTEC #&hZfFH Lkl kZ2B L,
FHEET pH 3 LA FICHAE L /2. Oasis HLB Plus 71 5 A
(Water £L84) % MeOH5 mL, #B#Hfi/k 10 mL TFN
FngkEL, 2>t bl —~— (Water tEH) %
F YT 10 mL/min O FE TaHE/K U7z, @K L 7z Oasis

VELEGHEER HF  He
BEHIR &8 2 HZ

HLB Plus 22 ZH A TH/K L, Bt X8 /=%, MeOH
T1omL THIH L. 0%, EXKW FTO0.ImL
DRI 2 ETHAL,MeOH T Il mL ITEAL .
FOH, 02 um DATL T4 VY —THHEL,
BE e & U7z, aials U7z &0eH3E LCMS 2 A
LTHWRL, 74 702)b, 74 7))V ANE S,
T4 T7AZINANT 4 ROIEOMEEERL /.

F/-, ETEERELTERIN2UHNDT 4T
O OBEZBET 57208 R)IIRENICH 28
AR, SEBMECTHERAINDS 7 OV E
EORy MR/ IRDEOEREEZT > — MAE
ko THEL /2.

* sEEmxREem T L
'Y

e

g BRIAR

2 BRIKFROFE kS

i 5

R

TZER
&HIIK%K

B3 £BIIKFRORKHS
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4 ARER

Bk ETRBINZHEEEK41TRT. K4
MERNsEELT, BEOL—X2THS 6~7
RIZMFT 70 70 )V OBENERD, 0%
9~10 HIZMITTHRA T2 T T ERHDM
5. T, #HBUMORITEIZO0 THSA, I
ETE D7 4 TV EInNTns. Z
FUIEBENBORICH 2 FARUBEZ ZRH L
EEMSHEHRINZT o TN THDL EE
ZAHN5.
MENBEAETE T 0 702V OMERRIIELS T
RR 29 BEMEETIT 29 kg ULVERA SN T W,
UL, HAZETIIFER 29 BEFEIZIT 14441
ke INTNVWS. E£/z, EMOEERDZNERIZ
T4 7OV ORHEHEZ o Tns Y. Rl
BN+ T ke LMERIN T W 4 T O
N5 —200MMNnNe 70 70 bR
0.00317 ng/L THHE N, NWEERNZNWETIIX
DL D74 TUZIINPBINEBNNH 5.

w/l  BRIZ 2 7O )LBHER

I o 4~ d

-
<
7

M4 BERIKRITHITB T 0 SOz )V BRI

1 BIYERO—EMOT s TOZNVERE

Bl (kg)
0.011
0.015
0.019
0.001
0.004
0.003
0.031
0.005
0.001
0.012
0.021
0.006
0.002
0.013
0.000

oIZIZIr|IRI-T|IZIoMMO|O|®|>

FWREBEANDOT A — NAEEER L, REN
Boniz 15 oF—n5 2018 £ 10 A
20194F 10 H £ TO—FRIZHER S N/zXy M

J IO BEEICERNT ST o TaZI)LOF A
B% K 1ICRT. BRNEBEIZIIEE o imbn
117 B HFEET 5720, 7o r— N THENEL N
F=NSENT S EBENRRTIE 1.11kg OX
v R/ SROENREASINEERN N o7z,

5 ¥&8

AFETIE, BAEO 7 0 o)V RA O H
KMZEEL, ZOAMBRIIOWTEREZT /2.
SEOMFETIIEMEREASND T 0 TOZIR
BART0.00317Tug/L B0 . DY OFELHRIN
= Fim, T4 TOIVIEBERZT TR, &l
THELBRRFORS L THERASNTWS Z &
HEAROFPBENSHENZ /o7, T o r— MNEAE
XY, Ry MR/ IWMOEIT T TOINETD
BEMNS T T3 aTrxVESDESICE
TLTWBZENHESNCIzo /2. Fz, #EJIIKIZ
BOWTIE BRNAKZNSZABOKRHZ®RHT —
FROT 4 7Oz EINTWAZENS, B
PN OEBHERD T 4 TOZIVINKEREEEZ S
ATWBEEZEND, Ry bR/ IO EDSD
i cHBEIN, KREANEHTS 7 70200
BREAREEZHONCTINERD L.

SEXH

1) Network of African Science Academies
Neonicotinoid Insecticides: Use and Effects
in AfricanAgriculture
http://research.assaf.org.za/bitstream/handl
e/20.500.11911/131/2019_assaf neonicotinoi
ds_african_agriculture_policymakers%27_b
ooklet. pdf

2) WFHEEL, BEIHRLIBERHER - R4
ZHEAN O fE AR ERERT SR, TRk 29
FE
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RIBTIaS3 7 horoF—nLi@rD
A YT X — MNEMNS OBEMMR IS

1. #%8

V4, @O FMBEZRWET 5 AF v o 85X
LM IC B W TR OILRIZE Y BEAETED
¥eaipb ZATRIBE SN, R bOBNRAETEIZS
ZHENTWS. FOFO-DTHHR) VL& T,
KEEE(-OH) & 1 Y ¥ T F— FE(N=C=0) & D EfI
MEISC X o TEREND U LV #EE(-NHCOO-)
EHTLHESFMETHD. S5, BRESCTHEMEIC
BENLTWS RIZBRELARVWE S - RS2 o B
ThHY, Filile & A TITESARE Nl 7 v
g UMBRRERMEE L L TRES ER I TN D,

Z ZCARFFE T, THEMECKHESE IZEN, E0H
WaEo, RV h7as s vy F—n (PCL) #H
WTHFBRLZRY) U LZ o OEREITY, TOWED
Bt EIT o722,

2. RYV BTS2 R TF N R FRAFV
AT R—INLORI T LE L OEKRB L
CEDHEE

21 #WE

BAE, AMESEREREZ AW BRI EN e
EFHELTWAZ LG, MxDAEFROFTELI AN
LNTWVWA. UL, AMARERTHLZ &2b,
BETHE, BE~OBMAHEL R-oTNS. &6
W, AlREEROEEICEY, AU v —FikizkBNT
EBERPOBTRINF =T ELBEL RTINS,
FITARETIE, NS LBROE R AF—LEHY
L L, BN, A EFROFEMIC L 2REARKE
REDEEERED, RUAAFL DALY TT R
k (PDD) ZWTRY 7L Z AL, TOHEM
BIZ oW THRHNEITo 72,

22 ERFE

221 FUL AR <w—(PCL-FYDERL

PCL2000 2.00 g(1.0mmol) % DMF 2mL |ZiafET%,
PDI0.36 g (2.0 mmol) BLOME L LTI v VB
CTF 35 0.012 g (0.029 mmoh)Z Sz, 100 °CT 2
BERNE M IT AL, LRI w—F 5K L. U,
AR LIS L ARY =—% PCL-P L5,

[8) 8] () (ﬁ
1 h 100 “C. in DMF Lo~ J‘H[ M L, O
LEUE LSRN L ? Ntl\, L“ b(LR,() f o \}'\/\./*\t (A
" nt - “ H H

YWEEABZEER RrE 8
EEHR FE EH

222 HRY YL E L (PCL-PB)D AR

PCL-P &k L=, BIEERIE LT 14720
=% 0.11g (1.1 mmol)& Mz X 512, 1 R 100 °C
THEMN L T LT, BB ERPIT 10 fFED A
= EB S, BN L. o ) vrd
VIILLTF,PCL-PB &£ 75 (K 1).

&) O
| [ L » OH
()CXWJTJ‘EONV]%O‘R"’U{"“or NINCO + o™~
L T [y by

H
PCL-P 1 4-Butunediol

i
B4 1. Synthesis of PCL-PB.
23 BRRUVEE
23.1 PCL-PB OH K
PCL-PB i3, [X& 2.16 g (XK 86%) TH Y AAaAD
MR TH LT
FT-IR BIEC K AHEERESTORBR, B 2273789
WL AEAIT LA 3400 em AR N-H HFER
&, 1700 e fF3T4Z C=0 hi#EHRED, 1100 cm™ T 12 C-
O hfEIREI 2 #E32 L7=. '"H NMR JIEIZ & B A& ERAT
76, 2.9 ppm (TITIC T L F URERIZHET S N-H @
V— 2 AR TELZIENDL, BHAKRB THS Z
EDGh o T,
232 TG-DTA HIE DOFEE
TG-DTA HIEIZ L5, BEERKIBE(T,)OMET
I%, PCL-PB ® 10%#ATEEHEKRIEE L 300 °CHELTH
BT ERLoT- (8 3).

“Transmittance (%)

)
) —
C=0 co
20 s L L s \
4000 3400 2800 2200 1600 1000 400

Wavennmber {(cm '}

B 2. FT-IR spectrum of PCL-PB.
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20 |

=0

Weight (wt%%)

-hl)

80

100 . ;
s0 150 250 350 430 550

Temperatare (°C)

B 3. TGA curve of PCL-PB.

3. RV aSrE o=V NIAY
TR —=FDBLORY T LE L OERBLTE
DR

3.1 #
HE, BRESFMEERWZT 7 AF v /g
i, BEREMEN M E L B EAETEORR L T A THIA
EhTWs. LrL, 2Rb07I72F v 7 8IT4E
FEBOHIMICHE, MRABOEEFEEEFNIZLD
BEAMPBABELR>TWS, FZTARETH, RV
vLEUBEREERIOREE LTERSN, £
ROV A -V THhD PCL & ZEROA VT
F—rTHVT I BOETHD ) VU EREE
L TCWA btk BEETHLEENDY DV
FDA VYT —F UIDEAVWTRI T LZ D
BREITV, TOWER X OCESHEHEIZOVT LR
MNEIT-T.

i

3.2 ERFE

R LE L OARKEEEZR 4 (27°73. PCL1000
0.91 g (0.9 mmol) & %\ iZ PCL2000 1.82 g (0.9 mmol)
& LTI 0.16 g (0.6 mmol)% 7 2 v17R /L A 2 mL (2
%, ML LT, VU ) VBU T AT 0012 g
(0.029 mmol)%& A%, 60 °CT 10 ;3@ < iFA L. &
N ERMIIT 7 u sy — LB L, BRGE
B, AR ) —LTHEL, ML, BT, &Lk
RV U LF X PCLLTI &7 5.

