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High-performance low-temperature solid oxide fuel cells with controlled nano-micro-macro structures
by OSatoshi OHARA and Masakuni OZAWA
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VX —FEEHIN TOEFHIE =R NLF—ICHEBRTE 5,

2. HARARE

FxlTt o7 Iy 7208 7 ) AZVOFHBULTE T 2 ZADHFBIZEF L TS, KESISHIZAHE
DTHEERGFIE, ZOX vy v B THEAICEIVER T ) 7 )V A2 LOH A4 X IR - A (Fig.) . fEd
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AR LT GDC F/ % o — 7 AR ¢ CmEME T I L, BUROREMREZEE T D m MR 2k i o
IEAVEB) SOFC OB A HIFE L T\ 5,

Figl €7 v 27 AF /7 U X200 @R & filE Fig2 #RY=U L=k ITF /) Fa—7

AEFLITEIZ GDC T/ F 2 — 7 OEiEHE (IREFEEIEE) Z2TEH L. 2 E TITERARARETH - 7222
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PREMBR S RHARORLE) - 42 LB E~DOIETIEN IR SN TE LT, BARMICHEGBEE S AHE L /b, —FH, i
g« 45 IR EREIC K SROWZE SR SCR U L, AR IR OB RIZIX 1300°CLL B iR BERE 23 BT
HY, TNETIERNRARETH 72, D7, ABFTEIC L 0 FELEARZE SRS R AN BT
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Development of advanced dissimilar joint technology between low activation materials
for innovation of fusion reactor power generation system
by OHisashi SERIZAWA, Hidetoshi FUJII and Ryuta KASADA
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TBM ~DGEHKEEM B T DA —ATF A R AT L 28l (SUS316L) & O BRI B A BT OMESL S22
R RTHY, ZHETT 7 A4 13— b —F % F O S EORNLIZ M TR EZ T T2 13,
AFRETIL, WAL CRIME & R D REE O~ VT A MEZEIIHIT 2 2 L 2 BRI, FREmBEA L
T D EEEE R ATE (FSW : Friction Stir Welding) 03 Jf ATREME £ 185k 9- 5,

2. MERE

2. 1 EMEEeHEBRERA

ZIVETO FSW Z AW TAR AT O BT B R T JERE R IS & MR COMEHRE (BRRIST)) @
FAEELC, £EX 100 mm, #% 50 mm, £ 1.5mm O F82H & SUS316L & %, Fig. 1 (289K 512, F82H
ZAHEM] (AS : Advancing Side) (2, SUS316L Z#iEfl] (RS : Retreating Side) |ZHLE L7z, A EIOF
EDV/INS W2, Fig. 2 1R T X DI, EAM B O A IR T L 5 e R2RE L CIERAEET 5 2
& T, BEEAMEE B TR E L CHEARBR 21T o 70, e, BRI OMEINEY CTHICHET D Z &
EYBAT A0, WY THIZIZTE T X v 7 AMECh D EEEFR (SIN) REHE V2, WC B FSW Y —
(a2 mm, B4 mm, EUES 13 mm) & FQ2HMNCHEA L, BARBREIT-72, V—
AR A 1.8ton & L. Y —/VEEEE 5N Y — %) HE AL S TS ERE TSR, v —
JVIEIEES 200 rpm, 7 — /L% U G EE 200 mm/min OFAFED & E12, A BAFR, BMBESERDERATRECTH
HIZENGIoT, L LSBT T HIZ LI, FSW Y — LR A ~DOPEAMEI O B BN 2 58
ERRO BNz, FSW Y — VTSGR ET 2 & MBI O EME T LEG DS EEIC 2 5,
FSW 2 — VIZHEEM B M 38 LT JRIRNE, B 3 AT T 21C L7eds v, S MBI OIREED EH- L, FSW Y
— VT D WC EWHEAIMENCdh D F82H 5 LUV SUS3I6L & DiFrEN [ E L7z EF 2 bid,

Fig. 1 Schematic illustration of dissimilar friction

stir butt welding.

Fig.2 Photo of specimen setup for dissimilar friction stir
butt joint with special jig.
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2. 2 EMEAHRBRER2

FSW T 5 Y — /L~ OPEA IO % B T2 FSW Y — L~ DA B OTRIVIENS L L g
MEICHDET I v 7 ARFSW Y —/L & LT, EETHERBED SINRY—/b (Fig. 3) &MV THARER
Z{To72, SiNRY —/LORIZ WC By — L LR U THHA, SIN RY—/bix WC By — v X0 & &8st
BHOR S 2 B EBEBIRED NS W e, [ 2 B S THEARBRAZITV. BAF R BM 6 2 E A6
RBEASRNEORBREEIT- T2, oB, YV /VAMMFMEIL 1.5 ton & LT, BARMORZEEIT-T2, TOREE,
Y — VA 1.5 ton, Y — V[AIEEEE 300 £ 721% 400 rpm, Y — /LB EHEE 150 mm/min D24 T, Fig. 4(a)
BLOOIITRT L2 7%, BRUGRBEMEESEREFERST L2 LTI LTz, 72720, Y —/VEESHEE 300 rpm O
LAITIE, 400 pm DA L0 LEEAREO ABVEDN/ NS W o, BEARER TR SN, BE
FHDPEE L TORWES L AZITONRE - TRY , WESKIIFHEMTbR TnaneEEx S
o, EHIT, Y —/VEERHEE 400 rpm THEG B TH O SiN K& FSW Y — /L &2~ fER, Fig. 5 1R T
L2z, BT —NERRO T o —T REEL TV EBX DX DMERER->TEY, BESRMIOKIE
bzt iz, Bas2BREBPMLETHDHZ L boyholz,

3. ZEXM

(1) H. Serizawa et al., Effect of Laser Beam Position on Mechanical Properties of F82H/SUS316L
Butt-Joint Welded by Fiber Laser, Fusion Engineering and Design, 89, 1764-1768 (2014).

(2) H. Serizawa et al., Measurement and Numerical Analysis of Welding Residual Stress in Box Structure
Employed for Breeder Blanket System of ITER, Welding in the World, 55, 48-55 (2011).

(3) H. Serizawa et al., Weldability of Dissimilar Joint between F82H and SUS316L under Fiber Laser
Welding, Fusion Engineering and Design, 88, 2466-2470 (2013).

(4) H. Serizawa et al., Influence of Friction Stir Welding Conditions on Joinability of Oxide

Dispersion Strengthened Steel/F82H Ferritic/Martensitic Steel Joint, Nuclear Materials and
Energy, 9, 367-371 (2016).

'5#:"1-.‘4’.; B

3 'wﬂ'l'll.l

W

F82H

Fig. 3 ~ Overview of SiN FSW tool

before FSW tests.
(b) Rotational Speed : 400 rpm
Fig. 4 Overviews of F§2H/SUS316L dissimilar joint joined . . .
by friction stir welding. Fig.5 OVF rv1§\év\§f SiN FSW tool
(Compressive Load : 1.5 ton, Traveling Speed : 150 mm/min) after tests.
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Development of Synthetic Method for Multi-Component Nanomaterials
KRR HEEREIZERT OFES i, 2
by OHiroya Abe, Fei Li

1. Research Object

Creating novel multi-component or high-entropy (HE) nanomaterials by using entropy as a driving force is
an emerging topic in materials science. Since the discovery by Rost et al. in 2015 [1], high-entropy oxides
(HEOs) have gained great attention due to their simple lattice structure, vast compositional space, and
unique properties. As a typical member of HEOs, (Mgo.2C00.2Nio.2Cuo.2Zno.2)O of rock salt structure has been
extensively studied. Hopkins et al. reported a decreased thermal conductivity caused by charge-induced
disorder in this composition [2]. Dragoe et al. reported colossal dielectric constant in (Mg, Co, Ni, Cu, Zn)O-Li
composite [3]. Powder metallurgy is widely used for the preparation of HEOs. Wet chemical synthesis
methods, such as co-precipitation, hydrothermal synthesis, and sol-gel combustion, are also applied to
synthesize HEOs nanomaterials. It has been reported that controlling the solution pH allows complete
precipitation of metal cations that having different solubility product constants. Precipitates obtained from
solutions are quenched at high temperatures to form single-phase solid solution. However, possibly due to
the inhomogeneous distribution (phase separation to some extent) of metal cations in the precipitates, a
relative high quenching temperature (~1000 °C) is generally required.

Here, we report the synthesis of (Mgo.2C00.2Nio.2Cuo.2Zno.2)O nanoparticles through a simple polyol process
using ethylene glycol as solvent followed by quenching [4]. It is hypothesized that the formation of inorganic-
organic compound via polyol process assures the homogeneous distribution of metal elements in the
precipitate, which would benefit for the formation of single-phase solid solution quenched at a relatively low
temperature.

2. Experimental Results

In a polyol process, hydrolysis and reduction of metal cations are two major reactions. Fig. 1a shows the
XRD patterns of the as synthesized product after solvothermal treatment at different temperatures. When
solvothermal treated at 100 °C. Increasing the solvothermal temperature up to 150 °C, strong diffraction
peaks of ZnO and metallic Cu appear, indicating phase separation and the reduction of Cu?* by reducing
polyol media due to its low standard electrode potential. The intensity of ZnO and Cu diffraction peaks further
increase when increasing the solvothermal temperature to 180 °C. The 100 °C- and 180 °C-solvothermal as
synthesized products show similar FT-IR spectrum (Fig. 1b). XRD and FT-IR of the as synthesized products
indicate that an inorganic-organic compound is formed in the case of 100 °C solvothermal process. Fig. 1c
and d show the TEM images and corresponding elemental distribution of the as synthesized products after
solvothermal treatment at 100 and 180 °C, respectively. The as synthesized products are clusters of
nanoparticles. A homogeneous distribution of five metal elements is observed in sample synthesized from

100  °C-solvothermal treatment. ICP result |q@) [ e & -
I.‘ ﬂl Mg

demonstrates an equimolar composition, i.e., Mg 20.4

at%, Co 20.0 at%, Ni 20.2 at%, Cu 18.8 at% Zn 20.6 B
at%. When the temperature is 180 °C (Fig. 1d), TEM- :

EDS analyses confirm that part of Cu element e

10 20 30 40 50 60 70 80 G i Co Ni

distribute well with other elements. = 2 theta (degree)

peze

/ (150°C 2h |
[N e/

Intensity (a.u.)

Figure 1 (a) XRD patterns of the HEO precursors WV\\
synthesized from polyol process at 100, 150 and

180 °C for 2 h, respectively. (c) and (d)TEM-EDS

elemental maps for the HEO precursors :

synthesized at 100 and 180 °C, respectively.

Transmittance (%)

IS

3500 3000 2500 2000 1500 1000 500 [
Wavenumber (cm™)
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Fig. 2 compares the XRD patterns of the as synthesized products from polyol process at 100 °C and
180 °C and corresponding products after quenching at 400~1000 °C. For the product synthesized at 100 °C-
solvothermal treatment, when quenched at 400 °C, the product presents weak and broad diffraction peaks
that could be indexed as (111), (200), and (220) from rock salt structure (Fig. 2a). Diffraction peaks of
impurities including tenorite (CuO) and spinel oxide appear when quenched at 600 °C. The diffraction peaks
of rock salt phase become stronger with increasing quenching temperature. It becomes a single-phase rock
salt at temperatures above 800 °C. Such a low temperature for the formation of single-phase solid solution is
probably due to the intimate mixing of metal elements through polyol process. In the case of 180 °C-
solvothermal treatment, impurities including tenorite and spinel oxide disappear and it forms a single-phase
rock salt structure until quenched at 1000 °C (Fig. 2b), indicating the increased difficulty in mixing the phase
separated particles as shown in Fig. 1d. Fig. 3a and b show the elemental maps of the two single-phase
HEO obtained from 100 °C- and 180 °C-solvothermal after quenching at 800 °C and 1000 °C, respectively.
EDS result confirms the homogeneous distribution of all five metal elements. For 180 °C-solvothermal, the
HEO precursor demonstrates obvious elemental separation. However, all elements distribute
homogeneously after quenching at 1000 °C, indicating that high temperature quenching leads to the
redistribution of separated metal elements. Based on the above results we can say that homogeneous
mixing of the multiple elements would benefit for lowering the processing temperature.

In summary, we report the synthesis of (Mgo.2C00.2Nio.2Cuo.2Zno.2)O nanoparticles from a polyol process
followed by quenching at 800 °C. High solvothermal temperature results in the phase separation and
reduction of metal ions. Equimolar homogeneous distribution of metal elements is confirmed in both as
synthesized inorganic-organic compound and quenched nanoparticles, which would facilitate lowering the
temperature for single-phase solid solution formation. Our work provides a reliable soft chemistry approach
that would be able to synthesize numbers of functional nanosized high-entropy oxides, such as spinels,
perovskites, fluorites, and pyrochlore.

* Tenorite * Tenorite 3
° a I b ‘ f~ -
# Spinel oxide & . ( ) # Spinel oxide T 2 ( ) (W
1000°C l “ 7‘7 1000°C
et r‘—-'“"“““““ M;_,
- 3 -
o ° ©
; 800°C L \.,,L | 8oo°C # J.A__. ﬂ
2 2
(] [72]
2 |e00°C 2| 6oo°c
Sl el ] F— UJM\/M
[= :
400°C 400°C
DT NS —— J W.....J»-w‘\-ﬁmu—n
As Syn As Syn A
WM—;M— \_‘___J‘/\)U
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80
2 theta (degree) 2 theta (degree)

Figure 2 XRD patterns of the (a) 100 °C- and Figure 3 TEM images and corresponding
(b) 180 °C-solvothermal synthesized products  elemental mapping of the (a) 100 °C- and (b)
and the corresponding products quenched at 180 °C-solvothermal synthesized products after
400~1000 °C. quenching at 800 °C and 1000 °C.
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Thermal behavior analysis of lapped AI-CFRP joint by friction stir spot welding
RIEKRFAEGR AT OFy A A, v 207U B S
by OPeihao Geng, Yunwu Ma, Ninshu Ma

1. Research Object

Spot joining techniques, as a typically basic process in advanced manufacturing fields, have been
playing an enormous role in the design of lightweight structure design, the saving of energy, and the
reduction of emission [1]. Limited reports focused on the finite element analysis of the dissimilar friction spot
joining of the Al alloy and CFRP [2]. In the presented study, the spot connection of overlapping AA6061-T6
and CFRP composite sheets was joined by the flat friction spot welding process at different welding
parameters. As a sort of foundation, a three-dimensional computational model was developed based on finite
element modeling to simulate the flat friction stir spot welding of AA6061-T6 and CFRP composite. Based on
the numerical model, the thermal energy generation and thermal conduction, as well as the influences of
welding parameters, were investigated systemically. Through analyzing the relationship between heat
transfer behavior and welding parameters, the opportune selection of welding parameters was discussed.
The findings in this study would hopefully produce helpful recommendations for process optimization in
dissimilar FSJ of metals and composites.

Al alloy sheet
Top surface of Al

ottom surface

CFRP sheet

Top surface

Mesh size:
0.2~0.5 mm

0.3~0.5 mm

Figure1 Finite element model used in this study

2. Experimental Results

Figure 1 shows the design details of the finite element simulation model of FSJ for Al alloy and CFRP
sheets. The dimensional size of the two sheets was kept the same as that described in the experiment. To
attain fine precision and reduce computational time, a non-uniform mesh method was defined for the welding
tool and two sheets, as displayed in detail in Fig. 1. A specified solution zone with 25 x 25 mm for the two
sheets was defined as the ALE domain (red-square region). The other region was still defined as the
Lagrangian domain. The aluminum alloy and CFRP sheets were meshed with about 43450 and 35912 eight-
node thermally coupled elements, respectively. In the ALE domain, fine element meshes with minimum sizes
of 0.2 mm and 0.3 mm were generated in the circular region with a diameter of 16 mm for the two sheets,
respectively. The weld tool was defined as a rigid Lagrangian body.

Figure 2 presents the cross-sectional distribution of two temperature ranges, i.e. the range from 220 °C
to 340 °C and the range higher than 340 °C. The temperature range in correspondence with the melted region
near the weld interface was highlighted by the yellow line. It was seen that the agreements between the
numerical predicted and experimental defined temperature ranges were fairly good.

pP-7
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Thermal decomposition temp. of (340°C)

(a)

AAG6061-T6

(c) Thermal decomposition temp. of (340°C)
2 I e

AAG061-T6

15.8 mm

Temp (°C)

220 230 240 250 260 270 280 290 300 310 320 330 340

Figure 2 Comparisons between numerical predicted and experimentally analyzed melted and
decomposed area profiles at three welding parameters. (a) w=1000 rpm, v=0.1 mm/s, d=0.3 mm, (b)
w=1500 rpm, v=0.1 mm/s, d=0.3 mm (c) w=1500 rpm, v=0.1 mm/s, d=0.6 mm

Figure 3 shows the evolution of the peak @ 600

—=— Peak temp. on the top surface
temperatures on the top surface of Al alloy and the Pesk fevrs: oorweli s o FGERP

weld surface of CFRP. The peak temperatures on the r

top surface of Al alloy and the weld surface of CFRP 400 - ; ISS

were 498 °C and 489 °C, respectively. Besides, the TR o
peak temperature history at the weld surface of CFRP w0 &
presented a higher cooling rate at the cooling stage.
In the presented study, the duration times of the

CFRP experienced temperatures above 220 °C and
340 °C were defined as tm and fq, respectively. Under

Melting temp. = 220°C
=

Temperature (°C)

1 2 3 4 5 6 7 8 9 10

the studied welding parameter, the two artificially Weld time (s)

defined duration times at the center of the interface (b)

were fm=3.68 s and ts= 3.24 s, respectively. e Center point Mid-radius Edge
From the preliminary of FSSW experimental 500 I

7.5mm

work and simulation, we found that the importance of

temperature and pressure factors in facilitating the g4oo i Thermal decompositon temp. = 340°C
mechanical, adhesive or chemical bonding formation g 300 - Tr—
in FSSW of Al and CFRP. To better understand the 5 o
quantitative relationship between the local strength §2°° e e

and local bonding behavior, we are planning to
conduct the hot pressure-driven joining experiment to
physically simulate the FSSW process in our next = 2 4 e 8
work. Through the preliminary work, we initially Welding time (s)
determined the parameters varied range of uniform  Figure 3 Evolution of peak temperature (a) and
temperature and pressure in hot isostatic pressing interfacial temperature at on the interface (b) in
experiments. Specifically, temperature is considered friction spot joint of 6061 Al alloy and CFRP
as the predominant factors. The resultant findings will  sheets. (w=1500 rpm, v=0.1 mm/s, d=0.3 mm)

be shown in next report.

100

3. References

(1) Y.Li, Y. Ma, M. Lou, G. Zhang, Q. Zhang, L. Qi, L. Deng. J. Mech. Eng. 56 (2020)125-146.
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Study on high-performed multi-phase alloys via optimized thermo-mechanical procedure
by OSatoshi SEMBOSHI, Seiichiro TSUTSUMI

1. HARE™

AWFFETIE, BLE TR & RN T TR 2 OIS A D 7 TEVLEL IS k> TEks e A4 % B
T 5720 DILMEN) - FEERIFIE 2 8179 5, AMEREIT, R — M REE D TRIC K - THE & EEMEO
Kith & 1) b S 72 Cu-Ti A& OB ICR A, MRS RBLOBEMIZ TRRO®BY TH 5,

PAFE OB HEER O EH 2RI & B 2RV, T ONEISHEH S DR - &7 Cldmigte(t, /b
BRO BN TS, FFIZ, EEMERERE N7 & CFEH S D864 TIEmmE T, ANk E%
WIRFED R ERTIREN TS, 2O X5 RO T, FEREA SO T SR RHE BN 7 R i
F L (Cu-Ti) BENER LIKEDTERY, Wi lEEdEs B LIRS ED b T .

REAT R Cu-Ti A& IR AL — KR VER I X~ CROIAIRR R K ORISR S 5. WEhig) 51 C Lo
PRYELZTER B -CwiTi (IEJ7dh) SRR ISEGATH T 5. 0%, BIROZREM B-CuTi (R ) L 5HHE
VERFRAEETE L7 7 2 MRS S b s & REGE AT U, M 7 2 ZHg S 2k %2 S/ 3 5. FEghy)
HCII Mot s i U 72 B2 TER S HT I BRAL R - & U CHSBE T D 7= DICHREE N M B3 5. Wi cid o A 7#
BEOFEFEIZ L - T, SRFES OB Ti BN T 5 7 OB BT 528, A7 HEZ2 EA N+ % 7=
DIREME T 5. 207, Cu-Ti A4 %M ERO R CHERT 2541, M7 pr-CusTi 23+ 1201
L, T A FHBENAERT DO — 7 Bh&om@ANEETHS.

— 75T, LEM L SEAAASTEE L2 T A TN R A SA TS 2SRRI T 5 &, Bk
THOTLZEMNT ) 7 7 A NX—=RITIIREIL L, B— 7B E R EO S ZRT EOREND D
(1,2). EEEZIEIT B — 27 Beshbf L 0 SEEMEICEN D 72010, W) — BRI TR v — 7 B X v iR
JE—HEMANT L AEND . O R Z RS SR U, R — SRR D TR X o THRE — i
BT AN ST Cu-Ti A& SMERLC & 2 IR 5 5 ARFZE T, EiRE — miE B o Cu-Ti
BLHM OB E B L, E— 7Bk LN L7z Cu-Ti A&z BBMELE L- L E0MTIZE b2
O BREE, HEEM, kOB E T

2. IRKE
2. 1 BEY-—RABEEICELTSHBOEL

RS Cu-4.2 at.% Ti & 72 HJE X 10.0 mm ORF & HFsH & L7z, ZivE 900 °C T (LZIC2m L, 20
e — 7 B%h (450°C 24 h) B X ONEIZN (600 °C 3h/ 550 °C 3h/ 500 °C 3h/ 450 °C 12h Dt 21 h) DS TEL
MEE L 7=, 25 Z2FRICTHRE 0.08 mm F CTELE L. WRELELZRENO )25 E %2 © y h— A0 S5
Brds X O ERBRIC TR L7, S|RIE COMPIREZ W A CHlE L, SER2H N L2, 3o %
WA LA EA B BHMSE (FESEM) (2 X 0 @Bl L.

Fig. 1 [Zi@Fhbt 6 K OV RESEAS O Wrifi FESEM 14 % 779~. B hkt CIEilEH 2 2 B0k B-CusTi & Sil[H
IR U727 A ZHME SA Lz, 7 A ZHMP O B-CusTi A ORFE 1T 17%,  § [EA AR 1 5
TiE2N 037 at% & ST C&E /2. 7 A THEROBLAIL T v & 45T, E¥ B /LRIFEIEK 200 nm T - 7= (Fig. 2(a)) .
WIRFZA I, JTEAENN TAIHIC T A fARR DS EAE J7 iy (Fig. 2(b,e)), £ D&, HUIRTE 572 B-CusTi 23/
b L, 2o B38BT b Sz iR Ok 2 ek L7z (Fig. 2(c-f) . IR — iR MEIEIZ & 672 9
AR OB I O W CIFAREREAZ A WY I 2 L—2 a VIC X VT 2D TWH L 2 ATh 5,

2. 2 BEY-RAMEEICEIESBELEETERDOEL

Fig. 2 ICIIR{L, ©— 27 K%, IR L7z Cud.2 at% Ti B@ZBHEL L7z & ZOMTE (BT 4 ¢
WCEbHR ) By I— AWM S L OEEROLLE2~T. HEH (%IACS: International annealed copper standard)
(37 E R R OB AN 2 100 % & LIAHEIS) Th o, WL IZEEROM S 23 127 Hy Th Y, JEIE
INTAIHNCHE S 23 270 Hy FREE £ TRE SHML, TR EOMTE TIHIE—E L Ro7z. ZOMALZEE)X

P9



Research result

IMTAEAGICERT S, EERIIMLEICL ST A%ACS BET—EL 272, ZHIIMTOFARIC L 5EE
RADBP/NESNZ LA RLTNAS,

B — 7 B I X EAERT OfE S 23 291 Hy TH W EEEOF TIEERE L W2 D LU h D, JEEIZ L) &
DA S XHDIN L C 355 Hy f2AE Cfiafn L7z, MERIIEIERTT 14 %IACS B2ECTh o 7. WERII T
Lo TIETL, 6=4.6 TIX6 %ACSLATF &2 o7-. ZHIUTEIENTIC K - T B-CusTi D—EBA 0 f# L,
SAENARTIC Ti DEEE L2720 THHEEZ D, ZTHITEBBZRICRB T — 7 Bk 2 mELET 5 &
B -CusTi DIRFE TR Lo Z & &R JED R,

WRFRIAS O EIERT (BJE 10 mm) O XX 157 Hv TH DAY, EIEIC K » TS IERE <BINL, el &
I 320 Hv F2JE & 72 o 7o, HEESRIIELERT T 30 %IACS F2ECTH Y, HJE 3.6 mm (e=1.0) F TN
MU, ZHEREENTHICE N T, 7o L1727 A THBROMEE 7 B2 ERE ST AICH 5 2 &SR
T5. ZDW%, IMTEICE b2 CEERITET L722S, HUE 0.08mm (6=4.8) TH 18 BIACSFEETH Y,
B — 7 B OMERORERE LY b REVWEAZR-72. 20 X 912, @A (10 mm) % 0.08 mm (¢ =4.8)
UITECHIATRIET 52 & T, B — 7 KA L0 I 10% /N SV, BRI 3 50 1 L 72wk
MR ERCcx /-,

(a) Over-aged block (1ommt) | (b) Rolled plate e=0.51 (e.ommt} | (c) Rolled plate £=1.02 (3.6 mmt)

T

070l

T (o = =
(d) Rolled plate e=1.51 2.2mmt) § (e) Rolled plate e=1.97 (1.4mmt) | (f) Rolled plate e=2.53 (0.
SSe s e e =

Fig.1 Cross-sectional FE-SEM images of Cu-4.2 at.% Ti sheets, which were over-aged and cold-rolled to a true strain & of (a) 0 (10
mmt), (b) 0.51 (6.0 mmt), (c) 1.0 (3.6 mmt), (d) 1.5 (2.2 mmt), (c) 2.0 (1.4 mmt), and 2.5 (0.8 mmt).

thickness,  /mm > thickness, 7 /mm
10.0 1 0.1 8o 100 1 o1
35

[T T 1 TTT T[T T T TTTT] o FTrr 1 T T T LI 3
E E—J RS- EE -+ & e -~ E
. 350F - 1 2 30 fo—* -~ E
3 ; &> “..—"' ﬂﬁ%?EE 7] i:; 2 '.'l.,.“ ﬂﬁwj—’EE E
. - &3 . - =
<ok 7 - me-oEE T F Sy 3
P C Py {1 2 E ]
E T i 1% 5k 3
L i 4 & E ¥~ ]
g 200 5{"' 135wk v "‘0—~...__’_-_ E—oB—-EE 3
4 1 5 _[@##ki-EE Mg SN E
150 7 - E 5 E-.--..-. _________ n E
1 JIT Y T T TP I - P S I P I B
0 1 2 3 4 5 6 = 0 1 2 3 4 5 6

True strain by cold-rolling, & True strain by cold-rolling, &

Fig. 2 Variations in Vickers hardness (left) and electrical conductivity (right) of Cu-4.2 at.% Ti sheets cold-rolled from as-quenched,

peak-aged, and over-aged blocks as a function of a true strain «.

3. &EXH
(1) S. Semboshi, Y. Kaneno, T. Takasugi, N. Masahashi: Metall. Mater. Trans. A, 49 (2018) 4956-4965.
(2) Semboshi, Y. Kaneno, T. Takasugi, S.Z. Han, N. Masahashi: Metall. Mater. Trans. A, 50 (2019) 1389-1396.
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Searching fully compensated ferrimagnets with half-metallic electronic state

FALKR e mA R FE AT O HE, T2 R’
TN RZER e T2 Febe HE MR
HEFERIF SRR FE RS JUN - I
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by ORie Umetsu, Satoshi Semboshi, Noriharu Yodoshi, Yosuke Kawahito, Hisazumi Akai

1. Research Object

Most of half-metals that have been reported thus far are ferromagnets. However, half-metals with other
magnetic characteristics could lead to the development of new spintronic devices. One such case, proposed
by van Leuken and de Groot in 1995 [1] is half-metallic fully compensated ferrimagnets (HM-FCFM). Several
kinds of materials have been predicted to be HM-FCFM from theoretical calculations in perovskite oxides
(La2M'M’Oe) [2,3], double perovskites (LaAVRuOs) [4] and full- and half-Heusler alloys (CoCr2Al, Cr2MnSb,
CrMnZ)[5-7]. Akai and colleagues [8,9] predicted the possible existence of pnictide and chalcogenide HM-
FCFM materials with NiAs-type crystal structure.

Recently, several materials having a potential as HM-FCFM have been reported experimentally, such as
Mn1.5VosFeAl bulk Heusler alloys [10] and Mn2Vos5Coo.5Al melt-spun ribbons [11]. They indicate L24-type
crystal structures and exhibits N-type ferrimagnets as defined by Néel [12]. In the present study, some kinds
of pnictide and chalcogenide materials were fabricated in order to search new HM-FCFM materials except
Heusler alloys.

2. Experimental Procedure

Nominal compositions of (Cro.sFeo.5)100xZx (Z = Sb and Te), (Vo.5C00.5)100-ySy were synthesised by a powder-
metallurgy process. Raw elemental powders were weighed to achieve the nominal composition and mixed
well using a rotating mixer. This powder was

packed into a die made of high-speed steel, and = . .

then compressed by cold uniaxial pressing under 40001 (2) ™ S (CrosFeo 1S

a pressure of >300 MPa at room temperature. z i ‘Lg 2w . x=4
High-density cylindrical compacts were obtained 5 3000F L h ‘?ff %‘:§§§ N R §

with a 10 mm diameter and a 10 mm height, and E Sb

then encapsulated in a quartz tube under an Ar EELUSE A
atmosphere. The compacts were sintered at E}

1173 - 1273 K for 24 h and quenched in water. = 10008 Si =48 |
The structure of the sample was identified by oL .J. B T S
powder x-ray diffractometer (XRD) experiments 20 40 60 80 100
at room temperature with Cu-Ka radiation. The 2 theta (Deg.)

phase stability of the sample was examined by s o AP
differential scanning calorimetry (DSC) from 10 |- (FensCroshion-She 3

x=46
x=47
+ x=48

——x =46, 500 Oe
=== x =46, 5k Oe
——x=47,500 Oc

room temperature to 1100 K at heating and
cooling rates of 10 K/min. Magnetic
measurements were performed at a heating rate

——x=48,500 Oe
-—x =48, 5k Oe

Magnetization (emu/g)
<
Magnetization (emu/g)

of 2 K/min using a superconducting quantum b ] o
interference device magnetometer and a b L ::)SKW N ———
vibration sample magnetometer equipped with a Magnetic Field (O¢) Temperature (K)

physical property measurement system by Figure 1 (a) XRD patterns for (Cro.sFeo.s)100-xSbx (x =
Quantum Design Ltd. 46, 47 and 48). (b) and (c) M-H and M-T curves,

respectively, for x = 46, 47 and 48.
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3. Experimental Results

Figure 1(a) shows the XRD patterns of the samples for (CrosFeos)i00xSbx (x = 46, 47 and 48). The
observed peaks for x = 46 are indexed as that for NiS-type structure (space group P6s/mc (No. 186)), where
the Cr and Fe atoms occupy the Wyckoff 2a positions (0, 0, 0) and the Sb atoms occupy the 2b sites (1/3,
2/3, 0.2632). For the patterns of x = 47 and 48, excess peaks attributed to pure Sb are confirmed. The lattice
parameters, a and ¢ for x = 46 are 0.4125 and 0.5367 nm, respectively, showing almost no concentration
dependence. Figure 1(b) and (c) indicate magnetization vs magnetic field (M-H curve) and temperature
dependence of the magnetization (M-T curve), respectively, for x = 46, 47 and 48. The M-H and M-T curves
are almost overlayered, that is, no concentration dependences of the magnetic properties are seen, as
connecting to the XRD results. It is said that the phase state for x = 46 with the NiS-type structure is
significantly stable, and additional Sb cannot be substituted.

The series of the (CrosFeos)ioo-xTex were

synthesized in wide composition range (x = 48, =g . . )
50, 52, 54, 56, 58, and 60). From the XRD 00r @ = 2 (VosC00.5)10045y
analyses (Figures are not shown here), the Z sl S _ y=50 1
phase state was identified as two or three § = ‘E§ N = %
mixed phase state, such as, NiAs-type g 600 l§ JLJ% LSE Té g = ‘f—
(Cr,Fe)Te, (Cr,Fe)2Tes and/or (Cr,Fe)2.25Te2 with Z 00l 1
other crystal structures. E, b2
The XRD patterns of the samples for = 200 - .
(V0.5C00.5)100-,Sy (y = 50, and 52) are shown in ok * M—J h ]

Fig. 2(a). The observed peaks for y = 50 are ' ' '

20 40 60 80 100
indexed as the single phase of NiAs-type 2 theta (Deg.)
structure (space group P6s/mmc (No. 194), a = [ —— B 02 , ‘
. (b) (Yo5C0.5)100,5y (€) (VosC00.5)1004S,
0.3380 and ¢ = 0.5520 nm), while that for y = o} | — = 50,500 0¢

\ \ =y = 50, 5k Oe
A\ —y=52,500 O

W 5koe weeemn = 52, 5k Oe

R

52 slightly includes extra peaks associated to
the precipitates. The M-H and M-T curves for
these specimens are indicated in Figs. 2(b)

and (c), respectively. From the results, it is sl =52 | o
seen that y = 50 and 52 specimens exhibit very L R woe
weak ferromagnetism or paramagnetism. The e 0w @ oo A
behaviour of the M-T curves is different from

that of fully compensated ferrimagnetism, Figure 2 (a) XRD patterns for (Vos5Coo.:5)1004Sy (y = 50
which has been observed in (CrosFeos)io0«Sx and 52). (b) and (c) M-H and M-T curves, respectively,
series (13). Further investigations for searching  for y = 50 and 52.

new materials of HM-FCFM are required.

04

0.0

0.1

04+ —e—y=50

Magnetization (emu/g)
Magnetization (emu/g)

500 Oe

Magnetic Field (kOe) Temperature (K)
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Decoupling between calorimetric and dynamical glass transitions in high-entropy metallic
glasses
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by OJing Jiang, Takeshi Wada, Hidemi Kato, Mingwei Chen

1. Research Object

Owing to the disordered atomic structures and out-of-equilibrium states, metallic glass (MG) exhibits
unique and divergent thermodynamic and dynamic characteristics, especially when approaching the glass
transition temperature (Ty) [1]. T4 is defined as the temperature at which the specific heat has an abrupt jump,
which is commonly determined by calorimetric or thermal-mechanical approaches. Conventionally, the
traditional MGs design strategy is based on a principal element with adding of secondary and more elements,
which restrict the discovery of numerous combinations with unique and divergent physical and mechanical
properties. Recently, an intriguing alloying approach was developed to design a new type of near-equiatomic
solid solution metallic alloys, defined as multiple-principal-element alloys or high entropy alloys (HEAs),
which breaks the conventional metallurgy development strategy, and exhibits great potential for developing
advanced structural and functional materials??>32. HEAs have distinctive physical and mechanical
properties?®-32 arising from the effects of high configurational entropy, large lattice distortion, sluggish
diffusion as well as cocktail effect?”:33, Inheriting the distinct properties of MGs and HEAs, the new
combinative glass-formed systems termed as “high entropy metallic glasses (HEMGs)” present high
thermostabilities with depressed crystallization kinetics and superior magnetic properties, which reflect the
theme of “more is different”4-36. However, the core critical behaviors of HEAs, especially the effect of
sluggish diffusion on the thermodynamic and dynamic properties of HEMGs have not been systematically
studied. Here, we utilized the strategy of the equivalent substitution elements to design La(Ce)-based,
Pd(Pt)-based, and Ti(Zr)-based MGs and HEMGs, to investigate the high entropy effect on the structure and
dynamics of glass-forming alloys. a

2. Experimental Results

Three types of prototypical MGs, viz. LassNi2oAl2s
(CessNiz20Al2s), Pda25Cu3zoNizsP20  (Pts7.5Cu14.7Nis.3P22.5),
and ZrsoCuzoNiz0Al10  (TisoCuz20Ni20Al10) with different
relaxation behaviors were prepared. Laz7.5Ce27.5Ni20Al2s,
Pd20Pt20Cu20Ni20P20, and TizsZrasCuzoNizoAlie HEMGs ¢ °
were obtained by the partial replacement of the primary
elements in the MGs and are denoted as LaCe-HEMG,
PdPt-HEMG, and TiZr-HEMG. Fig. 1a shows the

; _ o 136R _Jf_ “
1 | | | |
P 0
'M :

LagNiyAl,

LagNixAly
477K
Laﬂ;

Copr Nl

Exothermic (Wig)

T
469 K

CeyNiAl

enthalpy of mixing values of the different atomic pairs in m W e, it
these representative MGs systems?’. The value of zero T e T e
Fig. 1 (@) AH™ (kJ/mol) for the constituting atomic pairs in

for the La-Ce pair and similar values for La and Ce with

Ni and Al suggest that elemental substitution caused the La(Ce)NiAl system. (b) Calculated mixing entropy for the

three MGs systems. (c) DSC traces (heating rate of 20

negligible changes in terms of the chemical effect on the
relaxation behaviors3. Fig. 1b presents the entropy of
mixing of the three MGs systems. Differential scanning
calorimeter (DSC) traces of LassNi2oAlzs, CessNizoAlzs,

K/min) of the La(Ce)NiAl system, the arrows indicate the
calorimetric T,.
modulus of the LaCe MGs system at 1 Hz with a heating

(d) Temperature dependence of the loss

rate of 3 K/min, normalized by the maximum peak value.

and LaCe-HEMG obtained at a heating rate of 20 K/min are shown in Fig. 1c. The obvious glass transition
and crystallization signals confirm the glassy state of the three samples. Calorimetric Ty is determined from
the intersection of the tangent lines of the onset of transformation and is indicated by arrows (Fig. 1c). LaCe-
HEMG with the highest mixing entropy yields an intermediate T4, with similar tendencies for PdPt-HEMG and
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TiZr-HEMGs, which are consistent with the rule of mixture. The MGs exhibit multi-complex relaxation
dynamics. The a-relaxation as the main relaxation mode is directly related to viscous flow and the glass
transition3#'. Fig. 1d presents the temperature dependence of the loss modulus (G") of LassNizoAlzs,
CessNizoAlzs, and LaCe-HEMG at 1 Hz with a constant heating rate of 3 K/min (normalized by the maximum
peak value). Two relaxation modes are exhibited, which are termed the fg-relaxation and a-relaxation, from
the low to high temperatures, respectively. The p-relaxation peak shifts to high temperatures with Ce
replaced by La, which agrees with previous reports and suggests that activation of the fg-relaxation mode
follows a monotonous evolution according to the mean chemical affinity between the constituent
elements'638. However, with half of La replaced by Ce, LaCe-HEMG exhibits the highest a-relaxation
temperature (T,), which is not synchronous with the calorimetric Ty (Fig. 1c). According to conventional
wisdom, a glass with a higher calorimetric T4 always poses higher difficulty in activating a-relaxation and thus
has a larger value of T,'%42. Besides, T, presents a monotonous tendency in the case of regular element
substitution’ and follows the rule of mixture, the same as the calorimetric Ty. Nevertheless, LaCe-HEMG,
with a modest thermodynamic devitrification behavior, exhibits the uppermost dynamic glass transition
process (inset of Fig. 1d). Therefore, our findings indicate a decoupling @
between the calorimetric and dynamical glass transitions of HEMGs.