. - " NCO
Hi o +O_ O "
o : 1 o
‘ I ]["(vv T + ocx/\A/S(o\/\xco

R+~ C:He 0

PCL(1000. 2000) LTl

. ””X,OYO
10 mix, 60 °C in CHC, - x'ojﬁ\/\/\f"‘u n
Cat. Dibutyltin dilavrate o o D/\/N\[:/U\X““
o

Polyurethane

(PCL-LTY)

B 4. Synthesis of PCL-LTI.
33 FREUEE

3.3.1 PCL-LTI DERK
5 5 7= PCL-LTI 1, PCL1000 Ti¥, I& 0.88 g (I}
R 82%) , PCL2000 Ti, N2 1.30 g (LK 65%) Th

D, EHICHEEBHO 7 4 VLR TH -7, FT-IR
BIE DR EH S, PCL1000 Th, 3500 cm™ 3% 3200
em? FHTIZ T L Z VAW XD N-H [BHEIRE), 2900
em FHTIC T VA LS X D C-H REIESD, 1700 cm 7
ST U Z BT L B B R =0 C=0 [HfEIRE),
1100 cm™! f13L1Z C-O HAEIREI AR TE T Z &nb,
BIERY TH D = &R h- 7. PCL2000 128\ T
,,PCL1000 & &% D v — 7 2R TE /-,
33.2 TG-DTA BIEDOFEF

TG-DTA BIEIC L5, BE BB KIEE(T)ORET
i3, PCL-LTI @ 10%ZAE &8 %13 PCL1000 Tl
250 °CAHP5E, PCL2000 T 230 °CFHETH D T &35y
Moz,

33.3 PCL-LTI O HF89HEE

PCL1000 T, BT si-I577 (Ts) 8.04 MPa, AT -
O H (Es) 319%, Y > 7% (E) 38.76 MPa TH 1,
PCL2000 TiX, BT AR-I55 (Ts) 0.78 MPa, AEET/R-0O
T (Eg) 214%, ¥ 7 Z (E)0.22 MPa Th 7. U
EoRIVERR T ANVLATHLZ ER DT,
334 Ao RET

MK & KRR D ) X~ 2BV EEERES
R % & 2 (T > T AE R, MK TIE90 BT, £910%
DEERD, BEENETIE, 30 BB T 20%D EEW
DHEMERTET-. SEM T L AEER SRy ORmBIE
EiTolm. TOMRE, B 5 7T L0, SERIOE
R OREE B L, RA FOBMEBETEL. &
L, TR GRS T, e lToEMNEITLT
WHEBLZBILD.

(a) (b)

T
§
H
i
i
! . i
H

i a-mn . ——
Hipm : C m
MR % M

X 5. SEM photograph of the surface of PCL-LTI films,
(a)before (bafter 30  days
degradation.

degradation,

4. IR
ARRFFITHVW T, PCL AW Elms i, £
SRERA VT F =N ERIGSE DI L TES T
Brft, EOBEOREELIANS. iz, B0
MELRAEND D, < OB ~DOBHER A A4
Thb.

5. BEIR
1) MIERE T, BEAEMEH, @oFwsE 62 (11)
541-545 (2005).
2) AIEMEAT, EEET, KERE, BFE Z,
HAITAHESE, 82(8),349-355(2009)
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EBNERTHEEMNI-Sn-P > = DRI

1 #

Tl

WA, SFHEERIT L HEICRY, AL
AL ko TBFREICHRZ 2T H0FEDN
SR LTWVW5D, TN, ERITOILTEEK
BHRARBREDOMAMRRIIEL TR LI ZRER
TR T AMEELRD ATV D,

2T, BREEEEAL, VRRARLEES
AT AZ LI EVHEEERT =y il
EFEHL, BEMNI-Sn-P »o X7 —DOFESH
pH, $5{bAIRELC & 2 BB~ DR EIZ OV TR A
BatE{To7. 22T, Ni-Sn-P L Sn 6%
2 25 wt%EBZ D LEFICEN T EE LT 2
LB D REPHESDLTORVWEERO Sn & F
B 30~50 wth & HEE L LT,

2 RBRAK

SR A2 134K (10 mm X 25 mm X 0.2 mmt)%

BAL, 100 XTRICLEN . TEEMR
Ni-Sn-P - X % 30 e L7z, 7235 Rt B
feB X O7 v U IBERIE O E K 2 1R,

KR MR Ni-Sn-P - & OEABHEE LU
o X &M EFR 3ITRT, pH FEIZIIAKERET Y
v AOKEEH IS L O RiEE & O 7. SE AN IR,
FuvAd o, anomg, vy, 7 a—vg,
JLEE, U OEg, s RO SFEEEEMNL, BN
JEEET 0.6 cM/L & L7z,

Fl— FEMM E1E 2, $ELFIE % [ RORLAE
BrEBIZANTEEZF, BEEELOBEDOF L —
L, R EAL LRI TH B, BB
B OBAIE, —RRE R EVICE A~ OELFEECE BT
FEERFL— FEMZRD, TOFEZHWDZ
Licky, BEAEHAITHIZEACHREDRES
HCHENFRICRD EEZ LD, ML, BHE
BONL - OFERE 1.0 &L, WUEEENLT-O 7 =~ B 0.25
EE, EHI21.0cM &2 D,

HRERIREEENRE LLEL, &L~ T
FRERBS IO > EHch o XWOLHE, ARE
T OB R LT, o), EEorElEH
By & LT, BRI 12 B LA b oo s BT (R R
%R IFT-BICD - BT, £, ZOKREH
Medo&xfice 7y —2ERNICEAL, 0
2k BRI~ DR B R R LT,

SEME B 2 EBVEIC L AHTHIEE, FE-EPMA 2
I % R EM AP, GD-OES I LA S Fmsai,

mELGHFEER Al B
Bk FA BN

MRS 21T - 7o, TR MERBRIT S CEn D
T THLNTWVWA Ni-P fiE L Ni-Sn-P KA 10
mmX 10 mm [ E LY S ERL, £
NEN 0.1 mol/L DiEEE, wHEE, Wi, RMAKET
N AICEEL, RERN B 2R L7,

&1 EEMNi-Sn-PH-ETIE

P EAEAE(1 A/dm?) ; 50 C 1 min
VoK
Tovh ) RERME ; 50 °C, 3 min
V1 kPR L OB
ie1EME(H2S0s 10 %) ; R.T, 1 min
Voo KEE
fipftt s+ 5-(PdClz 0.1 g/L) ; R.T, 1 min
V ok
MEEM Ni-Sn-P H - & ; 80 C, 30 min

Vo4 BeK¥E

£2 BEERRUTZILHYZEREOBHEK

AKEE{EF b U A 2 g/L
s VER=F N U A 8 g/L
+r7rF 44— N-120 10 g/L

&3 EEMNI-Sn-PHoETOERABMEM

WEE= v v « RARFIY) 0.10 mol/L
WAL E A X« HAKFIY) 210 mmol/L

(LA 0.6 cM/L

BT L E=T A 0.25 mol/LL
7= o SR A 420 mmol/L
WHEY VT R UL - —IKFY) 0.20 mol/L
ey 0.10 mg/L

pH:; 7.5, 85, 9.5 B 580 C
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3 HBRBLUEE

SRV EREE, Tu AR, anT, TV
v, Y a— g, JLBE, VA, S UEBO%
NENSBEELAVWTEBR AT, S#ohKEL
FE-EPMA TEESFTEIT o 7o, T ORER, Kk,
TavAd U, ansgg, 7o roBERSELAIAY
7o XM THELN-FEITEREKRD Sn &5 H LD 25
Wt%EBZ TN e, EMEMHENI-Sn-PHo&
Wi LB kA TH Dk ERER LT,

LR EEEE & 72D - S B O R & RS
HEORBRAR 112w T, pHI.5 ORI Sn GH X
MEKRERY, 30wWtnZ B2 DT EEHR LT,

Ko, =7 —H&EA LRI 8 DAl & H
WD XIMOBBEITY, BOohmEEZ
FE-EPMA Z W T ERSHT 2 1To72, FORER,
TIuvt g, v, Uy, SR
EHNZ AWz > S TH LN RIEIZR KD Sn
GHEN 25 Wt EBZ TN ENbT —%E
A L7 BB NI-Sn-P o %2 EEROFELFI»E L
TNWABZ LR LT,

T — R A LT BEERYE O B IR & RRE B O
BRER 2ICRT, M1 EX2E2HKTHETT —
AEATHZ L TSnEARIEZELLIBALTED,
T —DEAC LY EFEHRICE RN ETL DIt '
MR L7, £, =7 —OFECEDLT Sn &F
Fn 25 wthEBAZ TV Z bk tRlic e e
FUBE, ansEE, FTUEBRELTEBY, REE
EOBBMNS TR A Ve anTBRFETH D
CRER LT, ET, BHEHFOERBR LY, KK
D A RIS L T WATREE A2 e LT
W23, GD-OES 1Z X AIEE FMAoHrOfRN G,
AR IBE I an ez R ER LT

X507, #EEM Ni-Sn-P - X125 L& kAl o
—ThbanyBE A, NEERBREIT - Tk
B 53R T.Ni-P o & EIE(10 wt) & HEL L,
TEE L REEAKZEF FU T AICK L, NitSnP ho&
FZHE(Sn30 wt%) NENTZIHBEE R T I & 2R
L7,

40 103
Aisn  ap IR
100
0 &
§§ 955
m 5
#20 —«__\w s.08
p a< 053
; S
10 — i =4
. 180
o : : : 7.5
75 85 95
pH

B2 T7—%#BALLERBRBICETSRER
Ni-Sn-P & > & RIED R IRMA R & BEEE OB %

aaxm | 18 ;8 | 78

T 1
Ni-P | Ni-Sn-P | Ni-P ‘NJ’ASn‘P Ni-P | Ni-Sn-P | Ni-P lNi-Sn-F’

HE

b

B
L

P

BB

FrUD L

40 105
s e weRBRE
1 160
30
g o
# 20 s.0M
&
4 ,g
10 =
o : : 2 75
75 85 85
pH
E1 EMACETIEERENI-Sn-PHoZTRED
REMHR & L EEEDORFR

B3 WMEERBRER
4 #HE

MEEM NI-Sn-P - X b5 5N 5 EEMEIT
o XEH OELFIERH pH, =7 —DOFEITE
BIXNHZLEHR L, £, BREOTTHIH
el L OREEKET P U Uk L TENEI R
BRI RHERL, WEICAXNREN LIREBO
fefliz i h Lz, ‘

ARFCIIEBET O Sn A EX, &KT 33.3
wt% E THMS 5 & & 28 LTz, FEMR i idsk
TLTWARWED, K SUImE L TnRunag,
BB AR « TR 2 EAR D > RO 2 55
EWNT 228 T, HERO Sn EFRIT 43 wth %
Mz B ERBERLTVWS, INHOFELHEALE
OB LT, BoXHEFO Sn HFHERDM L
EicitetEom LT EseELLND,

SE X

1) SN o ZIOBR%E
/http://qualtec.co.jp/seminar/pdf/electrotest 2
011 1.pdf

2) MAAHEE, AR, @Al #E, FHM—, AKH

. mL 2y huor AEERSEE, Volb, Nod,

pp.359-364(2002).