Fragility and viscosity are the most fundamental properties, reflecting the
temperature-dependent relaxation and dynamic heterogeneity of glasses in
supercooled liquid regions. Therefore, the divergent thermodynamic and
dynamical glass transition behaviors of the HEMGs are expected to be
disclosed by fully understanding the kinetic behaviors near the glass b o Temperature ()
transition. Fragility can be determined by the variation in T4 as a function of 1 #
heating rate*243, Fig. 2a shows the DSC traces with the heating rates 3 { B
ranging from 25 to 600 K/s for LaCe-HEMG. T, and the crystallization .
temperature (Tx) shift to higher temperatures with the increase of heating 4
rate, which arises from the involvement of thermal activation in these ﬁ :;ae;;fi:;‘fuumx
kinetic processes. Fig. 2b presents the heating rate dependence of Ty for T - —)
LassNizoAlzs, CessNizoAlzs, and LaCe-HEMG. The m values for LassNizoAlzs, ¢ e
CessNizoAlzs, and LaCe-HEMG were calculated as 42, 39, and 35,
respectively. In comparison with other MGs, LaCe-HEMG exhibits a strong
glass behavior in terms of the lowest fragility. Fig. 2c presents the
nonequilibrium viscosity of the three MGs as a function of temperature,
which was measured by TMA. As the temperature increases above Ty, the e |

Heat flow, exo. (mwW)

|
400 500 800 700
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3
2
g
e
I
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o740 |

Viscosity (Pa s)

ases0 |

viscosity decreases rapidly. While, the viscosity of LaCe-HEMG is s om ow ow ow e

obviously higher than the others, suggesting the higher dynamic stability
and more sluggish dynamic behavior upon heating. Therefore, a plausible
origin of the retarded a-relaxation for LaCe-HMG could be sluggish
diffusion from the high entropy effect in HEAs.

In summary, we found that the HEMGs present a depressing dynamical
glass transition phenomenon, i.e. HEMGs with moderate calorimetric Ty
represent the highest T, and the maximum activation energy. These
decoupled glass transitions from thermal and mechanical measurements
reveal the effect of high configurational entropy on the structural and

T

Fig. 2 The fragility and viscosity
behavior of the La(Ce)NiAl system.
(a) DSC traces of LaCe-HEMG for
heating rates ranging from 25 to 600
K/s. (b) Heating rate dependence of
T, for the La(Ce)NIAl MG system
and corresponding VFT fitting trace
(dashed lines). (c) Non-equilibrium
viscosity near the glass transition
region for the La(Ce)NiAl MGs.

dynamics of supercooled liquids and metallic glasses, which are associated with sluggish diffusion and

decreased dynamic and spatial heterogeneities from high mixing entropy.
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Spreading mechanism of Ti—48Al-2Cr—-2Nb powders in powder bed fusion additive
manufacturing process: experimental and discrete element method study
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by OSeungkyun Yim, Huakang Bian, Kenta Aoyagi, Kenta Yamanaka, Akihiko Chiba

1. Research Object

The properties of the powder bed, such as packing density, homogeneity, and surface roughness, can
significantly influence heat conduction, radiation, and emissivity in the powder bed fusion-additive
manufacturing (PBF-AM) process [1,2]. Thus, the powder bed properties are a key factor governing the
quality of the alloy component manufactured by PBF-AM. Several studies have been conducted to
characterize the powder properties using standardized methods, such as tap density, Hall flowmeter, rotary
drum, and FT4 powder rheometer. Although the flowability of the powder can be accurately measured, it
does not match the spreadability of the powder during the spreading process owing to different stress
conditions. Therefore, to improve the powder bed properties, it is crucial to determine the powder spreading
behavior and the factors influencing it. However, direct observation of the powder spreading process is
difficult to realize owing to the discrete nature of the numerous particles and limited observation resolution.
An alternative approach is to use numerical simulations based on the discrete element method (DEM). Thus,
the aim of this study is to investigate spreading mechanisms using two types of Ti-48Al-2Cr—2Nb powder in
PBF-AM processes based on experiments and DEM modeling. @)

frequency (%)

2. Experimental Results
Figure 1 shows the particle size distribution (PSD) and
particle morphology distribution (PMD) of the powders
produced by plasma rotating electrode process (PREP) and
gas atomization (GA). The PREP powder showed a narrow
spread of the PSD ranging from 40 to 110 um, while the GA
powder showed a broader distribution ranging from 20 to 120
pm. In the PMDs maps, the particle morphology can be
represented by shape classification chart (Fig. 1e). The majority
of the PREP powder particles had a spherical shape (s> 0.8)
and a smooth surface (y¢x > 0.8), while the GA powder
contained a higher fraction of non-spherical particles (fs =
0.164) with a broad range of ¥ indicating rougher surface.
Figure 2 shows the computed displacement of the particles in Figure 1 Particle size distribution and
the powder spreading process by 'developed. DEM mode.I. particle morphology distribution maps; (a),
When the blade moves along the y-axis, the particles that are in (c) PREP powder, whereas (b), (d) GA
contact with the blade climb up, while the particles near the
slope fall onto the base plate (Fig. 2b). Irregular
movement of particles was observed near the %,.d..ﬁ.,cﬂo.. Powder reservoir .=.,,|‘.‘,(b)
gap region owing to shear stress supplied by the
blade and inter-particle friction. As the blade
proceeds, the particles near the blade climb up
to the maximum height location, and then flow
along the recoating slope ultimately getting T;__! o2

deposited on the base plate because of _ Shearsress ' '
gravitational force (Fig. 2c). Based on the Figure 2 Snapshot image of the powder spreading

spreading DEM model, three types of particle simulation of PREP powder after (a) 0 s, (b) 2 ms, (c) 8
flow regimes were identified: (1) vortex region, MS; and (d) 16 ms.
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(2) free flowing region, and (3) shear stress
region (Fig. 2d). This result indicates that the
powder spreading process is combination of
multiple stress condition, and conventional
flowability assessment cannot represent the
powder bed properties.

Figure 3 shows the snapshot of powder
spreading process with contact force chains.
With applied shear stress, the particles in front
of the blade shifted and formed a strong
contact force chain that resembled a bridge
shape, which is also known as force-arches
[3]. The formation of force-arches was
accompanied by the formation of a local pore
because strong force chain can effectively
restrict particle flow through the force-arches
region. During the spreading process, force-
arches was frequently observed, causing
numerous pores in the PREP powder. This
result indicates that large particles with a
narrow PSD tend to form a strong contact
force chain compared to small particles with a
broad PSD owing to limited stress dissipation
between the particles [4].

Figure 4 shows the spread powder bed of
PREP and GA powders from the DEM
simulation. The particles in the powder bed
were well deposited without large voids, and
their packing density changed slightly

depending on the sectioned y-axis position (Fig.

4a and b). prs of the GA powder (47.4%) was
observed to be higher than that of the PREP
powder (45.5%), which agrees with the trend of
experimental data (55.9% and 54.7%). The
height variation of the GA powder was much
lower than that of the PREP powder, while both
powders showed a low packing density at the
end of the powder bed (Fig. 4c and d). The
average particle size depending on the y axis
position reveals that the fine particles in the
powder pile tend to segregate early during the

contact force chains; (a), (c), (e), (9), (i), and (k) correspond
to the PREP powder, whereas (b), (d), (f), (h), (j), and (I)
correspond to the GA powder with the magnified images.

% Particle radius (um) Z-axis position (um)
20 30 40 50 60 4 60 80 100 120 140 C——1
|

— e L, [T

®)
(¢)
(d

a4
4 =)

o 1 . | Py
Figure 4 Snapshot of deposited powder bed by powder
spreading model. (a) PREP and (b) GA powders color-
coded according to radius of the particles. (c) PREP and
(d) GA powders color-coded according to z-axis position

of the particles.

spreading process. Thus, the low packing density of the last region could be due to the unavailability of finer
particles. Therefore, we can conclude that the critical factor to governing the powder bed properties in
spreading process was PSD, and the high flowability with broad PSD is suitable as a PBF-AM feedstock to
obtain a high packing density and low surface roughness.
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Development of Nanogap Gas Sensors
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BWTH, by 7Farx s MULEZEDISERENELN TS,
150 ——"—"—"—7—"+—"r—r—r—"1——
%1005— -
L.
% so;- ]
B |
0-I .
0 100
#vv7§(mn)
K 3IEEREDX v v TRIKEHE
4. FLEOHERE

—RIHE LN TV DI T A o DOF v v 7 R% 35nm L PR §2 2 & T, ms
BrRETDHEEWHDLMNC Lz, AFETIE, TABREMEE LTBIER Y v A2 AWz, F/
X v v ST AR Y 2WET D BRI EE 22 T AR M B2 @RI, EoT AT 028
T CTHEEL - EEEELT 2 Z EMAEETH S0, TEMRISHMEAEmWEWVWR D, 5%ITde
¥lp &L LT, ERMRICINT 7R SEBR R 2 BT 5,

5. AARICEES HFE
1. Phan Trong Tue, Tsubasa Tosa, Yutaka Majima, “20-nm-Nanogap Oxygen Gas Sensor with
Solution-Processed Cerium Oxide”, Sensors and Actuators B: Chemical, 343 (2021) 130098.

2. BEEE Ty Farbex, HAEE, NEIEA., RFFE 2019-154058

(iR AWFZERCR O—I%, EER - EEF A T 7 — A A/ _X—2 g VBRI 2 Y = 7 b (Design &
Engineering by Joint Inverse Innovation for Materials Architecture, MEXT) X% =T T b7,
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S BREE - =L —R Ry B
BaO il CaHL, 3 RuZ K BIEFEMT OEZTERK
WO LERFERFZHANBIEATEE 7 v 7« 7R EHIFTE AT OF=F, REESR

Efficient ammonia synthesis over Ru/BaO-CaH,
by OMichikazu HARA and Masashi HATTORI

1. BAREH

T U = TIEARIEER LR O FEE L THW S, BT 1800 5 UL EOBENHEE STV D,
LU, BUTEROERRT =T Az VW ic a7 v ' 23 - ®E (>500°C . >2 MPa) & 44
e L, KOBEMRISERME T TTY U E=T AR TR ML DB A LI L SN TS, FxIZZIDLD
7efiblit & LT, CaH, ZKIZ W CaH HHFFL T = 0 Al (Ru/CaHy) (275 H L, HHE, KIE (340 °C)
DG T TEWEEZRTZEZH LML TWD, CaHy (3% O Al Wiy 7k FEW ., kel kv, it
KDONT =0 AL OBB T H - ToKFBEE AT 5, I 5IC, KEBBEERICEmAKEX G OICET 5
L (HoH+e), iR, REMAFEENMET T2 LT AT LA~OFBWVETIERENEIIND |
— 5T, CalLb T =7 LT 5 Z & TEFEGRELZ A L72V CaNH fi~ & BE T 5729, Ru/CaH, D
TEMEII PSR & IR 95 2, Fexid BaO & Ru/CaHy IZHRINT 25 Z & TZOFMIK FZ24EI L, »ol%
PERKIEICH B35 2 L &2 RNWE L3,

o
2. 1 filssee > 1o 0 0

Fig. 1a | Rw/CaH, 5 £ U BaO ¥/l Rw/CaH, g%ﬁ*ﬂﬁﬁﬁggx - R

(RwBaO-CaHy) % V=7 Ve =7 SAE £ g

DT v =7 A R DR % R T 2 ] g RuCat,
Ru/CaH, TIE7 > & =7 Ak & 03 R i #R 1 & é 5;\\\\R.UfcaH2 z il _CaH,
ST T 5 2 Lok L. RwBaO-CaH, Tl § | B—— —L—2%,
30 BERRESC RIS T 5 E TRAARRES & ] L e
L, Zo%iE 200 RERERISSETH T T e T a0 20 40 6o
éﬁk% Tk X fci’jﬁﬂﬁ E Aot ET. Reaction time (h) 26 (degree)
Ru/BaO-CaH, (2861 57 & =7 A &L Fig. 1 (a) Time courses for ammonia synthesis over Ru (10

Ru/CaHy (28T D4k (7.4 mmol h'g!) K wt%)/CaH, and Ru (10 wt%)/ BaO-CaH; catalysts (reaction
D B < 10.5 mmol h'g! FEETH 72, B conditions: catalyst (0.1 g), synthesis gas (Hy/Ns = 3, 60 mL

#® Ru/CaH, " Ruw/BaO-CaH, © XRD fig min™!), temperature (340 °C), pressure (0.1 MPa)). (b) XRD
(Fig. 1b) & ¥, Ru/CaH, Tl CaNH FEAME K patterns for Ru (2 wt%)/CaH, and Ru (2 wt%)/BaO-CaH, after

SNTND, ZI2°C, Ru/CaNH [TIEEE TS yymonia synthesis reaction (reaction conditions: catalyst (0.1

720y (> 0.2 mmol hlg!) Z &5, Ru/CaH, g), synthesis gas (H»/N, = 3, 60 mL min'), temperature

WZBIT DIEMEDIR FIFEEK S 1172 CaNH (2 (340 °C), pressure (0.9 MPa), time (100 h)).

W42 Z &R Ens, —77. Ru/BaO-CaH,

TIIBUGHE S CaNH MR ENTE LT, MUSTOEEOE TR AONRNER EZZ HND,

2. 2 BaO & CaH, DERIGIZK 28 E LK UMIRELE

Fig. 2 |2 BaO & CaH, DiEEW OEVLEE (BZ2 340 °C) Rt O SEM BIE34E B4 X OV )it D Ru/BaO-CaH,
<D%MﬁAF%kSMMmXXA7FN%T? Fig. 31281F % SEM Bl& B CHAMENT X BaO TH Y . #
WLBRRTILERIR T d o 72 BaO DESLERZ ITHMRIZIZIRE T 2 Z L RSN Tz, £7- SEM-EDX B/ R1 5

mmxum&_kmfRui@mi{i&<\moﬁw_%¢%_ffbfkb\_@_&iJm#ﬁ%

{EL7ZBaO IZHEF L CWAZ LA BEWRLTWD

Fig. 3 \CEVILERTE (EL22h, 340 °C) @ BaO & CaH, DIEAY D XPS Bl 4/~ 4. Fig. 3a L 0 BVLEL#%
DOFEID Ca2p E— 7 TR R VX —IIZT 7 FLTEY, ZDOZ L%, BULHIZ X 5T CaO B EIT
WD Z EAETREL TS, FEEE, FFEID XRD JIER R D & CaO OB HER I N D, Fo, L%,
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Ba Dbt — 7 [ Im=xAF—Mlic 7 F L TW5 (Fig
3b), ZDOZ &iE BaH, DIERERELTEY, FEEE
\Z BaO & CaH, DIREMZE T V=T S EHR T
TEVLEL L7230k XRD JIERE R D5 BaH, D
SRS S VD, LA EDOFER NS, BaO & CaHy 23LL
TOGZERZ L, BaHy & Ca0 25H 7=k T 5 2

LOURIBE D, ,g ‘ § pecium
CaH, + BaO — CaO + BaHa, AG® = —74.7 kJ mol"! = U1 Sheatim3
F72, SEMBEOFERL T, ERRISIICH ik

KFIZ BaO OFREMDBEE TWH EEZHND, D E ‘

0 SO BaO A5G O B2 5458 O BaH E

BT D7 DICTIRZ R T, Bk B EIRICE B IIT S T3

(LT 2DTIER VN EEZLND, Energy (keV)

Fig. 2 (a) BSE images of the BaO and CaH, mixture

2. 3 BaO PP STz BaH, OB before and (b) after vacuum heating at 340 °C, and (c)

INFTIORLERER S, BaH BEBIITTERL Ru/BaO-CaH, after ammonia synthesis for 100 h at
34172 BaO (BaO-BaHy) (ZHFFSATZ Ru3T % 340 oC, (d) SEM-EDX spectra for the regions indicated
=T BRI E R BETE A R SRR S LD,
Z ZC.DFTFHRIC K o T L 7= CaH, 35 K U'BaH,
DOAFREZ X V. BaH, I3 CaHy (2 ~MEEFEIS /) (a)
S KBEMBEERFZII A U o L L [RAEOHFERE (2.6
eV) LD NS5, fE- T, Ru/BaO-CaH, (T
BIF D Ru ~OEWVEFHEGREIIIE AL S 1172 BaH, 12 | \__Ba0 Cal4, (50 )
L5 DM ND, LU, RuziHEFL N\ Ba0-Cat, 21y

7= BaH, (RwBaH,) 17 & =7 GAUICIEMEZ 1T & A

JETRERN (> 02 mmol hlgh), ZAUL, H-TPD 0 [ N2 — =

FERITR &S5 K 912, Ru/BaH, 128V CRKFETEEN 8 3SI?!|ndlni';sfée’:rl1ergy:(SgV) S0 e T%‘?nding enei'gg (eV) e

BOSHREE (340 °C) LA ETH % 72 OITKFBLHED +47 Fig. 3 (a) XPS Ca 2p and (b) Ba 3d spectra for the
CEZHRWIENFRNTHDL EEZXBND, —)7 BaO-CaH, mixture after vacuum heating at 340 °C for

’C\ Ru/BaO-CaH, TiE, B S 7z BaHy 22D DKFE 2 hand 50 h

BB 270 °CRRED DR Z - TB Y . W\ b BE

DELND EHERITE D, Z OKRERBEREOIKT

in Figure 3c.

—_—
—

b
CaH, . CaO BaH, '5°
(347.5)/ | (346.9) (7e2.8) . BaO
Al i /NT80.3)

BaO-CaH, (50 h)
BaO-CaH, (2 h)

Intensity (arb. unit)
Intensity (arb. unit)

DJFEFE & LT, BaO-BaH, 110> BaH, Db AN @ ., pmusor
W, KERBEELST LK RO TRV EE
‘}can2 (c)
AHNBH, REMIUIZE S TR, @ (.ao @f
BoniER e nlc, PRI ML Fig 4 2 CaH;,
(27”9, Ru HIBER, BaO, CaH, DG (Fig. 4a) 1 _ e_)m
AT 52 2T, BaO & Cabh A8 L, Cally ) (b) Heating H- /
— #8723 CaO 1T, BaO O—#73 BaH (CZ& k¥ 5, = ,n Ba/o.giz/ // iaa%BaHz
DOIf, BaO 3R E 2 EH, 7D Ru iBaO—BaHz Ca0 'caH,

WZHFFE D (Fig. 4b), BaO & CaH, DRUGT

T BaO Ak S 7= BaH, 13 BaH, (2 t’\’CfFiFﬂE’J
WARWREN S KB EZNEET 5. o2 ik T,

{fﬁzﬂ%‘lf BaO-BaH, 75 Ru ~DE G- 2MEiE S,

Ru b COEREMEENP DRI Z 5, 2D DOFER,

Ru/BaO-CaH, (E @\ 7 &= T g2 3 & B2 6D (Fig 4c),

Fig. 4 Proposed mechanism for the ammonia
synthesis reaction over the Ru/BaO-CaH; catalyst.

3. ZEXR

(1) M. Kitano et al., Chem. Sci. 7, 4036 (2016)

(2) &, M6, AEP, 5, AMEF, Z120EfHEE R A, 4D08 (2017)
(3) M. Hattori et al., ACS Catal. 8, 10977 (2018)
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OB BRET - L —ROE B
T/ St RREA T AU HEEEMHORIK
R THERET 0y 7 A THEBRER @i S, S8 5, 1K 59

Synthesis and properties of new functional materials based on metal-organic frameworks
by Tomoaki TAKAHASHI, Suguru KITANI, Hitoshi KAWAJI

1. BARE®

LALLM EHIZHOMILE R > TRV . ZOMIALICER A 2MEEWETHENTE D, 0D, T
WG RIROA A R, L Fa T ——T A il CREREYEAM B & L CIEIA < JSH S TW D, HEREME
ZHMEMEL DO —2 L L TEE, AERIANTEE SN TVWD, INbiE, @A A EZNICRE LR
RN 10 B ORI L 0 fffb L, =ROchICHIRIIE L < $ilf S - faEE 2 FFomE b 5, 2D
A 7oA S I, SESERKRERD TFKY T2 KREICWKT 2 Z ENARETH Y . F7-28EE
NADOREIEEEZ D Z LI X > THIALO KR E SN D L OMABERZHIECX 5728, €474 hTlE
HEL Do T AR AL ZE A ED Z E N TE D, MWEREBRLZE-EL LN TE 57120, KEIBM B
TR bR FBWEA B 72 E~OISAP IR S i, EOEBICAIT TR b AT TS (Fig. 1), L

[EVWREMR. BERE BEHE

Rk (KFE, A2 etc) BRI FDRIRIZKD EXTU R
MO ZER

Fig. 1 ZALMAREERETAD 537 W I 2 BEREME

ML, RAMETFLEHALNICRRSND T A My FOMEEROARE, WEINTT A My PR A MET-
OEFREE, B DVIEIT A Ny IR RIS 7 E OB O TIEIAR TSSO EE TH D,
Rz b D7 N—7Tlk, THE TFig2 IR LTe
MIL-101(Cr) [Cr:0(OH)(H20)2 (1,4-benzenedicarboxylic
acid)3]Z 4] . IRMOF-1[ZnsO(O0CCsH4COO0)s] ,
HKUST-1 [Cus (benzene-1,3,5-tricarboxylate)z] , MIL-
100(Fe) [FesO(OH)(H20)2(1,3,5-benzenetricarboxylic
acid)] 72 £ OMFLEED 72 2 Fl 4 DL JLIEA B4 )8 8
RIZHONWT, K FROFES T2 WaE SEe L& DM
IR ZRENC DN TOMIEEITo C&E T, —RICTEAT
A4 R EOMAL2nmE D /NS W 7 B fLTIEZ7 A B
DTOWRBRITEZ SR ESbiLTWa ., I
ETOMTEIC L - T, AHESESEEICRR S - WE
ARSI CEHMMISE O L O RBRNEZ D 2 &
Wy oTElz, MEFEETOMET, ZIAMEEKSRE
PERICUE S VT K DRE « BEEBIRIC OV TR, Fr
(ZABFLEEAY /N SV HKUST-1 (RIALER230.5 nmds LY
0.9nm) ([ZOWVWTIE, TNETICMOLIAL TN D E B
VNS TOWE K OIS B R AR R -7 2 MEAAE
SIS &P D BERIESE R LTS, — Fig.2 MIL-101(C et 1]
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J. BRI R & 2L A2 A9 HMIL-100(Fe) (RHFLEE : 2.5 nm & 2.9 nm) <°MIL-101(Cr) GFFLEE : 2.9 nm &
34nm) TiX, KEZDORRDMAOZNZIUTKIET D & B DK OFERE - BEEBLG 232D DR E CT%
NENBIH Tz, ARAFZETIE, MIL-101(Co)lZ Wik S V72K THLH S 22 > OIS DS . BROE 9 2
NORMILIZ L D DR D T2, KUSNDFEEILEDZ D, Wl ST B DOEENIHOW TR, £
DHFLAN D53 FZHEEZ DN TH L MNITT D & & bIT, Bl FRESHADBRBE DT D DML E G5 Z L % H
e LTS,

2 HERR
MIL-101(Co)lE Y VAR B —~< Wik &2 O TAR L72[2], Cr(NOs)s » 9H202.0g &7 L 7 Z JLE(CeHa(COOH)2)
0.83 g& ZREAK20 mUCIEfE L, Z DK AEA— F 7 L—7HT493 K, 18K L 7=, iz kv HAD
MR AERE ST, AR ENN-V A F LRV LT I K (DMF) 83X A X J —/L(CH;OH) THEH L, KK
JEDT L7 ZVEEE IR BRN T, ZHUS K0 BREAISHIALNIC A Z 2 — v 2 L 72 3EIMIL-101(Cr) -
mCH;:OHZ 1572, Z DA ICHERZ N2 5 2 & THREmMED ) E L7ZMIL-101(Cr)il B3 G Hiv 5 2 & 238
LTI o T, REHIXIT 57 A My T OWREIEIZLL FOFETIToTe, £, A¥ ) —VEWR LA
BB RAE, n—2 ) =R TRIEGZEREEZIT ) F T, HIALIST R My F03FEE L IR & 15
2o HOENUDEZET A LTI Y —R&Y VEZHWTIHAT A L TR WM 7r A My REREEZET
AT, ARESRERICIET Z & T, MRS A My F a2 W LR B 21572, & & OREHREICITH
RXHREPTHIE(XRD) & 1T > 7=, DSCHIEIZIFTAHRL DQ-100% v 7=, DSCHIE X, Wi % k2 12
SEANG, FIRHEE ; 10 K/ min, EEHEE ; 93 - 300 KT{T - 72[3].

W S 7= A N OB OB L LT, A ) — &R L 7ZMIL-101(Cr)®»DSCHi#j & Fig. 327K
Fo BIFIZENT % TH LI B 1 KR

BT HWEREIS T H, MIL-101(Cr) D —* I *® & F T * &k ¥ 1
AFLAIZIXI mol4 72V 6.6 moldD A % /) — )L
BT D Z LN T, RO A X ]
— VAFIE L TV 5555 (W £100 %24 F) T - -
1. —100°CHHBITIC SV S A 2 ) — L ORI B ]

HETZEE2DND E— BBEIRT - 1190%
VB, AR R TRlS R A zic o L 3130%
LRSI O —RFEFRR ISR 35 & Q[ -QM
BondWEE — 7 138 e o Tz, » [E ] 0
KRR TR S T B D W E B i

E— 7 W20 DD R 5 AL OFIEIC & s 45%
BLOTH B, &< MBI LD b 0N N Jago
0

WZDOWTIE, SRIOFERN ST LN TX =
ipino it MALHFICIRE S NIz A X ) —1 D T“\\\““--\“\\\\\i$m
IR VB S e o 7o DI, KIREEIC T‘*"""“----__§§_~§‘~“§~‘23%
K L7285 A s =42 MHAAVER OFERIC 17%
EDbDEBEZBND, TN OREEBH#ENE - =
[ZoW\WT 511&(&T@%%{EUE%NMR\ X%‘%@ -150 -140 -130 -120 -110 =100 -90
Prig EOREBRMFIES TN 1F T I 2 b — t /°C

Ta U B X DM G B L OV FE AR
HERAOBBRIZOWTO X 525092547 Figl3 A% /7 — L &WjE L 7= MIL-101(Cr)® DSC #i#
ITETH D,

3 SEHX

[1] S. Wang, L. Bromberg, H. Schreuder-Gibson, T.A. Hatton, ACS Appl. Mater. Interfaces, 5, 1269-1278 (2013).
[2] L. Bromberg, Y. Diao, H. Wu, S.A. Speakman, T.A. Hatton, Chem. Mater., 24, 1664—1675 (2012).

[3] MEREALK, &m0, ML LHEKRY: (2015).
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SYBF BB - EALR BRI
ETERPICIHI L 3R MM ORE - 7R

FOR TRR PR FLEAINAIRRIIGERE 7 v > T« 7 MBI FE T
ORYGHE, WEBRER, B K SiF 5

Design and exploration of novel inorganic materials based on computational science
by OFumiyasu OBA, Tomoya GAKE, Yu KUMAGALI, and Akira TAKAHASHI

1. BAREH

WES DR « REMELT XX —FB 4RI, MERB~OERIT @R L < RoT&7, HlLZ
BERET I T, BEICHFET HLRICI VRS, i CRWVEREFMEZHT5 L5 eWERNEEN
TW5, FiEOHEBIZEBWT, WG - BRIEHPEL R LIS 2 ETHARV, £ L TROMEM
D WDZIAVRRZEME D NS—FT D0, ZTOFNLEDLIICH—F v MERKVIATLNTH D, KITTIX
FAHEREOERE A—R—ar Ea— 2 OEAEERNOM LX), FHERZETEERHWD Z & THEORE
PP & B E D OMBIC TRITE A L 1o TE 2, AW T, HEMmOFE—FBLFH 3 X OB
HREZBE LT, miEE - SBREFRIEE G T 2 2R BB ARG - BRSO R BIE T, ERX
—7y ME, BT A ADIEHO T2 OFH SR & 35,

2. HAERERE

TIVE TR L CE B RO - RSB T DN KT T4 A2 MRER ARG« R—/32 K
DOEFEEFRTE A R e U, e ORI U @l B RO LISH A DT, £
oo ZOMETIEEZBEMMEHCEA T2 2 & C, FEOZYECREZRIET 5 & & bic, BERMEHZ R
THEMNRA+ G Th ol - B L~V TORKXM, Kl FEOZEET 2R 252, 51T,
Z OFERIZFE DO TEHBERM B O - RO AMET L2 L2 BIF LT,

BARBNZIE, SR ED p BB T A R¥ ¥ v THERIZONT, ZOEARKMOEKZE) - &
FAREERS R — ' 2 7 DR 2 RIANTHH T2, Bl X 1(a)lZR” 3 CuMO, (M = Al, Ga, In)iZ. p kv
A R¥y 7RO Tm hE2 A 7L LT, <O LMEINTND 70, ZOEARKM « R—E 2 7 5H)
ZHGRIICEEAET 5 2 LiE, BBl p WE L U A X v o TR E G - BRET DS BT FHRERIC
HEEZBND, £ T, CuMO; (M = Al, Ga, In)D [E A RKMEIZEI T D8R 7t — R B 21T o7 10, 3
BIZIX VASP 22— R 112524 X472 projector augmented-wave 75 12 35 X OV Heyd-Scuseria-Ernzerhof (HSE06)/ N
7 Uy FULBIE B &2 vz,

1(b)-(DITIE, D DL DL EMEIREALFRT ¥ VZER TR LTWD, LAY OREF AKX
DIERLTF T — IR DAL TR T o v TRAET D72, ARFETIERTIC A, B TR L7 k%R
T UV X VORI Y T D St A2 EE L,

X 212, CuMO, (M = Al, Ga, In)F DEA RKMEOIEKT RN F—=D T = )b I LoYURIFHEZ R, ZOf
EOGERECE DEARKEOMEIFRO L IICE LD BND,

(b) CUAIO, (c) CuGa0, (d) Culno,

X 1. (a) CuMO, (M = Al, Ga, In) Dl Jui1E & (b)-(d) Cu-M-0 2 DALZER T 3 % VK 10, @A R DK
TRNAFX—OREHOBEIZIE, A, B TRLIALFERT v Y VORGBIRZ ZE Lz,
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(a) CuAlO, (O poor) (b) CuGaO; (O poor) (c) CulnO; (O poor)
10
Al
8
— Al
% 6 Cu
& Cuy;
S 4
2 Vo
::J) / - N
2 e CUAI VAI
Vou
0 —= .
-2
(d) CuAlO; (O rich) (e) CuGaO; (O rich) (f) CulnO; (O rich)
10 Al {
6
8
Al, 5
E 4
= 3
2
5 2
1 —
o Clica 1 Cup o -
: : : : : : -1 - - - - 0 T - T T ; T -
0 0.5 1 1.5 2 25 3 0 0.5 1 15 2 0 02 04 06 08 1 12 14
Fermi level (eV) Fermi level (eV) Fermi level (eV)

2. CuMO; (M = Al, Ga, In)FF O EH S KMEOTER T R F—0D 7 = /b I LUUETLFME 1% O poor [(a)-(c)].
Orich [(d)-(D] TIEZNZENK 1 FD A, B TRLUIALFRT v ¥ VOMREZZE L T\ 5, B4k
Uik 7 /LI LoLOHEHREL LT Y . EIRIIMEES TN T 5,

+ CuMO; (M = Al, Ga, In)OWFHUZEBNTH, Cu ZZfLITIRWER =R VX —Z2 R L, iR\ T 7874
WA BT D720, Rm—ADERICEGTLEEZ NS,

+ CuMO; (M =Al, Ga, In) OWTIUZIEBWTH | filffll SRS T ik, R —RIRRIC L 2 R — /v OH
BiIpB R— 7 E2HIRBLANWEEZBND,

- CuAlO, 35 L TN CuGa0, Tl 7 = /LI L-ULREWIEA. 727 B X 2RIUKRKD 5 BT Cu B OFK =
FIF—=NIEFIRVMEZ T, Lo T, RFP—L LTI F— S0 FZ2RIMLTH, Cu 29408 F
YU T ELEHET AL T B R— U IV BHIRINA Z LR RIBINS,

PLEDOFERIX, CuMO, (M = Al, Ga, In)3 L OBEME DX ¥ U 7 4ERL - #ifEE %2 BRfAE - 35155 L CHE

BRI EBEZBND,

[BEE] AWFZCIISCH R AEEE - EFESEA VT 7 — AL/ R_X—va UMERIH T ey =7 hOEED T
TIT- 72,

3. ZEXM

(1) Y. Hinuma, A. Griineis, G. Kresse, and F. Oba, Phys. Rev. B 90, 155405 (2014).

(2) Y. Kumagai and F. Oba, Phys. Rev. B 89, 195205 (2014).

(3) Y. Hinuma, Y. Kumagai, I. Tanaka, and F. Oba, Phys. Rev. B 95, 075302 (2017).

(4) Y. Hinuma, T. Gake, and F. Oba, Phys. Rev. Mater. 3, 084605 (2019).

(5) T. Gake, Y. Kumagai, C. Freysoldt, and F. Oba, Phys. Rev. B 101, 020102(R) (2020).

(6) Y. Kumagai, N. Tsunoda, A. Takahashi, and F. Oba, Phys. Rev. Mater. 5, 123803 (2021).

(7) H. Kawazoe, M. Yasukawa, H. Hyodo, M. Kurita, H. Yanagi, and H. Hosono, Nature (London) 389, 939 (1997).

(8) K. Ueda et al., J. Appl. Phys. 89, 1790 (2001).

(9) H. Yanagi, T. Hase, S. Ibuki, K. Ueda, and H. Hosono, Appl. Phys. Lett. 78, 1583 (2001).

(10) T. Gake, Y. Kumagai, A. Takahashi, and F. Oba, Phys. Rev. Mater. 5, 104602 (2021).

(11) G. Kresse and J. Furthmiiller, Phys. Rev. B 54, 11169 (1996); G. Kresse and D. Joubert, ibid 59, 1758 (1999).

(12) P. E. Blochl, Phys. Rev. B 50, 17953 (1994).

(13) J. Heyd, G. E. Scuseria, and M. Ernzerhof, J. Chem. Phys. 118, 8207 (2003); A. V. Krukau, O. A. Vydrov, A. F.
Izmaylov, and G. E. Scuseria, ibid 125, 224106 (2006).
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Effect of fluorine doping on the optical and mechanical properties of bismuth-containing oxide glasses
by OHidenori HIRAMATSU, Satoru MATSUISHI, Katsuki HAYASHI, and Akira SAITOH
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Synthesis of murdochite-type oxide MgsMnOgs nanoparticles and their catalytic oxidation properties
by OKeigo KAMATA, Eri HAYASHI, Takatoshi TAMURA, Takeshi AIHARA, Michikazu HARA
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Development of high performance oxide thermoelectric materials by breaking trade-off relation
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Structural Transition and Photophysical Properties of
Organic—Inorganic Hybrid Layered Perovskite: (MA):PbL,_Bri(SCN)
by Takuya OHMI, Kei SHIGEMATSU, OTakafumi YAMAMOTO, Masaki AZUMA
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Development of a controlling technique of quantum states and its coherence
by oKazutaka G. NAKAMURA, Itsuki Takagi, Yosuke Kayanuma
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Establishment of surface control technique with molecular monolayer for innovative water flow/cycle system
by OYasuo Azuma
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AR TIL, WEOEREIZI T 2BKNE - BKEZFIHT 5 2 & TROWEH ‘
RTE (#HERLTE) AT LE2EMELTWS, WEREOBKNEZ Imk/\ﬁ;/?\m{
FEEIZHIET 2 2 & CRBIZITKRD BROICER T 2RI+ EHTEXHHLO Ok
EEZTND, REFZTORTER L LT, Fig. 1R T 2 FEEO R AR R E
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Fig.1 Molecular structure
of phosphonic acid.

2. HEAR

2. 1 KRRAKRVEECHEBICES FIEDR BB DML

AREREIZ Al ZEZERBELEERZAIPICRZBL TEARBREEZRA L-EBE., Fig. 1()<RT
octadecylphosphonic acid (ODPA)?D = % / — LESHE(H B 1 mM)IZIRIE St 5 2 & T ODPA H Okl B oy -5
(Self-assembled monolayer, SAM)DERLZ 1T\ Z OFEHI R L CHEfilf OWIE 21T -7- & 2 A, ODPA LB
PRV e B il OB A I B LTz, —H TREA D REBERH 2 2 & & CRELOER &2 1T o 7o 23 g ikF
IR L TR A 1T A B R ZIT A O T, BAEFAFICTER I Al BRI A 283 L & ODPA
SAM MWJERLTE 2 &0 9 R EFR72,

Table 4-1 Contact angles of ODPA SAMs and Al,O3 with different oxidation time.

Oxidation time (min) No SAM few minutes 60 180
Contact angle (deg.) 57 116 120 119

Fig. 2 (a) Contact angle without ODPA SAM treatment (on AL,O3).
(b) Contact angle with ODPA treatment.
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Table 4-2 Contact angles of mixing SAMs and Al>O; with different ratios and setups. The “successive” means the
substrate was immersed in 1 mM ODPA solution first and then immersed in 0.01 mM 11-HUPA solution.

ODPA:11-HUPA ratio Only 11-HUPA 1:1 1:0.01 1:0.01
(1 mM) (successive)
Contact angle 56 71 87 95

2. 2 HrofEEIC X BEAKMEDEN

RAR W SAM DU FIEZ ML LT- 5 2T, IRITAKA AR VR F D Kb DFEWIZ L 2 BUKMEDEN
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1 mM @ 11-HUPA ¥ CHLER % Jifi L & O$Efilfg 2 1IE L 7= D723 Fig. 3(a) TH U . ZOHEfilif413 56 deg TH -
Too TOEITAIR A S 312 ALOs R CHIE LR L IZER U TH Y | BT R L7z ODPA TRUEEL7Z %

D EHMBRRZEREN TS, Fig. 1(a) TREIINTVD L D12 ODPA [TEKMGN-CH; L 72> TRV, BUKMEE R
TZENEFSIND, DR DITHEARCEEFHERSFORMGIEIZ I | BKME - BKMEE ZRRNLDLZ &
W Tz,

2. 3 HFEREBIZKBEKEDOH

FFED X 912 ODPA & 11-HUPA & TIIRUEEDEWIC L 0 BUKMEICENEND 2 E NS0 -T2, Z DOft R
ZHEICLTRIZZD 2 2051 %2iRE LT SAM Z L L7 BRI BUKMEIZ 2RI D T O T O/ %
1Tolz, FEBrEMLE LTIZODPA (AR A My 1) OREAZ 1mM EEEL, 2 & IFZER UHO 11-HUPA (&7

A RyT) BIRALIEZHDE ODPA O3 1T HOK 1% %IRE LT OO 2 FHOEKREIER L, ThEhic
% LT ALOs %IR8 S B TZ O OREEIT -T2, £ OFEERIT Fig. 3(b) X N 3(c) TH v | #Efikfixzn<
71,87 deg. & 2o TS, T DFEFNSBUKIEDE W 11-HUPA D4y TS\ R THLEET % = & THK
PDORNREEIELT 5 Z ENTE, 11-HUPA O EHK L T2 & TRV BKMEOEWERNEBLTE 5
ZENGinoT,

WIZ— TR LT SAM K LT, BIFED Sy T2 @ - AT 25 Z ERNATHED & ) MEFRET H 72012, i
W ODPA ALFR|Z T & BiKAEE L7-D Bz, F Dk % ODPA A D 1% FE D 11-HUPA A#& I TR
T2 2 L CHAA ISR RILD IOV TOEIEEIT > T2, #ER1T Fig. 3(d) ThH 0 | & O 13 95 deg.
Lo TS, 2.1 TRLT-X 91T ODPA DA TR A L7-BE OBl 13 120 deg. TH Y Zh L % LS
DR DRI A 5N TS, ZOFERITARA My F & L TIEFEEL TV iz ODPA O—R 7 A R 4yF D
11-HUPA ([CEZ#ab 0 | HAKMEZ RT DL 720Kk E R UART S RolmZ 2R LTS, Lk
KO ARAR U EEFHERZ WV SAM Tix, —EREZ R L THZDO—HZ R0 CEBT 5 ENAHETH
BT ENGTHhoT,

PLEJX Y ODPA & 11-HUPA Z % Z & T ALO; EDOBUKYE « BUKPEZHIEHT 5 Z LR TE, ZDERAHE
WCBET B Z L TENEND LD TTETOLOEITRBRAREPIFKTE D 2 ENEFES N, I HIT—F
RSN T RIZKH LT, B Z0RMEEZHETHIZENTEHI LA EIE L, Z I CEIESNE
SAM DYERIFIEZ WS Z & T, —oOEE FIZH W THAME & BUKMEMERAICE(L T 2 EENERTX
INERAWSDZ L TATHENEETE LD LEEZLTND,

(a) (b) (c) (d)

s .

Wﬁ%—:. T ————————

Fig. 3 (a) Contact angle with 11-HUPA SAM treatment. (b) Contact angle with ODPA:11-HUPA treatment
(ratio 1:1). (c) Contact angle with ODPA:11-HUPA treatment (ratio 1:0.01). (d) Contact angle with ODPA
and 11-HUPA successive treatment.
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BIRLI A A EMO=MFAEIZE TS SEl BailHEI A H =X L
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FOR TRV EEL T e I
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Suppression Mechanisms of the Solid-Electrolyte Interface Formation at the Triple-Phase Interfaces in
Thin-Film Li-lon Batteries
by OShintaro YASUI, Yutaka MAJIMA, Sou YASUHARA, and Takashi TERANISHI

1. IXEM
AFZEIE THEEEA & k2 R~ TMmEEERT VA NREOETFT ML LEL T, A 4 Uik alT
B R E R IBPUAR & R D R OET N EEIT 5, BUERDILHMICHNONTHWD U F U LA A4
NyTV—=IZBWT, TN DOMEER E&21T 9 ECORMBEITEMR/ERE REICIIT DA 4 g A L
~xLﬁz1w&m$f&éo£@% OEAFIEIZIBNT, %ﬁ&%@ X0 ZENG O mEHNIE
LR D T ENMBNT NS, ZOMBERZMRT 2D 7 DITITEMEREZ T 68w T 20 TiEk
<\Mﬂ%kio%ﬁm%@ﬂﬁhaﬁﬁ%ﬁﬁf%5&m%%w1 EECRAE T E D X 95 RSN
EETCWDiEimT D2 ENFERICEE L 70D, - TARBFZEIE., B/ EME R i X OEmR & B
WTIEZ D DB FEETE ATV TR T 5729012, =X F T v Lk S 72 LiCoO,/BaTiO;
BRE VT, BRax RFEMEREC b— MIZBT 5 FRAEIRRR O BEAREAE S m O REZ "I L,
TG EEKIETFRMEEZAEDECER L, BEEAREDO AN =ALEHATHZ 2 AMNET 5, £
7o, ZRHOHENG A A kBT D R EEHEIZ OV TR TX 2t 2 <,

2. MEMER

VF 7 LA B (LIB) D Fe B/ R D RIS ST LY | BRI IW:”WﬂESHM@ﬁém
YL DFHfn ﬁ%<ﬁé EDFNGILTUNND, SEL FEELOINHIIL, + 53 7280 I U (A 7 v )2 LT
TSR FTREZR LIB 2 F28L 3 7201 DFE B Z D TD, Tex ORI V—71%, B A 70
ﬁ&ﬁmﬁﬁai%ﬁthmthﬁﬁﬂwﬁ%% ToTEY, EWE B BaTiO; ZHHFF 9524 T,
TR -TE B - B E ) D72 D — A S (Triple-Phase Interface; TPI) £-HITIZ33U T SEI 28 & A EHEFES
NN LD BEER T ERB L OE A NVEOER N ATRECTH DL WM L=, TPI 2T, SEI
TR DIIHI AT =X LB T 251X, BISUCEZEET 2 ECHEFICEBETHHEEZ TND, 7SIV IH
BHZ BT DR ORERE IR OTZ IEEORBE CIER ICREETHLT2D, Fr LT FF v
w%ﬁ%mv% ETETNVRIEEAERL | BXUL P EZOY TV OREEZ T 5ZE T, SEl 2
FROIHI AT =R LA L T2, TPI DFT MIIIAF NV~ A% T BaTiOs 7Sy RZAERIL | Aff kL
RFURREZ H o, TPL 1T, 7Sy RO, b/ Sy RMBIE W GEIZ Z 71240 Region-1, Region-2,
Region-3 LU Cilflids KOMENT 21T o 72, ~A 78t — L% AW X BRIEPE, ~127a X #eE
IIIEE L TR T — 38 X SR oATic ko i - IS A2 3528, TPI A1Ticss
A5G g (LR (B R A E OB LWL RN B A L LT, Region-1(TPI fHin)ICF W\ T, FE
F A SEI MRSV TV DI EMN Sy h -T2, Region-2, Region-3 & TPI /»DHEEILDIZLTZ23->C, SEI
RSB RRESN TNz, ZOBRAZHAE 572012, SEM-EDX 3L XPS I2L-> TR B L b5
ﬁA%Wﬁbtﬁ%:ﬁﬂwﬁﬁ&LmﬂkiU\ﬁMWDHHECwﬁ%<##bon5 EDG 0T,
PR LTI, AL LiPFs O3 fifHS TP TSN D&% B Uz, F7-. LiPFs D3 fifI1Z5% PFs D4
ﬁﬂSHﬁﬁbf#ﬂmﬁm@ﬁmﬁ%i0%47w%ﬁ%ﬁiéﬁé IZZDOHIEDP L EE THLHE
ﬁﬁéﬂiﬂikMW%%XRD®F%iWR%wthﬁL%WTLﬂdb@H~7ﬁﬁﬁMKV7Hﬂf
W2, EZR OV TV ERIEL TODOT Li #IFEEMIZIIRBEL TORWS AKAMNZ 7 LT
5z &E>mm@®ﬁm I% Li RIBRFETHDZEN 0D, 2Ll SEI BIEF =8 BRI E
i CVDER I B CRARRREZ ELAD & HZE T Li NEMIR~EH L0 L HEE S D, 72,
SEI 230 Region-2 33 X T Region-3 Cld LiCoO, DY — 7 [FEARA /AL E CTHY | V& HI T e éﬁ’bfﬁi})o
2o TRITBLIOA A =L —2ab BT 7T 47 TRWIEE TR TR THD, TPHIHE EHE T ER
OV A7 NVEEZEEER TS Li OFR[ER/SATHLZENEE XL, ZNHORFHTITIES LEE
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RPE THDHEM T Do

(a)

200

300

200

Distance (nm)

0 20 40 ﬂl sﬂ ll.)O l;ﬂ i40
EDX intensity (a.u.)
2 (a,c) Region-1 3L TN-2 DIl SEM 14, (b,d) 7R-M%: TR
FNTE TS E SEM-EDX 4

3. EEXG
(1) Yasuhara et al., ACS Appl. Mater. Interfaces, 13, (2021) 34027-34032.
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KRERVWDEMRGERET HIERFifi 2B ARE DB
RORTHERE 7 0 o7 RIS B

Development of low-valent base-metal catalysts for hydrogen-involving reactions
by OYusuke Kita

1. AREM

BELEOH 5D L5 THEIOHFIZHWO LA FEA DILHRIC DN T, IEREPBEERADIK LA %
DTS, LIZA-> T, HPImEMEHIIEIRE P LARWEOHRZ2MET L BB ETH D, Al
AW ELREICBOTYH, HEOENHD LR LT LE L THERLTELIEND, 77— 7HDOREN
REBTRICIVRBTL22EREBETHL, LoLaens, BFEORESRBEAMBIL, H4&RBABIC KIS
HEPOREZETHY . @iEEL T ReRAEDOHENEEN TN D,

AFE T, Zi DL E CRRICEEICHFET 27 v a— v EFE E LTHY HIF, Borrowing Hydrogen
15 & REIEAL D Al & A b S COKFEORZ 2L T 5B E " HE & 2 B @A ORI 2 B
& L7z, AL HIEK BICEE ITFEE LIRA W ERLIREE) O Fr R E N 2 "~ TICER L, RE
T~ > O BR ST D LA T,

2. ARAE
2.1 FY—RIVAVMEICEDTILA—ILETILFIVRET DT Dol 7 L F LG
DIVHIVIZLLRIIZ . Borrowing Hydrogen 75 212X B2 7 /v 22— VO EEET I/ ALEOSIZ® L T, Ru-MgO/TiO,
DEWAETEME 2R 2 E 2 LN E LTS 3, ZOHFRIZEBW T, MO (2 X B HEE 72 S et h 3 % fe
RLTND Z Enb HEF~ T iz MgO Z K95 Z & CTriE 2 Al 2 M8 e Tldenmn e &
2L A AT o 7o, BRI LICHERE~ o v LR~ 7 R U AR IR K0 ek S, 600 °C
TAKRFBRILEAT O 2 & TIRIE i~ > H o & MgO Z L EF L 7= filt i (Mn-MgO/support) Z 784 U 7=, F#L L 7=
it D 7 v 2 — VG R T A IEME ATl A 720, BT AR E L TR VAT v a— ()& T LF
MRET DT N7 2 ) Q)DafiL T IV FIACKISZ T & 1T 72, ZOfE%, KL LT ALO; & F 7 filt it
DREHCEWIEEZ /R L, BWRIRMETEM & 55 7V A LA AER(3) 1345 5 47z (Table 1, entry 1), — 5,
Mn/ALO; & HV 728556 . Mn-MgO/ALO; (Z A~ THEMEIZRIEIZAR T L7z (entry 2), Z4ULE D . MgO 23 Siie e
WCHFG LTS Z ERNRBI Nz, £72, Mn/ALOs & MgO ZWERA L7-BRIZiE, Mn/ALOs DA% v i-
FEREFAREDIEETh 7= Z L6, Mn & MgO NifE L, EHMHAERATAIZENEETHLIEEZXLD
AL (entry 3), AL, FUSTER, AWIC KD EI L, KFETCLBEZIT O Z LI X0 s 4829 2 &
72 < 3EHAHAEETH Y | BUNE
DA T~ e~ xyn  Tablel 7& b7 =/ Dol 7 v F MALEG

AOBEHIZR N0l &R 0 o
[ D XRD /84 — K& 72 OH /AT:j catalyst (50 mg)

ENE LN o T2 b BERAR g + =~
59— R L LIRS 2 2 &8 , , (uene o mb) s
Ahok, 61T, Mo-MgO/ALO; 0.5mmol 0.5 mmol ,

X, EFAVEERL TR, e D :

BREEZAT LTV a— LVES T Entry Catalyst Conv. (%)  Yield (%)
M FEHIZHE A ARETH o T2, FRIT, 1 2
BSRERR T v 3 — o %t LT, —iy

V2~ 2 T Ul 2 e il O 1 Mn-MgO/Al,O4 >99  >99 95
RN ERHGIVTW D DY AR

RTETREONETIIHD D 2 Mn/Al,O4 69 68 12
D, 7 N DafiL T NV F AR

AT LT, 32 Mn/Al,0O5 + MgO 71 68 11

@50 mg of Mn/Al,O3 and 15 mg of MgO were physically mixed.
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2. 2 MgOIZ&kB{RERDAR

Mn-MgO/ALO; & Mn/ALOs & DRNZIEMEZAEN R DOz Z L IC3EH L, MgO HHEFNROMMAEZIT-7-, F
J* Mn-MgO/ALO; & Mn/ALO; DF v T 7 X V¥ — a3 L &{To7- b 2 A, ERME., ~ 0Bt Ok
R, R~V HUoBOBILKRBIZENEN LEERLE, RISREOMRIEE LT, KKA&ZE LT
Mn-MgO/ALO; & AW T RKREAEBER FCRIGEIT T2 & 2 A, WRNKIEIIK T Lz, BBFEE2 a0 TFICE
FORISHEITREE LN LD ARAERIT, BLEOS TR < BAKRERSZ R TRIGHEITLTWDS Z &
MRBENT, El RN PUAT N a—LORE IRFEIZLY v e N REOBIZZIZHE) L 7= (Figure
2), Flo, v e RY RO E—271E, Mn/ALO; (ZH~T Mn-MgO/ALOs O 75 DMEEEANZ R Sz Z
LB Mn-MgO/ALOs ED b U RN EVIKFELEEZ AT 5 Z LRI, KB, X7 ra—
N AWV a3 o DKRFALDOIRF 21T o728 Z A, Mn-MgO/ALLO; 78 Mn/ALOs X V) & i W ilyEME 2 7= L
7o EBHIZ, B RV RFEOTEMALIE MgO 225 Mn ~DOE 5112 L5 b0 Th D Z & % XPS HllEMn 2p)ic
K VR TE T, FEA OSBRI DHEE S D BUCHRE % Figure 3 \OR"d, Tba—Lofi7w ki
fRlIck 7 vaxs REPNERIND, TD%, v~ T haxy RpbORKEBIZEID~ e R
RRENERT 2D LT VT RBBEEST D, BBEL7ZT7 LT & Rigsr b KRS L. op-FEafisr b
vl D, SRR LI Y FERaB-REFT b OT Vi RN EKFELT D Z Lk BIAERY
DO, R FAET 5,

Mn-MgO/Al,O, 1413

Abs.
0.01

Mn/Al;O4

wes [0 > o

Normalized absorbance (a.u.)

r T T T : T T T T T : T 1
1500 1450 1400 W
Wavenumber (cm~')

Fig2 Ry V7 )L a— LR A7 kv Fig3 #EE S5 SO HEE

3. ZEXM

(1) (a) Waiba, S.; Maji, B. Manganese catalyzed acceptorless dehydrogenative coupling reactions. ChemCatChem
2020, /2, 1891-1902. (b) Mukherjee, A.; Milstein, D. Homogeneous Catalysis by Cobalt and Manganese Pincer
Complexes. ACS Catal. 2018, 8, 11435-11469.

(2) (a) Shimizu, K.-i. Heterogeneous Catalysis for the Direct Synthesis of Chemicals by Borrowing Hydrogen
Methodology. Catal. Sci. Technol. 20185, 5, 1412—-1427. (b) Corma, A.; Navas, J.; Sabater, M. J. Advances in
One-pot Synthesis through Borrowing Hydrogen Catalysis. Chem. Rev. 2018, 118, 1410-1459. (c) Reed-Berendt,
B. G;; Lantham, D. E.; Dambatta, M. B.; Morrill, L. C. Borrowing hydrogen for organic synthesis. ACS Cent. Sci.
2021, 7, 570-585.

(3) Kita, Y.; Kuwabara, M.; Yamadera, S.; Kamata, K.; Hara, M. Effects of ruthenium hydride species on primary
amine synthesis by direct amination of alcohols over a heterogeneous Ru catalyst. Chem. Sci. 2020, 11,
9884-9890.
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Electronic property of electric double layer transistor using Zn3;N, channel
by OKeisuke IDE, Kaiwen LI, Kota HANZAWA, Takayoshi KATASE, Hidenori HIRAMATSU, Hideo

CAHET DEFR LMD 2 DOLEDHLTHEINDT »FE v 7 A1 UL

HOSONO and Toshio KAMIYA
1. IXEM
Zn3N, 13, i’ﬁﬂ@: :EE",;
TG E AT HYEIRT, NURX Y v TN eV /S, AVEE m*

D H[1-3], ZNETEHERETDH 100 cm?Vist L =D
EWETBEENRE I TEY ., SR TIEKRRER Z &
NE, EBEIE RS U REOF v xRS LTSN
MEEEZOND, LLRNDL, NlEHEC/KFED
KBGZ RN 5 Rl 72 FE T (% < O TiE 10'8~10%
em?) DT HNT, FDO TP RZISHA~DRER A
FCWb, Zn0 & F v v Sl 7 fEE T v ik & R
DZmNy N7 UV R PMEINTWND OO, fafnfgdE)
FEIIHRRTH 5 em®V IS R CTH Y, ZTIUE ZnN, DR —
NBEIE LD HIZD NS EDTH H[4-7], ABFIET
%, BEEEANRyZ Y o 7EERGSZ ET 107~10"
em? OFPHO B2 2B HED ZnaN, A2 FRFER L, A
F MRS — MY ER EE N7 A% (EDLT) %#A{E
LT, ZmN, OFEREZ N, BBEEERE N7 v
A B OIFEWAELE LT ORTRENME 2 WGE L7z,

2. IERE
9, T ARSI LK E A

=0.08mg, /NI UNEWV o T-FE

T 3 2 1;4 l] l] T T T
M (332) (440)50%N, 721
\_/-\‘\Jwi : L 67%N,

s
|
\_.//N\"“—”“““‘“‘ BO%N, |

CC\

o i L N VY

| i_J “ Zn NZ k

P

i . . Zn0

Intensity (arb. units)

il] n

10 20 30 40 50 60 70 80

26 (deg)

Fig.1 XRD patterns of ~100 nm ZnsN: films deposited in Ar and
N> mixing gas with different N> contents.

BRED ZnsN, A2 SEH T 5729
T2 0,° Hy0 #2720 _X— R FET)~107Pa £ TR L=, Hlie No £721E N, & Ar ORE

12, BRSNS, T N TR
7 AHT

EE In Z—7y FEHWT 2 bha 2Ny B2 ) o752 IckoTCa—=0 70T 2R BICHiE

B LT, b7 ZnsNo D XRD /R4 — % [X 1

[CE LD, TRTOENRLHREMIEZ R L ZnO O

[ & — 7 RSN -T2 D, FHMEDOEW ZnNy K5 NI Z LB binoTe,

I T T T T I 1 E| T I T I T 4 120 T T I 1 T I I
S '(a) r - 19 (b} - 1
107 100% N 1 10" £ A -
10* L ——80% N / 1 185‘ —o——o——4 ~ 100 .
F —0—67% N =10 1o FRriy
E E q <
E10E s, LI I — P ] |
S 10t} | Z107¢ I T O
E ¢ : ~ '
£10'} { 810°k Jzeop b 1
e R F- I N N
A e 1 S0} N 18 a0\ 1
&' b ] 3 N 1= X
= —o——O0———1 W 10 L 1T 20 §
102 RS ] 5 T ’ ~ -
4 . —
103 E 1 1 | 1 1 | 1 1 3 1013 EI 1 1 | 1 1 | TRE 1 1 | | 1 .-_-:I?--"_:__:_I:-:
4 6 8 101214 16 18 20 4 6 8 10121416 18 20 4 6 8 101214 16 18 20
1000/T (K™) 1000/T (K™ 1000/T (K™)

Fig. 2 The temperature dependence of (a) resistivity, (b) electron density and (c) Hall mobility of ~100 nm Zn3N> films deposited 1n Ar

and N> nuxing gas with different N2 contents.
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B2 0%, SEIFRXy U TEREZED ZnNy KO Hall 20 B 01E OIRERITFIEZ R L T D, Noiii &Lt
(Rn2) I3 50% D & & 35 72 ZnsNy BT IR E A SIKFE LS v U TIRE LR — L BEIEZ R L.,
MR NER L T o TWD T &R ghoTe, —F ., NoitEED 100%I2705 &, |IRTOX v U TIREIT 455

X107 em? & 1 HTLA R T L. AS— VB8 EITH 100 cm?V-'s! Z#ERE L 7=,

Wiz, K319 & 572 EDLT 7854 A&fERL L 72, £, %NJPCV#F~v27%%PTT~wA~
RO ZnsNo IEPESE Z BB L. ¥IZ PLD T T/Au 22 H K573y REMZRE L, £ >0 ATy REMRIC
A Y=l Ui, IS, A A VIRIKRT— ORI E L TCH T AN v 7 AR TEBRICETE L, 7— I\?'-é
fiE LT Pt 2A/L%EF %w_o HIERNT, A A HERD NN-VZF )LN-(2- A FF LV ZF))-T U E=T A
EA(RY ZAFE AF AR =I)A ]\(DEME TFSD)% Pt A LA ERITIR D ETH v 7HITH T LT,
FROFNEIZTRT, ERUN D Z &7 iToTe, A AR E ZnsN, ORI ZRET D720, 77— NEIE
Z N4 2 RiZ EDLT % 220 K £ THEIL 7=,

EDLT OELRFFEE, 210 205 230 K O THIE L=, ARG LN R HIERWF v U 7R E O ME % -
THERLL 72 EDLT OF5EZ X 4 (27, (RERHED S, S ENEE Y 46.6 cm?V!s!, L & WMETEEZ 0.07V,
/A TR 100, T ALy v g b RIEEA 0.17 Vdec! TH 5 & AfED HT-,

3. F&H

AHFIETIL, T VA ) AT AKM Eic% (@) 230 K V =3V
i ZnsN, I SR CRE & W R 2x10% & e,
{h %4372, XI5 5 4 C EDLT % BT % _ i
L IRETOF AL AORELY LhiE P LFFFDD‘EDD N :
BB 46.6 Vs 25 L, ZnsN, DR —  ~—~1X107F maFag s | :[e]l:ﬂ
BOEICEC BRSSO E s sy D | S
Moi, TIHORERIE, ZnsNo BNFEOT '
L7 b= ARHICBWTHEE 58 )

EF v xNAMETHD Z L ERLTWND,

4. SEXE
(1) P. Wu, T. Tiedje, H. Alimohammadi,
V. Bahrami-Yekta, M.

Masnadi—Shirazi, and C. Wang,
Semicond. Sci. Technol. 31, 10LTO1
(2016).

(2) T. Suda and K. Kakishita, J. Appl.
Phys. 99, 076101 (2006).

(3) Y. Kumagai, K. Harada, H. Akamatsu,
K. Matsuzaki, and F. Oba, Phys. Rev.
Appl. 8, (2017).

(4) M.A. Dominguez, J.L. Pau, and A.
Redondo—Cubero, IEEE Trans. Electron

Devices 65, 1014 (2018). Fig. 3 (a) Output curves and (b) transfer curves of a typical

(5) M.A. Dominguez, J.L. Pau, A ZnsN> EDLT with a W/L = 0.2/0.5 mm.
Ordufia-Diaz, and A. Redondo—Cubero,

Solid State Electron. 156, 12 (2019).
(6) M.A. Dominguez, J.L. Pau, and A. Redondo—Cubero, Semicond. Sci. Technol. 34, 055002 (2019).
(7) M.A. Dominguez, J.L. Pau, M. Goémez—Castafio, J.A. Luna—Lopez, and P. Rosales, Thin Solid Films
619, 261 (2016).

5. & This work was supported by Project of Creation of Life Innovation Materials for
Interdisciplinary and International Researcher Development of the Ministry of Education, Culture,
Sports, Science and Technology, Japan.
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BRIER ERIL Cu SndnSs DEBIFGAEGRRICE LT OBELGMEERTL
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Anomalous thermal conductivity change with metal-to-insulator transition
by OSuguru KITANI, Kenta HASHIMOTO, Hitoshi KAWAJI

1. HARBEM

IR, R e = FOL X — ISR 5720, Ao p VX —OFMEANEEH I N TE TS
ZOHT, BAofinezary ba— 352 LiE, =X —OFHEZHIET 5 ECEERFETH D,
ek, IEEOHIENIINREE WD Z & TIThnCE 0, MEIBE TRETIET D Z Lt
TRLFX—HEEORZRHIEOIHFRF T 5, BxIXZ20MEE LT, @BE#EEE (M-1) 585 oW
BraHEEHEL TS, BUREIX T + /) VOBRESLE OB LV AL, B FEVRE R K X Wiedemann-
Frantz (WF) HlIIZ X uEe=LoT L EEND (Z 2 TL=245x108 V2K 2|Zu—L V¥, odiEXxisE
K, FLTCTIHEHEETH D), LR ->T, MIIEEBEZATI2WEDIT, £BHATEVEEZ LD,
— O TIHEVMEZ L S Z E RTINS, LrL, ZHETI _ﬁotﬁ%ﬁj} 5, THEEY DR
HEENEZRZTWEN RO T2— T, W ODOWEIZE W TZEO PR L T e X v @t
DERERNE T T2 N gholoTE T,

A B RIVEAEY) CulrSa 13 220 K 1T M-SR AE U, ZOFRIZ, #EffH L 0 e L AEEIE TEVR
HEPN/NSLSRDIRDBODFEINTND B, FHxIXINET LMD Cu A b ~21fid Zn & F—
7 L7z CuraZndnSs TIIAHEERBRFOBRER N ED L H I LT 20 ETHRIDHZ LT, TORERIRED
BONDERETHoTCEY Ink R—7925 LHHIBROESBOIZLL, F—7ERHZ 51250
THEFAA D B B BAH~DOBRERI( N INCHE U D Z XN hho T2, ZOFERI, FHHO CulrnSy T
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3. ZEXM

(1) H. Kang, P. Mandal, 1. V. Medvedeva, K. Barner, A. Poddar, and E. Gmelin, Phys. Stat. Sol. (a) 163, 465 (1997).
(2) K. Balcerek, Cz. Marucha, R. Wawryk, and T. Tyc, Phil. Mag. B 79, 1021 (1999).

(3) M. Ito, K. Sonoda, and S. Nagata, Solid State Commun. 265, 23 (2017).

(4) K. Hashimoto, S. Kitani and H. Kawaji, Physica B 629, 413675 (2022).
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Development of method for exploration of semiconductor and dielectric materials using machine learning techniques
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Exploration of novel functional nitride-based electronic materials
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(1] — /WS, 5 FHT, 714 T4 FET X v 7 A,105, (1998).

[2] E.Fromm and E.Gebhardt, Gase und Hohlenstoff in Metallen, Springer-Verlag, (1976).

[3] Y. Kumagai, K. Harada, H. Akamatsu, and F. Oba, Phys. Rev. Applied, 8, 014015 (2017).

film fabricated by molecular beam epitaxy

with N-radical source.
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Functionalization and part-desighning of environmental and exhasut-purifying catalysts

by OMasakuni OZAWA, Masatomo HATTORI, Maki NAKAMURA
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BE~OIGH O FREMEIZ DWW TRFT 21T o 72, 2 Tlid, 7 ¢+ —E/VHH DPF (Diesel Particulate Filter) PNfififiEo
EVEREILICRET % AgZtO AR A KGR L TF /) L UVEEREE I L 20 R e at Lz, 7. 312>
W, filEEE 3 DPF Offidh & L CEILE~D PM b7 > 7 L R{LRBERR EOMRRICEI L T U U RS
Pk L7=s I 2 b— g VIR A T - 72,

2. AERR

2. 1 2EASRAFEMBEOMRESEE CO BBILRIGENE

ST T AKX, RSO TARE S AL FOMEE AR D, BVUEL AT ) Z LIC K MBI REICAR E ' T
v 7 ARG SN RRAZBEDNTER SN D, &R 7 AFHEMBEORERIE & CO BRLLUSTETE D BITR
EREt Lz, B AN A= TIRICE D &JE T T A (PdssZres. PdsoZresPts 2 Y PdssZreoCes) ZVEHLL |
7853 H 800°C 3h THEVLFLT % Z & TRl - ik e 7,
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Fig.1 SEM image of (a) ZressPdss, (c) ZresPdsoPts, (e)

ZreoPdssCes catalysts, and the histograms of particle over (. ) PdisZres, (e «)
size distribution; (b) ZresPdss and (d) ZresPdsoPts (f) o 100 200 0 w00 Pd3oZresPts, and  ( wm x s )
ZreoPdssCes catalysts. Temperature / °C PdssZreoCes catalysts.
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L7z, 3 nm D Ag & 10nm LL F D ZrOx A3
AL, 600CLLFCTH Y T ) A—H
DRI RFF L7243, 800°C Tt +4% nm
KR b L7 (Figl),

Fig.3 TEM images of 3.4 wt % Ag-ZrO, NPs with (a) 400
°C, (b) 600 °C and (c) 800 °C sintered temperature (each
circle indicate Ag NPs).
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Fig.4 Time variation of PM deposition calculated in WLTC mode using various activation energies when the frequency factor A is 6.2x10° (a: left)
and 6.2x107 (b: right), respectivly. Figures show the time variation of PM deposition weight in WLTC mode. The red, yellow, blue, and pink lines

indicate activation energies of 105, 110, 115, and 120 kJ/ mol, respectively.
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Numerical study of mixing of two-layer density-stratified fluid by a vortex ring
by O, Tomomi UCHIYAMA, Kotaro TAKAMURE, and Yu MATSUDA
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(1) L.Cao, K. Takamure, T.Degawa, Y.Matsuda and T.Uchiyama, Mixing of a Two-Layer Density-Stratified Fluid by Two
Vortex Rings Successively Launched towards the Density Interface, Journal of Visualization, Vol.24 (4), pp.683-697
(2021).
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Synthesis of porous ceramic particles via phase separation strategy
by OGeorge HASEGAWA, Tomoki TAKENO, Kazuki NAKANISHI and Takafumi YAMAMOTO
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BERERHC DV T, R A 4 — VIS X D Yer 24TV B0 | SHCRFO)0
) 3-6
- I

PREE AT, Cr/Fe=1/9 TIER L7230k 2 RiTBRIA & L THWZHERGR
BE (600 °C) 36 J OVEALER % DOFELD XRD /3% — % Fig. 512737, 20 20 60
VeI 0 | StCOs DA ZBIRIIZIRETE 12 Z 130D, Fio, Diffraction Angle, 2 d/degrees
Z DOYEHILERIL SICrOs DR EICH L TH AN TH D Z & PR ST, Fig. 5 BRI & UF SrCOs
Ve LB AT > T2 BERGEAEE D SEM 18 (Fig. 6) 206 R F-REISHILA A SRR L% 03Uk XRD /3
A LTV DRRF 05 HERS T & . RS IIE DORER. 50 nm B D A Y FLD B
TAEDMHER STz, BLE D ZHUHE St(CrFe) Oss <0 7 A A~ % i -
RRLF- DOVERUZ R L= Z & AR Sz,

2. 3 %3G Sr(CrFe) O35 ROTANA MEHEAKKFDEALTEM
Cr/Fe = 1/9 TIER L7-3B 2 RTBA & LT b 72Z%fLE Sr(Cr,Fe)
O35 X0 7 A H A FZERRLFIZOWT, EREKRTICBIT D LEMIC
SWTHAE Lz, ZORF, 600 °C TOREH%“ S 7T 7 I T4 M
DAERIIHER S AT, SrFeOss & ik UCEVEEENEN M | L1722 & 23
mahiz,

3. ZEXM

(1) G. Hasegawa et al., Topotactic synthesis of mesoporous 12Ca0O-7ALOs3
mesocrystalline microcubes toward catalytic ammonia synthesis, Chem.
Mater., 30, 4498 (2018).

(2) J. Mizusaki et al., Nonstoichiometry and phase relationship of the
SrFeO2.5-SrFeOs system at high temperature, J. Solid State Chem., 99, 166
(1992).