3) ZEMEE R 1 2013 FEEE LRI “EBNM RN

T ABEEMM Ni-Sn-P &40 -> O
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PrigiitAm ABS B~ D & - 5l & & VIR

1. #%

T

Ve, AR ASESE R L, EEFDRAEZ
¥z TW5, LL, BEEOS A 7H A7 40E, K
BEO0BRLFIALX—%HEL L, CO2 (Carbon
dioxide) #Z<HEHL TV 5,

IR ORBBICKT SRR DO—2E LTIRRT
%, T, "M A ZAOEDFAPED LN TN D,

B, BMEBZEMRTDL FAY TR, BBIEEEICLL
W, RARBHEOFANEAL TS, MM YENTAE
BE SN A RAEIX, 20 kg/15 Atk O HRRMHE D R IC
BHENTWD, £, I, 7UV7 T, BRNTOR
BROMREME L LT, MigoBErfifmsnsd,

MEHEA I L7- BB REM Bt O R ES & L
T, WM TEXRFOBEALX, AY I U#iEI
HE 2 A CHARADIREE O RIZRRZ LT3 D,
L2 L, ¥T#k#eZz A L7 ABS (Acrylonitrile
Butadiene Styrene) g D#FFEHBEL, Ao, £
DD > F OIFFRFER b L OIRW,

PrdiE BRI 2 Z LI LA F A, Eodh
5, OEDBE, FT A ML D b RINRMEZBHEIC
BMLUBWEZ Lok y, BREENERIND, 5
o B, RARBHEORIEIX, {baBIROHEE DR
B L THD, = oBRIE, REHERHKEEZ M L7
e s D AEREE, ko ByE TH~0BIMRE T rl6E
EBZ e THDH, WOoRIK, Y—=n Y AT I
Iy, B XN F—LEINHFELND, £OLD, A
B, RRIADHEEHRIC RN EEZDND,

A TIL, MRKERIN ABS BB OBRBEAM %
LCA (Life Cycle Assessment) FiklZ XV, 7l L7z,
AR BIT A REAMOBER, COBE L L,
F7, LMoL > XRIEEEFEM L, |
KD - EHRROBEREOM LD DKL X
UatzfT o7,

2. Fri#ERm ABS BAED LCA

21 LCA A%

PR vR i ABS BB @ LCA OFEh%EIA % B 1 127K~
4. AT, X LEREN oSk EHT 5
CARE LT, PrifEdRin ABS BIlEO A 7 A 7L
@ CO BB, F TR THAINSIER, = RNVF
— BB A OBIERF D CO PEHHERAL 2% L, £
OAEFHEL LT, Eiz, #M%, Frf#esin ABS &

2 L

MEEGHEER K RRE
EEsiR A 89
EE&A *hH EBE—H

I, BRSNS, TIE, REBRTRINLEE CO2 & LR
BECRATD CO BBRILETEHEI R =a—1}
SNERTHRAA~ATHD, ZOD, FFRT
X, M 1kg @ COBINEZR(DICL VBB LE,

TABS L) N s
: el e
i 2T et £

i
ke

tror || leditro
P ] e

Ly

L{ T
i

s Pl o ,"“3”'“""‘*5?-""

1 Frigh#E i ABS BB LCA DTl #EE

A+10,000

B = 551.000 = 10,000

+CxD (1)

Yk 1ha H7= 0 OYTOEHEFTARE (4/ha)
Pi#k 1ha H7- 0 OEHREFHERE (t-C/ha)
s 1 K7 OFEHEERE (kg/A)

CO: #i B /%% (3.67)

12 1 kg H72 0 © CO I E: (kg-CO2/ksg)

Mo QW

7, AT, LCA 217512720, FA4AYD
thinkstep tH#o LCA Y7 by =7 GaBi Z W,

22 LCAHERLER
2 [V RHERS N ABS i D LCARER 7T

= 8.0
2 622 6.16
= 5.68
8 60 t 520
oS
?:a 40 + 4.07 4.25 4.00 376
o
= 20 }F
g

0.0

0 10 20 30
i MELEE (wi%)
B ears BEME - &8t

2 Krigfsim ABS Bha D LCA#ER

VHRMETIN ABS $DT7A 7 A7V, TRINLRD
STEBALHEL, # CO: BEHERHIBS A Z L5 fEl
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LTz, 24U, ABS #Higo8hEZ20OME T —R =
2—FIVRIC LY, B CO: HEH BRI RESN
EEZEZHND,

3. TrdMAEm ABS B~ D8 - EREME

3.1 Frigd i ABS #1150 W EEm
311 HEAE

ABFFETrE, ISO178 12T, Pk ABS B0
HIFRELZIE Lz, iFRBE#RE, "MV oFa—
Yo BT T AFy IRV EIAET D
INSTRON #:# 5900R %@ L7z,

312 HBRERLEE
T ABS BHE o B ITRBE R PR 31077,

80 4.00E+03
‘o 2103 B
EE 70 3.00E+03 12
= 2.00E+03 Bt
B 60 s SN
if‘.’. 1.00E+03 =:
L 50 0.00E+00
i 0 10 20

ABSH i~ D Friff#E i =g (wi%)
i F 345E (MPa) PR TR S

B3 fT#i# A ABS #iE 0 (THERER

MREHE D FIME OB, FT O HITRE O
T iR FERRLRE, 202 &%, BN
LTWAVRBEENE VWD EEZ LS, §%IF,
FURBRIIC T, ABS BEICEWTEMEE RN L,
AR LA BRI EORMAIOERIZ LY, ik
W, XY ERTEETHTES,

3.2 Hrig#EAIn ABS BESDER D - EHEFTM
3.21 HoEHk
ABS #ilEEm L BEREO - X HEOEEEZ, 7T
BER RNtz ky, BFT2¢EB26N15,
AW TIL, BEMD-ZOFIMETRELLT, MR
M#FEE~0 UV (Ultraviolet) ME1%, MEEET7T A AVE
DOARBEIRC LB O oy F 0 7 VBT X5 Prifgotk o
SRER I T, AFEDEHR LELZE 41577,

SMUE: 7 5. v v
MEER(EB ) 45, BIME 75°C,
HEHH (\m@ (NaPH,0,- uo 194 gLy v
AR " BB HR (2200,
@gx:xﬁrﬁﬁﬁbjbxa.&wﬁi iﬁ%ﬁ#(’@ﬁ) 45C, (HSO, 10 Voith)
aC, Slli H:S0, $5wt% PdCY, nz L v
‘ S _ BREH-EEREr0),
71&?:‘)5&@1:&6#’1?&&06:‘%; BEER (-IEIEH. <C, (RO
60°C, pdcd (NaOHXEKOH§wira)  (NaPH,O, HO 194¢7L) v

v v FRAREE: 75°C,

FoTaiat— 45T HERNIDOFIE 45T, .
(CC-234 Robim and Hass 10 Vol%) ERREAE
4

v
B 5 (1EEY 5T BERCUNPHOSLE 45C.

(PSC1 0.3 g)

4 FEBEETLAVEDOKERIZEDERBRIE

VoK) ¥okEHL

322 REREREEE
ZATERMERS N ABS #iiE O BRI D - X B
BHEBEETT,

1.0

= 0.88

S 08} 0.68 093 980

= 06 } 0.49 0.60

® o4 | 0.42 :

wm 02 |

ﬁﬁ OIU .::_- 5

h) i) i m) n) 0) p) q)

HEBLE

5 MM ABS BB EZERE

h) ABS #tig D %4, UV 3 2l BEE %, 65°CD NaOH10
wt%/KEH T 2 o RE

1) PrigkiE 10 wto% i ABS #tig, H4 h) & R

D MERHE 20 wt%FRAN ABS #ilE, i3 h) & R&H

m) PriHE 10 wt% iRl ABS #tHg, UV 3 o MRa1E,
60°CDFLEE 55 wi%/KIEHT 20 /of & 60CHD
NaOHS8 wt% /KK T 60 4rEZIR

n) PrigkiE 20 wt% RN ABS #5, #5586 m) & RIS

0) TrikiE 10 wt% % ABS #HE, UV 3 4B %,
60°CDHiEE 55 wtw/KIEEH 20 45l & 60Co

KOHS8 wt% /KK 60 4rHliziE
p) Prigh#e 20 wt% ¥ ABS #H5, #t3b o) & R4t
Q ke 20 wi% iR ABS #iHs, UV 3 ZrRIBEKE,
60°COHEEE 55 wt%/KIEKET 30 L& 60CH
KOHS8 wt% /K&K 90 /7R

FOFER, HRM m)OBERENELEN D LA
BRI, ZOHEBAR, UTOEBERNBEZ LIS,
O MO RmEN D
@ UV BHICIAERMEE O FRISE
® FEEEAEEA~DEIEIC IAMRM R EOBRE S
DFFNEELT I ADERE
@ NaOH KK ~DEIRIC I HHEA T Ok
MDD FE
UL EoRELEFIEIC L - T, MRKERI ABS R
RE DR - X DO EREL, ABS BiFDH & g
L, mMELEEHREIND,

4. %8

1. MRERM ABS 8§D 14 7 %A 7 LD # CO28E
HEIL, PO RMEOREMZ L v B3 2,

2. PrkuEVRIn ABS Siig o T iRE L, KT LA, %
LG, dirmepRig, R Uz,

3. VriEHERIN ABS #HiE (344 m)) 1%, ABS BiigD
Z (HE3HF h)) L HE L, AR ORE L FIEC
FoT, BLHH-ERROBEEBRENE O,

5. SEXHE

D ABEEAACIUNEZE I HEE R, Pk 25
R A R R AT S B L R “EmR R
B F o EREEBRERILSFIAF vy 72
VRV POBRE PIRBEERREREE pp.1-
10 (2014 £ 3 A1)

2) thinkstep () LCA ¥ 7 7 =7 GaBi
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BEYHREDYILY S o EAW:
FRAMHEOSR

¥1E #E

PERD T T AF o 7 BEOIZ E A ERAINE R
LTHEY, MIE, EBECENLTHATEY, KE
EENTEETH S, L L, Ak CREERORN
B I OAERIZ X » THA U5 B E O
mie EORBEPEALENTWA. 2015 FOEEY
/hfﬁmT%&%%Eﬁkbfﬁﬁént
SDGs 2 , BE1TOEBRBERED LR TN
%@¢@13@E@%E_$T6ﬂfwémﬁwﬁ
~DRE L LTHETE, Ol F<=2%
FRIE LS A~ AT T 2F w7 BEFEH ENRTH

. BN G AT T AT v 7, AR
HEWER ERE D EENTHWEDT, 5%IELFID

THEHDIZEZINOOBREEOWRENLEL D
V2, F T, AR T, EYHEERETHD 7L
ZIVERWTRI YLE U OEREITO Z & T
BEMOWEICERS LB, e hEBORT & 1T

7.