Fig. 6 J&REREZ ORE (R
TAHA NZHEKR) O SEM &
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Development of high-efficiency thermoelectric conversion devices based on spin caloritronics
by OMasaki MIZUGUCHI

1. BAREH

HIERIRAEALIC AR SN D RIS T 2 K280, R A O OB 2L, SOz L ¥ —
HE TR KRSED —RER> TS, TDRED, 7 U —2 TRENRT RN E = AT AOREENR
M OFEE SN TEY, KT, TXAF — DB RHEB R IV TEWMERR A FF > T = L —4f
BHEIRD T L—7 AV —RUERAK CTHDH, ZOXIREFOTF, F/ H&EE AR A LR 2 Ft
FNZ =RV X — B WIIE AT 2R EH S Tnd

AAFFETIE, %/%Lk£<ﬁbwizw%—wﬁiﬁwzo@%%%ﬁﬁAbﬁé il ;D\iﬁm
IZENER e T XX — BB ORI E BYe T, T /&L LT, ®ERKEE - flfE o FIERICE DS W,
F I A=A D Ry b, UA Y, TR EEAEROICGHAS DY - SREEEZER L, B 2 - BRE
W7o T A=A W ORZZEMBERS 2 L LIz p VX~ 2 ARk 5, AFZE3ATOBRICIX, FEH
PRAETERTAM & AT RO 2R BRER OS2 0 | ﬁﬂ@%@%ﬁ&bf%ﬁ@74~bﬂ/a%léoKﬁnﬁ%
DEEEZERTHZEICEY, BEFORX A —MEOE S b 5 L RIFEHZ, =3 /L X —Z2Hisig -
R 2 A B PO E L SE O TEOES L RD ),

2. HRAR
2. 1 J353Z22a5—RBEICETREERILVR MR
B (7 b U v 7 R) MRt OFIZTF ) A — SV A OB R FISSE B LT AR 7T =2 T —H
LT 5 MBI 25T /T = 2 5 —fETlE, AV UAKTE b o R UBE TR R — LV RO 7 L
BRLESEEHESNECD ZERHESNTEY . BE L 2 MIBEOEKRLHIFIND,
FIT, VI a7 WEE AT ORI L, R TFORREA (LSRR TRE RV Z M)
BNED L IELT D2O0EHFHT=, ARy ZiEE VT Cox(MgO)ix 77 == 7 — A /ERL L 7=, R
DOFEJEIZ 100 nm & L, Co #—% v h& MgO #—7 > hDANRyZ ) o JEIEENESEDLZ LITED,
x = 0.57, 0.59, 0.63, 0.67. 0.73, 0.77, 0.81, 0.85, 0.90, 0.92, 0.96, 0.98, 0.99, 1.00 ® 14 FErH Ok} %
TERL L 7=, sBlo#AkILIX, BY 7 u—T~A 27 a7+ 74 Y% (EPMA) IZL D200 LV RE Lz, e
ORI, ZEE T BEMEE (TEM) TR L7z, 2o OREHI DWW T, ZORE RV X MR EZ =R
T, HEIEE NS IR E AR 2N %, N CEEABICEITT 2 FAICEAET D RV A NEEEH
E LT, FIRFICIREARFAICA T2 E—_y ZEBEBHEL, BE—_y 7 EEICHT HRE RV A NE
JEDL (BE VA MM Oawe) B RIED o 72, Fig. 1@ T E 912, Oane DR X I (E, MgO ORIMNED
HEIMZHE > TEIN L, MgO Z¥USHN L CTUau Co HEIRICEIT 5 Oane D 3.5 [FREEICE TRESHMTH 2 &
Doy holz, £z, BARORD Y IZEDR (a) (b)

AR LSO ERSNDREF—L 3 3
£ (O 12OV T u%ft*waﬁ«“f:fﬁ% e SOWE| e el
Fig. 1[(b)IZ7R 4 & 912, MgO OURAINC Lol mgy  an e i T .
O DRIINIEIE & A EHER ST i;k 2 oos " . B "
RS C AR NEN /T E S oL A S R =
CRONDBMALZTHE Z L BW B2 ooo

oo, ZORRIL, BBRBAHDKR ¥ NeommE Brom ¥ Nomnm BEam

%<ﬁm¢577%17_%L@i9ﬁ
T A AW CREL R T ORE &
792 LICk Y BVEEHREELRmD LI
LAREMEZ R LTV D,

Fig. 1 Cox(MgO)ix 77 == 7 —HEIZHE T 5 (a) BF 1L
LA MEB L (b) B h— D MeO SpkflEtt, &2
DERRT, MgO ZE £\ Co LD B R A MM L B
WHR—NVADORE I ERT,
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2. 2 ZEZEEBECETIZIEERILVR MR

MEBHCHIRAZBEAT D52 LI2k 0, BEXLV R MIREERKSE LB ToNTWD, BEZF /A
— M OF—F—F T ST L, BFERL A MORICR MDA U D, Chuang X, 3d EBREBEICH
DR DOBIE A2 2 T BHZ DWW T, BIRTEREX LV A MIWROREEIT- T2, EORER. Fe. Co.
Ni Tl BUE2Y 20 nm DL FIZ72 5 & Qe DRE I 10 5L EORE S ETTHRT D 2 L 2@E Lz,
Ik, BEBICBOWTEEEN AL OF N E R TERZZT DR EITER LTS RS
TW5, AR, BERE) /) A— ML Thr REOBERLZFE L-ZEKICB N TH, BF RV A R
RO RKBRNHE SN T D, Uchida H1E, BEENETF ) A— LD Pt B LV Fe 2R AICHE L%
JE RN 2 RS U YR AL A P RS L ORI N T R D B 7 o 72 AN HIIN L7236 O 2 En o B
F A NN R SR CHIE L7z, Pt 35 KUY Fe B OIRECHEIE % 2810 L2 3UB CRE 2L A RHROK
X XDWEEIT-T-E 2 A, WTNOBREAR M CHIE L7Z5ATH, BERZENLZGE. BExL
VA NHRORE SERTHEE— o ZREDINT 28RBS b2, Ziud, RmEassms sz Lz
LORFEFNL A NIRPEKRT DL E2REL TS, —F, BEME~DIGHOB SN HIE, FL A
FAFEDO K E SRBXABE RO MZT\ﬂm%ﬁ@ﬁﬁ%E%T%é —I BRI W EMRE R A
BT 5120 ARWBMRERZIRTHDE K B L DA T » R G2 5 Z LITARRTFETH S,
Z T, W BMREREZH T 57 BT 7 ARG L RS RIE D D 7R 5 L T EEEEICE B L, 2L
REROM, & B RV A NROVERZRIRFICEBR S 25 2 L 2o 70, B RRAAE #E 2 H Tl Si(001)
FEMCEIC Co BED Si 2RI TENLI 20 nm T2 HIZ 2 BFOMBE L., 2% SilCo £EiH (MLF,
multilayer film) & L7z, Z8HFEIE LT, 20 nm @ Co HJEEE (CF; cobalt film) & /ERL L 7=, & FEIZIX
AEERE TBEMEBIE (SEM), 7~ Uitz v, BMEERHIEIZIL 2 0 EE Wz, Co HEER LY sucm
ZJEED SEM B AR LT L 2 A, &8 OBEENEEFHER Y 12 20 nm TH)— |28 SN TWDH Z LR 0o
Too Fio, REOBRERZHE L& Z A, Si/lCo ZEEIL, 2AD Co HERK LD b 30 [EREERVEL
REREIR LT, 2, BMREROEWSi ZHALIEIRTHD EEZOND, TNENDOROBSKFE:
ZRE LR, Fig. 2@IICrT L9118, EHL0RBOBEHRLEE LI b0 Lleotz, F7o, fafiib
DRESHIFEAEET DR L -T2, ZNHOREHZONT, ZORE RV A MR A =R T~
7o VEEEN AR E AR A INZ  BET LRV A NEEZRIE L, BEXL 2 MIROKE X1
RV A MR (Qane) | ;@%&%oto%®éﬁ:ﬁgxm_r¢io %Eﬁ@Qmﬁﬂbﬁﬁﬁ@
FREHI LT, 26 FRERIVEE 257, @io e 5] A Téﬁ%xw/xbm%#ﬁkﬁég
& LT, BEMEFERMEREICBW T, TR XL

@#@m@%ﬁ%%#@@%%miu\ﬁﬁ*wyx (b)
ARSRAT SARBRES A TOBH, S Bl 4 i

FEDNIET S 0 % B RS ‘%%ﬁzﬁ@;ﬁ%%#ff < 05 < 0.1
THEVWOIWMELDHY | FEaaS TS, AR E 00 > 01

B SN2 R REOER G B 62T ifioflﬂiﬁb\ = S

B, RO SRS R A b S0 £0.0
RORKIENETICRENEN D, S5R55% 0.0
DRSNS, WIS LTH, Al A2 40 0 40 < \5\’?
T LT XY BMEE RO L B A RO H (kOe)

k%ﬁﬁ:éﬁfé’&éféézkﬁﬁB@Kﬁo Fig. 2 CF (/9 M) 3 LU MLF (ZJEH)
71.0 — ﬁt% i j‘:@ :i:%:,ﬁg@/\/r7 ) b4 }\‘j—/t% O)%‘rﬁio (a) M_H Hﬂ;’ﬁﬁ jSJ:U{ (b) /E%rl%‘»*/l/\\/x }\
W O TR T ORI AT D LIS, B g o

BAEMNRZ E@ O LILD ATREEZ R LT D,

3. BEXM

(1) M. Mizuguchi and S. Nakatsuji, Sci. Tech. Adv. Mater. 20, 262 (2019).

(2) H. Sharma, Z. Wen, K. Takanashi, and M. Mizuguchi, Jpn. J. Appl. Phys. 58, SBBI03 (2019).

(3) P. Sheng, T. Fujita, and M. Mizuguchi, Appl. Phys. Lett. 116, 142403 (2020).

(4) R. Kitaura, T. Ishibe, H. Sharma, M. Mizuguchi, and Y. Nakamura Appl. Phys. Express 14, 075002 (2021).
(5) 7K AiEEE, IS HEE 90, 78 (2021).
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SYBF : BREE - AR —BELS BT
VRESBRERAWEMNRAET /N ADBRAFE

BREHKFET / « T4 7RIS o) =
BAGHRKZE TN & HES. Fiufil, Mahfuz Md Mehdee Hasan
LB RFANIEL - 27 W, A ERFEENE BEEE

Development of Miniaturized Thermoelectric Device Using Group-IV Alloy Thin Film
by OTakanobu WATANABE, Motohiro TOMITA, Kazuaki KATAYAMA, Mahfuz Md Mehdee Hasan, and
Masashi KUROSAWA

1.&%5%
ToT BRIz Te it T, B0IRE, BREDEOEBRIE 72 & REOM/N r = r VX — D ENEA T =) /—

/\~/\X74 /7?3211?0)113? DEEAINZHED BTV D, HTHYERDOE -y VR AR T 5 8E

. IR A S £ RO ER AN TE AMOB BRI E LTI STV 5D, FRICI4E, CMOS &
WT%?H‘/"C%*E@E*E —fEALATREZR . ST N — A DRUNE I ET A ADFE L < O TED ©
NTW5B, S5 7 L —7"TlL, AL - SERBICE D B mfEY -0 OREEEZ NI ELH LD TE
5L —FRIEET N 2R L L Silion-on-Insulator (SOI) EAR & FHWTEIEL 72734 ZATE DR
ZHERELTZ 2, ABFIETIE, Si &V bEmWEELMREZ A7 2 IV R FERERE L W T L — RIEGE
TNARAERIEL, HEEEROE LR DM EEZEBTHZLEZHNE LTINS,

2. HEHR _ -
2. 1 FL—FREET A 2DOHME TSRl |thermometer
<—AT%> electrode

Fig. 1 lZRAME L7z GeSn BAFET /S A DR & 7”7, Haffefk 4]
PED Gahs (001) FEML ITHy FRT B2 % —ETHRE S8 7= SR
Sb K—7"GeSn (Sn:2.5%) @&/ ¥ —=2 7 L TEET A
ARk LTz, Gahs ZAROJE S 13650 um, FHHTT 108Q - cm  (3)
UbEdH 2D, Sb OIEHERHPIREEIL 5X10% cm® TH D, GeSn
BOE X1 250nm T, 74 MY VT T 7 40—t A A=
FUTIZEN 6 OKRDUAYEy &L i L72b 3y Rz
e LTz, GeSn VA Y OWEIL Sum, BEd Sum THH, VA
YOESES (Lyw) 1. 3.0mm, 1.0mm, 0.5mm, 100 gm, 10
m.5 pm® 6FEEEE AR U, AL T1 % 10 nm, TiN f5 30 nm,

Al 400 nm & Z /%y Z U 7 TR L, GeSn 7 A ¥ O i i
B % 519 5 HCPTIR LR A O MR b % 72,

BB Y LT Si U A vIET s 2 b,  (0) EIEE
Silicon—on-Tnsulator (SOT) Z&Ak (~ 7" Si Jg 50nm, L&A A
PR blEE 145nm, Si FEMR 750 um) A VY, GeSn T /31 2 & [A]
C~ AT R =2 FAWTER LT,

HIELTBVET A AOEEREIX~ A 7 a - P —FE X HZ
MyED7Ta =N A7 ATEHMLEE, v~/ 278« —FRXH
v ME, HEERHE CTE 727 — 2 O5E0IZ 13mm X 5mm 0> AIN
I I v IHRNfTWEREEE RS TRBY ., EBIEFOET Iy
IO EIC~A 7 —42—LAEREHNTRY T 5T
W5, TNEBERET SA AD AIN B S, SRR
LLTHWS, REEBVEIZ T 0 — OV T NVAT—V T, H
HKPEBRASE T EDREICRF SN D, UTOERRTIE, ~ Fig.1 GeSn thermoelectric  device
A8« P —FRZy NORTEREEZ 25CLE L, VT NAT
— U DIREIX 20CITRFF L, BVET A ADligOEM > K
MICAE T HREE N ZHE LT,

9p0.4}29|9

(C) 200 pm

structure. (a) Schematic of side view, (b)
plan view, (c) optical microscope image.
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2. 2 EEMEEOFHE

B Voo & U A VI DILE L ATyire Z27HH L TEIE— v 7125 S=Voe/ ATy ZRDIZE T 5,

GeSn VA ¥ TIF—281 uV/K, Si T A ¥ TI1Z-94.7 uV/K TH o7, GeSn VA YL Si U A ¥ITHARTHR 3H5D
BREIE A RT 2 & AVHIBA L7z, EEHEHUIT GeSn T 2493 1 Qem, Si T693 4 Qem & GeSn 372 ) K& otz
MW, N —T 5 7 X —F GeSn 78 31.6 u WK %em™®, Si 23 13.0uWK2em ' TH Y, T—_o 7 ZHOY RN E &
7T GeSn DTN 2.4 5, BNTZBEMREL R LT,

Fig. 2 \CH)EW & M NIB I ORERT, VA YEDNELRDICONTRREIEID EFH- Lz, GeSn
TA Y OIRKEINISIi VA YDOBLZF3 5/ THHS7,6eSn T A YOIESILSIi VA YDOKISETHLING,
BRAVHK T B AL GeSn VA VYOENEHREL, £205, BN REL D, £/, GeSn O/RY
—T7 77 ZIESI D245 THLINE, 5X 2. 4=12{50HNEIW BN LHIfFIND, 4H, 35
5L TN EORBEMERNE LI LV D 2 LT, EREEDEWIZ L 5 T GeSn VA VIZHIA] S A IR 2
MNSi LHARTIHFOESHEML TWATbEEZLND,

—~ 100 — 100
S (a) = (b) |O:3mm
a = O 1 mm
5 S . 5 | 2 Yo0pm
& A A B . pm
e A, i :
3 1| & & 3 1  6288. i
o ; i . a O O
+3mm /.l m|: S O
S 0.1 A 1mm Al 5|.|m"| A = 0.1 E S anesaee OO,
=] /A 0.5mm : S ; O Pl "0,
© 0.01 f . Oo01 L ' .
0 0.5 1 0 0.05 0.1
Output Current (pA) Output Current (HA)

Fig.2 Output power dependence on the wire length. (a) GeSn, (b) Si.

SEVERL LU 72 BVET S AT, VA VERELS RBIFERE A NBANGE LN, VA YROHE
[HFE CHUASAL L7 HE D E Tl T 5, Fig3 IR T X918, VA VYENEL 51T EREMRED M LT 5
ZEMNH LT, AEWERLL 2BET NA AT BEVREIT Sum THo7=M, Si T/ UA Y ERAWEE
ITAFZE2 CIlE 025 um ETHEO THHNBEENHERT 5 Z EAVHBH LTV D, Filt, Zf5d SiGeSn iR4h TIE
TIWCRERNT—T 7 7 Z—PNEBISNTEYD S, 29 LEIVIEREREHWSZ LT, b5 REDM
BRSNS,

3. &EXH

(1) ¥R ZEE R RTFE, BA B, BAE
FEEEAEE | BRI 5 6947349 B BEEH
a3 4AFE 9 H 21 B, HEES R
2016-170003, HifEH : Pk 28 4£ 8 A 31 H,

(2) M. Tomita et al., Symp. VLSI Technol. Dig.
Tech. Papers p. 93, (2018).

(3) K. Katayama et al., Ext. Abstr. IWDTF
(2021).

(4) Md Mehdee Hasan Mahfuz et al, Z69[E[j%
MW F 2R TR TR S, 20214E3 .

(5) Y. Peng, M. Kurosawa, et al., Scientific
Reports 9, pp. 14342 (2019).

50 |

X — —
1 10 100 1000
Lwire (um)
Fig.3 Relation between areal power density and wire
length.

Power density (nW-cm)
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Sy BREE - LR —RPE B
AVALO3/(001)B-Gax0s F ¥ /N ZHFHEITH T 2RIRR T = —ILDZHE

RAGHKRFET /- T4 7 RIHT oS |
LABRE ARKMEL - AT 2WERT Y O s B
FRRGHRFE LA JIRE Y

Post-deposition annealing effect on Al/Al,O3/(001)B-Ga>Os capacitor characteristics
by OAtsushi HIRATWA and Hiroshi KAWARADA

1. BAREH

T A KR R Y v 78K (WBGS) FHIZBWTIL, Si EFICTEBED D HEER{L Si02/Si #ikE 2
HZENTET, WNICLTHERMERE - REEOEXRERER - 7 — MEREZ BT 22003 ETH L, i
F T GaN £ E FVVERET L CE 72238, 2k 0 2 fImmES K& < EEMEICEN T B-Gax0s © WBGS # 1D %
e L THIREZEDEAHTEIN TS, T2 T, GaN A W2 E TICEZa A% T2, B-Gax0s
FEMR b EtERe - SRS — MBI BT MRET 21T > T\ D, AIFFRIZHE VLTI, GaN Bk Bz T
AT ARZEEDEBEICKRE BRHROH - 77— MR K% 7 =—/v (PDA) ' OZhREZRME L7,
2. HIRAE
2. 1 EBAX

(1) HPMERAE

FEROR PRI FE FITHE L7 R— 30 MBEIZCT20O0PEE LVWOT, REIZTE X F ¥ UEZ IR
SEEBEAE LTS, 2Ty AFERICENTIE B-Gax0s FEH D B TRIALE 0 Fu N (001) A7 2 F
Too ARNETIREIX 3x10%em? TH D, [FZEMRE V., AL - ©F7 =T IRIK - AR & AR -
Yo, HaO &bl L L7z 450°C O FJBHEREIEIC & D ALOs L (33nm) . 4%Ho/Ar FHARHICEIT 5
7 ==/ (30min), A XN~ AY & HWZIEPUNEEZEZEIEIC L D A BERIEAIC X 0 &R -fiiE- 18 ik
(MIS) B v R ¥ 5l S H 7=,

(2) BlIEAZE

HIFRAREF [T (SAED) %43 X OVX FREHT (XRD) /8% — %, TRl KBS B i e B 72 A
ICTHABT (BF) SF&ME FIEMEE (TEM) JEM-2100F (GBERHHMET-85, MEEE 200kV) B L
(BR) U 47 7 B XRD %5 SmartLab (Cu Ku #7. —ffidh Ge &/ 7 1 A — X —4&if) 2 ZF N HVEGS LT,
2. 2 AVALO3/(001)B-Gax03 F ¥ /32 DESIZESF

GaN J&f E & [AERIC, PDAIRFE & & b7 — MERDPEMICED 25 (Figl) 2, £ L X WEEIT 700°C
THY ., GaN FEROLA ' L 0K 100°C 1KV, TS IFEER > OFER L AET 5, AMEZ DR LI-ZEME
fr R EE S HHy (SCC-FE) it 412k % &, ERCIREEIZIVT ALO3/(001)B-Gax0s S DOFE 1249 5 =%

10> y— T 2.5 I e e A B
Al/ Alzosl (001) B-Ga203 %\ - :
<~ 10" Symbols: measurement =, Al/AIZOJ/(OOI) [3-G21203 1
£ Lines: simulation e ]
4 @
2 g
© 10 g 2 -
z z
£ 10" o P
: z g
5 s - -
£ 10° s 15+ - _
3 50 AVAL O /(0001) GaN |
5 273
Q L
= =
o 10° 5
=
&
10'IO 1 1 it 1 L 1 L 1 L 1
w/o PDA 600 700 800 900
Average A1203 field Fav (MV/em) PDA temperature TPDA (°O)
Fig.1 ALO3/(001)B-Gax03 ¥ ¥ /X % DFE Fig.2 ALO3/(001)B-Ga:03 FifiiZF1T 5 E 1
DiEARSt s i TR [ERE
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X —EEEN K E SHINL TS Z L0405 (Fig2) 2

2. 3 7=—L Lf= A1203@%EE|E’E'T$ woffset: 225 pcao aall

PDA DKL R L7228 H4T o 7= XRD fifghr (Fig3) 12 1333 PNy
£ 5 & ALOs IE 650°C Pl FICHBWTELLTHY . ks v &
— MNBROZWEFAT 5 2, Fio, Fibs{biX TEM #52i u 900
FOBEHRORER? & IET 5, Midd(E L7 ALOs 23 y FHOR y ! ,
DA SN TEY . ZO1)E2Y B-Gax0s D(101)H & ; ¥ | y e
ITTHY . 5O y-ALO; DIOLIPT A B-Gax0s D[010]51F & & * 700
WATERDEHICTEZ Ly VEALTWVWS Z L% SAED fig & 4 1
FHZ E DB BN L (Figd) 2 E | 650
2. 4 AVALO3/(001)B-GaxOs F ¥ /N A DINA T RAFRE \ I 600
'I‘E |

AMV/em DEBEIEA FL AL DT T v kY RBIEOES) 330
(X, PDAIREAWTHOBEITBNTH R ML ARFE & & sesmaes SIS sl brssrts RT
HICHFNEEINT 5 (Fig5) 2, PDA 4T TW72 Wik o 50 60 70 80 90
EEEIT GaN F ¥ ST X OFE LIZIER%ETH D, LvL, 20(°)

PDA Z{T- - BHC B W TIIEE &SN L TR Y . ZEE  Fig3 (001)B-Gax0s EIZEAL L7z ALO: D
DRE P L7z GaN REOFER Lt Th b, 7T=— FiR XRD /8% —

VBIIR & BT B 2 LIk AT R A TR 5 = e ;
LRTE B, MAMNARICEEL R, Z0k ) Ik NI (001) B-Ga, 0, ;
BRI 5 —K & LT, ALOs/Ga:0s Ui (2350 T PDA A 600 e v,v\
IZE D ALOs & Gax03 & ORNZEVEREIG S NAELT v T v 7 AL . af
DIEE I N TV D AR H 5,

3

[ -+-O-800
2 b wesze 900

Type-1

y-AlL,0,
g/ﬂﬂ 1]

Flat-band voltage shift AV (V)

0 SR EEETELL Rk
[ PDA: 4%H2/Ar, F a=4MV/cm
TR ETIT BT

ol ol il il 4
10" 10° 10" 10 10° 10° 10°
Stressing time ts" (s)

Fig.5 ALO3/(001)p-Gax03 ¥ ¥ /X ¥ OEE

APVRAIZL DT T v bRy NEELH)
3. BEXH
(1) K. Horikawa, S. Okubo, H. Kawarada, and A.
Hiraiwa, "Postdeposition annealing effect on the
reliability of atomic-layer-deposited Al2Os films on
GaN," J. Vac. Sci. Technol. B 38, 062207 (2020).
(2) A. Hiraiwa, K. Horikawa, H. Kawarada, M.
Kado, and K. Danno, "Postdeposition annealing

effect on atomic-layer-deposited AlOs gate

insulator on (001) B-Ga20s," J. Vac. Sci. Technol. B

39, 062205 (2021).

(3) M. Hirose, T. Nabatame, K. Yuge, et al.,
"Influence of post-deposition annealing on characteristics of Pt/Al>O3/B-Ga203 MOS capacitors," Microelectron.
Eng. 216, 111040 (2019).
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SYBF : BREE - AR —BELS BT
=SBRS4 E2 K FETs D&t EAL/Mit ST #R 14 D REE

TG RZFEBE LA ' BB R T /T4 7 AIHRTess ?
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Verification of high voltage resistance/radiation hardness of RF boron-doped diamond FETs
by OYukiko SUZUKI, Masakazu ARAI, Shoichiro IMANISHI, Ken KUDARA, Atsushi HIRATWA ,
Yusei DEGUCHI, Junichi KANEKO and Hiroshi KAWARADA

1. BAREH

AR ST B R TSGR E AN IR EAR R R 2 b O TH Y | IEITFEE - KEEBEOREEOEEY
LHEEE S AT AR E OB LRGN ER SN AR DBE AN TON TS Z &b, X0 EtEREsR
EEE R RO ST D, FEEHEESROMEHIII AN RE Y v 7R RE <, MRBEEER S m W2
EMRDHNTEY | BUETIIRALY A RSIORELST U 7 A(GaN) 2 EBFANVHI TN D, 8RR
LTOXAYEL RIZSICRGaN ZHEZ 5. LW R Y v F(5.5eV), @O iaixiliEE R (~10 MV/em) &
Fib, TICEEE P ROBREZR(~22 Wem K)! ZFfF5 2 L b @EEEEICE Y BALIKHTE 5, &
H) - @ EO WM T =88R B & LTI R E > TV 5,

DT, IFETFHERERESCIR RN OBRIFEER & BEREREE - SIREREE CEMET 27 1 2ADFEEN
BESTWND, FRTBIEEID Si RT A RIHBEFREREEIC BT 2RO LA Z 0 07 < | p BSEK
TIEZ OBANEE TH D LG SN TN D281 T 3 AHITIEET 5 20Si 1T HPE RO BH 252 1) 5 & 31Si
NAEF, BREAKZ U CLERNMITE P ICERIND Z EBMOLNTEY 2, HSHR - SiREREE CEIE
T 5 p MEERFM & L THER SN TV D, L LBURTIEZ A V& ROMBEHBIEOFTEIZ D72 3, £
T RRBRBEN TORGEH « L—F—HT A 2L LTEBET AL ZANISHEN I Db, FHEDH
HHEIE & TR Y A YT RT AL ZAOERAITO, BURBR(XHA & RS L, FEEOZIZ OV TRGEEE
1To7=,

2. HAREE
2.1 Y—R:FLAVEBETFICEEEROY F—TBE#EALSA
A€ > K MOSFETs (D {E&!

AE % A ¥ K MOSFETs Ot EZ MGET D2z, V—R -
FLAVEBETFTICHBERe Y F—7 %28 A L& 8 ksl
MOSFETs # it FAL(111) % A Y& RER RICER L7z, Wil & Z2E L
EEZ BFE L. #oBE ALD-ALOs DJEZAE 100 nm, Y — A « R LA [
Lsp=2,3,4,6 um lIZREL, T3 AV TN E LD L9 7—h
& Wo = 100 um CTHe— L7z, FEMIEHEAM a (Lsp =2, 4, 6 um, Fig.1), FE#R
b(Lsp =3, 4, 6 um)® 2 FERE(ERL L | Lep IAANOSRIFIZRICIZL, ek 2%
1To7z, b E W% Fig.2 (a)(bIWIRd, M a iC oW THRIMIIE 21T
ST ZAH %L DTN, AT Ipsmax = | Almm Z 48 25 B A7 )1 i

N

N N PN

pl

HLala e

i
<
2

NELNTZ, Fig.l] fFRL7-@mEEARe s F—7% 1%
(@) & N MOSFETs %4 a(LSD = 2,4, 6
2. 2 EREEFHOEE pm)

T K20 X BB V. X BE 10 kGy, | Douree )
meuM@ﬁMQmmﬁﬁmﬁiwﬁﬁ%ﬁw\—J__ ®) .
BREEHEOREZITV, B & D%Ekizo 4 Source - - te Drain
WTHRREZAT 2 72, Ins-Vos HIE X R TDT /31 AT = - —
DT Vps =0 ~-20 V, Vgs = 40 ~ 32 V OEMHT x
Figd ICHEERITRIERT AL ZOBHEZ &0 Undoped diamond
Ipsmax D F¥MEE RS, KO X 912, HBEEZHM Source Ib(111) Diamond substrate

SETP S LI Tosmax (TP LT DB LTS Fiod ERIL - GAlAu sy R—7F %A ¥ £k
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G2 R o7 A3, 3 MGy % & MOSFET & LCOBEL TV £ 100 |
DI ENHERINT, F72. Ips-Vas FFPEIZ DWW T, Vps=-10V Tl&E % 80+ \\
EL 1 MGy U & 3 MGy BURTRIC Vos Z@VMEETHT . 47 8 60 — 55,
B2 L7 SR a T LTI 7 ALy RAAL TN L :E; 40 | 1 E®b
LEVWVEIZBLTIELAELLIZY T R LTET A AEHY, B S 5l

b THHT ALy Y a A RAL V7 BHML, 2EMICLEOEE 5 o L
JEFBICS 7 b LA L bR, RSMETE-LEZ oo, M & R 10K 100k TV 3M

TEICE R STl R BT, £72, 3 MGy SO Lsp =4 pm BRSTE(Gy)
DT A AZT, Vos=-10V, Vs =75V THEFZIEEN 2 517, Fig.3 MH & Z L OERET A ZAD
IDSmax OEIE

2. 3 EBNZEL (a) (b)

[l —7 /A 21T, ReREIZ & 2R DT ~ 1000 = -1000
SNTHEE T, MEDHAE L. 1| MGy U E -0 Ves £
% - FREHK 8 F2 LR, 3 MGy HRU 8 F 1% - FRS § 600 =4OV?<E' 600
30 F 4 CHMAAT > 72,3 MGy TR OREROLE X T él =2 %
Z Fig. 4 127, KD X 91T, EFEREIZFEV Y Ibsmax 0 9V 0
DEAITD IR DD | g 0 7 FEPENI & 3T E 0 10 20 0 10 20
{LLCWAEANA SN, ZO/E[mNEE TWD Vn(V) Vn(V)
R & UC, ORI 2 I R R RaE S A > TR Ipsmax = 427mA/mm Ipsmax = 444mA/mm
b7y A DA — 5 =TI LTV THEE Figd LSD = 4 pm. 3 NGy HE DR
73))6%7\_ %héo ﬁ%@ﬁﬁbi Si &CT%&%éhTU\ INA R ﬁC;]b‘Hé H#Fﬁﬁﬁi@ﬁzﬁé 5 q%
2% PEZE(E (a) BREHH 8 F % (b) BREH

30 A%

2. 4 IMEEHMH
Fig \Z Ml a, Lsp=2 pum, 3 MGy BIHEZ DT /314 A0 B 5 LT /IME S RMEZ RS, Vps=-40V, Vo= 24V
V2 CHEWT K fr = 10.6 GHz, fnax = 12.9 GHz 2345 541, 3 MGy PREH% & @S EMELZ 95 2 & SR S iz,

(a) (b) 55 © 50j
-1000 Vs -
Z 800 =40V ;20 (2P
£ -600 Z 15 R Vg =24V - 2
= fi= 10.6GHz e 2
-400 < 10 i
E L &) i Jmax = 12.9GHz 10 25 50 100 250
2 32V S O 10
0 -10 20 -30 -40 0
1 10
Vi(V) "
requency (GHz)

Fig.5 &b a, LSD = 2 pm, VGS = 24 V TO/ME SHRPEH G 5 5
(a) 7734 A D DC Ktk (3MGy PRS2, K930 HiZiEEE) () fi, frw (O)S/NTA—X

3. ZEXH

(1) Umezawa, H. Recent advances in diamond power semiconductor devices. Materials Science in Semiconductor
Processing, 78, 147-156(2018).

(2) ENZHFZERRFSIE N B ARSI C B A ATOMICA TP EFRREHZ K 5 o U 2 i R oo JrU
20084F11H.

(3) Yamaguchi, T., Umezawa, H., Kaneko, J.et al., Radiation hardened H-diamond MOSFET (RADDFET) operating
after 1 MGy irradiation. Applied Physics Letters, 118(16), 162105(2021).

(4) Imanishi, S., Kawarada, H. et al., Drain Current Density Over 1.1 A/mm in 2D Hole Gas Diamond MOSFETs With
Regrown p++-Diamond Ohmic Contacts. IEEE Electron Device Letters, 42(2), 204-207(2020).

(5) Kudara, K., Kawarada, H. et al., Over 1 A/mm drain current density and 3.6 W/mm output power density in 2DHG
diamond MOSFETs with highly doped regrown source/drain. Carbon, 188, 220-228 (2022).

(6) Schwank, J. R., Ferlet-Cavrois, V. et al., Radiation effects in MOS oxides. IEEE Transactions on Nuclear

Science, 55(4), 1833-1853 (2008).
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Laser coating of copper with virus inactivation properties for creation of a new functional surface
by oYuji SATO, Masahiro TSUKAMOTO, Takao HANAWA, Peng CHEN and Nobuhiro MATSUSHITA

1. BAREHN

i, ERURENE, BLENEIEN T ME CHREREEAIMIZA B SN TWD, RS, 14, RSN
TWVDRHED, PLE - VA VARIGELIEH CTH 5, SFEGEMEIRE TO COVID-19 OALFRIMZ A L7
WX, EFHRS 4 BRI CTH 7227 > VAGICK LT, 830 4 BRI CUA NV ABRE LT S &
WEIN TS, DFVHNIEL COVID-19 12k L T A NV ARTFALIEREN S D Z L D30 5(2), - T, Hila
REFTELE D NN D &R, Bl 20X K7 2 77 EICHOWIIL, AREERES M ET 257217, vAn
ARG T IRE L T2 0155, L L, ST AT U VAT VI =0 AGAIZ AR THRENMENO T, §i CIER
T2 EMOMEHI L AEM DM EE L 720, ML 2 S E A, BRIFH TR, BU# « U AV ARTELIERI
MR COREIIK TS 2 O T Z SRR 2 —7 0 7 HRIUE LV, — Iz a—T7 ¢ 7
THFEE LTI, Do ZIEREHIER EOTIENET OND, - S IEITEME R ICHEREZ Bk, R
BIXERZ T2 Z LRk S, L, WO a—TF ¢ v 7 FIECBW TS i & MBS O
BAMENMRNZ ENETH o2, T TOAMZE T, FOERL -V E##E L~ 1rTF E— L LMD
T~y RERF L, M0 a—T ¢ 7RO & Tz, & ORER, MO RZEERHEIT L — T
—EEIEF L TRELSRDZEETALMNIC LT,

2. RBAE
2. 1 ILFE—LKXL—Ha—T1 VT EDORHE (a) Optical fiber Poder feeder

Fig. 1 ()Tl fz B Al 2R DAL 2 75 L, (b)IZ 3285 Cff
T 2 ROKIE i 2 md . PR 450 nm O F @ 8K L — .
P2 ARG IS LA I T 7 A A—I2 L0 T~y RICEE o | St
L, T~y FNOaJ A— KLy XEEHL L X% T — —k— L3 '
BICERGDES, [, MT~y Fiiko ) AL %4 LT ccme N TT L v
WRAEBAET D = & TR EICHEREBRT 2, 2oL X0k ens by
IR, HAERIET 905 mm Th D, L—FIRE LAk % SR, /i
FIFHCAT 5 2 &40 & o TR & HARATTARL L, B & Hobi sva dnecuon Ay
MR SRCHBAIIARE RS, ZOMTAy RESIAT— @ x Shag SRS
CEBH LA FE— LR L — Y a—TF ¢ v VB R% ' ' ' '
L7z,

V4

By
12 + L -

2. 2 TYNFE—LRKXL—Ya—T 1 T EKICKBHMEARIE
ReR A i

EBRCTHEAT I RITIEREDOENT AT h~A & A
W, FOERIFRIT 21lpm Th o7z, £, BBRITITMEREE 2
WERW. xyz AT —Y RICEREHEL YV IV T v 0;’5}4@ @'3*}0
ORI TERL LTz, RERG &I 15 mgis T—E & L, /8 Powder diameter fum]
U —EEE B ST T LR Lz, L—YZRE %oV

8 I
]

Frequency %]

o
®
ES

4 e

@

LI, BRI  BFEEDRZICT AL~ A I a A a— Figl ~ Schematic ~diagram of (a)
7 TR WA IS L, SRR S Mk L experimental - sctup and (5) Powde

pP-67



A\

ﬁﬁj’%ﬁ%iﬁ%% — Research résglt r‘e?@‘rt

Research result

Too TIZC, R v 35 KO p 26 BT IEIE &
720 DRI maey %2 3K D, IROBEHGE mpees THR
—jﬂé Z & "C‘it: 1 L:i—\‘—j*”y%?‘ Cexp %ﬂ%&)t’:o

Maep pSUL

Coxp = Mreea = @ (Et 1) 7 .. \ :
3. %Eﬁﬁ%% ':5‘ \& @ —
Fig. 2 |2 L—VIREHE ORBUT I OBBRE =T, e
@IE L —H T —FE 42x10* Wem? DSEIZBNT
WARERBEPICL— V2R LB TH Y, @)% R O .
WREME LR O L— V2R LEBT Ch 5, (b) AR : .

1% 6.5x10* Wem? DB W TIH R 2 e dic L —
PN LZWHETHY, O EEMHE LN L L
— W ERE LWm TH D, LY ST A 42x10* § 100pm

Wem? OZRMFIZEBWTIE, @)D L H 2L —HFIREHIZ & Fig. 2 Cross-sectional image of laser irradiated sample at the
AR D Z L3 oTe, @R E L laser i-ItILGHSityd of 4-d2 XttlhO“IW/cmzt(a) _vvithf06ut5 pxome\rvgeedz,
k%ﬁmowfd,ﬁﬁﬁﬁﬁmﬁk@ﬁﬁmﬁﬁf Eg&&ﬁ;&?;¢gﬁﬁgﬁg' o
& 205, UIWTIRF L i 0 & HIBE L 72, 5.1x10* Woem? D 5:

PRIZHBWTIE, OITRT X DI b — IR L 0 Hl

FIEPVERL, FESRLRNEALT DHERMATE LT, 72, YR ZMHE L2 GA 12 oW TR E E Ik
KPHERET 5 & & b IOk CRIBE- RS Sz, S5, RIEERIE eap XL —H /T —5
B L CRERL, 6.5%10° Wem? (2B T eap=65%E kK E 727,

4. EX
BRI IR T DM EDOEIE DD e FH L, FEBRPICHEIE UTZIUE eep & LI 5 2 & TR AL
DAH=ALEELET D, FEEERICBW CTRRBEERF O ARDIEE TIZUL TORX 2 THhZ b5,

34 d,l

r= (2 Py Cp) (Up dptant9> + Troom  (2) Table 1 Calculation conditions
I T, A JEWRIER, pp BBEE, cp BN dpr L—F AR v b
B, L LY RU TR, v MIREE, dpr BIROELR, 6: L Absorptivity 0.64
—FDARALE, Toom: BIRTHD, 2 »H, HL—HN Density 8.94 g/cm®
U —F B TEIR Troon=21 °CH> HEI DRI T=1085 °CIZ Specific heat 0379 ]/8-K
BET DM ROR A FH L, Fig. 1 ORI R & Laser spot diameter 0.052 um
g% 2 & CEARBLE E TICESIZET DM ROE A & Powder speed 4.62m/s
L THIRIE IR ecac ZZ R L2, GHREIATZLUT O Table. Powder diameter 462 e
LR, FEBRAVICHE M L 72 enp & BERAVICE M L 72X Laser incident angle 24°

%‘3 ecale D Vaﬁquﬁﬁ&ﬁ%ﬁ‘rﬁ% Flg 3 L:ﬁ—\wg‘o I/H_Hi

ST 33310 Wem? 2B\ T, BRICET oKt 3 70

280 lE?% loum L7 s :ﬂ&i*ﬁ?ﬁ(ﬁ%ﬁﬂ%ﬁ ecalc=1%LL T % 60 F Experimental value : ¢, -
Thb, L—PRNU—FELZE L4210 Wem? 12 & P

W e =10% & BIHI L7278, Fig2 @)IoRd L ook S S0 f i
MOFBEL CLE -7, FT, 42x10° Wem? LLED ST E 40 } -
1E Ccate T L —FRT —HEICHHI LT ER L, 65x10° 2

Wem? 1BV T eae=35% LR E o7, SbIEE S Nf 1
R LR & BRI B LR A 5 L, B a0 b i
6.5x10* Wem? DELET BN THI 30 %OBMRITRERMOY® &
ECHBUCEEL, TORICHER - TS eaminn 5 T T
Lo T, fE o CREB O RITHAR R O VARl aEIK I — 3 0 ~ >

BRI S, L — IR 5 K ORI A © DBVEEIC L 0 ¥R 0 2 4 6 8
L7z, Laser intensityX 104 [W/cm?]

U EDORER, v~ v Fr—2RXb—HYa—F4 728D
WSRO R ERRIC B W T, L— R —RENEL 72 AT Fig. 3 Dependence of layer formation efficiency on
. - - 1 i i
L7278 o CRBIE RSN E < 25 2 & 2B B2 LTz, aser fntensity
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Additive Manufacturing of Ceramic Dental Implants with Natural Translucency
by OSoshu KIRIHARA, Hiroyasu KANETAKA, Takao HANAWA, Masazumi OKIDO and
Takayoshi NAKANO
1. BIREM
EIR LD REE & BT, BEA 7T FOBEMEMBNIAE YD . FHRR &N TEOEEEERNS T
FEMRAICHED b CE o, EEY I N CERIRS L2, Fific rTREZRBAYE B AR (SDGs: Sustainable Development
Goals) IZBWTH, BTOANLIIHT HHEEE & @AEORERBIT o TR Y |, BBICHFET2E®WNG S
HEMA L CWD, MEETT 4747 «~=27 77 F %V 7 (AM: Additive Manufacturing) 1, 3 &
T BB L AREOHMRC R L, SRR T I v VM EmERMTE D2 b, lx OEA
BRI T 2BIFMEICERE Lz, IO A 77 MBI TE 5 & EZ 272, AR TIE, EEOE
i ESELWRAA 7T o FOBREBLE LT, G v RO RE#EGIZ OV TRRET LTz,

[ | ERFESH _ - —
DB LBV NP e
l
L |
\ B | |

[ |

— BHRF—Y —

Fig. 1 ©7 X v 7 WA THREOREEIER 7 vk X

2. HMIEME

HIER 7 0 A THOWDEMEHT, @Bt T I v 7 MARM BN SEERIE SRS LI S—X MFEHME L
To. BB 7 0t AOPBIZOWT Fig. 1 IRT, AV Ea—F 777 4 v 7 HIfC &0 SIEET 1 &
L. W2 = DG NE AT A ABEWS 00T —F W TH D, _—R NEMA~EIR L —F &
EL, MRETER L OO SIS L, (EERROWmEARE T 5, ~—X NEMZEE LoofE[H
B2 IR, EMIROMEREZKIE TE 5, 5 OIEAMEIORTEEAEZ K THAE 2 H ONZBE
AL, ZAE T Iy VM AL RGICEHRITE D, SR T vt X E, WEHEED OREE & L TR
{EED LI TEY . FHEEE OG- Bl - i7" 2 & X (CAD/CAM/CAE: Computer Aided Design,
Manufacture and Evaluation) OFEMRAIZTE DG, SDGs THT A & & AkD FEIEA~Zh R L B E D R 5
2T TR SREAIN IR T HEEBEOTBERE L IGE L, BE T WSO FEBA~O BRI 2 TR &
L THHEIRFRFE- T D,

Fig.2 NLHED V77 4 v 7T NV EMMRHAT 0y 7 ~OEAT % )VALE
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WERHA T e LTona=rr v rolEEs iz, Bibfy U DA% 5.6 mol% RINT
HZ LT, RS LELIE D 2 LT, s L L e A WL S, SRR 500 nm ORI %
7 7 U IVRD KA LEREE ~ 0 43 vol.% TIRA L, 77 Y b bE—%2RT_X—X NEMERE Lz,
1 355 nm OEFEAME L —F Z LA S0 pm (Y | EIREE 100 mW T 2000 mm/s OFfEALEL A fiE L7z,
AEATNE 25 um CHEJEIE 50 um OFEEIETE 4 I LIS Z 57, EEOERICE WL, Bhthmz a3 5
R 2 MRS 2 72012, Fig. 2 1R T 7 1 v ZHAEF L2 M=, Fig 3 ICEEK S W= B % O
WAaRY, 3D A% ¥ T —THG LSRR T — 22, FEICA 77 & MR ER STV D Z L35y
%, BURZR D ONCEERICEBIT D, BT 2 v 7 MiOBMEEEE % Fig. 4 (ORT, BHERE Bk 7235
BLTIREED O | BULER & 8% CRUE Rk~ L i s i b, 7 27 v s HEDORILR RS A i D
D3, WRARRIRE ~ERIRL T &2 0BT D08, RS FikZe Ex it 35 2 & ¢, WOHEIMICES Z L300
TW5b, ZhvkeT7 v riE~if SN, YVva=727 77 % Fig. 5 [T~ d, 477 NERNEL
PHaEpRT 2T, BREICLVIEWERA SO TN D,

Fig. 3 Ytk Fig. 4 #L HRRA Fig. 5 WifEHemtiis ik

ITFEOWRERIZBWNT, B Iy 7 A8 AN THEENSSHICE L L, RREOGHPHFIAREIC/D & &
HIZ, @BT LAX—EOWEMBE~OBEZEZMZ . AREMESKEICm ELTWD, 87 I v 7 ik
FHNNIH T Aa—T 4 70 hE S, JRE EFEERFN SN THD OO, MEREMEICIT S ED S )
BN, AT TR LTOEFHFMEPHETHD, ZNOICKIETE A M AT IvIFEMELT, ¥
Na=TEFAEHRE#HTH L, UEDOL O, XEE T o222 AT, AREICITVERKEZAET 5L
a=7 7 7 OERICEKZI L, WRAA 77 0 FOERE L L TORMERHEGR T X 72, ERWICHIE
RO WNCHERALIR 24 2 & C, et 7 Iy 7#ikE 155 2 LI L7z, SDGs THIT5HHE O T4
TDNXITKT DR & @ADL 2O T, IRMICH G TELMRNEGELNTZEEZ NS,

3. ZEXM

(1) Soshu Kirihara, Systematic Compounding of Ceramic Pastes in Stereolithographic Additive Manufacturing,
Materials, 14 [22] (2021) 1895611-1895945.

(2) Soshu Kirihara, Stereolithographic Additive Manufacturing of Acoustic Devices with Spatially Modulated Cavities,
International Journal of Applied Ceramic Technology, SI (2021) 13925-1-13925-8.

(3) Masaya Takahash, Soshu Kirihara, Stereolithographic Additive Manufacturing of Zirconia Electrodes with Dendritic
Patterns for Aluminum Smelting, Applied Sciences, 11 [17] (2021) 8168.

(4) Soshu Kirihara, Stereolithographic Additive Manufacturing of Ceramic Components with Functionally Modulated
Structures, Open Ceramics, 5 (2021) 100068-1-8.

(5) EERA, WA, ERAES, WERS, v M) TRERVa=T/_ANTHEED KERT 7 47
4T e~=aTZ 7 Fx VT, Av— 7RG, 10 [4] (2021) 270-273.

(6) misEM, MRS, 7 R4 MEE2 AT 2BEREMEDOLER L 7V =7 AUEHA~DIGH
et A~— 7 mtAPaEE, 10 [4] (2021) 274-278.

(7) AR, WFEERT, EEEMRET SRR — bOJNGIER & MER K OMMBYAEIC X 2 MikO L,
A~— Mt AFaEE, 10 [4] (2021) 279-283.

(8) FEKIER, MRIRFE, FTAT47 =270 F a7V ORGAREGRAEEE~OER, XAv—rJO0¢
REREE, 10 [4] (2021) 152-158.
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Development of Virus Inactivation Technology with Integration of Atmospheric Pressure and Low
Temperature Plasma Generation Control and Environmental Catalyst Technology

by OYuichi SETSUHARA, Kosuke TAKENAKA, Susumu TOKO, Masakuni OZAWA
and Masatomo HATTORI

1. ARBEH

2019 4F 12 ATz R Lo oA LV AEYYE (COVID-19) (XS BRI A 254 X0T v
ZRIXEZ Lz, ZOaa B 5878 o a7 A L RGO i Rk O R YRR I TR YL & 2258 T b
Do Fl w7 A VR EGYE DGR IR & LT, REHICHEH S D U A VR Z R NE LT 5 5
EPRBORETH D, ZNDOEEFRIRT 572012, BIFEECTHE L TV D KKUEIEE 7 X< &
% (R E OIE MR R FEIE K & BRESABEIC X 2 8Ll 2 B D12 KK O 7 A VARG LT T X~ 28K051E
MEpT s L zEM Lz, BAENRHEE LTI VA VARG LE B L1277 A<l o5 & |
REACIZ DR 72 BRI DB E & Z DOBAR TH 5,

AL TIIRQEIE N 77 X< \2 K 2 &8 OIGMERESE R A & BRIFEAREEIC X 2 Vb OFE Fesh 5 % F
ALz, UANVARTRLZEXIEEHORIIZ LY | BELDIIARAEIEEERET 5 2 L& BIEIC, REToHR
g L 72 DRI 7T A~ 12 X D @ EEIG TR R R AR DWW TR A2 1T o 72,

2. MIERE

AMFFETIX, FHEARAY T HCEMDBD)E W T RKEIE T T 7 A~V = v AR LT, 2 DOEMmE A
PREORPICERE L, @B VAELEEEERE S ZHA L CRREIEEM 77 A~ =y MaER L
oo —HlE LTEEECARLIZT 7 A~z y NEOEEOIK A Fig. 1\~ d, A5E OB FICEmE
REL, BMAREBLEZHMNTAZ LI VENTEREITAI LTI RXAEER LT, £OT T X<E, A
AFREEI I > TEIA~T = v MRICEFHFTRETH D, KKJIET /LT DBD 77 X~ V= v ~OJE LK AE
ZFEAT LT, BARAOIZI3E M3k 5 kHz 705 50 kHz £ COE- SV AEERIMZ L 0 ERkLi=-7ra 77 X
~Vxw ME JEME 6 MHz 725 60 MHz £ COmEEEFIIIC XV AR LT T 7T A~Y =y b
DRI FEFHNZ FEIZATV, 7T X< R E OB LIZ OV TR AT 21T o 72, /X2 KRR 7 1L
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A0, N —
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b I Plasma jet
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> 20, 04 S 60 MHz, 0.8 kV, Ar3 sim 10 mm
g , | PY | >
g 10 ' 65 k\/ . 0.2 g (b) 101 E T IR T IR | T ""“;
- - i< — g High-frequency plasma jet 1
oL W .0 £ 10°) o0 ©
R ~ :
1000 10 10 10 10 10 *’101—L g | ) ]
Frequency (Hz) 5 ow-frequency plasma je
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FEHRE D A TR0 R Lo, SRR EB X OWEE
RIEARATEIZ BT D 7T A~ RO R L Ok e
% Fig. 2 (o, MBI ST, FUR {;;jém@g’ (DR D3 K D HRIR B
AJWAwﬁﬁ#%w CERIFELTtR, BRI DR ’

RSV T LD - TR LT 72, T ORERIE, FEERERA~ORGR L TR0 | MLk ~7 2
A< DIEFEL D %@&%@#%ﬁmﬁf%ﬁﬁé&énﬁifwé EERRLTEBY., BAEIROELRN
TeRREDZERN T VAN ERICEEE I Z L 2R LTV 5,

Fig. 2| j(ﬂr7/1/:l/DBD77X'7/n:/]\0)7/1/3/ FeEIR . OH 7 ¥ L inb DI EHEK
KA RS, (BEWRBICR T 2 ALY 720 OFERE AR L T D,) KPR T XL HIC kHz A—4
~fvwwf$ﬁéskvatb\\MHzﬁ~& TIE, X VIERWEE (0.8-2.5kV) TEREICTE 5 Z L2038 5

(272077, EBIIMHz A= —DT7 7 X< xy MZBWTIE, IKEEIZL b L TIEFITE WV O, OH
DOIFFRENBH SN2, ZOFRIZ, BEL HNON TS kHz A—F—D 77 X~ = v M,
EREE ST A~y ME, IKE Ef;@ﬁaf@@@&*@%imT ECHDLZLETEBL TS,

Fig. 3ICEEE DRI E (JERT7TamD OS2 6 OFEHIREE) O KB ER B0 R E2 R, 22T
. AEE ®%£#%Mm%htu%1%tﬁf%ﬂmbtJ@3_T?i9 . EJERN SR EL Dk
ODRNIRENKE L Ipnt, = F%#%kwf77XV/I/%mmﬂ&QWik%@ﬁﬁ&%@iﬁ
WCARTHD Z Loz,

— 5T, RKJIET T A~V xy ME, MENTAR T T A~V xy bEFEREDBREIALITERN L TERE
DAY L (03)ONOTR EDFER T AERPBREINTND, 5%IF, EXRIGERK E~DISH A~ T,
D DOFFEIRARRS A & AN & O TR 5 2 L & B R A HEET 5,
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Numerical analysis and experimental validation of warm imprint forming of metallic glass
by ONinshu Ma, Kunio NARASAKI, Yurie TAI, Hidemi KATO, Masanari DATEKYU

1. HIEEW

PRI P BRI B 2 W25 B IR STV 5, BRI = 2 MERTRS kO b TV 5D, &
BT ADMEEEERREICIB T A A4 7V MINTEFIM LT, KB IONET 227 D X #A A
— 7 RS - A IR R IC/ERL B 1. IR BB 2 B WS E o EICE Bk 5 B
fio—o & LTI TN

Fig.1 (21X, PA REBA T ADA > 7V v MINTHNR O &S Z/RT, KA 7V > MINTRM 2@ ElT 2
ToOIT, FERTET Tidde < Bt il 2 W<, Q@B A 7 A ORE EF#EE, RESM. Q8RR
STHE, OIBEER., @&ROMERIRE Z M+ 2 LEN D 5,

ARFZETIE, AIREHZEEY 7 M7 =7 JWRIAN 2 HWT L—HF— MBI T 548 T A DI B % W
MZT 5, EHIC, FEEEAZETIRERREIL —F —OMRERE « REHEE - RETERF & v o g
RO OHNDTD, HEY R 2 b— 3 X0 b E BB ENRIIRIE 2 (R C & 2 &l 72 MBSO R

AE1T D,

& Simojy
e

e—
N\

Metallic glass

Fig.l «>FU> MITOMER

2. BARFE
ARFFE T, Fig2 & Figl3 {ORT REORBR A & BIZH LT, TNENEIEET v A & B ZBA% LE
BEfENT AT 5Tz, BTV AL, b— =B CRR MR (B 70 BRI & 2R 6D 5 72 8O DifMTE 7 /L
Thd, EF/VBIE, MEMS NI LRENC, &BA T A0 L —W—IEC X DIRFEBIE & % 0@ nEse it % &
BT 212D DNITET N Th D, ZEHEOBMREA BT 5720, BEMRERE A AL B R OB )
MR LTz, BTV A TIREMEZEORER L LN OEGRERDO DB, &RV 7 A& REST
Va0 —Y—RBEHOLEET LY I a2l —Y g v EB{To72, BTV B TIIERY T A%
BliE L., BT /L A QT B 15 DN BAEVREZER 2B E L, TEURE O FELE L O 72 INEAGR I Ot
T o1,

203 W ( @15 mm ) O

P03 W (15 mm) ONd:YAGL —H—% 60% 85

QuartzA 57—
(FHEPRE : 30°C-=R )

QuartzA 57—
(FHEREE : 30°C-EiR)

38
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3. BMITHERRUBE

ET VA DAR—Y—HETIB T DIREEREONER R & ki o £ L Figd & Fig5 \IR7, 7
LA DOFRBREAE L LT, AR IR OJF /1% 0.25MPa~5.0MPa O T 7 /KUE L 3% E LT-, BVE SR

i3, b= == LADABNRE 44% L IRTE LTz, FEREER &G ROREIZ LV [ETNTRAF T D 8L
filfrE Rt & FE L7z,

JEIMEAF OHEREMRESR S E VT, ETRTET /L B O TENREBIEZ FHILGHR L, Pd R&BY 7 AD

TTT ##X & b UC, M0 T oo EEREPH 2 574 L 7=, #551% Fig.6 @Y Th v | @mENRAIREORRIXIZ &
A ETRNZ ENR o Tz,

WAl 72 MBS ORG 2 AT o 720 RBFFETIE, 1 AT v 7 & LT L—F—ORE LA T < SisNg
AT =V ~DANBEEZEST D Z LI K BlERMASE KD, 2D 1#1E LT, SsNa AT —IIZ 8D
ANEVT 2% EARBE L, 0~80 BV C S00W, =D 125W & A LKL, Fig7 IR TRERD, ST,
— P INEG A D BEALIRAT I OV TIERFZE A flkfe L T 5,
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Fig. 5 Computed thermal cycles of model-A
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Fig. 4 Measured thermal cycles of model-A
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4. £&O

AKWFED T I 2 b— 3 028K 0| SisNg AT — U ~D ABVE % S00W (ZFEE L., 80 FURRIEE AT 125W (Z
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Tailor-made synthesis and integration of titanium oxide nanocrystals
by OSatoshi OHARA, Kosuke NOZAKI, Noriyuki WAKABAYAHI, Keiji ITAKA
and Takayuki MOKUDALI

1. BAREH
ENT-PIEBEMORIBIIERBIGICRS T, 24 « O OFEIUTIIKR 2 L O TE W EEHIFRE
Thd, FIIFE, a0 IV PEOFR T A N ADEBIIREAHEZTEY | 2RO T A LA
AIEALEAIN OB F I F IR ORETH D, & 2 TR CIIEBEMERE 2 EHMbIE - Jrto A4 VA ELD
R Z BT, BARMICITET, KAEKRIEE R—R T X =T R@ILTF % ) 7 ) A X 0@ ki
(A X - R GESRE) ) HIEZ1TV. PUETEEO Siie b 28R 95, WICHEERIE L) 74~
Witz . SO FEMEEZERTHZEICX 0~ AV FREBEE T T, xRl b~ EBlca—T 47T
THEM T n v RAERFT D, FIZT ) F X B D OIEVERRFEREORAEA D = AL E AL, @tk
RE7RHL Y A VAR ELDBHFEIZIR T 5,

2. IERE

FxlItT I v A8 R T 7 )V AZVOFHULFET B AORIZET LTS, KESIEHIZAH
DIEERFESE, 20Xy v BV THEAICIVERT ) 7 ) 22000 A X IR Gildam) - isamikikss
ZHIEIT LD THD 2, ZOT—TF—AA KF 7V ZZIIHERDIE UWE %2 8+ HHEEEC T i
DORBDPHER S IUI T DTN D 34,

FH =7 (TiO2) TN A 1T O~ OMREZ AT 2N E 7 I v 7 AR TH D, F£72 TiO 135
IR ETNEERF T LIV T INERET DD, ZOFT JRFIERT v 7T U N —V 2T
2 (DDS) HOEFMAMEIE LTHIERZED TS, BAILTIO T/ 7V AZ VO E#EbE BfE L, K
AERREEX—RZF ) 7 U ARAZLVOY A X - R (ffhm) ORGSO 2R A Tn5, i
FCIKRBGRBUSHC 7 v BEBOARS TE - FSE 22 LI2LY, TiO2 F/ 7 U A L0 bl i il
(Fig.1) MARETHDH Z L2 AL TW5, FIZF ¥ =T JFE & HHS DR E2 b4 5 Z & T, 20nm
P A ZOEIENE (001) HEAT LT FHZ—8H TiO, 7/ 7 V AX VOB L, R~y 7L~ o
MR 23R L T D S, F 7 MR ISR T DU O G & fst L7/ R AT 7 U R Z LT MT8148
L CHEWRENERREZA L, I OICZ OPEEEITSENARRBH TTOLRATLIZ L2 RAH LTV S,

Fig.l 7% —ER TiO2 )/ 7 UV AZ VDA X« ok (Fshim) il
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AAEFEIXEIC LR TIO T/ 7 U A X VE . PLEMEE M L+ 5 ERM -~ ISR 5 720, SN -
~DA—T 4 T ERR L, BRI, BoTEREAIEHT I LICLY, BiE - BEOL ) e~ A
VRN COREa—T 4 VTR FEM LT, ZORE., BT 7 AR E~D TiO2F/ 7 AZ VOH
J& (£ LA Y—) BlEEZER L, 5%IXTiO T/ 7 U AXNVOKFIZET HEFEMBEIEHO X 0
S Z ALV IAF, FEx ToME - TRIRER E~D¥ga—7 v 7V FIEOfENLZ BE T, AFRICE D
BERICH (\RA 7T b BERAAIZ ) a—2 AT AT T "7 2 —, ABMEE R, Df— 2
A== ) CTUELE SN LEHPIEEN O EZBR SR TE 5, o, Wl /7R r2TEH L
T A N AEM ORI N ST D 2 LN TE D,

FloFa BB LT Z o (TIOx) ITHUH#R (X ) 2RS35 SIGMEEEFERE (ROS) AT HZ L %)
DTRHLTHD 7, RWFIETIES . TiOx ™A 7V v B 2R+ E2 W= nAiRE (Fig2) RS RKZ7 v 77
URY— 27 5 (DDS) ~DEZNE I E55HETH D, HIZ TiOx 225D ROS DIEAE R 1 = XL w 4
TR EEZBE UCREI L, F/ TiOx Z1EH L7=Hi Y A W A O FfEF 98 % 3269 5,

PBS PRS+X TiOx TiOx/DOX TiOx+X TiOx/DOX+X

4

Fig2 TIOx 2 G H T /A 7 U v BT KL+ D GHHRIAHRHRIC X 2 23 L OB BIER L

3. ZEXW

(1) J. Zhang, S. Ohara, M. Umetsu, T. Naka, Y. Hatekeyama and T. Adschiri, Novel approach to colloidal ceria
nanocrystals: Tailor-made crystal shape in supercritical water, Adv. Mater., 19, 203 (2007).

(2) K. Sato, H. Abe and S. Ohara, Selective growth of monoclinic and tetragonal zirconia nanocrystals, J. Am. Chem.
Soc., 132, 2538 (2010).

(3) J. Zhang, H. Kumagai, K. Yamamura, S. Ohara, S. Takami, A. Morikawa, H. Shinjoh, K. Kaneko, T. Adschiri and A.
Suda, Extra-low temperature oxygen storage capacity of CeOz nanocrystals with cubic facets, Nano Lett., 11, 361
(2011).

(4) J. Zhang, T. Naka, S. Ohara, K. Kaneko, T. Trevethan, A. Shluger and T. Adschiri, Surface ligand-assisted valence
change in ceria nanocrystals, Phys. Rev. B, 84, 045411 (2011).

(5) Z. Tan, K. Sato, S. Takami, C. Numako, M. Umetsu, K. Soga, M. Nakayama, R. Sasaki, T. Tanaka, C. Ogino, A.
Kondo, K. Yamamoto, T. Hashishin and S. Ohara, Particle Size for Photocatalytic Activity of Anatase TiO2
Nanosheets with Highly Exposed {001} Facets, RSC Advances, 3, 19268 (2013).

(6) K. Hayashi, K. Nozaki, Z. Tan, K. Fujita, R. Nemoto, K. Yamashita, H. Miura, K. Itaka, and S. Ohara, Enhanced
Antibacterial Property of Facet-Engineered TiO2 Nanosheet in Presence and Absence of Ultraviolet Irradiation,
Materials, 13, 78 (2020).

(7) M. Nakayama, R. Sasaki, C. Ogino, T. Tanaka, K. Morita, M. Umetsu, S. Ohara, Z. Tan, Y. Nishimura, H. Akasaka,
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Mechanical functionalization of titanium alloys by rapid solidification and bulk alloying
OKatsuyoshi KONDOH, Junko UMEDA, Kazuki SHITARA and Ammarueda ISSARIYAPAT

1. HEEM

AERBFE « BEAMEZ B ONTTHE AMEICEN D F 2 U A481E, BIET A A, BICHALRA 75 K
~OFEMERHETeF, i 2 EREEROFIIC L 2 BHESNTHEL O QOL M E3kH b Tnd. filxiE,
WEHA 7T MW, 42 (T) LRFEUEOAEBIMEEZET 0 Vva=y A (Zr) Z65485T
FL LT Ti-Zr BT 2L OFFRRENRE SN TWD D, KR, SREEETETH D Zr DT
LV o-Ti FERKOBALICE 2EBEANERE SN TVWEN D, ZTOMEL LI LEET
Ti-6Al-4V LT # 54 1 0 LKW, ERALICE > TRV, @2 IZBURTIE, AMRICH L Traic i
ERFTLROAN ORI ND @RENDEIEEO T # U EE&NUE SN TWD. AR V—7"TlX, i
F TIZ 10°~107C/s OBRMEEEBIG % 1 5 @ BHEE1EE (Additive Manufacturing) 72222 a7 HiFE L
TRBRAm SNV T aA 7 BANEEZRIE L, BEFEEEOBSCHER ER « F / ATHME AR, S HI2iX
FBRGRLAHRR I A 72 EIC K 2 F 2 U E@&OBEFRE(LOEBUILI L TWD. £z, R7mERT 3 RooH
MR B ARETH Y, FrR e B 2 9 5 ZLEMELIZB VTS AMEOF RBAHIFFTX 5.

Z 2T, MERIAAEE AV TER LT Ti-Zr RSSO ) RHEE, BEL O AM EIZ L 5 3 koL
EAETE Ti-Zr B4 OEEFENT 218 U, AERBRMEICENL Ti-Zr MBS &40 /19l B iR

2. IERE

2. 1 Ti-Zr BEEERITHEIT S Zr DHY—EB & hEEMH

fiTi AR EKRFILD NV a=0 L (ZtH) BROEAER (ZtHa; 3, 5, 10 mass%) # HFFEE L, KHET 7
A< fEfE (1100°C-7.2 ks, £/ P=30MPa) (2 XV HIIRE L v FE/ERIL7Z. iV T, BELEFEMA CHASE
{LELER (1000°C-10.8 ks—4F143) & Ar H AZRPHA T D Zr DB AL EVILEE (1000°C-3.6 ks— /K #—800°C-3.6 ks)
AT o 7%, S800°CIZ CEMEIMHIN T (FiHib 13.7) ZHid 2 & CEA 10mm O 7 Ti-Zr Bt &4 % 1Ei
L7z, BEACBMLER DO RIZE LT, Ti-10%ZrHa BEfE A K O HIA 2 %512 SEM-EDS 12 & % Zr D534k
REIZBE T 2 m o Hrfs R, 72 5N EDS Ui X A fRHA EHith C O JRTi /e Zr &8 & O MR R % Fig.1
(2, %72 EBSD f#HTIZ L DM O o -Ti fE sk AR 25 b % Fig2 [ZR~" 7.

(a) Non-homogenization H.T

Extruded

Zr (at.%)

1 413 6 6.50
2 451 7 649
3 487 8 888
4 458 9 827
5 477 10 839

N Zr (at.%)

¥ 1 524 6 518
&8 2 522 7 525
3 551 8 527
4 525 9 521
5 519

1@1ﬁm%nmﬁ%%ﬁi@%ﬁﬁﬁﬁ@&ﬁﬁﬁ%u@
PRV B D B L 7 VAR T 0D [ P R AT i SR EBSD fif#T1Z & % o -Ti i athie 22 (b

BARIEEE S COBUKFREBLEZ LV Zr O —[EERIREDNTER SN D b OO, NG ELERE T B — o FHZRE
ZE Zr Ay ORISURITRE A T % (Fig1(a) . £ O%OEFIFHINTIZ LV Zr FALBGIAN S 4, 7
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HAFPNIER L CofiT 5. )y, BEREMLERIC X 0 BEERICH W T Zr 0¥ —BEEIREEA R L, 2k
a FRIREIR TN T 5 2 & T, EEREBITHERFF S TWAH Z 0305 (Fig.1(b). W& DEVE, EDS
ROHTRERIZB O T HIER TS, HELEVLERC X 2 FMH TO Zr BEREO /N7 Y F X RIEIHH ST
%. a-Ti OSSR OZALICBI LT, Fig2 IR T X2 Zr EARIHR ST, BIERESIC X 2 % ih
KIS D — 07, Zr EOIENNIE - THESRRL OB 72 050Mi{E (15.8 um—2.7 um) HETLTH 0, BEE
TR CHE STV DAER 2 L FABRIC Ze IWE R 712 X 5 solute drag IR BER LTIz & B x b b.

2. 2 Gyroid#B&Z#HT 5 Ti-Zr EBEERESED HFEHE
AWFFETIE, BIRE) L —FE@EiE (SLM) & VT 3 IS Gyroid s (MEFRIZIEHE L 72 3 YR T o & Bk
/J Eﬁﬂﬁ) M5 VB Ti-Zr B4 2 ER Uiz, HAFECEHIERIRRE Ti iy R & ZrH 3K (0, 3, 7mass%)
RAERTHY, SLM SEFIEABE 278 )/ mm®, L—H M) 140 W, EAHE 140 mm/s, /> FiiE 180 pm,
%ﬁ%@é 20um & L7z, 72k, @EEF v N —HNOMEREIL 0.01%L FICEHEL, £/ET0° T o@EKs
M % [Al#5d 5 F = AR— R/ — 2 kD 15X 15X 15 mm IR D Gyroid #E1E ST 7R 2 fERL L 7=, AZEBRCIE
L7 2B ERONBIE B % Figl |ORd. 2 2 TIE, ZEREERT 252134 XL Lattice (Strut) D5 7
FICIRRT- L L, WEEE 7\_5 & CHIRHE L (FE¥ZE ?L%) FEBIZRE LT=. 728, Lattice JEAMD
T 2IH AV THEMY R ORFERTERE (WHEUKM) OIFERENER L. [FERIC, ZiH B RO G &AM
T5 &, %%ﬁ@ﬁ“@%iﬁ“é*%iv“/i%%%ﬁﬁ‘éf:&’), Strut OAHEEEENME 25 Z L 2R LTz, 25,
ZID OFEIZSE STIRGICFEH T 5. KRB OERHB & it 97 <, & 0.5 mm/min O b & THAE
AR A FEM L2, TOMEE Figd (TR T. —ROZSILEHEERTIE, BAEOHEINILE > THIH O
NI KT 503, D% Strut O L 2O L, A& Zﬂ: ﬁbfmﬁﬁﬁéﬁfﬁc‘: 7%
77 F kAT 5. Gyroid FEIERICB W T HRBRIZ Y T N —fEI RS S 4, ZEALEORD I
b\%ODJEJJ TR L, FIRFICERERER OB ¢ o RN ORIE HEE N L 7=, it, I 738 FHRIR 7>
B U 7o = oL — R B A AR B b U725 5, 3% ZrHo IR 3 26 < OfE S I B W\ TR 2 7R
u‘:. ZHUE 2.1 TIHRARTZ X ST Zr DI K D o -Ti FEmBL OB L & EYETRALSER LT Strut O A
WRT D0, ZrHy & 7% L7256 1% Strut O RGO L SR T 2B\ izbo B2 b b.

(a) 350
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ngﬁﬁéﬁmm%LiiUWﬂ%V‘ Fig4 [EMERBRICIIT BIG)-BABK & 4k = 3L —
AT D TIS%ZHL ZABEIRONMEL itk oo beigess & OVERE 10070 BB L 72 G6 ZALE S
2B D ZiHa MR 3% & T%DEWNT K 5 Lattice KR

3. ZEXM

(1) H.M. Grandin, S. Berner and M. Dard, A review of titanium zirconium (TiZr) alloys for use in
endosseous dental implants, Materials, 5, 1348 (2012).

(2) T. Homma, Y. Matayoshi and R. Voskoboinikov, Application of the Bons—Azuma method and determination
of grain growth mechanism in rolled Ti-Zr alloys, Phil. Mag. Lett. 95, 56 (2015).

(3) A. Issarivapat, S. Kariya, J. Umeda and K. Kondoh, Additive Manufacturing and Characterization
of High Strength Ti—Zr Gyroid Scaffolds Using Pre-Mixed Ti-ZrH, Powders, JOM 73, 4166 (2021).
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Functional evaluation of nitrogen-doped titanium dioxide under visible light irradiation
by OTakayuki MOKUDALI, Chang LI, Kyosuke UEDA, Takayuki NARUSHIMA,
Hiroyasu KANETAKA, Keiichi SASAKI and Masakazu KAWASHITA

1. HEE/

F & AL, BT EMECAEE SN S |, AEMELE LTHIAISHFIH SN TS L S I b gk
NE <, REIWZ BILTZ BRSNS Z I EEBEFECEST 5, i, Bt vyed1 v
T L=y arERTEINTWS, £, b T ¥ IXERIRIREIC X o TR YGRS M 2 R84 L,
K ESIET 5 2 & TIRMEMFEEAZ AR IS 2, LT ¥ i, aSEoEuvIc Ly, BNk
BT 572 —BR, EHRMRICETALVTFAR NGERICEBT 7V A MO 3 FEH LB, T
F =B8R T@ET X E, AT AR AR TEWIEAMBEEZ R T 2 e b TS, ZDEH L LT
I, TRV F—EEDENNIDH D, B ENTZZ R =R F (B EEFRDRnm XL
XN R (BER) EOMICHEETINY R¥Yy v T ThHDH, 7TFHE—EHDONY RE¥ ¥ v 71 3.2 eV,
NFNAANT3.0eV ThH Y, N2 FEENHE Z T, EEA 400nm LT OEIMRICR O TWD, - T,
WO T 2 TSR T T UOMEREZ I T S 2 LT, Lo LA b ERIEHEE 2 -5
A RIS 2 ARSI TR A S X 2T 2 E NSRS S,

—J . T TF 2 L OREEE LS D T E LD N Ry v IS BT E T A 0 = 400
nm) B FIZBWTRMEER G DN 2 HEN D D 34, 207D, Fox 1T IRE Cefltint 255
FikeE LT, LT ¥ N8R N—T 24T HMEICHEE LT,

Fx X E TR TIEET H%EFE F—7TR{LTF Z > (N-doped TiO,) 2 1ERL L, AIEREIREHC X 2 e fidfit
TEPEIC L0 AR SN D IR R T2 MR 9 5 & T, IEMMFEREOAERIZE LR O IEIRZHRE L TE
S, ABFZETIE. ZHE TOMFEICT] E#i& . N-doped TiO, DYERISM: 2 s, BRHCBERIRE 2L SE5 2
& T, RmRRE, EHEBEREOAEK e CERET LI EHENE T 5,

2 MEAE

2-1 BRF—TBIEF2OOFEELRTAHE

WiT & BRE L C, AKERLT B U T ALER . EAKNBVLEE 21T 5 72, E Dk, EREEKIFEEHWTT
VE =T HEEA FIZT 300°CT 3 BEfE] (300°C-3h) ALEEZ 1TV, N-doped TiO, Z/E# L7=, {E#L L 7= N-doped
TiO, & AW CEHBIER ATV R U, FrBIZIIERE T BMBI(SEM)IC TRIZ 21T 70, T ORER, Fig.l
T, FER LY AT ILEOMBMESBIEZ S, Jhud, KT U o A L BLER
IZE > TSN FERLOTH Y, MOFEND LRELRMENRSH S 6, AL EERC, Figl loRT &
HICHBMIEIZTE TV, L LR, 2 E TOWFEHE R OBERIEE 500°C, 600°CHLER & [T &) 2
2o TRV, ZOMBROMEEOBUE SITHEEE OV X W Bir D Z VR I T,

Fig.1 SEM THELI-FEmmiE (a)fiF ¥ EHE F—7RUL  (b)300°C-3h 23 N — FALEL
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2-2 AT HIEMERE

AIERREHIC L 0 ARk T AR BFEORE 21T 9 X<, BT AL 4G (BSR) HEE A H Lz, Fikl
LChZv7HERWHLAE S NI v B TIEICTHEEZTIT> 72, N7 v 7HIlZid DMPO (5,5-Dimethyl-1-
pyrroline N-Oxide) % FHVNTITUVY, AIEEIRETEERTIX 15 /0 & L7z,

FORER, IEEREETHLE Fax 750 (HO +) 75) RTE T, L L7y, JLFRL 72 300°C-
3h o 7N ERMBLOMT & o LY T IT HAEREITIZIERETH -7, TILET, 500°CE 600 T
BERIEEE OGA TiX, HO » &EITE w#&%ht#\K%%T®3%%?&?9ﬁwiﬁﬁﬁﬁ%ﬂ#%hﬁ
Nz,
(a) [

* HO - (b) : HO -

[ [ 1
[ T 1

Magnetic field (mT) Magnetic field (mT)

Fig2 ESRIZTHFH 472 HO - DfF 75X
(afi T~ Z %3 R—7 RO (b) 300°C-3h ZH# R — 7 JLpt

2-3 iERER

PUEERRBR I JIS R1752 122 &, Vo 7 VT2 BE LiTH- 72, #
X Escherichia coli (JCM 5491)% VN THITEEFE 217 EREBIE O I FE A3 108405 —
10° CFU/mL & 725 X5 W= Lz, o7 v ke, R LWk
Tk, 74 L% nSET, A THD 400 nm LL LB Bk ¢ RRE
e 15 53 & LTT o 7, BREHE, B L7 I3 RES HIZR#EfE L 37°CC
24~4Q FfHIEERE LT, 858 %, an=—Ez Vv ML, AREERDIZ
FEH % Fig3 1R L7z, 300°C-3h O 7T, fiF&2odr 7
B L C, RIBHEAERERKICKRE 28134 Ui o 2, 2R ERR R A K - &

% 7 - Fig.3 HUERER TR O LR
REBHET R L o7, (@) T 5 ER F— TR

(b) 300°C-3h &3 N— 7 4LER

1.0E+06

1.0E+04

E.coli (CFU/ml)

1.0E+03

3. F&H

F 2Rk AKEBET U W AKEIKICEER. 7 2= 7 FHEK IS TR 217 5 72 300°C T 3 K
HCOEMNER TIX, SEMBIENOLMEREEEZHF L WD Z E0NRENTE, ZOMBEREEOBE S
NWETOMIEL Y BERIEEIC LD B2 b Z L3 bhyo 7z, ESR HIERE 2B HO « D3R TE 7208, ALFL L
TWeWiT 2 >3 7L & A RGLEE L 7= 300°C-3h H > 7 /LTt HO « & i%b@%mﬁ#otoﬁ%ﬁ
BROFERICEA L TH, BHERAEDA LI o T2 TG EO AR E L BE#ET HF R /o7, LEX D
ARG O BERIREE & BTl ARBETE O 2RI R E S KM E /e o7, BE, L0 MR RmRED
1% 15 5 7 ORGSR T 2 IR X BREIT 24 (TF-XRD) & X #OLE ot iriéE (XpS) %
HNTIToTEBY, ZNETORRDFEMEITEVER L7721 5472 N-doped TiO, DFER & k325 TETH
5o T, HMBLTEME AR I BEONDFMEOMSICEAL THE &k x#ED TV TETH D,

4. &30

1. T Narushima, et al., Titanium and its alloys as biomaterials. Journal of Japan Institute of Light Metals, 2005.
55(11): p. 561-565.