F2E SIS UEL2EREAVITII—E
EFRLEHERFRYILECOER

2.1 #E

AETHEHMGREIZBIT 2B =R L —{tx B
L, BB, N A 2B RAEND 1,5-
BAFLYIVA )T F— b NPD)EA VT F—
NELTRY T LEUEERTHZETEHIRALY
—EMEAEND EFE LT T, ZHEBEFE &
DR L THEWE 1,4-HXDI ZHWTRY v L&
EFARTHL E LT 1,4HXDLIZ, fEkn A Vv
T b EEART O EmOCEME, R EWE R &R
DR ERRAENRDEEINTEY, BIEDT T AT
v VHBEE O RE R RTAIRRERH D B
ZTRI T VE L OERET-T-.

20 EERRE
e LT, PDI ZAVWTELNAR)I UL F
OEBFERFRT. 50mL FRE TS5 R 2 |CEE L

MELEGHEER K& #HE
EEHE FE EH

LT DMF 5mL 27 /7 X 2/(CU)1.85 g(Smmol) &
PDI 0.85g(Smmol)% A#L, & LTY I v ) B
T F AT 0.012g(0.029mo) I %, ERFHER
TTo0°C, 1 BREIHEHE L. RIGK T#, IGHK%E 10
FEDOAF ) — ML L, W5 A X v B
BAEITV, B L7z (F 1).

RO omn o, ,ﬂ\ ,J\ £, SOCH NP
b i T + 0N Neo
> -

[H{E ha vl

Curcumin (L) Pentamcthylene ditsocvanate (PDI)

oo
90°C. 1 b in DMF LN
Cat. Dibueyltin dilaurate g

CU-EDI

B 1. Synthesis of CU-PDL

23 RERUEBE
23.1 KRUYDLAE(CUPDHDER

—f# & LT CU-PDI DEBRFERROBEL T .
CU-PDI I, L& 1.59 g (N 59%)DBEDHET
H 0, GPCh BTy +8 4200, EEFH ST E
11000, 53 F&HM 2.6 ThoTz

'H NMR BIEIZ £ 5 &M OFE FH 5, 8.0 ppm
fHEIZ T VE UREGICHAETA Y- AR TE T
TG, BRARYTHD Z EbroTs (K 2).

H.O DMSO

& 2. 'H NMR spectrum of CU-PDI in DMSO-dé.

232 TG-DTA BIED#ER
TG-DTA BIEIZ L 5, 10%EEHE RIEE T 240°CHF
ETHHZ ERbhoT- (K3).
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240°C

Weight (wt%)

-80

-100

-120

50 150 250 350 450 550
Temperature (°C)
B 3. TGA curve of CU-PDL

B3E LIS EUDURIAVULTI—E
RAWERERIILEDER

3.1 #E

RETH, EYREOV D VI A YT F—1
CIONTIUERWAZ ICLY, BRESCHEEAR
FolgErom L &bz, B hRERFELO#
FELETER) DL ZoBREBLNET0, REAH
DIRBIZBNRD EEBEZ /BONLIRI VL Z DM
BIZOoOWTOREZITo 7.

3.2 EERIEME

50mL F AR T T R 2|2 & LT DMF 3ml (2,
N7 22 (CUYL1g(03mmol) & DY b A Y
L7 —+ (LTI)0.53g (0.2mmol) % AL, filfit & L
TS5 VBT FA$7 0.012g (0.029mol) %
Mz, BFFEKT CRET IR EALE.
RIS T %, KGR %E 10 fFEO~F VU0 hEE,
FThHYT—a T EBRAETROEE, Ty
Vr—UVICERA LRI ET(K 4).

(O] NCO

Curcumin (CU) Lyainztrijsocyavate (LT1)

R.T. 1 h.in DAE

b oo

[CTTNPSP U A o
- P L e 0. )

Cat. Dibyltin dilaurate e B i

CU-LT]

B 4. Synthesis of CU-LTL

33 RERUER
331 BY 7L (CU-LTDD AL

CU-LTI!Z, L& 1.18 g (N 72%)Th Y FiBE
DT ANATELNT.
FT-IRBIEIC LY, v L ¥ U #EEICART 5 N-H,
C=0 BfEFEHOo—27, 717 I VAKX v
Eov—7 B3R TE7(K 5).

110

100

90
e
%0 b N-Hi#E 5

CUBFROQC=0BHEED
0 IaRoc-onRED

60
4000 3500 3000 2300 2000 1500 1000 500

B 5. FT-IR spectrum of CU-LTL

332 TG-DTA AlEDER
X 6 12773 & 517, TG-DTA BIEIC X 5, CU-LTI
D 10%E BB REEIL 2000CHETHD Z &DDD

-7

40

Weight (wt%)

60 }

80 |

_100 . 1 1 It
50 150 250 350 450 550

Temperature (°C)

& 6. TGA curve of CU-LTL

EATE B1F

AR TIEERE 7 L7 I LTELBNRARY
UL HANLOWTHRER R TR o2, SEOA Y UT
F=NEEIAT I VERSSED T L THI
PR, Z Ay I UnE BV oEIEICHET S
S RVE DD TR G IEN D EB X /-, £ T, 378
BOAY T —FZonTHR) 7 LE U OEKE
TV, ZFNFHOMEICHOWTERRE2IT- 7. B
BT OERMNS, EoA Ve TH— e HVWEED
TLEUREAICHETA Y — 7 BNHERTE, KUY
VEURELREEEZ LD BEEEIZEB VT,
FNFNRALREMICEENELTEY, ABE LT
FZENThELRZARTHAVLRD REENH D &
ExZ oD, EF,LTI#AWVTERE LR 7L X
VICE LTI, ol oRFIEIToTEZ A,
30%DEERENR LN,

X m

1) O. Bayer and W.C. Shen, Angew. Chem., 59, 275
(1947).

2) Y. Minoura, S. Yamashita, H. Okamoto and T. Matsuo,
J. Appl. Polym. Sci., 22,1817 - 3101 (1978).

3) MRAME, PRERET, BHEE, AR LERE
T FatE, 89(2), 816 (2009).
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EKBEFR N -TILE

O LBMICEITS

LRELCYMOWMERMNE
VEREGHFER #F5 B
HEHE NE —H
1 #5 (VPBwWr, BhECELTInD2EBR

TAI =T LIENZRERTHD ., WEME, &
SARE M2 EREN., BB SN LY
fEZ2sEERm EL, B8ic X VAL ITR L D4
WEMETES, FOROT NI =T LEFAVT B
T & X EEMENC B W TIEI R B, EFHME
MBS CIBIAWASB CISEAN IR TV,

BRAE . BT BI~ DB o & & LTHMRA R LS
KERHENRTWS, BB - &1 BRICs 35T &
T ERDICEGMMBIOTBTENSHE L, FRIHEOTESS
DoxOBEALENMRTFEEINS, TOD, 51 20
ELINICHEH LB T D EBEINTWDH =D, R
WCEDAF MBI LT AI =T LR ERER2E
WTWAH

L#L TLI=TLAOBNEMIIKFERELD
BTChATDKEREAWED ~EETRETBTE
2V, Lo T, EKBHEHSA FrBEEEZRW-E
FRFEIN TS, BRERTIE T AFILANLEK Y
(DMSO3z) & A7z, DMSOq iz & Bt =ik
BT o bR, RBAR Vo HEEE T
HEMAMTH D, DMSO 3B THEHETH DN, &
Bl DMSO: i3 B, B#Y. BoTRELRREE
L TENZBETH S, EREERENMECERIC
BWTHOEETHY ., £ OWEICK L TEWIEREE
FRTOT, BIBOBEL LTEENRHETH D,
1, 2)

BB E T3 DMSO02-AlCLs ML HSHNAI % Fm
TAHZLICLAEENEREFE T2 - E(ER O
PIFo TS, EITOWEICBNT, BTV 75T
RO VAT v EHMBIRMUZEBCERGD H
ABNENMEEENZZ L RREIh TS, TR
DRTEEA REBREEBRMNA L LTRHWEEEIT
STWNW5, FO—o& LTHIL=FT2HEMA & LT
HWIEEIZ, — IR ARBMERI SN2 &
BEEINTNE, I

AR TIXEEMEDO EV DMSO: iAWV,
fb=7%umEl e LTHWE Al'Nb - & &2 /i
LR RERET 5,

2 RBAE

- BN OMEAIE DMSO: & AlICIsDELEE10: 3 D
W (& 42.75g) ¥ EHEL Lz, BMENIHEL=AT

AlC1+NbCls =%t 3+ % NbCls @ #EE i (NbCls/
(AIC13+NbCls) X100 mol%) % 0.05~0.4 mol% &

L7,

EAIE, EXAENBEERE (L8 THR,
5000) Z v 3 BEREIC LV IT-o7, ERE, ﬁ@\
ZRBIZIT., & 2 KR (A0 mm X 10 mm), FliE

99.99 %7 /I =7 LGB0 mmX10 mm), T I =
L3301 mm)E FV 7o, BAT, BALIL AVAL % JLYE
LLEbLDTHD, Cu BEWITIEIGEEL LTI H
Y BiAE(8 g/L NaOH. 10 g/L CeHsNasO) % 1Tu, Kk
L, Do XEBEYHETHEDIZT — 2 7 (lem X
lem) % fif Lf:??(i (2. BBTEME (10 vol% HCD) . AK¥EE 1T -
THhBHEHTICHWE,

BB ORTME L L THIE 150 CT 30 4 EEN
@@%*k@%ﬁoﬁ%u\&%ﬁm¢fﬁﬁﬁ2%
A IT 72 GIRIE 120 °C. ##RHEE 500 rpm, &
BEN-2.0~-6.0 VOEBMIZ LV REME5800mC T
EBTEITo T2,

ﬁﬂ@%@%%ﬁ@%ﬁﬂﬁ%ﬁﬁf@mq
KEYENCE #t#, VE-8800). EATE ORI HTIC
:*w%~AﬁWXﬁAﬁ®DSE$$%ﬁ%JCM
6000) . &5 SRR ITIE X REITEEBXRD: Rigaku
8 RINT2200)% Hv 7z,

'3 RRBIUVEEZ

31 ABEE

NbCls H&ANE 0.05~0.4 mol%, FH-2.0~-6.0V T
EFBH LB oAER A Fig. 1 1277, 0 mol% D
BHI NbClL ZHIML TWARWHERARTAI =T L0
SXETH B,