2. A Fujishima, et al., Titanium dioxide photocatalysis. Journal of Photochemistry and Photobiology C:
Photochemistry Reviews, 2000. 1(1): p. 1-21.

3. S Sato., Photocatalytic activity of NOx-doped TiO in the visible light region. Chemical Physics Letters, 1986.
123(1-2): p. 126-128.

4 . R Asahi, et al., Visible-light photocatalysis in nitrogen-doped titanium oxides. Science, 2001. 293.

. M Iwatsu, et al., Visible Light-Induced Photocatalytic and Antibacterial Activity of N-doped TiO2. Journal of

Biomedical Materials Research : Part B - Applied Biomaterials,2019

6 . M. Uchida, et al., Effect of Water Treatment on the Apatite-Forming Ability of NaOH-Treated Titanium Metal

J. Biomed. Mater. Res. 63 (2002) 522.
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BAITOE RIS YEKEME LTI 22BAS ARAEIS
FRYUICEY AgF/ HF #1580 L= H O st SHE

FORTERFWEBE THBMESR AR ZI . ARERER, A2 « O N IK@ 7 THIEE)
ALK @A BT e AT Fam B, NS

RBER A BRI FEAT BAHEAR

At BRFANRAE S AIERRET )T N =2/ FZERT BRI

FORER SRR AR TS8R B RSk

Antibacterial Property of Solution-processed Bioactive Ti Based BMG Surface
with Ag Nanoparticle Decollation using Chitosan.

by Jun-nosuke NISHIMOTO, Yuta KUBOTA, Toshiyuki IKOMA, ONobuhiro MATSUSHITA,
Takeshi WADA, Hidemi KATO, Masahiro TSUKAMOTO, Kensuke KURODA, Takao HANAWA

1. BAREM

REEFORTHIX, A4 7T NAICTENTEWEREEZ 32 Ti 28R 7 A(Tid40Zr10Cu36Pb14) U
R B E AL RSO - FIAF SRR L VST, ZNaEKABRILFHECEROLIET L Z L1Ick
DAERIEYET ) A v v a GO T BN T 7 ABEIE ORI L7V, Ti e @ i 7 AREIZT =
A ML —Y =BG T 1 7 a2 Bk LR KBS OEARS, ERERKAEMFORE, 4 Rk~T
UTIA ) _— g UIFORMS &~ A 71« fEERENC X 2 EREEREIC X D#mam U <.
WA 7 Z > MEFE L CORFZERI R 2D T & 7=,

FRBIZHTTZ3REICA 7T v MEREOTEEDR 5, AR TIES MU k@%2 T, Zh
it LCHEL Lz Ag T/ Kt OREEHIENC X D HiE stz DWW CFZE 2119 Z &l L=,
MREEETIZ. T/ Ay a@H Na b DA FT U REIZ KV F /) A v aRMmIZ Ag T/ B F 3BT &
HTE, 1=, TEOHESHOERSOX T Unbiiicsnsdx Moo — MR EHNWD Z &
TAg T /R OEHEENREZ BN Z L AR LTS, SEEILS M A X 0 [EE T D ALERF
MORRD AgF /R L D HEFHEOFM 21T > 72,

2. ERAERLEEHHONEEY

- METEE X VIR E2Z T 7208 10 mm, JEX 003 mm © UK VR Ti BEEH 7 X
(Tis0Z1r10CusePbia) Fai 2 £ X 40 mm iYW L, 7k + v, @H/KDIETZENZ I 10 503 OB Rk
%, RAFEMLAT 60°C Cizlp X &7-, Ti HEEH 7 AW 2 ERfG, ARz tme L, 2V v 7T
€ L C ML oI 4 e 24845 7208 b ER BT 5 mA/cm? Z HIHN3 % /KEWE S AU (HE) % 17 -
Too T CHMEEIC 5 MKEELF b Y v 20KER,. ISR 90°C, KISKEHIX 1 FFETH 2,

FROF I Ay v aFHERRLZERE F VAR 1 %v/v EFBKER S ICRE LG & 7%
ICHZIRIF G 60°C30 43 EoME X @ 724210, —E 5 M @ NaOH KA ICEHE L T b K CoES L.
X 5 I 60°C DEMFCHZR X 23 F P YT 4 v 7a— + (CO)VUER AT - 72,

HE 3 X 08 CD L% 03k % 1 cm ficYIlree, PP & JEHR I 5 % e & AT Ic#FiE L. 10mM
TSEESR/KIRTE 20ml M2, 4 ¥ F 2 _— & —T 37°C 1T THRA 48 FEHE I 2 8R4 4 v 28 #a(IE) WLeg
i1 -o 77,

R o FRHT B R % 1c. FE-SEM. XRD IC X 2 #0858 3 i i 2 <. BefilfailiE o X
D R DOENER Ffi. FT-IR. 7= vk, XPSIc &k 2 kLRI L a s & DN 21T 5 720

3 ERERLSERDAR

[X 1 (2 HE ZLFERT# O SEM [HEifg 2=, AERETO4& R A 7 A3 g3 T 505, HE JLH% T
J A v atgi b p o7z, HE JLERRT D4R T 7 AGEL O KA A 13- T 71.0 L BKETH D DI
%fLC, ALERRE OB 134T 5.8 ° L BUKMEIC A2 o 72, XRD HIE TlE, 40 °ffir &zt L=&@y
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TADIMEE — 7 PHER S NDN, TNLIMIHEBMEDEITE — 27 DR TE R o, ZDO T &)
LR ENT=T ) Ay a G TSRO T EL T 7 A THHEEZBND, TV HIEARY |
NESTZ, HE B DT~ AT "MUIZEBWT, T U U AL 4 ERFA 4 O OMKEIRENZ
K% 280 cm! D — 2 & | Ti-O-Ti OHFEEENIFHE S5 440 cm™, 660 cm™ B— 7 23 H S 77,
660 cm™ D B — 7 [T v VA D TiOs A D Ti-O-Ti ffE L K35, 25D A7 h UL NapTi;07
LG C A ML TH 72, XRD I L B [EHT /37 — 13— L2728, TiOs \EAN T
THE A L2 NapTinOmi(n=4, 5, 6, Dk A & D7 ENL T 7 A ThH EB 2 LN,

X 2 12 CD Hif% OIS H ALY ")V ERT, HE o 7 AnbiF ¥ Vgt b o AEEHO Ti-OH
sk D-OH HfE MR S l-, CD Yo 7 Anb h ¥ M HRORI Z L7 kLR méﬂfw
CD Vo 7B NT, F MU DN EETFT /Ay v a@oF 2 o ) vstoMAEERIC
NH 2D B —27 23 1550em™ iI2v 7 L TCTWe=, 2D k9
T N— T NIF M EeTH U EDa Ry
) MHEHC BT bHE SITLB0, £, HAfT
UVIEDIEEN Y — 7 13 1750 em™ (T HERS B A3, CD
P T IVDIRNART MV HITHER TE T2 &
6, CD AR OFECIIFHRIIEFEE % F Yoo
BT ) Ay v a EEIEMIN STV D LA S LT,
CD WHE(F "> DT 4 v T a—TF 4 U ) HOREHT [¥ 1. HE fLA{ > SEM 4
DOPENCESIEL B LTV, AEYEEE LW
1kV FREE CIEEE%E FIF T SEM #8524 5 & A v
2 FEEDRMCEDIL, E A EZAILENRESTZ LD

RREEIC RS> TWD I EMD, FEUBF Y 7LD A oy COgroup
oy A HEE AN L 2 MY U A RTICHE TR H% ﬂﬁt;¢

EEZ BT, 72 XPS AT MABDRIEIZ LY
ZDEFZT 6 nm LU OIEF TN 2 & b STz,
TiFE@E T 7 AKMEIIER LTcT ) A v 2 g BIiTx
MR E RSy E UTCTERT R A SRk LI2RUEHT DT ;iwfmkm\‘w//
B LOHIESERICOWTHE L., Z 2 Thl

PEREIC DWW T EEARIC K DRHI & L, X 3 (27" E. Coli HE
DAFHE TITo T2, ORGSR, DiE#iAKIZK LT iﬁ 20001800 1800 1400 1200 1000 800
HIR) IR ERA A OIRHDHIFFTE D03, IRNEREE T IC Lo
wT@ﬁk%%ﬁV®ﬁEKiDEMﬁ%EﬁL\:h oz

Absorbance / a.u.

+
o cD

IHSH A IR 5 WTRERE A B = &L 2 Ao DRt =
W2 KD PR R CIEEEHC L 2 PTHEE O 203 MR ST 4000 3000 2000 050
EoNE @ﬁitﬂ“(#%ﬁ'é#ﬁ%% LY A N 3)?%&#”: L AH Wavenumber / cm-

HEVERBIC TN T 72 =R MR S, F M BERARY B X 2. CD B DRI AR L
?ﬁ/%”“%f%é LIC K BiE

MEMRNAIEES &> TR
BEZLTEREENRNSDZ L, B EMN - E. coli4 x 107 CFU/cm? LIVE/DEAD®BacLight™ HAIEMEE
%EE é ﬂf:o q-%jj:&: 3)@:01/ \Tﬂiﬁtfﬂ % ;g/CLB Bacterial Viability Kit (KEYENCE, BZ-X710)
AR S W DO AREIL S it T2ABRIRE 5 LI I
BEWLRERTHY | Ak ORI AREATLTL, ARREER

Shad, X 3. LIVE/DEAD® assay |2 & % E. coli D/EFCH|E
4. SEXHE

(1) N. Sugiyama, N. Matsushita, M. Tsukamoto, A. Inoue, M. Yoshimura et al.: Acta Biomaterialia, vol.5, pp.1367-1373 (2009).
(2) C. Ma, Y. Liu et al.: Environmental Chemistry. vol.15(5), pp. 267-277 (2018).

(3) P. Hernandez-Hipdlito, T. E. Klimova et al., Catal. Today, 250, 187-196 (2015).

(4) S. Chauque, , O. R. Camara, ECS Trans., 63 (1), 113 (2014).

(5) K. T. Karthikeyan, K. Jothivenkatachalam, Int. J. Biol. Macromol. 104, 1762—-1773 (2017).
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Mechanical properties of post processed alumina porous materials fabricated with binder-jet three
dimensional printing

by Naoto SAKIMURA, Yasuhiro NAKAGAWA, Nobuhiro MATSUSHITA, O Toshiyuki IKOMA,
Kosuke NOZAKI, Hiroyuki MIURA

1. AEEW

<Y F a—8 Y TRRFED Sachs! X, 7/VIFTEPHIZLIEmAR Yy MZaaA Xyl B aEn
AHE =L LTHENL, ZhEBRVIRLITI NS X —T =y MR ERE GDP) 2810 Tl L
Too THUTED | BRx I =WouHEEE (3DP, fHINER4LIN (additive manufacturing)) £ D BHZE 23
TN TE T, IFETIE, B, G, &R0 EDkAx RFMITK LT, 2722 3DP HTAMDBBHFE I T
W5, ZTHHOHEML, ERSETHEAMMIDCHME SN TE L, INETICHEL I, TLVITHEREH
V72 3DP JRUEFA BHEE L VERL U 723G 02 D BERS RIZ DU T IR EE D LG PRI DWW TR L T & 7,
AAEEE, RSB EIC BT DI A BfE L, A — % — A A FRAN T OB ICHY #A 7, 3DP T&JE -
B L2 T VI FZHRICAA R T av AL LTTAIFT AT —2ER S, ERL L= SR OO

Horh b &R K DAL O B PEZ et L7z,

2. IR
2.1 FILEFRZ)—DORABLHER#EEL

FEBLUK LORIEE 0.4pm Do-7 L 2 T KT (AA, (EA[LS4
) A ARG (EEETENRE90: 10 :0.10, 70 :
30 :0.30, 50:50:0.50, 40:60:0.60, 35:65:0.65, 30:
70:0.70) - BHELTTAIF AT U —Z R L7 (LLF,
AA DR SEFHIE LT, 27 U —4 %K), S8BFNCIE
AFF MR ~—DRY T IALT I (PAA) ERU T
VLT 2 RS (PAA-HCD, / =F MR Y ~—0D&RY
=17 /a—,L (PVA) ¢RY =1l K (PVP)
O VUFEEE & Bt L7z,

NA =Ty N REEEREE  (Prolet®
460Plus ; fi#14EE 300 X450 dpi, FffE £~ F 100 um) (2 &
0. RESHZFHE LT VI T EEDF A, v —%
MARE L THY, ¢5mmX10 mm O AHRFEZ & L
7oo T D%, 1600°CT 5 FEfEHER L, 2.5°C/min T 1000°C
FCRIR L CTFEHm L, BERk L7 ZREE L7 1 2
FT2AZ Y —ITiZ L, BEFREIERND AA 28RS
B, REOAT Y —[HESEF LT A T TEHEHRY
D%, [FUBER 71 27T 2250 1600°CTHER LT~
KBERE 2 LR DJERERBR ATV, ORI L 55
IR A AL & AR B TR L 7,

1 - BERE U727 V2 AURIE, RILE 63% CIEAETH
FEITK 38MPa Th o7, K112, DA ZEZ AT U —

—J7. 10 _PAA, 30 PAA, 10 PAA-HCI, 30 PAA-HCI, 50 PAA-HCI TiL, KILRDORL DENZ,

Compressive strength (MPa)
-
&8 a3 » v 2 B
s & 8 3 & & s S

W
S

X 1

140

<100 |

30wt%

T

+
B

0wt%

b

45

SSHFIOFEIEIC X B 2T ) —OF R

50 55
Porosity (%)

LR & R A o BAR

60

120

Compressive strength (MPa)
a ® S
3 =3 3

IS
S

3
S

0

+

WL T
N

@ Control

H70_PAA-HCI ¢65 PAA-HCI
® 60_PAA-HCI A50_PAA-HCI
30_PAA-HCI m10_PAA-HCI

40

45 50 55

Porosity (%)

60

65

X]2 PAA-HCI #7084l & LTIZIRIED R DT v

AR S TER LS AURDOKALE & EMEREORRE RT, TAIT AT —OREEZHNIED LR
FLEERWA U, FEMETREEAEIN LTz, 50 PAA X, KALERDWA & FEMETRE O INZIZZR B3 2o 72,

JEAE R

DEIU7=, 50 PAA-HCLIE, 12%FREDOKILEOWA & 65MPa £ TIEMEIRE M LTZ, 2 b OfER X
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0. PAAHCI (X, 7V F ATV —DRBICE TH -T2, Zhix, PAAHCI ZFM L7 AT U —0 pH 8
a4 LBMETHDTD, BEITHELTWATAI TR TF A UMERY ~—0 PAAHCI &3 LT, miktEn
MLl ERESEM LIz EEZ NS, —H T, AUITFA MR ~—0 PAA ZIRMLIZA T
U—@® pH T 10 THHI=D, AICHEEBE LT AV I TN, AF AR ~—>0 PAA ZEENSI 1L D+
EBEEERT LD, 10wt%E 30wt%DHEE Tk PAA-HCI ZHN L7227 U — L [ARRIC, KALRDOWAD 72
SN EMEIREOHIMMNE LB BND, LML, 50 PAA TiE 7V FRifA %5 & &8 ChREEN L
. AMFLIZAZ U —=DERE T, [ALROREITRE L 2o RIS, U bkoZ b, T F
AF V=D HANZIL PAAHCI N b L CWAH Z E A2 HhE LT,

X 2 121%, PAAHCl 08 & LTHW, TIAIFT AT —DRER2EZTHRA N a2 %177
B OGALR & EMERE ORRE T, 10 ~60wt% DT /LI F AT ) — 2GR SR E T, BED
HIMTAE > TRALR O B OVEAETREE O MABLIH 41, 60 PAA-HCI Tl 15%F2EE DO KFLFE DA
& 65MPa 2 O EMEIRE OINN A STz, — 5T, 60wt%ll EOBEEIZT 5 & KALR L JEHERE O
NI ST, 75%D AT V) —TIENER~DRLF DR BB S 3, AR ERE LIETL
7o TNHDOZ LMD, TAIFT AT Y —OREIT 65wt%LL T2 kil T - 72,

2. 2 RF)—EBREOBRYRLIZLS=ZRHBITEEDEL
N o H =T =y MRS REREZ VT, 16.8 -
mm X 4.7 mm X 1.6 mm OFHCRFE 215 L7z, 1600°CT ‘
S I RIERK L. 2.5°C/min G 1000°C % CRER L T4k L7, éﬁ{]ﬁﬂ—
PAA-HCl Z55#F & L CTHW, T T ORELZEZ - AT : 4§7| )
V=% L7, A7V —DOFREHEEHNDAZT Y —DR e e
a4 52 & T, ﬁ?LKODﬁ%'Hﬁl]itU“ (RO RFPE D 1) - 3 EIRI A kOS2t A >
EfTod0z, oo B3 ISRT LIS, HIRIGILZZRTE oy FoR - x il 127 DT — LDk
A Lf:%?LMW)%WE’J%@P@EUﬂ WZOWTHhRRFE L7z, 18 - y i)
= MANTRROM R, PR L KALRICIE, Balsin
#E U738 2 o=go(1-P) & B—ERR B, © T, I
o VX HTHRIE oo (X KO T HRIE P IZRILRTH B, ® y+ﬂ i ts
FRNT OFER. 00 1% 426MPa, n 1% 2.71 ThHo7=, =SS 22 M+LfF et

FREE 1L, RALED 73% TIE SMPa fREECTH Y, AT U —%
G S DITHEV, RAILEED 40% THT TR 1THI 100MPa
F M b U, F7-. FRITAC X 2 B3R EE oo J 51
PREHAIE TN, ST R IR ILRICIEE L TV D o oy,

LEALMNE LT, W“ﬂ@

[ 412 &FLER & = AR RER T & 2 MR AR, L I T S e
IS BH LN ERBY | KILROBDITHE, HIT R _ e e
PESRIZ ARSI | LTS = 2 s, [ERgog 4 ST ORI 2 AR B
BTV 7 1T K DB TR EE O RGN HE ST D s
WA, ZRETRE IR T2 2P0 e
L7,

B 5%, A7V —25iRSE, K[ILEDN 40%F~RED
BRI D SEM B2 3, AT U —FRICE - TH,
AUBHHEIL, K 13%REDZIL L)W, FiRSH
TN FF R SO HEREI L=t E 2 D
N5, Fi=. BIUKICIT AL v 2 — kbfﬁﬁb\f_ﬁk«lﬁ(”/\ X5 AT VU—%hGRIE TR LIZZIK
T X AR 100pm B D FLAVELE S 78, DR iE OIS
J— a&&i@ﬁﬁﬁ&mbfméﬁ%ﬁﬁﬂéﬂto;®io . MR & BAEICHIBI T % 3DP
DRALZE Z HIET 5 LIS ibxﬁﬁéiﬁﬂ%mmmm#%ﬁéﬂéo

Bending modulus (GPa)
b3
<
L
)
n
%
Ry
A

100pum =——

3. ZEXM
1. Sachs E, Cima M, Williams P, Brancazio D, Cornie J; J. Manuf. Sci. Eng. Trans. ASME 114, 481-488 (1992).
2. Balshin M; Dokl Akad Nauk SSSR. 67 No.5, 831-834 (1949).
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FORERERRS BB T2 OMgile
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Mechanical Properties Enhancement of the Au-Cu-Al Alloys via Phase Constitution Manipulation
by OAkira Umise, Wan-Ting Chiu, Masaki Tahara, Hideki Hosoda, Kenji Goto, Hiroyasu Kanetaka and
Takao Hanawa

1. HARE®

AuCuAl &1L, MEFOEAY & mWEREEEND, 2
i iR ERE O HIRICB P ITON TETZAE&TH D
[1,2]. F£72, Au O X REILHZEZELAEIT, X BiEY
PEREWNTZ®, EREROFARTOMHANHH{TE 5.
Fig.1(Z Levey HIT XV #E 472 723K 1281F % AuCuAl
LR OERIKEX %R T[3]. AuCuAl &41%, Au, Cu
Z % G tEIC BV TCHELALST (fee) fiibfEE Dol
FEREND. ZDZ EnD, fecc TELXZRERERDLEDLZ L
T - EHT )y boE—4A4 (MEASPHEA) (23684 5 alfE
M2 H 5. AuCuAl 5415 2 J6% Au-Cu 54T fee fEdmE  Figl 773K ICBIT 5 Au-Cu-Al 540 —ItH
EERFDO Al ZEALTWVWDHEEZEXD ENTE, IRRE[3]
Au-Cu-Al =JcRiL, BB RELZ AT 5 MEA X
HEA ZEBLT 57O Tt s L ThEDSIT A Z &
NTEDH. Au-Cu-Al &%= FEANT H720I121E, fec afl
DFREECHENE 72 & O R 2 E &85 Z L EE
ThoH. £, F MHOEIMCIY, FriE ks L0/ £
ToIX A LI L0, BB OBAITREE 238 B35 Z L 1%
r<mounTtnsg. £72, Au-Cu-Al ZOEGME< LT
A MH (Doubled B19 #1&) 1%, AEHIAMNRIS 123000
Hl,wNNT YA NOREEERER T ENTEH4)].
BENERTDHE, ~ VT oA NOFESNZ LV s Ti1E
HERI SN, AE0 7 T v 7 BAENIH S, WEER
IZR Y BEDIEMEDNEINT 2 /R & 5. Z DIEMDM) (3 _
IEOREEFAE M (TWIP) iR & LTHmbh TRy, & Fig2 JCEEAMGEEIT (a) 57Au31Cu12Al,
CTHLROLNDBLTHDH[5]. £7=, Doubled BI9 < /LT
VYA MIERALOBE)DOREE & 72 5728, [T 7e A~ —
oM TR 234 5 2 L2 K D 5RE m B3I S
nN5. 2T, KFETIE, Au & Cu OMEHIEICE Y,
Au-Cu-Al 54D fec affiZ Doubled B19 <~ /L7 > %A ~H
EAT D X HMMIEEom LA HBE Lz,

(b) 55Au33Cu12Al, (c) 47Aud1Cul2Al, (d)
44Au44Cul2Al SEM5-E (e) 57Au31Cul2Al,
(f) 44AuddCul2Al

2. IR

2. 1 f8#% - 1B

T73KIT I D Au-Cu-Al G FRAFA F O o+BiEk 2 25 1257Au31Cul2Al, 55Au33Cul2Al,
47Aud1Cul2Al, 44Aud4dCul2Al(at.%)DE4%ER LT, Fig2 a~dlrnd X 912, MEBIZIIOMIZ L -
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TAT 272, TN TOOMENE TRESRRLA SRR ICHER TE 72720, Bl ORI 2 U R EIZ LY
B U7z, EEIRIEIE, (a) 57Au31Cul2Al (b) 55Au33Cul2Al, (c) 47Au41Cul2Al, (d) 44Aud4Cul2Al &4
TENEI 59,15, 17, 19um TH > 72. XRDIZ K HH[EEDFER, 57Au31Cul2Al, 55Au33Cul2AlidatA
HATH Y, 47Aud1Cul2Al, 44Aud4Cul2AliZofd & Doubled B19 ~ /L7 A MO FIFETH - 72
Z & D) 57AU3ICUI2Al A4 D LLIRAY K X 70k 1%, Doubled B19 ~ /L7 A MEDBFIEL RN D
LizkaeB20Nn5. £, Fig2a-dDTXTOAEOOMMBIZEBNT,  fecEMN R DFIENBIEL X
Uiz, fecBEBIN G 2 BAMEIC T 5 7212, 57Au31Cul2Al & 44Aud4Cul2A154:DOSEM B % Ji K L, Fig.2
e, fIZART . feckEli B DIFEIE, feckl DOFEE KT /L ¥ —(SFE)AMEWATREMEZ 7R L TV D, fecki
PIAB ORI, BIRRBR I FH TR0 25 S 2T & PRINS. BEMSBEE LR WS, Bt
PO THEN OUHEZ S E L 29720, fee-tHAAITE VRO ZRT L PHEEINS.

2. 2 HHHIHEE
Fig3 %, 293K (£3K) THT o 72 GIERGABROIG J) -2 2 oo T s7AusICUI2AL T Ty S5AuIsCuI2Al

MTH5D. Figd T, TXTORBD-EOMLELHRE 2o gaol
ALTWD. ZHUFTRTOREIO OM BL O SEM BTl i ( *W {,—‘

2 AT fee BEBIRLAHIZ X 2 iR W B OFEICE > TH
2O NN S D, F72, (a) 5TAu31Cul2Al &4:01% e TANIGHIA Jod TS
SERPRIE N LI R X W =9, (b) 55Au33Cul2Al &4t £l ﬁ/"l

0 5 15 20 25 30 o s 0 15 W
Strain (%) Strain (%)
0

SRS T PEN T L RS-, 4TAuAICUI2Al B840 )

o

56, 44Aud4dCul2Al 54 LV 4 Doubled B19~ /L7 > A
FMADIKFES RN KR E WD, 7T b —DEIITHRBEITK
Lo T WD . F 7, () 47AudlCul2Al & (d)
44Au44Cul2Al B4l fec BESHM A & Doubled B19~ /L7
YA MADOE TN B2 5720, 77 b—OOT L fec
BEPI AT K 5 HE Y, 38X Doubled BI9< /LT o 700

Si (MPa)
FEEEE
BX

Fig.3 293K (£3K) 28 DI /1-09 7 i
#(a) 57Au31Cul2Al, (b) 55Au33Cul2Al, (c)
47Au41Cul2Al, (d) 44Aud4Cul2Al

A MEDH DT A FEESID 2 S0 8RR DT 600 1 47AuIC2Al
BWOMBEDRIC L DR THIAEMENEZ HILD. Lk s PASNAL 7 Optimized

a + M phases

DFEFRMND, (¢) 47Au41Cul2Al B LY (d) 44Aud4Cul2Al %400 (P g e
HAA T, ME L MOOm G B L. BEBAEE OBE = 300 - STAUICUIZAL

I ONNTT D701, IO A0 E LT UTS 27 _ ‘ , | ,
2y ML7Zb D% Figd 2T, affE—D &4 ((a) 5 00 b, B
57Au31Cul2Al, (b) 55Au33Cul2Al) iXafH & Doubled BI9~/L o B
FLY A MAOTE F 2T 584 ((©) 47TAudlCul2Al, (d) Figd HEEO UTS LRETOT 2 0Btk
44Aud44Cul2Al) & HEANTHBAEWIEO T A TH DL Z &

WoNs. ZOEMEDA X, Doubled BI9~/LT WA MAOEESNICERNT S EEZOND. <L
T A NERBOAFAEIZ LY, (c) 47Aud1Cul2Al G4, TS LT, ZOMIEDT X TOHREDOH
THOEVHREREZR L TWA. Figd ORENE, &E & GEHOZ I S - RkEbae2 R LT
W5, ZDOZ END, Au-Cu-Al % fec oA DTRE & HTONE, Doubled B9~ /L7 LA MMEDIE AIZ
IVEGESNDSZENHLNE T,

e

AIFGEDO—EBIL, SCRHEFEE - EBRAEEAMERT A 74 7 X—a <7 U 7 VAILRRGE T 1
s b, FEWRTL G474 _X—2 a3 AT AAIRT 2 Y =7 N, ISPS B EMFZEE B4
(18K 13655, 20K20644) D X 4EIZ L 5.

235 Uik
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Preparation of gadolinium borate nanoparticles for neutron capture therapy
by Keita MIKAMI, Hiroyasu KANETAKA, Maiko FURUYA, Kotone YOKOTA, Yoshifumi SAIJO,
Taishi YOKOI, OMasakazu KAWASHITA

1. IXEWN

WA D FEHRIAITR L LT, A U ERMEFRIEEBNCT)RN R Y =7 AP RE(GINCT) 23 A
SINTWD, ARUFRB)EA RY =7 A(GA)EILITET, 50~200 nm F2E D/ Kif-1X, enhanced permeability
and retention (EPR)ZNF(Z K - CTHEBICHER L 'L BNCT & GINCT % [FIFFICER T 5 LW s s, 7=,
Gd 21T ILB E (MR DIEFH & L COMEENR S 5720, BER~D[RT /R OFERE MRI X - Tk
WCELHEEMELRDH D, ZNFETICAVET FY =T A(GIBO:)—~v 7 R ¥ A MF/ ars Ry h2EDfE~
OMERIRET ST E 72, R ° TiX, GdBOs 7/ Ki1-OKEAG Rk A A, £ OffiEds K Ot % 5
~D,

2. HAERAE
2. 1 FROBHARIZDLF/HFOERE & UVEERENT

AL R Y =7 DOKEHRIZKERE T b U O LKEIREIMZ 5 Z L2k, £0 pH % 10 I[ZHHEE LAk
A), —Ji. FUBEHBO:) KEHRIZA Y =F L > 7 ) 22— )U(PEG) & AR S W 7-(R1E B), I A IZIAK B %
MMz, R L7212, 220°C T 24 REEIKEVLER L, BUBK(T > 7 V4 w/ PEG) & ER L 7o, AU TR 2 EFUiKL
H R A A 7B - BRI BE (FE-SEM) 35 L DN i 1Y
B TMENTEM)IC L v BlE2 L, Bt ok
A AR XBREHTEXRD)IC LV i~ 7-, & o o Ga50
&L LT, PEG & 72\ HiBO; KIRIE % 7" Gd(OH),
AW TER L 7230 > 7 v 44 wio PEG)
DR BT,

Fig. 1a (238> XRD /X% —> Fig. 1b (Z
#ED FE-SEM G H /TEM TEZZZh
7’9, w/ PEG @ XRD /3% — > L TEM
BHE)G,EIT c #lifdm L7z GABOs 672 5
£ 5880 nm, TEFKI20nm D7 L— 7 RDF
DRiANBEOND Z ENghoT-, —J7. wlo
PEG Ti&. EAK 20 pm O H#ARR GdBOs i
FOBERAAER L. GABOs O ¢ Bl E 5, 10
SR oT, Tk Y PEG 28 ¢ filllc Al
L7 GdBOs OfffhkE 2 L, GdBOs ki Fig. 1  #Blo XRD /3% —(a). 3L NFE-SEM 5K~
T ORELZIRKBSEDLZENRHLNE 2o TEM H-E(b)

776

Intensity/ a. u.

x1/10 e v o (1K ]

26(CuKa)/°

2. 2 RIEBERARYZDLF/ATFOMBEESME

w/ PEG % 3, 30 & 5\ E 300 pg-mL! F ek C v N EHTE RN B HIR(HUVEC) &2 553 L, w/ PEG @i
5 1~3 BEOMIEEENR L OHIfAEFR L2 T2 DNA IBERIERS K OMTT 7 v A1 X DRkl L7z,
51T, w/PEG 7 HLEFHICEA M U7z Gd DR E A & B FEAE G 7 7 A< RBIEEIC K IE L,

Fig. 2a (2 % DJEJE D w/ PEG % & ek i CHs3% L 72 HUVEC @ DNA J2 | Fig. 2b (CHif/EfFR 42 22
AT, w/ PEG JREEAS 300 pg-mL™! OBE IR, 3B I L 72 WGGA 2~ T, HUVEC OEFHA M S 41,

p-87



!‘g s ﬁﬁj’%’%‘é?ﬁ%% — ResearchiresUHICROI

Research result

EX3
T —
*

T

o
—_

DNA concentration / ng-uL-"
j£|
Cell viability / % vs control

o

day 1 day 2 day 3 day 1 day 2 day 3
0 pg-mL-"®3 ug-mL-" ®30 pg-mL-" = 300 pg-mL-" ® 0 pg-mL-" (control) =3 pg-mL~" m 30 pg-mL~" =300 pg-mL-"

Fig.2  Fix OIRED w/ PEG % & {eh5 i TH:3E L 72 HUVEC @ DNA JEFE (a)3 L US4 17 - (b)

ZDEFRGBIET L2238, w/PEG B 30 pgmL ' DAL, HIRAFERITET Lzb oo, b 3m
il S 72 oTo, Flo, w/ PEGIREEDS 3 pg'mL! OFFE X, AIRRHEAN TG ST, MIRAFERBIKT Lk
Moiz, EBHIZ, Fig b2 XAUE, w/PEGEEZ 300 pgmL' TH, =2 b r—/LiZxk LT 80%LL il
EIFRPHRB S NI, BEH R Y =7 A(Gd203) T/ ki O EMEIC B9 5 Hemmer & OIS 412 i,
G203 7/ KL DYREN 50 pg-mL™ ORHTHIFLALFZD 60%LL TR T35, AWFFEOZMH:1X Hemmer © D
Mrenzin L &< [ U TiEARWAS, GdBOs: T/ KO/l EM L Gd0s F / ki F-OZ L L D HAKVATREME A
H5, F7-. 1SO 10993-5:2009 Ti. FALAETTFEN 70%LL FORFCHIREERNH D L SN TNDHZ Lk,
ARFFEIC L 015 BT GABOs T/ K13 EA el e 2 R S e n e B2 b b,

GdBO3 T/ R+ B EEHIC IR L7z Gd DK % Fig. 31277, 1 HHDHWE 2 HOEEBHOWFHICE

WT i, GABO3 T/ RO ENHERT DI O TR O Gd MK L7-, 300 ug'mL~' ¢ GdBOs ./
K- B REHICERH L2 Gd OFEEE(~2 pmol- L)L, 100 pg-mL! OZ(bEkT / Kiv-m ORISR L=k
ZHU50-80 umol- L)’ LV £ 3 L <KD 7223,
GdBO:; F/ Ki -7 BIRH L7= Gd 7% DNA JBES 25
A ERICEE S ME LR RN S 5, — 7.
F X =T (TiO2)F /R IE TiO~ A 7 2k L D
LN LAY 0 2 o i /AN W 3= g i Y oA !
JUIZEVAEND 4T tE2BND, LLEXY,
GdBO3 7/ R 7 300 pg-mL' CH 54172 DNA
IR & IR A=A OAK T (Fig. 2)IZ. GdBOs F /L
FNDEA~D Gd OB L b5 IE = oxt0> [ | |1
GdBOs F / Hi 10 HUVEC ~DEL V) JAZAC L 5 7] day 1 day 2
BEVER B B, S, HEHESEMGER TEM 40 & ToremEEe e

Y . GdBOs F / Ki{-® HUVEC ~DH V) iAz %7  Fig.3  Flix ORED GdBOs T/ K2 b HHIIC
RAEVENRG B, WH LT Gd OgfE

N
o

-
o

-
o

o
w»

Gd ion concentrations / pmol-L-"

o
o

3. ZEXH

(1) J. Fang et al., The EPR effect: Unique features of tumor blood vessels for drug delivery, factors involved, and
limitations and augmentation of the effect, Adv. Drug Deliv. Rev., 63, 136151 (2011).

(2) O. Icten et al., Gadolinium borate and iron oxide bioconjugates: Nanocomposites of next generation with
multifunctional applications, Mater. Sci. Eng. C, 92, 317-328 (2018).

(3) K. Mikami et al., Hydrothermal synthesis and preliminary cytotoxicity assessment of gadolinium borate
nanoparticles for neutron capture therapy, J. Nanopart. Res., 23, 201 (2021).

(4) E. Hemmer et al., Cytotoxic aspects of gadolinium oxide nanostructures for up-conversion and NIR bioimaging,
Acta Biomater., 9, 47344743 (2013).

(5) M. Shibata et al., Cytotoxicity evaluation of iron nitride nanoparticles for biomedical applications, J. Biomed.
Mater. Res., 109, 1784-1791 (2021).

(6) H. L. Karlsson et al., Size-dependent toxicity of metal oxide particles - a comparison between nano- and
micrometer size, Toxicol. Lett., 188, 112—118 (2009).
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OV S - ERRRERATEL Y B
VBN DILT ) LOBRICEASNIZNWIILVRVERA 4 > DILIKEE
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Steric structures of dicarboxylate ions incorporated into interlayers of octacalcium phosphate
by OTaishi YOKOI and Masakazu KAWASHITA

1. BAREHN

U BRI\ F v 2 (OCP, Cas(HPO4)2(POs)s SH20) (X7 /3% A Ng L AKFE»FEE L7z ikiiE 2 £ b |
FOEHIDOY U FEKFEA T B TIVIR A T B TESL BRI VR A TN EAS D
&, OCP O(100)mE[FFE (dio) 1TKREL 725, M BIX, a7 EE7: EORENIGEY 71 VR %8 A L7z OCP
T, dio iR ANVR RO FHECHAIT 2 2 L2 RHE L2 2t BREICEASNTZY IR
B EHEHEDY OCP @ a #HZ AT TH D Z LITEKFT 5, ZHIZESNTE XD &, EHEENFRIC L
RNUBEEZEALT OCP @ din FHELL2DIXTTHD, LnLenn, anyEFHEERO ATV any g,
TANRG XU, Vo ARBIOANDE T b a sy (4

FHEEZ Fig. 11T~ d) Z85AL7Z OCP D diglE=a 2 OH o OH . OH .

W28 A L7 OCP DZFH L IFH TR HH, ZOMAIC O%VAgi o Y

PUTHIIBINC ST L = VAN %?}b:/\ggﬁ 71/(5;‘/@%
Z 2 TARBFE T, BRI T e —FIc k5T o

N RHEREEA LT OCP OBRICHIT S ZhbDy OH . oH ]
BV RO SR B AEE T B IR OMNL FR LT, O%Efﬁ Y

SIS L FEEILAL, OCP ISRASIET b7 UUSEE ALAT RN

VR B O SLARKE & DOHEE 27k A 72, . .
Fig.1 YLK VB D Sy s

2. HAERAE

2. 1 SHILRUEEDH A X & 0CP 0 (100) EREIFRDBEIZEDEH

AL TIE Y HNVR RO VAR X VIO IRBR O 01 A XeRETH72A—4% () L LT,
L 135 OIS REb 21T > 7o TR Uiz, MEREbiciT & b5 5 Y 7 & (Firefly(PC GAMESS)
ver.8.2.0) &, WEEE(LEHE O ST B3LYP/6-31 T&H 5, OCP OfEfTICI T 5 LR BED -+
BLE IRTZH G072 o TWRWZ 8 AWFZE TIEKARHIZ 31T 2 B2 7 V7R o i ORGIE I EE DUV TRE
HARIOEmezEDL L LT,

FEIR DO S O 2SS & AR EBOESERED OCP @ a #ilZ AT THH EIRE L THIH L
dioo & LIEOBMRIZIRO X TERMIR I ND Z & 03500

-7, (a) (b) ()
d100=0.9355 X L+17.669 (A)  ...(1)

(HRUT L EERATIUE, 2OV INVR U EEEEAN LT
OCP @ dioo Z 7t TE %, Fig. 1 DY W IViR R OREEIC
I, VAR R R OB BN oS (LU, 2 )
Lo VR FVERI LB LS (LR, o) 2R O

% (Fig.2), £Z T, ZTRNENOSEMEEIC OV T LEE ="

FHR U7, LIE SR L7z dio (dioo(cal))) & dioo D FEHR Ryt i gt Sk
i (dioo(exp.)) & D% Adwo (= dioo(exp.) —dioo(cal.)) & Fig. 2 AREFFETRHEAG L Lo a7 ihH
LT, diolexp) & LTHARD OME S 27z, & ROSLEREIE. (VRS 2 IR L3R 7o
BT LA 5 Adioo DEIE (Adwoo/L) % 38 Uiz, Adwo/L  ED z BLE (b) 1V AR =0 R F 2008 L 7oAk
. A RIS A (100) i BIR O EB il & 3 e EO AL (DT HFORF/FOMEEZRLT
EOEIGZRLTEY, ZOMEM 0 ISEWIEEZoRER  BY, @QBLUOILLNLIL A-B-C-D BLD
RECThHAHZ L EEMMRL TS, ZOEERICE A-B-C-D BRI FrWNICFIET D LIk
SWT, Fig. 1R a7 BaFikn z e c Mo Lt ETHETS.
HOMETEBIZEASI N TWDE 0 EHE LT,

o
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2. 2 OCPOEBREIZET2aNIBEERDIAEBEDHETE

FHEFERE Table 1 ICE D TRT, E LT RXRTOVHARVERIZONWT 2RO LIEIZ c AL kX
< HHEDFEL0.6~08A Thol-, INTRRIZBWN ULz RO LN c IV & 0 12TV Adioo/L % 52 72,
LD, anTEEIXOCP DERICEWT s ilffiEE L > TWnD EEX LD, ZONARREEIEL, PE 52N
BELICEMICBIT b ansBotiEs —B L TWD, AFLanyBogalzid, ¢ Mokn o 1Zian
Ad/LEZ 52T, ZOZ b, AFanyigid, OCP DEMIZHENT c EELZ L > TnD EHEES
N5, TANRTE UL U Vv TBRICOWTAdo/L B 0 IZT - =Dk, z e c BThoTz, —
Ji. ANAT N anyBoOBGA. Adioo/L EIE z 08 —73% T, c AR +145% CThHh o7, zBE cBDOEL L
Adioo/LED 0 DAL MDD T I )VAR VBRI TREWNWI D, AT FhanygRiFERics T
L cBINIFL TS, HDHNE, 2B c RPN O EZ E > TnD EBEZLND,

Table 1.z & c DI IIVAR U FED LK & Adioo/L DEF LRSS

T NVR R NEARHE LfE (A) Adroo/L (%)
SV z % 3.86 +3.0
cfl 3.31 +19.3
AF)Lany R z 3.83 —172
cfil 3.22 —2.4
T AT X R z %l 3.91 —0.9
cfil 3.09 +18.9
=7} z %l 3.91 —135
cfil 3.28 +1.8
AT T Ay g z 7l 3.86 —173
c Al 3.08 +14.5

2. 3 0CPOEMIZHEITST EZHILKRUEBEDILIAEEDHTE
OCP |ZHEAFIRE/R W VAR R L LTY VR VIR #E ST T ISR B
XN Tk O T N—T"TiE 1,245-XVB T N T VR U
DB LT 4, & 2T, Sk k% VT OCP Dz k ]
BRI VIR B DSTARKE S OHEE 23T, [RA VAR VBRI A X KFOE

VL AE L RTITHIST D 3O LIERH Y . ZFiEi 3.25,4.89 OH
BLW 587 A Thotz, /o, RANKREBEEEANLZ OCP O HO

dioo(exp )L 229 A Tho7o, TNHDOFERNS Fig. 31T LI o A
R B IVR ERIT S TNLD VR F TN a B TEATICR D X 91T 0 9
OCP DIz EA SNz EE X LD,

U

HHEE - ARRFICITERS « EHE A Ly — A ) _— g URbEkAI Fig3 OCP OJERICEA SN 1,2,4,5-
H7a =2 NpbONT JSPS BHFEY JP20H05181 OBk A5 1F7- Ny BT T VAR X
HOTT,

3. ZEXR

(1) T.Yokoi, J.Nakamura and C.Ohtsuki, Incorporation behavior and biomedical applications of
inorganic—layered compounds, in Bioceramics from macro to nanoscale, Ed. by A. Osaka and R. Narayan,
Elsevier, pp.139 (2020).

(2) H. Monma and M. Goto, Complexes of apatitic layered compound Cas(HPO,) 5 (PO,) 4-5H,0 with dicarboxylates,
J. Inclusion Phenom., 2, 127 (1984).

(3) S.Aoki, K.Sakamoto, S.Yamaguchi and A.Nakahira, Synthesis of octacalcium phosphate containing
dicarboxylic acids and effects of the side groups on the crystal growth of octacalcium phosphate,
J. Ceram. Soc. Jpn., 108, 909 (2000).

(4) T.Yokoi, T.Goto, M.Hara, T.Sekino, T.Seki, M.Kamitakahara, C.Ohtsuki, S.Kitaoka, S.Takahashi and
M. Kawashita, Incorporation of tetracarboxylate ions into octacalcium phosphate for the

development of next—generation biofriendly materials, Commun.Chem., 4, 4 (2021).

P-90



ﬁﬁ'ﬁ‘:‘ﬁ%ﬁ%?ﬁ%% — ﬂeseorc‘h\result report - —

YU L AT - RGBS B

Promotion of osteoconductivity of titanium surface with microstructure controlling and
topography patterning using femtosecond laser processing

FORERERRS: AR T OB Mh. MEmERA. 5 FBER

KRB R B FEAT MIFELAT, PP, ekl . BOHER
fit] |1 7K HE

by OPeng Chen, Naoki Shinohara, Keisuke Takenaka, Togo Shinonaga,
Yuji Sato, Masahiro Tsukamoto, Maki Ashida and Takao Hanawa

1. Research Object

Approximately 80% of the implant devices used in dental and reconstructive surgeries is made of metals;
however they are bio inert. Therefore, surface modification of metals is necessary to render them suitable for
clinical applications. Among different attempts, surface with controllable micron or nanoscale architecture by
nanotechnology processing are considered to be promising methods. In our previous reports, it was
demonstrated that the titanium (Ti) with controlled periodical nanoscale surface structure promoted the
alignment of preosteoblast and followed an accelerated osteogenic differentiation and calcification of pre-
osteoblasts [1-2]. Herein, in order to confirm this promotion of osteoconductivity of controlled microstructure
on cellular responses, a mouse preosteoblast (MC3T3-E1) were employed to investigate the cellular
calcification to titanium (Ti) surfaces with another two designed topographies patterns fabricated by
femtosecond laser.

2. Experimental Results
2.1 Fabrication of micron/nano hierarchical grooves on Ti specimen

Ti specimens with mirror-polished surface (grade 2) was scanned with a femtosecond laser. The
conditions of laser irradiation were optimized to form periodic nano-scaled structures on mTi surface [1]:
sapphire laser system, which had a wavelength, repetition rate, and pulse width of 800 nm, 1 kHz, and 150
fs, respectively. As a result, Ti surfaces with micron grooves with periodic nano-ripples were fabricated
simultaneously. The surface morphology of Ti specimen with micron/nano hierarchical grooves structure after
laser scanning was detected by laser microscopy and showed in Figure 1. In addition, a clear nano-ripples
with 600 nm periodic interval was observed by SEM (not shown). Moreover, there was no significant
difference of surface compositions and chemical states among Ti specimens with and without laser
irradiation (XPS results were not shown here).

A e o e e Y Xk A
Figure 1. Images Ti surface with and without laser processing observed by laser microscopy: (left) the

three dimensional image and (right) plane figure of the region after femtosecond laser scanning.
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2.2 Fabrication of patterned surface groove topography on Ti specimen

Two designed Ti surfaces with patterned grooves topographies were fabricated as showed in Figure 2,
where the potential effects of the surface topographies patterns on cellular calcification was investigated. At
the same time, Ti specimen with full-surface scanned (fTi) and specimen without laser scanning (mTi) was
also tested as positive control and negative control, respectively.

IEEEEEEEN

Figure 2. Optical photos of Ti specimens with two designed topography patterns.

2.3 Promotion of cellular calcification to Ti with patterned surface groove topography

To evaluate the osteoconductivity of Ti specimen with patterned surface groove topographies, the
calcification of MC3T3-E1 cultured on Ti with and without patterned topographies was evaluated. The
calcified deposits in the cellular matrix of osteoblasts were stained with alizarin red s after 21-day induction
(Fig. 3). The calcified deposits formed on all Ti specimens. Especially, the entire surface of Ti with surface
groove topography was stained, which indicated a superior osteoconductivity comparing with the regen
without surface grooves as showed in Figure 3a. Our results indicated that the patterned surface groove
topography promoted calcification in vitro.

3 4 e

Fiue 3. Optical photos of calcification of MC3T3-E1 Ti secimes with and without patérne
topographies: (a) mTi; (b) and (c) Ti specimens with patterned surface groove topographies; (d) fTi. The
calcified deposits were appeared a crimson color.

Based on our current results, it indicated that, compared with Ti without surface morphology, Ti substrates
with full surface groove topography or patterned surface groove topography promoted cellular calcification. In
the future, the quantitative analysis of cellular calcification properties to the different patterned topographies
is necessary. Our studying is expected to provide a basis for designing novel biomaterial—cell interfaces to
improve the osteoconductivity of metallic biomaterials for medical and dental implants.
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Initial formation kinetics of calcium phosphate formation on titanium surface
by OTakao HANAWA, Akari HIJI, Peng CHEN, Maki ASHIDA, Masaya SHIMABUKURO and kunio
ISHIKAWA
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Characterization of adsorption behavior of calcium and phosphate ions by rutile using XPS
by OTakao HANAWA, Akari HIJI, Taishi YOKOI, Peng CHEN, Maki ASHIDA, Masakazu KAWASHITA
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Local Injection of Hydroxyapatite Electret Ameliorated Infarct Size after Myocardial Infarction
by OJunji YAMAGUCHI, Tetsuo SASANO, Risako CHIBA, Hiroaki KOMURO, Kensuke IHARA,
Kosuke NOZAKI, Akiko NAGALI, Tetsushi FURUKAWA and Tetsuo SASANO
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b GPCR D% Tl HAE BEITAML 0> 2 B & Ll LT Vegf. Icaml,
i ! V(nu"'nl HAN HAE 5 ! Control HAN HAE Vcaml N Hifl a\ Cxcllz Oj%fﬁli}\i /:éz: c:r%«l_‘ﬁ)o 7‘: (Fig'4) o
Fig.4 qPCR
A. —HAE-Cont.IgG
3. 2 VEGFFAEHIC& % HAE DMEDREE P
HAE-DC101 ##, HAE-Cont.IgG #f. Control-DC101 #£IZ 050 .
B TRERD LFEEZEERAT & HAE F 72 i3HK 0L ER
ATV, AR AR L7, 2 W% OEFRIT HAE- @ 040 e
DC101 #£ T 40%, Control-DC101 #£ T 30%. HAE-Cont.IgG 020

Log rank p=0.16

BET70%E AR D - 7223 DCI01 285 L7 2 00 S
THAFFEMENMER 2 A H 7 (Fig.5A), HAE-Cont.IgG Days
BT HAE B & BRI o T2, B. er o L anterior wall
0> 21— (Fig.5B) TI%.DC101 ##5 L 7= HAE-DC101 O e o (ke
Bf L Control-DC101 #£T HAE-Cont.IgG #f & bl L CH S0 : v
BICERHERMES  (22.250.6,17.3£2.1,47.5523%, | ‘ o
p<0.001 by ANOVA) , ZEEIHRARBIEN K (5.3 | 1 . : H 02 ﬂ l
0.30, 5.71£0.37, 3.80=20.08mm, p<0.001 by ANOVA) , 7 R e s
SEATBEREJZ 23Dy - 72 (0.37+0.02, 0.3240.02, 0.57+ SFE FTFHE ST
0.04mm, p=0.001 by ANOVA), ZH5HDFERIT Tukey D | & ¢ & ¥ & T
% ¥ LR E © HAE-Cont.IgG #£1% DC101 4% 5- L 7= 2 Fig.5 VEGF PHESEFBR
BEEAEICEN LN, DCI01 25 L= 2 D
MICITAEZEFA OGN 5Tz,
VEGFA 3. 3 Et FMERNKRMIEH%KTO VEGFA IR
EEE— b MM PR HIIRE T & D EAhy926 MlE A V- 2B T,

VEGFA D83 HAE 851 CREMKAFANC A L, MkES
BE - [FRE O HAN 858 L CTHREICE > = (Fig6),
4 58
HAE (X VEGF ¥ 7' F /L&A L7 MUE BT AN BT K - TLAE
FEFIR A D S, DHREZ RS D Z LN 0T,
5 3@k
1. Yamaguchi J, et al. Circ Rep. 2021; advanced online publication.
2. Nagai A, et al. Life Sci 2008; 82: 1162-1168.

Relative gene expression to Gapdh
~

Fig.6 VEGFA ¥ 51 &
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SYBE S - EHRRE AT
= X #REFME L KRB Z R DB AEIER Sr.Cel, £ 4 > D& K & YTEETHE

FORER R RS B 2 8 OF R AL, FiHUA
R ER R R e i 4E 547 Kunlanun Dumrongvute, JI1JSfHZ, BlLHipE ST

Synthesis and estimation of hydraulic Sr,CeO, endodontic cement with high radiopacity
by OMotohiro UO, Takahiro WADA, Kunlanun DUMRONGVUTE, Nobuyuki KAWASHIMA
and Takashi OKIJI

1. HIEBEM

AN MRBOWAFIEHEA L ME LT, EEFLIEIT VI VA br T 7 A (SALOs, LLF
S3A) ZBR¥E « FEf L7-, S3A 1T X BUEEAIZ TINS5 Z &7 BEOTHIENREHA E A hTHhD MTA
(Mixed Trixide Aggregate)z A > b &[S DOWERNEZ /R U722y, [EAEIREE S A HEE LTy Tlidde o
72(1), £ ZTARFETITEY AR Fa T 7 A(SnCe0,, LLT S:Ce) Z#Hi-icam L, ZOmi{bFE
OEME, X BUEEME Y, wNRIEAE A R E L TR LN WOV CEHMEZ 1T - 72,

2 MERE
2. 1 S:ADER R R =
12810+ CeO>
KL A b1 F 7 1 (S(OH)s8H0; B o0
) LEREEE U 7 A (Ce(COs)8H20; BAFRAL) *:SrCOs

ZPTERRKIZ 72 D K D IRA L, 180°C T 2 IFfA]T-#14
BT - IRE L. 800~1200°C T 4 WFRETBEAL
L7z, BEktz OFEr % X BREIPTIC LV FEFRE Lz
FEH (Fig.1) . 1200°CLA_EOBER T S2Ce MEHN D
T EHVHEE LTz,

o7z SoCe ¥yoK 2 I IRk Eb(W/P) THFn L | il
{ERER, FEAESREE, FRTIREIMEIS L O X Mgk
ZFHiE L7=, W/P 1% 0.25~0.5 DRI TE{L &7,

1200°C

Intensity (a.u.)

1000°C

FEff R 3BT A 4mm. 5 S 6mm o AR, 800°C

Fh A FTERAR DE— /L 19T 24 6, 37°C, AR _ 28 (anres)

HE100% CIEEF L TR L7z, “hk HRERBIE  Figl X oo F v Al v U v AGRAM OB
(EZtest, fH T 0.75mm/min) T2kl L7, IREE L RD /3% — > DEIf%

FEEHA B A D L 72 A v B =& F 0.06g % 2
KD T 7 AMNTEe I 1 77 1kg Zdlifar L7212 D,

A NOIED Y WD BRHE L7, 90
5 80 bc 1day H28days

2. 2 EREAE - EXRDT =

Fig 2 [ZIR/KIIC K B IERETR S DAL Z R T £ 69
BN 1 A& OJERITR S 13 W/P=040 T TIHRAK G o @
PO ERE L HITHIL, 040 TRALZRY, B
ZHU LD WP TIHMET Lo, #ifn 28 AT 2 -
PR S ME T L W/P=04 U F T2k 8 % o I
WEECThH T, g 2 %

FHREIEIE Fig3 IoRT L dlc, wep ok 8 10 . %
AN L7228, W/P=0.6 TH ik MTA T 030 035 040 045 050
A b (ProRootMTA, Dentsply) (213 if W/P ratio

R Zo . ¢ 4 Py S
CLets Fig2 Hlik 0 W/P CHEFIL7 SiCe ORI 1 A%, LT

28 H 1% DFEHEim &
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2. 3 X#R&EEH 1000
S:Ce % 0.4~0.5mm JZIZ, KL LT B
Hifli MTA £ A > k% Imm EICBLSE, 20 E 800
X BREEME T L 2L X SRR (MaxiX; £
EFVZ) ZHWT, HEE=T0KV, Eif=TmA, .‘E 600

HRSF O~ 30K =1 50m, FRNIFRT=0.63 12 @
THRE L, TOEEMET LI =Y LAF v T §4m
& TR LR % Figd I, S:Cet o
AV MIZEU EORL O MTA A~ & 200
LRASD X ERMARELCBY, 207 2
VI =7 LAY EIT 9mm &, TR MTA © A > |

0.30 0.35 0.40 0.45 0.50 MTA

DHRI3fE LTz, : .
# 3¢ st WI/P ratio of S:Ce t029)
2. 4 E& Fig.3 fli# @ W/P THffN L7z S2Ce D ARKRHI T EN

AWFFETERR SN2 S2Ce HyRIZ 1 HiEDE

MasREE ASETEI AL L7z SsA I~ TE < | Hilk

MTA & A+ b o | oo = o (3) (b)
Z ERI2EEZ R L, WA ErH D 2 b S2Ce MTA

Nornode, (AL, #fN 28 H &I KRR
EMETLTEY, TR DL EMEIME
Wizh EEZ B, A MO ERZE
R EINDOBRE o7, X BEEMEICS
WTCIZETETHD Ce 2ETeZ &, Ce DI
575 40 keV & R X AR O fig K= R /L ¥ —fF
ITTHY, BH X RO RIVX —[5y % &%)
RCWINTEDHZ D, BmOERIEE R L
bDLEZLND, BITEOTIR MTA €A R T
WLERS TH D CS D X MEEIEIMEN T
b A~ A ZERAIE LT 10%RERMNL T
BY ., ZHUC X DEERTOEE S GRS
NTW5, KIFFED S:Ce 145457 B KD & Fig.3 fliz & W/P THfifn L 7= S:Ce D AHXHREIPE:
W X BRIEEME A FEo B, B C/KFIRE L L,

WL E N LD, MTA © A > FOREASY & LTHA LS ST,

S (o) [ee]

Al thickness equivalent (mm)
N

S2Ce MTA

3. ZEXM

(1) S.Adel, T.Wada, N.Kawashima, A.Abdow, H.Watanabe, T.Kurabayashi, T.Okiji, M.Uo, Preparation and properties
of tristrontium aluminate as an alternative component of mineral trioxide aggregate (MTA) cemen, Dent. Mater. J.
2021, 40, 184-190.

(2) K. Dumrongvute, S. Adel, T. Wada, N. Kawashima, C. Piyachon, H. Watanabe, T. Kurabayashi, T. Okiji, M.Uo,
Distrontium Cerate as a Radiopaque Component of Hydraulic Endodontic Cement. Materials 2022, 15, 284.
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GYRF L NAT - SRR B

BRBERHFEI_T7F/ O— FOBXSBNIEIC L SEHEEL
SRR BHER K FE HR A DFIER OBFIEN, MR, ZFMZ, WX,
S, EARE

REBE TR AR
FORER SRR AERE T8 (2 s
RIRRZFAZ G BRI FET KIFE

The dipole regulation of highly oriented titania nanosheet via the electrical polarization process
by OKosuke Nozaki, Yasuyuki Kowaka, Tomoyuki Mihara, Kimihiro Yamashita, Hiroyuki Miura, Noriyuki
Wakabayashi, Zhenquan Tan, Keiji Itaka, and Satoshi Ohara

1. AREBEH

F & =7 (TiO)ILZ M COR LR ITTIISIZ L 0 Bl - FLEIEH 2538 L, BRSO RHER S EIZB W T
JSHENTWS., FE2=TORGIEMRIZ, GFENTFZ=TRBERm~EE L, BILETKOSCE Y aRESh
RSN, EOEMRIOT- DA RRIWE FIEPRFIETWD. EEMEICEICFIHS TN S
T H—RRITF 2 = TR OfE AL, FIZ {101} 7 95%% TR Y, {001} & b U CEEALICEK T
WCBEHLTWD. Foxld, FEZ =T OO D, 7TFHE—BRF 2 =7 D{001}HZ%< T L7I-@mk
WEERIETF 2 =7 F ) o— F2ERIL, WEROF X =7 F  Kif & il U CER IS A2 H+5 2 &
ZH LN LT,

Fio, Fxrlt, A7 07— BLICK VIR LT ¥ =7 BRI L D M- — A s Ol
LV, REEMPFBEL, EEREERM ET D2 E2ME L. EX0MAEIC XA RESEILL, F4=
T O A E B TITHEREM L RTRE/R Z E DI R STV A, ARBIFIEEETHE T I v 7 XTE
ROTRIZ X AREIEICLY, RO E~ =t = L— MA[RER~Z hL~=T U 7L UL TOMEHDAEE
D BHEME LTRIHENRTHAEANAL FaF o7 /8% 4 MZBWTHELROMIZ L FEEIzLy,
FELUARRIE FCONA Rax o732 4 MEEOTUHE, AENICBIT 2B FREEOMIRE, MRz LY
BB D TTHE R & BIFRFERENE LN TS, L LARNS, AFREZHW-ZZLICL2F 2 =T F
)y — FOEMREILIZIARATH D, F TR T, BEXOMUELC LD NS OREHEDRA L, i
FH=TF ) — FOOFESREETAEL, TOMEEZHLMMNCT DI 2 AME LT,

2 HERRE

2. 1 HEFER=ZTFTF/— bOEE L ShbisE S TE

ANXYTINFaFEZ BT CEm T ABIONTFZ T MR REHIEEE S L THIAZ F/Ti HeAY 0.3 1272
X DRE L. o -miBiA% 180°C, 6 Rel TKREGK L, A&/ —/L3 LUK /KE W CHEERIE
BT EZ2 T2, SO RITEEZERE2IT, T4 =7F/v—hrE L7z (NS03). xtfEEtE LTTF
=T F Ri@ReFZ o (IV), 72 —8R, BT oV AFOEMEE, LUF, NP) W=, ERIL 7
BHE X FREHT(XRD), A E FHME(TEMIC CX Y 7 7 X V¥ —v a3 v &fTo 7.

NS03 BEUINP 27 /LT VU ZICFEL, AEHEOEMm CTHAIAIL,

300V/mm, 300°CIZC 1 KRB NIZ TR MLEL 41T - 72 (P-NS0.3, FILEFYLY

P-NP) ([X] 1). %HEREL LC, NS0.3 BLOYNP 2 0V/mm & 300°COEA:T Bk

[FRED TR TMEAD B %4772 > 72 6 D & L7Z(NP-NS0.3, NP-NP). Zyhadht T
(BRI 53 FE R A (TSDC)IZ CRAM L 72 [«WZLT@
SRRTF B =T F 7 >— N ONABEEMEIC X D BESFFREE R A 720

12, 03mM AT LT A—IRIRMB)E AW TR 2 Ele L7z, #hE E«hﬁf FILEFHR
NOREA 10mg/mL L7255 95 MB LiRfnL7-. #k%, 20C, 365nm, o

2.5mW/em? OZAET UV RS (HL100G, & HBotlR) #17-7-. FREEE X1 B HRLE

tE 5 1, 30, 60, 120, 180, 240, 480 /r#fiEfEIZ 100w L £-HLL, =0y

HE(13000rpm, 10 20217V, EiEZ 10 57 L, 630nm CTWICERIEZFT-7-. IEMRERELE LT, 72
JBCallE LIRER DS C UV B2, WO ZHIE L.
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2. 2 ERER

XRD £V, A L7ZNS03 BLONPIITH4 —ERF X =T RO —27 L —HLTEY, KFEICK
@%*ﬁ@?v‘&~tﬁ”%& TEEDZENARETHD. £, MEREO NP X, 7 ¥ —EBR LT

=BT 58— RBOLN, BHETHDLZ LRI, TEM B LD NS0.3 1%, £ I8 6.7nm, JEAHK
4.8nm TV, ¥J—72hi 74455 Z & A TE T2, NP IEHK) 40~300nm OFk & 72k DR 73589 H a7z, TSDC

DOFER, P-NS0.3 1% 40, 225, 318, 346, 479°CCTE—7 NFRH LT, —JF, P-NP X 25CHOE—7 & 300C
NHIEET DG BTz, MWD D NP-NS0.3 & NP-NP DWW IIZBNTH B — 7 X3RO Sz o
7~ EHEMEZROTZEZA, ZNFH 410 u C/lem? (P-NS0.3), 245 u C/em? (P-NP), 3 1 C/em? (NP-NS0.3),
11 C/lem? (NP-NP) THho7=. ZDZ &%, NP-NS0.3 1%, BRI L 0 EED A B =X 22 L0 P
FE— A MBS, RiFEEMOFEISER SN Z

LERIELTND. . 60

Wi 8 FRER TIX VT I OFREHI B W T H WL DB RFE § 50
DB, 480 ATV TR BB LI=DIX NP-NSO3 Th < 49
572 NP, NS0.3 WI N bBERMMAI L7-3E R L0 G 4 NP
DU, ZOMFIINP LI LTNSO3 RE D K& Dot S P-NS0.3
%F%WUE X DREER ORI, NS0.3 B L ONNP & § I

BHIZAZTHDHN, NS03 ORI EHTHLZ E 2B 3 - NP-NP
SELTWA. ZOZ L, REHICEET 2 WEF-E— 2 O 0 o0 200 300 400 NE5NSO3

Y INEROF Y VT R D RBREIKFETLEBEZLN Temperature °C
& i H2 BRI B
UIEXY, @AEEsIE & ERomofFMIicL->TXY
DNEDENT 5 =7 DIEENTRETH D = L N S ot LinLAanb, Sie M e
LIEA A=A LEFAHTHY, SHRIDROIMFAPMELZZ OND. £, AU, *ﬁfﬁ-‘%%’fuﬁﬁ%
HICE D @B T D 2 LR ARETH 5 Z LR aNiehy, BRIGHT212H720, TOMMAGIENRELE
5. A1, ERBGICET SO FTIEOR b LETHD.

3. ZEXM

1. Yamaguchi J, Chiba R, Komuro H, lhara K, Nozaki K, Nagai A, Furukawa T, Sasano T. Local Injection of
Hydroxyapatite Electret Ameliorated Infarct Size After Myocardial Infarction. Circ rep. 4:38-47, 2022.

2. Inokoshi M, Shimizubata M, Nozaki K, Takagaki T, Yoshihara K, Minakuchi S, Vleugels J, Van Meerbeek B,
Zhang F. Impact of sandblasting on the flexural strength of highly translucent zirconia. J Mech Behav Biomed
Mater. 115:104268, 2021.

3. Inokoshi M, Nozaki K, Takagaki T, Okazaki Y, Yoshihara K, Minakuchi S, Van Meerbeek B. Initial curing
characteristics of composite cements under ceramic restorations. J Prosthodont Res. 24;65(1):39-45, 2021.

4. Nakai H, Inokoshi M, Nozaki K, Komatsu K, Kamijo S, Liu H, Shimizubata M, Minakuchi S, Van Meerbeek B,
Vleugels J, Zhang F. Additively Manufactured Zirconia for Dental Applications. Materials (Basel).
1;14(13):3694, 2021.

5. Noda M, Omori S, Nemoto R, Sukumoda E, Takita M, Foxton R, Nozaki K, Miura H. Strain analysis of
anterior resin-bonded fixed dental prostheses with different thicknesses of high translucent zirconia. J Dent Sci.
16(2):628-635, 2021.

6. Sukumoda E, Nemoto R, Nozaki K, Omori S, Noda M, Sato M, Takita M, Miura H. Increased Stress
Concentration in Prosthesis, Adhesive Cement, and Periodontal Tissue with Zirconia RBFDPs by the Reduced
Alveolar Bone Height. J Prosthodont. doi.org/10.1111/jopr.13293, 2020.

7. Komuro H, Yamazoe M, Nozaki K, Nagai A, Sasano T. Cardiomyocyte uptake mechanism of a hydroxyapatite
nanoparticle mediated gene delivery system. Beilstein J Nanotechnol. 11: 1685-1692, 2020.

8. Shimabukuro M, Tsutsumi Y, Nozaki K, Chen P, Yamada R, Ashida M, Doi H, Nagai A, Hanawa T.
Investigation of antibacterial effect of copper introduced titanium surface by electrochemical treatment against
facultative anaerobic bacteria. Dent Mater J. 39(4):639-647, 2020.
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B e e e A ks oD ER &

FORERRRIRT: EARME T2 ERT OARKEL SAREM, BARRS, FHEK
TR FERRARmAMERFEIET &R, HKEL
] L R 22 R B AR AR 255 B [t FH 1E 5L

Preparation of calcified decellularized tissue
by OTsuyoshi KIMURA, Mika SUZUKI, Yoshihide HASHIMOTO, Hajime YOSHIDA, Akio KISHIDA,
Hironobu TAKAHASHI, Tatsuya SHIMIZU and Masahiro OKADA

1. BAREHN

TENE, ARSI TRttt 2l 2. BICHE D AREREDIRT (7 LA L) 2L U7k
ENRMEE 2> TS, RIS, B3R - BAEICR DR O 25%ILEEZROEE CTH 0 | EBhFEREHERE
2 K DI OIEMN KX R E 5 2 5, MR & WOk 2 8 CEE AR CT o Dl - B DIRiE & LT
I, PRAFRIECHNEHRIR (B S0, AN THE - N TEITRRD 2T TR Y | SVEHER CIXE EZBMN R b IA
<HWBRTWD, L2 LHZFEBME CIEELRE L CHMMIOMBBRROZEIZ LY R —fOiEEHE T2
BAFETHZENMESNTEY, NTH - ATEHZHAWBE TR, —E0RRE2/RTHOOFBR S
ZORTWVWEWIHEND D, 22T, M- BT 2 ARSI TR Y Mk TR FEOMaE
B ENRALNTWS, ZO0EDE LT, AR SMlaky 2 rE Lizflasi~ hY v 7 2 ThH 5
AR LR - BUH MR & L TR SN TV D, B 2R EZ RT OO, &% OMGHERRR )
IR STV D720, AR G IR E T AR L X2 2SR O N O BRI LIX R B2 5 A 3 20,
DT END, Fx TR oM L 7 & DR 2 Rl U, ST TS Z & TRifla s B —IcA Lz
R O ER A B LT, £, AR Cid. KEEEEE, EIEICE b o2 ERZIC AT
HARAT LN, ANLHH L BOBEMENMES V=R = L e o T D, F2C, LR olifmia itk
ENHS AR O BB BRI 2 A 53720 . AR LN FARRR O35 20 A IR AIZ DWW TR L 72,

Implantation
Mineralization Recellularization Roll-up 3D fabricatioh .

\ '}\ D , Femur
e s s o9

Tibia

Decellularized tissue

Fig.1 LA LR O E A KA « Pl « 3 WoohMic K 2 N TENH; o i

2. HEKER
2. 1 BrfARbOEORE LSRRI

THEEEA L, SR O E e, mEOKE (HHP) 36 X O miEMHEANELS & 0 Bik RO % 5
B 72, HE Yo ds LUV T DNA E®IC & 0 BmIa b2 560 U7z, Bl b Do ARk, U i
U LAFERIED— D Th HRARIBEEE W, RARBEEIL, MEZ vy U AR (200mM CaCl in
Tris-HCE(pH7.4)) 38 X OVY U EETA#E (120mM NaH2POu) [ZHIK e 2 57008 A HAZIRIE T 2 HIETH 5,
A L O D 2R 2 IRE & D VI CIRIE L, IRIEREM 2 SR 10 & U TR ERED R (5-30
[\) COAKILERGT LT, ARG OB SEM #8122, ATR-FI-IR Jl7E, Von Kossa Y2t TEM #8142 CREAM
L7,

EAERRAL DR D7 AT DNA E & T, HHP JEBMA b.O B & s tEANE D AT b OO E & H 72 0
® DNA &IZZNZ122.850.7 £ 296+103.2 ng/mg & AR LTz (FiglA), Fio, LEORCE
I b OFIR TELIZ /e o723, HE B TiE, ~~ b U UBEEOME N BIZ2 S vd (Fig. 1B).
B L DS ST, WRIZ, DO R Z EERE T BEMEE (SEM) THIZE L7z, MM IRITH—J7mic
Do TEH L TV DR B Sz (Fig2), ARAELLIECIIHER I Migst~ b Y v 7 ARFH I TE
VD HRHER] 23T LTV VW RBE TEIZL S L 7-, HHP MEDAIIA O Tk, — AT U 7-#kiE 3 Bl g2
ATz D3, S TEPEAE BRI O CIE, T2 MHED B L QO BT 03 BIEE S 7o, SEM B 30 & Tmagel
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2 L DRBHEEE OWE 21772 » - FE S, HHP B L OB Tl 71.04=18.30nm, S & PEAE B AR L Ol
TIX 77.03221.570m Th oz, T oI, FEiEMEANE L Y HHP (B CHFEEM OMES <~ N U v 7 A& FR
ELZ EERT,

(A (8)
o[ = | Untreated HHP Surfactant

A~ po—

Fig.2 Bifflafb.oso (A) 5%47 DNA £ &, (B)HE Yefa Fig.3 BiAfla b ColsaRm oo SEM #1142

15 5 T AL DR & A8 FIRHEIC L 0 FIRAL 24T o 7o, AIRALAREROOFIL, HHP ¥, FmiEtAls
Hizvr vy F TRt RV D, REBHEEIC L ARIEEIT 78 o o B b DL, YA 7 VB D
IMZHENTEL 720 20, 30 Y1 7 VTR DSHERE S 7= (Fig. 3), ZAauUd, fHERICHTH L=z B2 5
o AR ORI | O SEM 8152 Clk, /) & 22 BR 23 AR b D BB O flkE | 2 R LRI AR RS
LT (Fig. 4), ZIEBEEROEMIE, BB b DX EER I m bz, 20, 30 %o 7 L Cld R
DI RITBIE CE T, REO/NI PR ZE > T X2 ICRERY A X0 TS iz, &
51T, ATR-FT-IR JIETIL, YA Z VEOEMIENT 2 REGHEKOE—7 03 b L, U UEEHKEDO B —
IHREEIMUL, U AT AR L LEER AT L2 B 2 BT,

(A)

(A-1)

1630 1550

%)

nsmittance

Unmineralized

Unmine[ali.ied . 10 Cycled’ 1]

A,

10pm

Fig.4 Rl OB 71 ALi% DS MEL & SEM #143 Fig.5 A RALBLMIAEAL DA ATR-FT-IR &
2. 2 P#ERLLEOB#ERE

HHP ¥, FETEVERITEC TE AU BUMIB L DR Sk SRR (NTH3T3) . SRl (C2C12), 3R
Mk (hWMSC) Z#FFE L. FMIAfLZME Lz, WP OMIBREIC ST b ML ATRE Th 2 TR S,
BRI L ARS8 T DRV 2 I o 72 i O BRI JEE CRERE L, BRIAME 2 #ERs LR DI 5 2 L 3 B e 72
oo SRHELZIN o 7o HIBC IR, S KO TR SN D 2 LA b, AR O B 72 2 BUH R £
ANTE# 2 LTS ARt % 539,

3. ZEXM

1. Y. Hashimoto, A. Yamashita, J. Negishi, T. Kimura, S. Funamoto, A. Kishida, 4-Arm
PEG-Functionalized Decellularized Pericardium for Effective Prevention of Postoperative Adhesion
in Cardiac Surgery, ACS Biomater. Sci. Eng., 8, 261-272 (2021).