Fig. 1 £ 9. NbCLBENMBOELE NENBEMDOE
BIZ X » THREA BT R E <AL LT, NbCls & i
LTWAWREHIAaOAB 2D | LREHET S
T LIETE RN T, NbClsHRME 0.05~0.14 mol%
FCIERREBEL VDo XL o722, NbCls i
& 0.2 mol%LARE mFREHT I W T ER OIS IR
EEoTFERBBERENTZ D L AR L, E2RER
B TEBOE MR LKL, HiZ-30V, 02~0.4
mol% DREHZBW TR LEWHEREZF -
R ISNZ I $ 2R LE, LaL-2.0V ORE
WCBWTIEHEAO@mITFE > 0N EROEEN D - X
FERMEICRAEL, RREERTHIENTERNoT,
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=60

o mi! ]
o I_!l
Du
o .. .: . .
o _i
|
0.20 mol®s |
|
| i

Fig. 1 B B E (Al Nb)

3.2 SEM#®EH

NbCls #shi& 0.2~0.4 mol% ., BT EN-2.0~-6.0V
TEH LR SEM B % Fig. 2 ILRT, BiZ%

ORB TR LVELEERELIZLDOTHD,

Fig. 2 L D flifr/a 7 v = > ZREFMML 7
HERRER>TEY, 40V #BRRAEHIRBNTE
BhboXxEr L oREIIE N o, TR
D 0.2~0.4 mol% DRBHZBWTITH T LI =T LD
Ho XL B L TR RIE N KIBIZH AL 2o T
BY, BB -EELR - TWAZ LA INT,
& NbClsEMED 0.2~0.4 mol% DFHEHI BN
T, BIBIOMER+FICRET IR THDZ LA
B L7-, 2RI NCLLEMT A2z tickoT, &
Wyah T Nb (bEENBIFOBRICT VI =V MMIEA
THZET, BRAPHMEL LD EBEZLND,

| 20V RYRY | 40V i,w\' 60N

l PSR
ﬂtllm-'l"s“ ﬁ __' ‘: g\ %
| o ? } 4
E:t---..-‘.;? '
— B I

Fig. 2 SEM

% (Nb 0.2~0.4 mol%)

3.3 X#Er

Bt XRD /8% — % Fig. 3 1ZRT,

Fig.3 kv, ¥z 7L I =7 b0 ZRIZBWT
ERBATIC 7 5% Al200)0 b — 7 BREENERL 72 Y
BREMIZA BIEE AI2000D B — 7 ENRFH /20
mﬂnmt—7ﬁgﬁ%%ﬁ<@é@m%%§
72 NbCls #sin L 7= EHZ B W T AIIDIZ T 5
ETIZIER N o725, AI200) T BATEM &
VL IRMEDEINC X » T LT, FFIZERME 0.2
~0.4 mol%, EN7-4.0~-6.0 V OREHIBWT, M7
NI T LAOBHIRE I L TEL OB L V58
< A1(200) WCEMLTWDZ & 2B L,

N ] |
® :Cu [} v 1
r " 0.0 mol% ¢ & 02 mol% } . i
AK200) |
| FoAlG |
z i z 4——7\1( mole 0\-“‘ J\"—‘
3 £ i Ji I
PR S . £ ——-m——«\xhn Y R A e
= B | }
z 2z M
A I SR £ —A‘ATJM] wole -4\ |
z & o
2 sev— £ M\m ol <510 \/1 r’—i
IUNGE NERIES Y S e m‘\‘hxq\ A \4 W[ 4
o b ) ! o
; - m w v P = o P
20 (deg.) 20 (dc;.»
)
. . . ® |
& 03 mol% : 0.4 mol% A |
B Al200 |
LAl T /.}b ‘
F [ TNb 03 mofa - z st N (14 ol -2 Ve t——-—;
z AN e
£ fe———Nb 0.3 mol% - 3TN R ol ROV fl i
g £ i
%:_..__.ﬂ_.ybogmolt.,., ; 2 | TND 0.4 molt 4[)\J\u¥~J
ir & I \
= Leaead b 0,3m0l% i —-*h-\h(um oy n\’—{:\u e
[ )
i J ]
] ?\h(ﬂmul Nb U mol¢s 6.0V —
- e
W o o w I
" (dq,) 2 (deg)

Fig. 3 XRD /<4 ~— > (Al-Nb)

%%#%i@ Al-Nb B - & X NbCls BsinE X

CBMOBEIZ I o Th o EEABICKEREL
%5zto$mmﬁﬁibawm4mM%®ﬁﬂmk
WTHIT A I =T AOD - XL il U O RRi R
MRIZICHNL 2-oTREY, EEARD-XRKER -
TWB Z AR &N, XRD LV iFEIN&0.2 ~
0.4 mol%DEEHIBWT, fiTAI =T LD E
& bl LT < OB X 0 3R < AI(200) 1 Elim L
TWAZ L HHERLE, NbClsZimmT sz iz
T, BEWHB DT NbLEENBHOBIZT VI =T A
WCER T LT, BREAEME LD EEZ
LB,

5 BEICHR

.1 S. Shiomi, M. Miyake, and T. Hirato, J.

Electrochem. Soc. 159, D225 (2012).
2) S. Shiomi, M. Miyake, and T. Hirato,J. Japan
Institute Light Metals, 63, 6. 234-242 (2013).
3) {FRELETR : HREEE A AW T VI =7 KBTI
B 5 RmEE, BRERKKFRFER EtH
X, 33-46, (2016)
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HoEFRREMEAR DR

1 ®¥5

FxDHOEIDICIE, HxBEMNEELTEY
AR EEICEAbD > TS, Flxid, JLEBEE RS
b, BEREIEET L a— L OREIC RN T I ERTE
T, EECHESBRET T AF v 7 THDHRY L
NAFx g ) — Ol &, EENRZ BAICHE
RMAEMBRA S, RIS OFERBERRTHR
TW3 1)o

—h, BEMZIDEELEL, SAMFT 4 NVLF
BAZPE D 45+ K E OFRKEE LA BER DHRE T
ORERH D, £/, BET FUKE, BEHmELR
HBE (0157), & LIV ARTHELR EOWEMS
BT HWEHMLELEFEEL, LIELIERAIZLE-TH
Bl b, BEC, BRIHGORET £ 0N HBAe
~OFREEBEMORBANPRK E SN EMATE
FHEPHEBRIABME TO L4 % £ R,
Ka<Hy EFshizo,

WA X HHE (55 - YY) 2B <hoichii
WEEZROWLN, 0% ITHEERARBEEFCTIEY
HThsn, LL, HREFTRSFT~OERE, HfRAE
B OzMED LIRS - BEIC L AREAM M
s, £, BUAEMETERIC L CitE£257%
ZHRIMEREOHBUC L0, HETIEIERANKREEHL<
RoTETND, ZOXSEE LT, BHRILEHIC
R 2 BERIFEACHEMEZ 53 2 K@ LEN
FHINTWD, EERRFIEDHE S L TIIE, M, &
0, =v N, asu e FOoBEEBERETLN, 2
NODOEREN—ACKMLBERNLZHERIN
TWa D,

WMEMR= VDo EIRT, TIAF v 77280
BYOEBICLRIETE, BHERBIRTLE -2 o
XEFHEETABENEH D, MAT, HEAEFHER
LRed <, EEEOENDS Z EICEER L, £,
GRSy TFTANDRER, kb7 VAX—HEDOR
EBII=v s, ANk, AKX, ralkTHY,
EOERWERIL, &, ffh, #H, H&RkLTHD Y,
Ihky, Do EEBEICHLEH LT,

F ZCARNE T, EEM NIP - X EE L HED
ROBFREZHLMCT D720, BEM NIP Do XD
pH BLUOW - xEELEAEI T, b, K
EEOMBICL2EBD > ERBEOHRED RS IF
TR L7,

MEEGEZER AR =8TF
EEHER HK  HE

2 REBAEK

21 EEBMNPOH-ZTRELHEDREOMRF

ABRENIZIE, HRASHILARESHBREBER DO L
LR iER O#K A 33.5 mm X25.0 mm X0.3 mmt
e L7,

AREBROD>ETERER1IITT, £/, ‘2R
L 72 8FEAE NiP b - XD pH5.0~9.0 T, HE% 0.1
~10.0 ym IR, EMRHEEZIT>, £,
BOoNT-0 > XEO LMK ST 2 FE-EPMA TfT
277,

R ERRIL, DoX2EmEEK (KBE, &
BT UK, BERE) (CHfh S E OB CHE T
LHZEETHAHA A1 OBREO—F%E 7, 22T,
Bl1(a) DL HICHBRA L OERICHOHEBERR LN
RITEEMNIEH B LT B,

22 HPHHOETRELHEDROBE R

BRI, MRS HUARESRBRESEMO LT
JLOE iR DR % 33.5 mm X 25.0 mm X 0.3 mmt I~
oL, HoxiE, 7 UAbERE, Vo —
Mg RS L O LN A B Uiz, $7-, R
o XL, B EDOEKEE 20 mm X 20 mm X 0.3 mmt
WEIVH L, KAV Y7 VY a—va v AR et
OBWBEIE N TRAR Y PTREBELERA L, &
3w ETRERT, AL, BEHEOENLD
100 mm X 100 mm X 3 mmt DR ZFERL, T4
T YR — FMERARE Lo, PUEMERRHIE I
21fEREE L,

®1 EEMNPOHL-TIE
HEn b - & FEE (HC1 50 %) ; R.T.
A/ &/
T H YRS (NaOH 100 g/L) ; 50 °C, 5 min
VAR &/5
FeiE M (H2SO4 10 %) 5 25 °C, 1 min
VAR $/:
IEFEME NIP - % ; 80 C, 0.1~10.0 um
Vo: 4 Bk

x2 WMEMNIP O->ETHMAK

WilE =« &L« KR 26.3 g/L
A% 22.5 g/L,
WHE Y T Y DA =K 21.2 g/L,
A A 1.0 mg/L

pH5.0~10.0, iR 80+2 °C
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(b) |-

B1 fHiEtERAEHER— b
(@) : mEAEHY (b)) : LEELL

&3 BAREHROLETTE

HE$h o - & HEE (HC1 50 %) ; R.T.

VAR, \&/5
777 Y BifE (NaOH 100 g/L) ; 50 °C, 5 min

VoK

BevEME (HCL10 %) ; 25 °C, 1 min
AW $/ v

e
HoE o 420~530 C
WEIGHiAK) 5 50 °C
Vo4 Bk

3 BREIUBE

31 EEMNIPHH-ERELHANROMAE

BIEEEM NIP Do X0 ELNTEEOEEERER
L O E PiE R EERER 4 O T, 7
pH5.0 B LU pH6.0 Tix, KIFHE, HET FUKKER
LOEER T, BRICEGRREE L LOFERTH-
7=, W pH7.0 TiX, BEE 0.1 um THHEMEZLTSH
ST, BE 0.5 pm THKBE K U TOHE MR
L, BO7 FUKREB LOBER~OFEEH Y ThHo
7o ¥77, BE 3.0pm, 10.0 pm T KRBE, HET
NUHRBERLUOBEOE2 T THREES Y O/ RE R
L7, 1 pH8.0 B X ' pHI.0 T, EZE 3.0 pm, 10.0
pm CTKRBHE, #HEY FUEKER L OB THEMESH
D &R LTz, pH10.0 FHEERIIER I /KEBR{LH D
ARERR L=, BFtedil Lz,

UEDRERNS, BE 3.0 umLiE, Ao P EFHE
IR 4 wt% AT DK P RIECTHREMEDS R D b7,
THERERBRFICSK S CORENEN -T2 L
&, NiP - & S kR & L CHEMEOEV 8%
MEmElicmEmL, EERPHRETHL b, &
SEEHEOEWEBENTIEEEZ R LI EZEZDND,
3.2 BHO-FRELHEDROBER

HEER IO TIEMREHERR AR S ITTRY, VYTV
LS » &, Y r— MNgh) o &8 LU LIS
o X EETH, KIBE, BAT FUKEB IUBR
THEMED Y OHETH T, £z, WighH o X
i, KBBEOLFEEEZR U, &5, @i
B4/ 50 um B £ 00100 um TRAFE, BET FUVKE

BLUEROETTHREMEH YV OHETH -,

x4 BHEEEBNPOH-SHLFELAEED
BESLUREMEREMETRAEER
O:hiEtdy. x: hiEGL

" JHE P Ni _—
i pH (}lm) (wt%) (wt%) HE
5.0 9.77 90.23 X
6.0 3.0 8.10 91.90 X
7.0 3.88 96.12 O

0.1 3.65 96.35 X

0.5 2.92 97.08 X
8.0

3.0 3.25 96.75 O

10.0 2.41 97.59 O
9.0 3.0 3.75 96.25 O

#5 BHBREOhFAMLREIERR
O:HEMHY. x:  hiEMEGL, —: FHERRKRK

L M
AR N ﬁ@;;; 7 B
SET—
o y)/j Zﬁfn o o o
S
gmvoz | O 0 O
w0 | o |
N
Gkl of O O O
4 #E

fEx DEEM NiP Do EFHEBS I SHHED > & K
EOPIEM A M U2 R, siFEIZEED 3.0 pmlPl
F, Ho P SHERI N 4 wthLLTOE P 247D
RETHEEOL D L 2R LT, 72, BEIL
BEa e RBEE R BE LA, IRIELToORBEICHE N
DD ELEBB L, LizhoT, B, BYE
RT UAF—ENF ELE LY, FEr@mE HIFRERM
ik, EfshThw a2 ERORETF
Bo— b LT, HiEEHET IO EREDHRL
KT HEEZLND,

BE R

1) PBARZEREREE MR - RELFERT ; Do &
K4, p.355(2017)

2) AWMERIZEBT D L AR T ERMRE L FH
/https://www.mhlw.go.jp/file/06Seisakujouho
u-10900000-Kenkoukyoku/0000074563.pdf

3) FL—TFT VI MER; DoTREBFEDOXZ,
pp.118-121 (2014)
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FLA AW &REBIE 7 4 VA EERD > T EED
BT ==Y T

1 #

il

IT #E£DBEREE LWRERIZEEY, T T A
2 DR L & NEULOBERBEE > TV D, i
2T TTNTRAADBEERHE-TEY, TORH
nh, 7LV U7 AMEBHIRIBEREREIT O RS EA
TW5b, EHIT, 5SGHROTBIKICLY, MEEERE
FEBOEBABEERINTRY, BEERXOD 2N
EFEME LI CRIBBRZIT O LELRDH S,

LoL, EKFEMEOREFEEZHERF L2 EE

BEEERLZGE, EREGBHOBEEZED Z

EITEEL WV, B o T 2 LRI, BAEME
FREBOMEBEHSAEDOT-DIHBRTOT =—Y
THTHONDD, WIS T ¢ VLD RICIEIEME KW
LObhHY, BRICZTFROKVREDEA -V EEZ
TLEYRNDEDL S, LEXR-T, HROERA—T
VREPIZEART =) U TIERESE AL LSRN
Wb, MZT, EROT =—1U > 7IETIE 1 RERFLL
LoERRIChZ N L2 DHELH D,

FIT, BIET7 4 LV DZF I A—VEEZT, R
DT =—NEX Y BRI TEBREEOAIZEE A
% Z LA T& B FLA (Flash Lamp Annealing) {275 H L
7. FLAIE, 0.2~1 ms OERRIIZ, 200~1000 nm 0D3E#
FRE DN EZBE 5 2 & THREMICH 1000 0D
52 B7=—) I HETHD, RFRTIL, HA
ERAWDZ LT, [EKFEEME RICEERD o ZIRIC
D REARBEEIKR LT,

2 REAE

BRI, LCP (kuraray Co. Ltd., CT-Q) 35 KX
PEEK (KURABO Co. Itd., EXPEEK) % f#EH L1z, A%
BOHox TREZR 1ICRT, FLAIXESHHID - &
BOBMFLER Uiz, FLAIZIIEEERET—EDALR
51 %47 9 Single-shot & HERHKTEE CElFri I RS &
1T 5 Multi-shot @ 2 F$EN H 5, LA L, Single-shot T
FERICFAA—VEEZTLEI>ZEBHONE R
o 72728, Multi-shot TOHE L L7~, Multi-shot D5
1%, 02 m B0 AR T 200 BRI 500 BhEKES
KTBEDEL, TNE Iset & EHEL,

BRIAD - EHROT ==V TIIBRE OBNET
HEABRA—T Vv EROWTARE 2T 72, £z, i
TANLE Do ERBEROBABEL, 5IRARE
(Strograph E2-L05, BHFREHERERTR) CHIE L.

ITEHMEHNVEESHEER & W&
EEHER E #&7

F1 H-HEIR

UV &
v
ToF U ALEE (NaOH) ; 65 0, 3 min
v
2 F 4 va =2 JLE(CC231) 5 45 O, 3 min
v
Rt At 5 (PACIy) ; 45 O, 3 min
\Y
FRIEER ST (NaH2PO2 - H20) ; 45 0, 2 min
v
EEM Cu - T ;450,20 min
v
FLA f0LE
v
ER Cutho &
v
g
v
B — LV ERER

; 20 pm

3 BRRUBE

31FLAIZX 5 LCP ER~DT =— ) » JiE
3.1.1 FLA §&# o & #E1t

M1, FLABIXOERA—T T =— 2 LEE
DEFWREETRT, RIETHIEIA—7 2D
k%muaﬂkwmfkoto—ﬁ,nATT:—w
L7=3840%, 1set TIL0.30kN/m Th o7, FHE
ﬁ%ma L7581 046 kNm £ THEENINE LL
77, Lm»mL, 3setf\}:é6 R LGS, BEIO
M BIIRERR SN o oo s, AERERERE OB
%, LCP ﬂféﬂAkﬁ@*@i7vahmﬁﬁ
W& MW LT, WMBERERE AT I & T, SRR
zéﬁiiwﬁ—%®%Mﬁ,%%ﬁ£®iﬁmﬁﬁ
LizeBEBZBND,
4.4
4.8

Eya
0.3
2

i
LI

G .

1sel 7V - % set T

e 1Y B AP RO
mee 3 e AP

K1 7=—nVE&MEEEREORBR
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312 ¥— FEDOE X DOHEIL

FLA (32RO RE £, IIBPOE I DL KX
{ZF 5B, T, B FLA &Ikt LCRE & 7
5 —FBOESEZHE LKL, Y FEOEXEID-
X CEER L7, B 21T, 700V,2set D FLA JLE L
7D - X E BEREOBLRERT, Ho XK
M 10min & L72BRICEREREX 0.55kN/m & B K% 1%
Too ARBR TR L7 BEMD - T OFTHIEEL, 0.80
umh TH25, TOH, Do ZFEEL 0.15 um DERIC
b FLA ORBRELIRBZ VRPN E R 0T,
S5, ARG THIEBERENL ERETHLIER
F =T TEBME LB EREDOETHH—F, FLA
DOFTEERIX 30min & HEREOFESORFRETH Y, K
& 72 VBRI O SBRE N FIREIC 72 B Z L 2R LT,

0.6

0 Il Il || lI

M2 »oEBMIcLEEREOEIL
32FLA 2 X% PEEK ER~DT =— Y » JHE
3.2.1 FLA & o &b

WRETHIBRA—T TF =— VAL LB
121, 210 0TiX 023 kN/m &+ 7 BEREERZED =
ENHRAR Do 1228, 240 O CHRE L7=H AL, 043
KN/m £ TH ETHZ 2R LE, LML, K3 IZ
FT LI, BRADFA-VRKEL, KYBRE
THZ AR LR,

210°C
X3 MBMEECLINEB~DEE

240°C

—J. FLA # W0 B ERE LK 4 17T, W
THOEEIZBWNTE 1 set & L7z, 1200 V 2L BT

BL7EES, BRA~ADFA—TEMZ 20, 0.4 kKN/m
PLEOEEENRELNDZ LR LT,

.5

ToU Y %’{iﬂ y’ ﬁ@sv K LU{(} iawﬁ V1200 ¥idan ¥

,,,,,,

’F\.:

X 4 FLA &b K2 BERE DL

3.2.2 BN D OMETIC L LB

3.1.1 I8 W T PEEK 2% L T% FLA B2 W5
L TEEBRREBENBOLNDIZEBHONE R 5T,
L»nL, BmEETORI ThHo®d, RFEOT =
Y aR b NOBENL, LVIKEETOLENER L
EZHND,

Z T, BRI L OB ERRE LT, RIFIFETH
W72 PEEK 1B TH Y, 390 nm LA T O K IFEHRIC
KX EN5—F, 390nm YL EOFEEITERT L, Zh
ZRIAL, BEEBMIY S FLA U 5 2 & T, &K
Lo XERACHEHE T =— VR E2EZDZ EBH
b,

X 5 (2RI S FLA QLB L 7- RO EFRE %
R, REETORIICE VTS 0.3kN/m L EDBEE
BELN, Do EFEAINSOBRFIZESTT =—1%)
BABWI EBHOMMER -T2, U EOERNS, &
FTERT DHEMBCTHL, FEICK L TESET =—/L5)
BEBEZOND I EBRBINT,

—75T, 1200,1300V @ FLA L Tl - & &)
LHE LG L EEEEICRERENEL RN
to_mﬁli BHEM» L OB CRmICKT 5%

KT LH L=—7F T, PEEK 2 390 nm L F O E 2K
W?étw%@ YOT =—NVFHRERKDLNTZ &I
BERTHEEZLND,

0.5

04 »

: L2

gy l I ...... l l ..........
0

FOO ¥ BO0 OV 800 V 1800 ‘&11@{% YE‘Z{)O Y1300 ¥

Tz L AT R A

b

5 BHAEMA D D FLA ALH & %525 58 o B4R

4 #%E

e DOBBIEDE S| THEEMEVEE 7 4 /LA
OB RN Do, FLAIZ X AH LWT
==V EOEBERF L, FLAIEIZ 7 1 v AT
A=k B2 EROBAETHLELRIA—T
CIRERERLVVOBEEBRERELOND I L2
B LTz, ARFZEEE LT, HERYICTHENEE MRV
87 4 VAERME~DHF L WT=—Y FEEL
THABHFE IS,

SEXR

1) &I T ORERBERG, SCEMERE
] No.27, 2004

2) UVEBHICXRESE, BEEIMN, JCHERER
8 [ 94 b= v¥] No4o, 2014

(74 b=y
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A& EfE Hypsizygus marmoreus ICX5
SASRICEADOSBRHDORE

1 B8

SHRETLERBICHNENTNSTAIRTERL DE
FBIZE o Th<TRAESRNHDTH D, 2019 FiT
BWTEHRANTIE 131.7 AR OTLABHEINTH
DY, SHEHHFNICHERIIHERFINLZEORIL
MREETBEEEZLND, IO LR THAEDZE W
REILADESBENEE SN TWS, JLAZSET D
WA DONWTIHEWS DNRERDH S0, EEMED

RN - BT D 2 E T RERMAEMEROAT,

TLGEATI Z X L OEINTIEE > Tz,

AU TIIESMEYEY V0BT 506
BHEOFNE ST v ABMTRIF/RERTEZRL
7= Hypsizygus marmoreus \ZHEHA L, ILDRORER
WCHRE L TWAELTROMNT, BIXUSREY DR
frzir o7z,

2 RBAE

21 EREKCIZERNG

WANSEE, HDNWEIBALEKNS 21 #ED
LN fRBERERE L OEE LU, BARAREDKRITIE,
S5y 7 A SRR & U T YNB 55 E A W,
25°C T 4 BREBELZ. DADEHOBRE DD D
BORE#EIL, YNB BHICRAITLAT TV I A - EHE
L7-EEEMmICHEEL, 4 7 AR, 25°C THEEL .
S AT YT = AEATICAWS RNA HH, U
SO EEEEROEENE LD DR DOEEITE,
SFwr AEMENSEEMRE LT YNB E#ic 20
oL OV A—AZMAZI N I—AREMERNT
EEE{To /.

22 SEEROBOBSREE & RAEBR

HHRORE & ZHRB\IMIIZY AR Y —24A RNA 220
— RI2EETO ITS BHOELEFZHA W, &
53 7= ¥ B 5 & Al W\ T, National Center for
Biotechnology Information ¢ Blast &% O #%F»
5, MOBBRIEETo/m. £/, DBEEEKSTER
PR RMERRO ITS EROBERS Z AV, Rk
AT 21T o 72,

23 TLC IC&BdANREYHOKRT
HErEEE TEER, JA5T v XA BEINLH#
HEBRLU-b0EILARBE LR, 20T EZY

MELEGHEER 15 KH
EEHR Fk ®HE

ORIV AICEMRL TLC ARy kU7, Brazz 5
DOFHE 2EBEC, XoFE 72y =201 1TX
01 XKEB%, roafR)bh:AY /=) =91 ITX
N 2 REMZTW, AURICLDIToR.

24 GPC f@&#
dLaEtklE THF 2L GPC ITXUEARMEM
JLEBERBEOILOR TEROMEZTT 2 2.

2.5 FT-IR #&#h

TARBOFARIRARY BV (FTIR) 13, HA
A (%) @ FI/IR-615 2\, KBr &Ik Dl
L7,

2.6 'HNMR &R

ERaim|m 2 X7 ) (NMR) &, Varian
Technologies Japan Limited # MERCURY plus
400MHz ZH W, i E L TEY ouR)ls (CDCls)
NEBEREYEE L TT I AFIN T T2 (TMS) 2k
mu, 25°C THlE L7,

27 FSUROVUTb—ARR

Tri-zol Reagent (Invitrogem) % YT total RNA
ZHH U/z. Total RNA 13 Recombinant DNase I

(Takara) 12X 0 DNA %240 #%, RNA B &L T
Mvi/z, & RNA > — VT AREL, 1 —a74 >
) IV AKREHITEHXLZ. mRNA 5175
J—Z2HWnET7 5 X MR, Institut Pasteur @
The center of Bioinformatics Biostatistics and
Integrative biology #M2#t9 % Blast 7 U 7 —
a > blast+2.2.31 #HWTIT>7z. U/ Z 2 0fFHE
HEEZ 2 O— R 2B ETORENL, GenBank %
BENTWSEMED Laccase (Lac), Heme
peroxidase, Aryl-alcohol oxidase (AAO), Glyoxal
oxidase (GLOX), Aryl-alcohol dehydrogenase (AAD),
Quinone reductase (QR) O7 I /BRI L TH
FREETD I ETXORELE,

25 YO UoRBEREENE

A ZRER, BT EERE DIREBEHERIRICA
NTHREDRER— ML, REDR—FERLE, LE
ZEINL, MEBEREE L THW:, Périé DAL 9%
BE, FSERESEREABERKRZEML,

Manganese peroxidase (MnP), Lignin peroxidase
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(1iP), Lac TNZNDORISERMEZWICEIZLD

BlE L/, BEEEMEE, BEAEOEENRRTH
LZEMOBERHEEHBRKOY NV HEBETE
O, By 78 1mg H720 1 5 Sz OBKE
TleEE L TRD .

3 BR
3.1 JASREmERORES

AL REBEREE 21 BRI DoWTEHERELEZEZ
% 8 N T OO BEEYREE, 13 HITHEFEMON

WTHBERNDTz. TNEDHRIZDNT YNB i,

STy ARMTEFEZRERL, HBETHS C
aurantitingens X0 HEEFD RN o Z@EKIL, R7,
R12, R13, R16, R18, R19, R20 @ 7 %k TH 7z,
NG 7T HREIEHEO ITS EEE AW TRERNT

B{io/zE 25, IRTOBERPBEENETH LD,

HEBNEEEHRTH D Z &ML 7Z.

3.2 EERAXRERAOILRHOBEZIL

S5w 7 AEMEETHETORIFTH-/7Z RT: H
marmoreus, R20: Phanerochaete sp. =MW TdL
DNREY OB ZET oz, EARER, BIEH#EOIL
S5 w7 AEBWT TLC 1Tk 0 HMED ORI
BiroE %, BRERARIIR S NBWAIED A
Ry F2WR L. /-, H marmoreus % HWTH
RERA, BEABOILRBOTFEEZTT /&
ZA, EBEHNTEN 25 BICED, Z08UEN
2.7 fFITEmML, L7y ADNREMR LIz,
HERBOILREZ FI-LIR X D EEHEITZ1T o
LA, ALTTFY I ADERDTHD cis-1,4-78
VA4V T >0 C=C & oMMIED, OH X
BHEMWRL7~-, NMR T% OH EZRITE—U K
mEniz,

3.3 H marmoreus BV} 2 55 v AKHEER
WRET28ETFHORA

TAATT v 7 AW H marmoreus (XD EN
TWB I VMR TE /2%, H marmoreus O 77
w7 AGHEETICRBE T 2ERTHOBITZT -
Fro TN —ABEMEBERIZHT ST T v 7 AKTO
HEBOUBKEN S REET, T v o AGMiNEE
TOBRFERERLZEBRERTOREETT o720, <O
B TOEEAMTH oz, £z, H marmoreus &
AL TV I ABRBB|ELTRBEL TS EEZ,
Carbohydrate metabolism IZ< v ¥ 7 aNERG
TERICHEHLZEZA, 5797 ABMEERICILY
Na—=)REICEO2ERTFORAUBNEH /2D Z
EMHIBAL /=, &5, H marmoreus \ I LT T
ARV UAREEBERICLOSMT S ETE
U, UV U REE 21— RT3 EETRHORIR
BRI Uz, TOMER, —HOV T EEROE
BTN ITTFv 7 ABMEETRICRWREBREZRT
ZEMNHR L.

3.5 STy ABMBERETOY Vo U meEREN

TN a—AEHEEEE STy 7 ABMEEDY T
SUNREBEROEREERE LA, IO
BEEuiEE S L o5y Uy ARBHEEETIE, MnP {&
T 1.84%, LiP &M T 2.6 %, Lac {1 T 2.5
EEWELERL,

4 ®E

STy ARMBEETREEREEZR LI H
marmoreus \Z2OWT, T v 7 ARBMBEERFICHEE
TORETHOREET2LEIA, BEERANOER
FOKRBRREEBROHEMEMR L. £z, UJTZ
SRREBEZO—HMOBRTFREENEML, 51T
Ao fEEHEEEZE TH D Lac, Heme peroxidase
OEZELO LR EZMERA Lz, 20l &hs, H
marmoreus X5 ANT TV ANRITII) T
SRBEENEET S B RBL TS EEDIZ, I
LD FH - BEROFENERFENS. Xz,
S5y AEMEEEICT VI - IVR#MICED S E
EFORFABNEMU /-, ISICEERZOTLEE
T ¢is-1,4-RV AV TL 2D C=C #EENED, R
B2 OH BB Lz &WRE Nz INHDZ
CEE 1 ICEEDE. TLTITY IR, YT 20
R EBEZO—WREH/- T LD REROMEITX
DARENTINI—IVEICRD, FD%, BEENITE
DAFENTRFBFEE L TRFBFEINZEEZENS,

Latex degradation process

[ Enzymatic lignocellulose degradation l

Heme peroxidasesd < Accesory enzymes
v r < L .
Lac4 LiP MnP VP F H,0,G0

s < p . 2

| Anodclox AAD ¥aRé
I

WieRAD I
_..~ Mediators
Radicals

FhAa-LABEN
=7 Acetyl-CoALLTTCARIER~

E1 H.marmoreus I3 dLS5T VO RANETHE

&k

1) BHELEREEEMER 7V —7 1+ T 30
-2018-#X I PE A BB E®R -7 5 A
Fy 7 8GO LB EBEHE (2018), pp. 115.

2) Braaz R, Armbruster W, Jendrossek D: Appl/
Environ Microbiol, 71-5(2005), pp. 2473-2478.

3) Périé FH, Gold MH: App! Environ Microbiol., 57-
8 (1991), pp. 2240-2245.

4) Sato S, Honda Y, Kuwahara M, Kishimoto H, Yagi
N, Muraoka K, Watanabe T: Biomacromolecules., 5-
2(2004), pp. 511-515.
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BRARNAUE S UVERESRARLEDERL
DRI RHE

1. FLHIT

HHEITEARE EONBILLOZRIAT—% R
RLUTHRNET DN, hEREZENRTHERELAL AR
5. FhCE L, BEEASCEISRERERE L R
RIRE Lt 5. Z ORI A L TR OREHE
WHFE R ICERA IR TV 5.

IR, REAEER ARt RzELEaDLE
HREOEERBBLEED TWS 12, BEEEROEE
EWMNLTARSTFERENLETHIL T, ZHRREAOEK
Ba R OERAHFCE 5. AMETIE, BL%
XTHELEZT—Z I 6G, 9,10(E A7 =)L F
=T RISy, TAF LEA R EOEBREEE
- AEESEDI L, TAFLEAL L OERREE
EIZOWTHEETS.

2. INFALEALAVEF—TFLEYAL-LIY A
- SrMgSi 0, BV BARKEDESUOER
2.1 B8

SraMgSi207:Eu+a# F.fk (SMSE) (X 460 nm i {iZ
WHE—75HL Y, HAREELRT. Dy Lot
BEAZ F—733Z ik TEREERT.

INFrEA > (FL) i3 400 nm 75 500 nm O JE
WIRINH & D 9, BRREOREKERT.

SMSE D — 7 3 FL OWRINEE & &/ o T
5ZLt»b, SMSE OoEXEmiEY & LT FL O
PHIFFTE 5.

AW TIE, SMSE OB Zm#EXE: LT, FL %
S EIRBERENEOERERAST-.

2.2 ERAk

SMSE D{ERNZIIEMISEE Buvi-. k¥ Emie
Sr1.968MgS1207°Euo.01,Dyo0.02,Ndoooz & 72 5 L 3 IZ
SrCOs, Mg(OH)z, SiOz2, Eu203, Dy203, Nd203 %
WEALR—1 I v P-7 (Fritsch) TIRALE. &bh
728K % Ho/N:2 (3/97%) DRAKEZHLIZETLE
P& T T 1200 °C T 3 EpfflBesk L C SMSE st &k %
fERIL 7=,

I FAEFRWC FL # R~ LEA-Fry
YA (FLAN) ZER L. 10 mM @ FL KB,
AN ETFABT T AFIN, AZ ) —NEFEREN1
ml, NNN-AFAFALT I FO5mlZHRY 7ol
VRO BRIZAN, 25°C T 30 yMEHR L TIAE
WE/r. JNVEERY 40°C T3 HMHFELCFL Y
NEBT.

YERL L7 SMSE #0kk L FL V&2 A / TSR T
1:1~1:5 DEEBETRA LT, #4& (FL/SMSE) %

EEGHEER FH £X
HEHR w3t WA

fERIL 7=

HEIDH N AT L, FHEART BL, BHANR
7 v, BHEHE AR PAB I UEREBREREOH
I, 3OS YRS FP-8500 (JASCO) CHlE L
2. BARY MBI OEERRA RS Mk, B
YHEET— FERAWT, BREGEN#E 119 ms O
FESGEREEL TKRDI-.
23 BRBIUEE

11 SMSE 0B L CHENXEARA X7 b rvE
RT. ALY FLiE 467 nm 2 Bu2t® 4f85d1—447
ERBCRRETA Y &KL, FOEXY—J TE=
X — LT-#hE 227 FviE, 260 nm B X Of 360
nm I Eu>?) 74854 EBICRBET S 0—7
Lz

K2 FLZ A O8N A7 hvE R
FL VD EFEAST b (a) X530 nm Kz e’—

B 3k

3 - Ex=360 nm
P

2 [ Em=467 nm

9

£

I i 1 ' )]
300 400 500 600
Wavelength (nm)

1SMSE OB L UEHEEBEART FIL

(c) (b) (a

Intensity (a.u.)

300 400 500 600

Wavelength (nm)

2FLSNDEREB S UREBEAST ML :
(a) FLE3%, (b) FLEIE, (c) SMSE 3.
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Z& L. FLAVORHE A~ FL (b) iX 300 nm
725 500nm (27— KR ¥ —7 &R L. SMSE (¢)
DOFEH FL A ORHRART FAICER >TSS Z
L5, SMSE OREGERHEX L LTCFL 2RSS
HIENAERETHS.

3ICHEAKOEEARYZ MAERT. 460 nm B
U530 nm fHEICE—27 2R LTZ. ZhbDe—7
XFEnFh SMSE OEXB X T FL oFKicxs L
TWA. B2 E$T5 SMSE o' — 7 BRERE s
DOEINARTHHR, BHEEEEE 119 ms #OEkE
Ay ET HAERB IR, EXHEMN 4ns PUTO
FL OFEZEMTITER V. FLOBXKBE N
Di%, SMSE ¢t DEAEEOZHLEZOND.

S

s

>

‘B

c

e

£

400 450 500 550 600 650
Wavelength (nm)
3 EEHDOBREARI ML
Em= 530 nm /113
£
s
2
B
c
o
£
SMSE
Em= 465 nm
i i i ‘
250 300 350 400 450 500

Wavelength (nm)
B4 4 SMSE S K UESUDBRAEBERARY ML

L IZBEROBRXRE AT bvE 5. SMSE
IZH¥T BN 465 nm OFRIEFHE A7 Fvid, 450
nm B Y NS E ERY 360 nm TV —7 FR L.
ZDARYT PVIE, SMS OEFEFIRE AR MLl —3
LTHY, SMSE 0# ks X CEREOREER LR —
THDZERbs. FLITHFET HFEF 530 nm O
B A7 F X, FL O®EEIEARZ hL &
(T80, SMSE OBENREAZ P EREHLTY
5. ZRIIEAEKICEBIT 2 FL OEEoEBER
SMSE OBt R—ChHdZ ¢ ZEHL T3,
L7z THEAKIC A8 LU FL X SMSE 26 fkiH
ENAEBENEEBRRLT, BREL WD EEZOND.

5 ZFREDHENmBRZ 9. SMSE (a) &£
Gk (b) OFFEMBREZ HET S L, MHEORNLBED
EoElRITEL L 5. (b) OWREE 20 f5L7-h
B () & SMSE (a) %, IHIFR—D#BRL -7,
SMSE oENHMm L FLOBREMRBE L THH I &
26, SMSE OEZWIN LT FLIEEXZREL T
AL EBABISRLTVA.

()

100

(b)
10 | ©

Intensity (a.u.)

1 l I ] I
] 20 40 60 80 100
Time (sec)

5 SatkhkoE=HE - (a) SMSE, (b) #S
&, (c) 20X (b).

EDZ 5, SMSE 55 FL ~= R AX—BHN
BETWaEERTES.
2.4 5

St:MgSi,O7Eu? B HE K E A LA % F—
FLEIN-FAT Y HEREL, BER]REZERTLZ
LiZk-»T, SMSE 0EXEREXL LTIV LE
AV EBEEITIEREREZ R L.

3. BhYIC
FRERARELERCIEREENICRIRL, €5
{bOFESLEEEE#LT 22 2T, FHOERER
EEAENAMEBERMTEZ I LEHLMILE. &6
WCH iR R O RO R EEELRHIFTE 5.

SER

1) S.Das, J. Manam, and S. K. Sharma, £CS J.
Solid State Sci. Technol., 5, R98 (2016)

2) 8. Das, J. Manam, and S. K. Sharma, New /.
Chem., 41, 5934 (2017)

3) Z.Yanan, G. Mingqiao and C. Zhi, J. Rare
Earths, 31, 1043 (2013)

4) B. Valuer, M. N. Berberan-Santos: Molecular
Fluorescence: Principles and Applications, 2nd
ed., WILEY-VCH Verlag GmbH: 419 (2012)
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WHkEBO e <Mz HVE
RS X r=—MBDOERBLOZEOHE

1. 5
EWSETHRAIN TS RlERE & LA
EAOTFMEEN, GHOMBOEARRRER COMS
NNl WoamBEAHEZI TS D). 0D,
BRIz AR RER ORI, EoEEs
FIE R EOMEBBEAITDORA TS D, L,
TS EMAERHEETE R L SN TR, #EE
HORERLETHD. LT, HYBERERTH
LbewiEeco)cER L, MEEHomEEERLT
FReoT A bw—FHR L.

2. W HKFEH e EN—XE LD L H
77U L—bERRT OB
2.1 5
F2ETHEVMIIKREGEEARATHT 7R
ANEBEALEA VTR —beRIGSE, KK
TANR)EEBLIEZ T4 L BB L.
2.2 EBREE

2.2.1 CO-AOI DA ik

CO0 0.50g (0.5mmol), AOI0.21g (1.5mmol)% ¥
WL, fMhEiE Nz =B T 24 BEA<ITALE.
22.2 fEiL T 4 /L 5 (CO-AOI+HNR)D & Ak
CO-A010.71g & KA L(NR) 0.71g ZRE L, 3}t
EAHBRIEMABERICER Y. 20k, B
Xy R MEZTTZ 4 VNRITEREIL 7.

223 FE{LT 4 Vb DEER SR

L7 4 v A0 lem W FICEIDELY, MAE Y
IxXIlmmDOERY =F Lo r—hA v allHAL,

U L ERERE R (KHPO, /Na;HPO,) 30mL H iz 12 TR
BELTRLUERRE, V—-Fil1gxhz, &K#
Z(37°C, pH.8.2) T 14 ARINAEERTT-T=.
HBOT 4V ATMAKTHS TR L, BUERRERE
Iz L7z,
23 BEREUVOER

CO-AOI IIEAFEADIMEDOH DIREL LTHD
U, 'THNMR A7 M AT L - TIRE L7z (Figure 1).
b.d,h,]

cpCl, ™S

ﬂ[;\\\f T je
_4_.<U_’I‘MJM_A AW .
7 Ng” s AN S S T e

Figure 1. 'H NMR spectrum of CO-AOI in CDCls.

VB A A BRI
REEIR

faBF RE}
HE HH

BoNTHLT AV AIREREZHATHY, N
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. Figure 2.

P A O

SEM photograph of cured film.
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Figure 3. Stress-strain curve of cured films.
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Figure 4. TGA curves of cured films at a heating rate
10°C/min in air.
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T5.

X #k
1) FEER, "Eo T EFIERT, JLE, (1996).
2) BHEFE, REWERBEERTRE, 294), 261-
269(2018).
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