2. T. Kimura, R. Tokunaga, Y. Hashimoto, N. Nakamura, A. Kishida, Tumor growth suppression by
implantation of an anti—CD25 antibody—immobilized material near the tumor via regulatory
T cell capture, Science and technology of advanced materials, Sci. Tech. Adv. Mater., 22,
607-615 (2021).

3. M. Kobayashi, M. Ohara, Y. Hashimoto, N. Nakamura, T. Fujisato, T. Kimura, A. Kishida, Effect
of luminal surface structure of decellularized aorta on thrombus formation and cell behavior,
PLos One, 16, e0246211 (2021).
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Surface properties and biocompatibility of sandblasted and acid-etched titanium—zirconium
binary alloys with various compositions
%ﬁ@ﬂ'ﬁﬁlﬂ*kiiﬁg*ﬁ%}x[ﬁﬂ*%/ o OFKIE, # w6, LEFEIE, FAARHE

R ER R KSR A B AR Ry B BB, HEOFER
W'E - BPEMIF TR B I
BRHEKEF 7 « T4 75k ST K

by OTianbo Tan, Qian Zhao, Hiuroyuki Kuwae, Takeshi Ueno, Peng Chen, Yusuke
Tsutsumi, Jun Mizuno, Takao Hanawa and Noriyuki Wakabayashi

1. Research Object

Alloying Zr with Ti is a method to improve mechanical
properties. Ti—Zr alloys have been investigated as an
alternative to commercially pure Ti (c.p.Ti) for application Ti
in clinical implants. According to our previous studies on
the mechanical properties and corrosion resistance of Ti—
Zr alloys, a Zr proportion in the range of 30—50 mol% has
competitive advantages over Ti-10Zr and c.p.Ti"?. In  Ti.0z
addition to mechanical properties, surface roughness has
a profound effect on cell behavior and, finally, on the
osseointegration process, as demonstrated in various
reports. Therefore, to verify the appropriate composition of
Ti—Zr alloys further, the aim of this study is to investigate
the surface characteristics, including the surface
roughness of Ti—Zr alloys with a wide range of
compositions (10-50 mol%) after the same treatment. In
addition, we investigated biocompatibility by evaluating the
level of osteoblastic-cell attachment.

Ti-50Z

Ultimately, we expect to obtain the most Figure1 SEM images of 1,000 x (, C,E, and G)
appropriate composition of Ti—Zr binary alloys through and 5,000x (B, D, F, and H)

this series of studies.

2. Experimental Results 15Ra [hm] ; 5Rms [um]
*

Scanning electron microscope (SEM) *
images of SLA (sandblast and acid-etch 1°
treatment) surfaces showed similar g
structures on c.p.Ti, Ti-10Zr, and Ti—-30Zr

. . 0 L -
Slflg'].o;B, D,dal’]: g()).ZThe morF;hZIOgleSIOf Ti Ti-10Zr Ti-30Zr Ti-50Zr Ti Ti-10Zr Ti-30Zr Ti-50Zr

i-10Zr an i—30Zr presented regular
microscale pits with sharp peaks, which GORy ] x GORZ [um] x
were similar to those of c.p.Ti. However, x
interestingly, the morphology of Ti-50Zr “° 40
(Fig. 1H) presented a completely different ,, 20
shape, which was a comparatively smooth u u
surface at low magnification, and there ° 4 . . . 0 . . . .

’ Ti Ti-10Zr Ti-30Zr Ti-50Zr Ti Ti-10Zr Ti-30Zr Ti-50Zr

were no sharp ridges in the high-
magnification image.

Figure 2 shows the roughness values of each
sample modified by SLA. The value of Ra increased from c.p.Ti to Ti—30Zr, and Ti—30Zr exhibited the
maximum value (Fig. 2-Ra). Meanwhile, the value of Rms showed an increasing trend between c.p.Ti and

Figure2 Roughness values of Ti and Ti-Zr alloy
surfaces after sandblast and acid-etch treatment.

P-105



[N y
B-E ﬁﬁj’%ﬂ%%iﬁ%% — Research rm

Ti-30Zr (Fig. 2-Rms). Similarly, the A Day14 v v B. Day28 v v
values of Ry and Rz for Ti—10Zr

were lower than those for c.p.Ti

and Ti-30Zr (Fig. 2-Ry and -Rz). In m— — :_Q_‘::Q:
total, Ti-50Zr exhibited significant Ti- "’Z’ Tl' Ti-202r
minimum values for all roughness

values. . o — et — P — — — |
The wettabilities of c.p.Ti, Ti—10Zr, _.Q_¥ — —2—9__
Ti30zr  and  Ti-50Zr  were Ti-30Zr Ti-50Zr Ti-30Zr Ti-50Zr
measured on days 14 and 28. The . W Machine-polished I SLA-treated .
contact angle of water on each 3100 I — 3100 [ ot
sample clearly increased between % sor iiaiuiute sttt % 80 ¢
day 14 and day 28 (Fig. 3A, B). o | "__"—_—_—_—_—_i o O
Interestingly, the contact angle of & “ [ s
water decreased as the Zr § 20 ¢ H g 207

0

concentration was increased on 0
both days. On day 14, the contact

angle of water for c.p.Ti was significantly
different from those for Ti—30Zr and Ti—
50Zr, and the contact angle of water for Ti-10Zr was
significantly different from that for Ti—-50Zr (Fig. 3A),
On day 28, significant differences were detected
between c.p.Ti and Ti-50Zr (Fig. 3B).

Although no significant difference was observed in
the initial cell attachment level between c.p.Ti, Ti—-10Zr,
and Ti-30Zr, Ti-10Zr showed the highest value
among all the samples (Fig. 4B). In contrast, the
negative effect of a higher Zr proportion was also
detected with a 25% reduction in the cell attachment
level on Ti-50Zr surfaces (Fig. 4B). Fluorescence
microscopy of cells stained with calcein-AM confirmed
the positive and negative effects on the cells on Zr
alloys depending on the Zr proportion (Fig. 4A).

Considering the comparable biocompatibility
presented herein and previously found superior
mechanical properties of Ti—-Zr alloys to those of c.p.Ti,
chemically modified (SLA) Ti—Zr alloys (Ti-10Zr and
Ti-30Zr) are good alternatives to SLA c.p.Ti as dental
implants. In contrast, Ti-50Zr may not be considered
for clinical use. Although in vivo and clinical outcomes
should be investigated further, this study provides Figure4 (A) Fluorescence microscopy images of
additional evidence of the good potential of SLA- osteoblastic cells stained with calcein-AM after

m0d|f|ed TI_Zr a"oys for new |mp|ant materials_ 6 h Of Culture. (B) OSteoblaStiC Ce”ular attachment
level evaluated by fluorescence images.

Ti Ti-10Zr  Ti-30Zr Ti-50Zr Ti Ti-10Zr Ti-30Zr Ti-50Zr

Figure3 Wettability after 14 days (A) and 28 days (B) after
machine-polishing, and sandblast and acid-etch treatment.

4000

3000
2000
1000

0

6h Cell density (cell/cm?)

Ti Ti-10Zr  Ti-30Zr  Ti-50Zr

3. References

(1) Akimoto T, Ueno T, Tsutsumi Y, Doi H, Hanawa T, Wakabayashi N. J Biomed Mater Res B Appl
Biomater. 106 (2018): 73-79.

(2) Lee T, Ueno T, Nomura N , Wakabayashi N, Hanawa T. International Journal of Maxillofacial Implants,

31(2016): 547-554.
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Development of the platelet-poor plasma technique for alveolar bone regeneration
by OEriko MARUKAWA, Katsuya HYODO, Masahiko TERAUCHI, Motohiro UO

1. IRES

Ptk 14 O RS RN Z BT 272 DI A LE AR EEICHEAT L Y 7y b7 U FR— g UMW E SRk
WFLE LR HA 77 MEREIT O TCODOFERFETH L, TOFIEICHWHILS Hydroxyapatite
<> B -Tricalcium phosphate 2 DAk 2 72 B A 23 L) Z 2 ST A3, AN TEOHERIC X 5 0EG
BROG D) A7 IMT L EETER, o, AENAPOERT2AFZEFIIRFEBZOEEHND Z
EMDEEFRERGIIEFITIENE OO, MELTO R —H%A hEHFTDH I ENDHIRE « Fithiy RN 4
U5 AREMEDR S D,

2. IEEM
WL 7 N — 7 TIELRIN G B MEIZE R LTER Y, FTHIM/IMIEIZE A EEE R VIEERE CTh 52 m
/MR IAE (Platelet-Poor Plasma: PPP) (275 H L., thflE &k 7iEZ2 B E LI2WFstic#EfE L T\ b, ZhE T
DOHFFERRFICBN T, 2O PPP X1/ MRIMAE (Plate-Rich Plasma: PRP) KV & &V VE/MEiFEREL AT
DRERDEON TS, Ziudho 3 S L el L, PPP (28 £ 45 MAIa s Ok F R IR, 7 «
7V U OREELCTRE DE VBB L TWD &
\ 2T BB, BUKIZHIF IR £ % Ch B,
Z D7, PPP DA T DO B A~ DO O
B & BRI B 2 RIS B 325 2 & Cltl

%ﬂgg_, HHAEORIZ R FIEZ R DO TRRVINEE X
) 77
PLEnD PPP OFT 2 @&V VETERREEZ 4tk O
RIGRIZEE T B Icd 7= 0 D L 0 G728 2 ]
o A iz 252 L& QEKRBNRBIGIELZRETT 5
¥ s CUMEETHD EELT,
Al ngs B = el
X 1. k5%i%% D PPP (A) & PRP (B)

(A) SEM x3000 (B) SEM x10000

PRP PPP

PRP

[X] 2. SEM |2 X % PRP - PPP {8, PPP IR BT 4+ 7 U VA2 B L (A). TORMITITEE 72
MEMVE AT 2R 5 (B),
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3. EBRAEBIU. AERKR
INFETORFIZBNNTEH T v b in vitro, in vivo P — 27 /LK in vivo el BV T, FOEHEA
EZ R L C&72m3, ol L7 Bk C B 2 sl Ze i r O fiEBl 2 HIZ TRt O FEBr 2D 7=,

3-1. PPP U, PRP D#EH

BESRICHEV ., B — 2 L R & 2RI T IR Lz, — OAMNICHERA L LT/ o) VT % % ha
— R &N LTz, ZBIRIZT 800xg T 10 Fyfli OB S, fi/MiE & B4 PPP & LTI L7z, PRP
%Hﬁuim%&%bt% 700xg T 8 syl Lo B, JRIMEKZ F el FEaFRE L, 1600xg T 8 4yl
S8, B B4 PRP & L CERE LT,

3-2. ZILAHY T+ R T 7 A —EERETE
E— VRN LEE LT R
IR IS L A R e )

JIE iR (ADSC) ZHhH L 72,
Z D ADSC % 2. 5x10* cells/cm?
THFE L. fAa2 confluent
Lo REEMND PPP B LK<

IX PRP % & AT E ik ass
H1(OIM) ~ZEF L, 7 H HIZHE
fia % B, Hofb~—H—7T
HOTINIY THAT 75—
BIHMERE 2 RF-AM L 7=,

MR L LT, BobikiEss
HaEaERVvway ha—/LEE
IZ1% ALP OFEBLZFRD 72 3o 0.0005 1
72 PRP {RIIEEI L= > hr—/b

B L CH, AE ALP

FEEZRRD IR > T2 B3 PPP Control PPP PRP Growth
ITZOmE LY LEEMR ALP OIM medium

EEEBDL, 3. K% 7 0 H O ALP FEMEASET

0.0025

0.002 A

0.0015

0.001 A

ALP production (nmol/ug protein)

4. SHOEE
Jl&#ix . PPP DA T DB ERETICET 23 M A2IT-> T\ & & b, FORESCBIME L L TohE
AL TWL Z & T, PPP 2 W - WA B &R T B a2 T 5,

5. SEXH

(1) I. Hatakeyama, E. Marukawa, Y. Takahashi, K. Omura. Effects of platelet—poor plasma, platelet-rich
plasma, and platelet—rich fibrin on healing of extraction sockets with buccal dehiscence in dogs,
Tissue Eng Part A. 20, 874-82, (2014). doi: 10.1089/ten. TEA. 2013. 0058.

(2) E. Marukawa, H. Oshina, G. Iino, K. Morita, K. Omura. Reduction of bone resorption by the
application of platelet-rich plasma (PRP) in bone grafting of the alveolar cleft. J Craniomaxillofac
Surg. 39, 278-283, (2011). doi: 10.1016/]. jcms. 2010. 04. 017.

(3) N. Tajima, S. Sotome, E. Marukawa, K. Omura, K. Shinomiya. A three—dimensional cell-loading system
using autologous plasma loaded into a porous [ —tricalcium—phosphate block promotes bone formation
at extraskeletal sites in rats, Mater Sci Eng. 27, 625-632, (2007). doi: 10.1016/j. msec. 2006. 05. 031.
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Establishment of non-union fracture model in mice and rats.
OMotonori Hashimoto, Toshitaka Yoshi, Satoru Egawa

1. AREH

BIEABHEIR O BIRBG B O T FINEI A FRIC LS RO DHEETH D, —ICF S AEER E
(2 R DIRAFINHE L BENET T L— FEE R EOFIRIREI ToN D, LinL, EBLLDIREHTIECZBNTSH
BEAEARNRTH L AEEICRITEE L, BRICERSET 2220305, BEHNEE 5 EMANED 2T Tl
< BEREIR TS5 < QOL DAXF, AL EHF ~ ORI OHIMNAE & 5,

B ERIZB OV TEITE T MEIZHEHRE SN TV DR, IBEDREZHET 2 IITEREEOE NS
BEET VEHAWDMERD S, Lo LEROWE CIIBREE T 7 VAR REEwmEZ Wz | BED
BB G 2 AN 272 EFEDEMETH U | 7o ERIRIZH T 214 & R—87F & IT5 0,

ABEEIIZ13 K X < hypertrophic non-union & atrophic non-union 23 F/ET 523, ERKRAICRIEE 725 Z L3 %
VD atrophic non-union T&H V) | AEIF L IZZDET NV EMNLT HZ EH A ET D,

2. IR

2. 1 YIIORIZBITEZRBEEBFICHT H8HAE] (RA—XEY) EBEETIL

AV TNT RN KD EH B FIZ~ T 2O KBNS B8 IG > TRAEUIB 21TV, =i
A OB L, T A A% RBRE EA A6 236 S BERICIRA LTz, D% KBEEIEMA S lem D
EZAIIAT I ERAWCTEI I ZER LT, itk 4 I TEZR L. XBICTE®RA 25 L=, WA 100%
ThHoT,

Ow 4w

2. 2 YJRIZBITZKRBEEBFICHT 28AE] (RLy FEY) BEETIL

AV TNT WA LD BRI TIC~ U 2O KRB A NN REIZIN > TRIGUIB ATV RsiEr
AU L, BT 2 DA% KR EEM TS 1.0mn ALy RECZBNICHEA Lz, # D% KERE#E
MDD lem D& Z AT T ZHCTEREMER LZ, 7% 4 WICTER L, X BRI TERAZHE L=,
WAL 8% TH -7,
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2. 3 ZYMIBTFEHZRBEERIIHT HHNE] (RL—XEY) BEETIL

AV TNT WA KD E2HMEE FIZT > b ORBST A NN RENC I - TRIGYIB 21TV, KT, il
ZHHCEIE LRI E 2B Lz, KERVERAID 2em D& ZAIZ RUAEHAWCERAER L=, BEE
% WL EI 12 KR E AL 2 D 186 $F A FEPICIRA LIEE Lz, £ D%, itk 8 MICTE&Z L. X #UTTHEE

EEFHME L7, WAFEIL609THH-T,

Ow 8w
2. 4 SYMIBITEZRBEERICHTSITL—REEETIL
A TNT TN KD EFREE FIC KBRS R > TR 21TV, R, A8 EE L, K
BREAZBEH L, 7 L— MCTHEER. FUMIT lim OFRBAVER L, BTSNV EER LT, D%,
Witk 8 W TRERZ L, X TEBAZMI L7z, BARIZ N THY BEEET VE L TESRAEEZED

nic,

Ow 8w

3. EXH

(1) P. Garcial, T. Histing, J.H. Holstein, et al, Rodent animal models of delayed bone healing and non-union
formation: a comprehensive review, European Cells and Materials Vol.26 2013 (1-14)

(2) Xuetao Wei,1 Satoru Egawa,1 Renpei Matsumoto, et al, Augmentation of fracture healing by
hydroxyapatite/collagen paste and bone morphogenetic protein-2 evaluated using a rat femur osteotomy model, J

Orthop Res 36:129-137, 2018
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Autaptic-delay-dependent selection of STDP synapses:
A computational modeling of single neurons in isolation
by OMihoko ISHIDA, Akira NAKANISHI, Kohei HATTORI,
Hideaki YAMAMOTO, Ayumi HIRANO-IWATA, Takashi TANII
1. HIRE™W

F—F T AFIHEOMR EBREENRRE LIRSS, ZOMIAEF~DIREER ThH D, A —F 7 A
(TN DR % 22 fFTICAE L TR Y | km%& V & TIIARRHIE D 80 %3 A —# T AEFLTND L, Z
DA =2 T ZAPMBF >~ BT — 7128V, FiE OIah E@ﬁf‘ﬁki@@m%ﬁfﬁ:%’) & E T TS B 0 [
HMMZED D T ENMESINTND 23, MNICIEA—F T ADHRI b T EZHDIFEERN/FEL TR, £
AU IR DR & Vo f:$$%§%ﬂﬂ’ﬂ®ﬂﬂﬁ{%§b WCHEREEZ R LTS, S HICEORMBEERIX T
ZAAMEIC K> THII S TR Y, B EZ A TRy NV =V DT T REEGUIANAL 7 2 A I T
(RAFPERTEVE(STDP) 2 AT 5 2 & T, ik S 24k &b Sh D B T N En BRIy b U
— DB END Z LA Ry N T — 7 OMIIEEIN T X LIRS & @ R R R O M O T e R KN Z
—UERTZEIRREESN TN D, A—F 7 AH STDP & [AERICFRINEENC 82 JIE LT\ 523, STDP

T2 DORILDMIADIE K A I T HR I L, 20 2 MlaM O >+ 7 2O E,Z EHT D720, I
S U Te H— R D A — 2 7 AT 5 T T ARIMEITE Z b T 2o T,

T — 2T N E TH T AREOINL NS — 2 ETT v MEVEN SR U7 B0 2 g s
L. BOMMEICA—F T AZER ST, TOHBHRK AT — 2T L CE o, AFRTIE, ZOBHFH
KNG — 2 DEIET NMAGITIR Y #LATZ, STDP IZ K 2 A — & 7" A DHEftiR AL 2 BB 5 726D, Hi—Hhik
ML D A — 52 7212 STDP &7 V& flAA R, EHLEIIEAT X 24— % 7 2 OHdee i i ORI b 2 fi~
Too ZFORER. A—4 T 2 OIEHGRIERNTARAE U CHEGEREE NI E 72 I3 E S, 2 OBsAmE O
Fo BEO, 23y MU —27 OFRENEENC G 2 5 2 Z T~ T,

2. HEBR
2. 1 HEBETIL
AT T v & LTl o BB O A B PR i 0O 15 8h & 2% L 72 Hodgkin-Huxley &7 /L% 7z 6,
Cm % = _gNam3h(V - VNa) - g_Kdn4(V - VK) - g_Mp(V - VK) - gleak(V - Vleak) - Isyn + Iapp (1)
Lgn IS DA5 8T A =203 3CHK ¢ LR CMEZERM L7c, 7 4 — RNy 7 fiitlsy, |3 2-amino-3-hydroxy-
5-methylisoxazol-4-propanoic acid receptor Z /T L CiftdL D EILDOFN L > F 7T AHAwW(O <w < D)DOFFE L TE
Ib,
Isyn = (Iampa + Inmpa) "W 2)
Inmpa> Inmpal TR S T 72TV 7 2 HINTRI LT, 2Ol (TP FE K LT & ARHRE ERFfH]
Tgelay /o T IENL THMEIZHTEAT 2(X 1(a), F£7o, RRDEHWOBERH OEEDOA -2 TRAEHET L L&, ¥
FTABLBWIEIA—F T AT LR DEEZTY O %,
T AEHWITLL T ORTEK T STDP #ifRIC L7z 3> THH S5 8(4 1(b))s
w=w+Aw x 1073 3)

exp (— f—;) (At = 0)

t
—05exp(60> (At < 0)

T I T, At = tpp — tgpsc (THMAFEKIFL L Iy, BIERFZI O EZ K,

(4)

Aw =
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2. 2 HBREEE
H— R M0 3T geray = 1~20ms (1 msZ7r), G120 DA—F T 2EHTHE L, TNEND YT T AEL

OYIMEIL 0.5 & L7z, t =5~10 secD, BB Ly & TEA L. Ly, DIRIEZZE 2 R2H3 5 15 B ORMALE
B0 Iab—va v EFAT LI, TOL, 3, ER LT 2 H—migfla s filar y hv—s b s e L
fo b ZIEAMOMEN b ZITMAEEEZ R LIz b L b et s, SHEKTROKE A —¥ T AOEL%
Lpp PTRIEZ LTt — b=y 7 TRT L (K 2). BlppllFBU TrgeraptZ6H L CABIANITHIRW = 1) &
PEW = )PV IRSNTND Z ERDND, 2B, BIRIEALR LOEGE Ly, = 0 pA/cm?), HilgiZzkE
T T RTCOA—F T ZAOERESMIOIEN S L7220, Ly, DIREEZKE D L. Ly, EAREO
interspike-interval (ISI)IE BLFRIZ kA L7z,

BEFRAME ORI IS & STDP #ifR(N@4) DBERIC L > THM SN D, Lppll &0 —ED ISI TIEADFHiEL
ENFT D EE . B DTherayPA— 2 T ATBNTAHILL FOXTEE D,

M:{—ﬁww—anOEAQ

(5)
(n + DISI — Tgeray = At

::T‘mmuﬁ%33n+1%ﬁt¢%@f%éoﬁGAuﬂLAwwm%aﬁmﬁéﬁﬁfbém%‘%k

DR L TAELD L&, —EORKT

Aw(At,) x 1073 + Aw(Aty) X 1073 = W4 x 1073 (6)
2T T AELPET Do ZEFEK LIZRHTITEk W, X 1073 (k € N)IZT EHNELT D720, WoqDIE
BIZ L T T T RAELOHERIENHETE D, T HORERIT, Elﬁméﬂl®mmﬁﬂ®1ﬁk
e &, Mfaxry b U —27 OIFIC X o> TUEWORBIERF R T L TA—Z T7ANER SN D Z L 2 EWT
Do ZAUIAR A —Z T ADRIGERIER 36 L O EER R v N U — 27 OIFENTIG U TRMZ (LT 2 2
&C, A= T ANEMNEBFEFRINEB O A I BIS- LTV S ATREME 2 R 5,

@ L
Lapp 1.0

(a) (b) wy = 0.5,w; = 0.5, ...,wpo = 0.5 Wy =2,Wp =2, ., Wa =7

\Isyn
0.51
3
3 &
’ z \ 00
Tdelayl Tddlayz Tdelays —2 t[ams] 10 20
Wg , W w;
delay1 Tdelay2 Tdelay3 0.5

|_| 1 ((L) '{ZQHQJELH%M Tdela\ @i&:é%ﬁ%{@j—a 71

1R

0.4

]

lapp [WA/CM?

0.2

]
©
=
©o
-
<
-
o~
=
=]
a
©
©
<
~
o

AT B0 L7 RO RN, $A -2 TR 123456789muunmumn§§5

Tdelay [MS] 0.0
B 2 Lpp EABRDEZMOEIENR Toe1ay ZFFD A — &
TADYF T AEA w

FERLLEREA w 2FKbL 5 5. (b)At & Aw DREIFF
%R L 7= STDP ([ifif.

3. ZEXM

[1] Lubke, J. et al. (1996) Frequency and Dendritic Distribution of Autapses Established by Layer 5 Pyramidal Neurons
in the Developing Rat Neocortex: Comparison with Synaptic Innervation of Ad-jacent Neurons of the Same Class.
Journal of Neuroscience, 16,3209-3218

[2] Yilmaz, E. et al. (2016). Autapse-induced multiple coherence resonance in single neurons and neuronal networks.
Scientific Reports, 6,30914.

[3] Fan, H., et al., (2018) Autapses promote synchronization in neuronal networks. Scientific Reports, 8, 580.

[4] Gilson, M., et al. (2009) Emergence of network structure due to spike-timing-dependent plasticity in recurrent
neuronal networks. II. Input selectivity-symmetry breaking. Biological Cybernetics, 101, 103-114.

[5] Lubenov, E. V., Siapas, A. G. (2008) Decoupling through synchrony in neuronal circuits with propagation delays.
Neuron, 58, 118-131.

[6] Pospischil, M., et al. (2008) Minimal Hodgkin-Huxley type models for different classes of cortical and thalamic
neurons. Biological Cybernetics,99,427-441.

[7]1 Tsodyks, M. V., Markram, H. (1997) The neural code between neocortical pyramidal neurons depends on
neurotransmitter release probability. Proceedings of the National Academy of Sciences, 94,719-723.

[8] Borges, R. R. er al. (2017) Spike timing-dependent plasticity induces non-trivial topology in the brain. Neural
Networks, 88, 58-64.

P-112



> /N
ﬁﬁ‘%‘:‘ﬁ%ﬁ%{ﬁ%% — ﬂeseqrg‘h\result report WA -

Research result

GYRF L NAT - SRR B

BMERGHBAMEEAR S » TEMERE
— EgRHEAV-EBIE—

BERGHAREET /- T A 7 RO FERAE
BRERFE T e Ol A, /e R85, BRI ¥, BB 25,
ANLFE, =% OCRE, A FE

Image-recognition-assisted automation of nanostraw stamping for direct delivery of molecules into cells
by OS. Ikeda, S. Oguma, A. Fujiwara, H. Kurakake, K. Oyama, T. Miyake, T. Tanii

1. AREBEH

FIA RO —=RAZ U TET, A T HROMBRAGRZKT ST, BOVEARO T CHRNICYE
ZEATE DESENRYWEENETHD[1], =0 R A b= 22N S THEHENICWEZEATE, Ripy
AR 2 MR A TG (2] OIS O E (3] IR D 7= 72 1RRIE O BRF IS AT 7292 [4-5] . = L TH
VR BRI L DHINEEERE DOFREN (7, 8] 72 E~DIS AR SN TV D, L LR D, M WEE
ARHENME - mE{kiZiZ, 7/ A b e — OB ERESLEERE 2D, T/ AR —DREIIET 4 v v
2 JRHEICHES LT DHIROEZA (T10 pm) ERBETHLOT, ZOHEMAICNEDL LI/ A br—%
FRIZHRIA LU CRREF L, MEZIER S E CTHEATLIMER D S, ABFIETIE, BISZBRMEEOCMOSH A Z % H
W EEERR & AT vy B B —F I K DLEFEOBEEEIZ L DT A b e — ORI ARSI E A2 e
7 A B FEATRTREM: 2 FEAM L 7=,

2. HIERE
2.1 F/R+bA—REBVEVY

NT7 w7y F RAVT VARG >X L RIA T U7 %L TH /A e —%2FkT5 (X
1) HIZAF2a—TO—MIAY T VU EEEL, ZNEBENBMEE LORT v B 7B —2 ~35T 5,
HTGAF 2 —T7 %8 AWEOWRIE T~ LT REETCAT vy BV VB — X 2 HEL. F 7 2 ha—ZHifa~i#i
ALTHREFT2 (K2), Zhicky, 7/ A ba—%20 L Clle~WE 2L S CTEAT D,

2. 2 EZEHLTAVEZEEE

AT UVATEZ L0 mBETHY, ZORBNPOLEIH 10 um OF 7 A ha—R3—FRIC TR I22EH L
TWd (M1 TiEERE), 20T /A e —2KR3T ¢ v 2 KEICERE L T2/ By o %) —I| 282 il
L. FRIOHIFEED SRIA S e T iude b0, EEMEORERI;T /A ha—LRRBETHLDT, Hi
AREDETIET R COBEEMIRICY —ICWEZEATHZ LN TET, ERANGETE D &Mz
HELTLEID, FIABDOA LT L rDF|&E BiFE &Iz BT 2 Lickhd, bbb, AT L
YET 4y v alEREOMERBBICHETE LI, EHITIE, MENETTHD I EN—HORAT 1t
AZIMETH Y . BEYEIZAET TIRIA T 22 2 0Em#E RO 5 b,

AT VRIS Lz 7 A b a—i, BISRINAEZEBAEE O X L > X %8 L 7= At R EA
&0, MlaEmEIcE Lo RETH R OER S LTBZEIND, ThbL, sfL o X s R hr—2R
YTVLOMICE, T vy alKll (FT7AF v 7 ERIEIHTA) EXFORBITHES LTV D AEMBAIEE
L, ZN6 2B L TCRPERIAT 2 i b, ZOREERA T Ly EDF 7 A ha—IZ X0 ELH L
THON, RV T 4 v 2 K EEEMREZEL THIL Y XICAD, ZORFHEEICBWT, Az
BEAEHOMML o REH WD E, AT Ly EOF ) A ba—RNEEOS L L TEESh, &blL, £
DY ENESIAET D L X2, ARG NI A MEADZ L2 R Lz, WEIHE 7 « Vv 4 %@
LT SV BREE B — AR TR A BT CAalR v — 2 23t (W3) ., 2o — 7 ifEmix,
F AP —DRANREZHETDHZDODFFEE L THWD Z ENTE D,

ATV UREH AV Ea—2 T 07T LD xyz R TRBT D, Tk, AT LrREO 3 miEH
IZEVITH, AT U ITE—REHNTAL T LU DOESEEZ NG, FIROREEE Sy 8— (i@t v
TNEALNIRGL, E—7EEZET, 20X, YL AOEIIF—EICHERT5, A7 1L rDxy
JERE L& (2 JBEE) HMAEDE D &, BRICALET 2 AT VU REO xyz EEER 1 DIRE D, [FERIC
LT, AT L UEAEED 3 SOEBELZRSTIVUL, AT Vo RuAE xyz EERICERETE S, KRIZ, 7
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S v a BRI EA xyz EERICHRE T 5, [A—0ORFRE2HNT, 74 v 2 KmBICR LT, fmEthht >
S NVH EE L TR LN EE B OLERET, 0 FBMELE AR Y — 7 2oRd, BEER T
—TOD xy EREE KL ADEmS (2 JERE) ZFTLZ LIk, Ty v aKEo 3 SEHIAEL T,
TAyVaKEE ALy a—2 7T 7LD xyz EERICKE TE 5, HAHHE#EZHWT, ATy
ET 4 v aKEENTATIZRD LT 5,

2. 3 BAEFmEER

AR TIE T 4 v a2 Emict7ary 7=y el ary 7>y MR L7 HeLa #lE@IZ,PBS C
FiFR L7z Calcein # Y05 (1.6 mM) ZE AL CHAEER] : 5 0f) . To@BEIE T 2 Lick-T
Calcein DEAFZFML7Z (X 4) , fEHRE LT, ﬂﬂEWul%%@%%%THd@ﬁmmcwmnﬂ%ﬂ
SNz, MfREIcT ) A b —%& RIS 5720120, Bt OBEEEMEICH LT, S5 bk
mﬁﬁgf%éﬂ\%%ﬁ%i\ﬁﬁﬁﬁ&x7/t/7% ZIZEDF ) A Pu—RAZ U TEOHS)
ENFEBARETH D Z L 2ERIITR LTV D,
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Development Plasma Processing Technology
for Low-temperature Formation of High Quality Functional Thin Films
by OYuichi SETSUHARA, Kosuke TAKENAKA, Susumu TOKO, Toshio KAMIYA and Keisuke IDE

1. ARBEH

PR, IMRT A, 2L LTI SN TWAE T LR T AT NRA R« 02T T 7 VT 8 AOFEBUTAT T,
KEFEOA RIS HIARIR TR B2 MBI 2 TR T 2 Z LR T\ D, & 2 CARIFETIE, M - H
Bt 7V v RSB CHREZR A EHE A 1T D A8 OB EMHI 2N ATRER2 KR « IKZ A —Y DK
PR B A2 LT 57010, 77 A~Hlic LR 7 2 ADBREITo T D, ZHETIZ, ~7
X M CHEBICEE LSRRG 7T A~ NI L, RSy RO & RO #E SRR R
% BEPERL 1 OWE R & NI fTRE 2 7T A~ IRIUGHEA Sy X U o ZYEEBFE L, A8y ZRi - OFiHR &
NSO S ORI T B 4 RS T OV A ST~ = L 12 k0 AR CEdhE 72 a-IGZO AL
ZEELTND, AEHET, KEFEFERA~D TFT OISR CTO%)—Ek 2 S8EIC, JUE 7 o & 2 faidl & ARER 2
KNFatR (77 X=T =—/V) &> TEBENER LY -8 REIEO KL — 0> D IRIR COERRIZ [T 7-F
REITST,

2. AEEE
AWZE TRV KIEFE Y T X~ ZABROGEA Ny 2 ) o ZHEE T, #—% v MZiE InGaZnOs FERER 2 — 47~ b
EH LI~ 3 a2y ZIE(Z—7 >y B YA X 500 mm x 150 mm)2 BEORNIADIEA v &7 X AT T F
(Low-inductance antenna : LIA) % HIWZFBERE ST 7T X<z 224 3 AT O55F 9 AldiE LT 5, s
DOEFEZ20Pa & LT uAHT A E LT Ar Zilfa L7212, LIA [ZmEIES (13.56 MHz) 2R AL TT 7 A~ %
R L, #—7y NMOBERELEZANINT 5 2 & CREEA1T 570, £z, EjitEE & Hik-2—~7 >~ MEiE#E (Distance
between Substrate to Target : Dst) %2t S W72, 77 A<MEERIZIBWLTL, 77 A~ RBEE ISR ZEA L,
% 13Pa & LT ArtOr L IRET A2 MG Uiz, 77 A~ REHEEEIZIE 8 AD LIA 2ERES TR Y | mHlE
77 (13.56 MHz) Z#A L CHEREET T A~ &4
L, 7T AT =—NEATIRo .. D% TFT
AERL, KPR 2R L7,
RURSEBRIZ SN D, R BicdsnT, mi
Y)— 7o EE CRYBAAT 5 T2 Ol 72 Hp- 2 — 7
v MEIPEEE A RO D 72012, RS R 2 L—
a U EITo T, T ORER Dst ZHEIMN S5 & HEFEE
OHENE—MEDPEET D Z ERALNE IR Te, £
ZC. EBEOKIEFE YT A~ RSUGEA Ny Z )
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K. Takenaka, Y. Hayashi, H. Komatsu, S. Toko, G. Uchida, A. Ebe, Y. Setsuhara, Plasma-Enhanced Reactive
Processes for Low-Temperature Fabrication of High-Mobility Oxide Thin Film Transistors, INTERFINISH2020
20th world congress, September 6-8, 2021, Web conference.

K. Takenaka, Y. Hayashi, H. Komatsu, S. Toko, G. Uchida, A. Ebe, Y. Setsuhara, Plasma-assisted reactive
processes for low-temperature formation of functional materials, 5th Asia Pacific Conference on Plasma Physics
(AAPPS-DPP2021), September 26-October 1, 2021, Remote e-conference. (Invited talk)

K. Takenaka, Y. Hayashi, H. Komatsu, S. Toko, G. Uchida, A. Ebe, Y. Setsuhara, Effect of process conditions
on characteristics of InGaZnO thin-film transistors fabricated with plasma-assisted reactive process, The 42nd
International Symposium on Dry Process (DPS2021), November 18-19, 2021, Web conference.

MO, s B ERER OCRE, TR 5L%A, JTER BHRE, SR #—. Characterization of IGZO Thin-Film
Transistors Prepared with Plasma-Assisted Reactive Processes, £ 39 [0~7'7 X~ 7' a & L > 7 H5t2/5 39 (A
TTRMER Y AR T LAy X2 ) 2 7 (SPP-9/SPSM34), 2022 4E 1 A 24-26 H, Web 7.
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Investigation of high heat-resistance bonding process for wide gap semiconductor devices

RBRR A B IERT OByungho PARK, 7§)I] %
RRERTT /- T4 7AFHT7CHERE 75k SSid . KB H

by oByungho PARK, Hiroshi NISHIKAWA, Mikiko SAITO and Jun MIZUNO

1. Research Object

Wide bandgap (WBG) semiconductors, such as SiC and GaN, are being developed as promising
replacements for Si-based semiconductors because they have high power density, operation frequency, and
break down voltage. These WBG semiconductors
can operate efficiently at temperatures above
300 °C [1]. The alternative high-Pb containing
solder materials are needed by environmental
regulations, such as the Restriction of Hazardous
Substances of the European Union. Recently,
sintering metallic nanoparticles such as Ag and Cu
have been explored by virtue of their high melting
temperatures and superior electrical and thermal
conductivities [2]. However, the nanoparticle paste
contains various organic substances. During the
bonding process, residual organic materials can
induce the formation of unexpectedly large voids or
gaps in the joint through the coffee-ring effect [3]. To
address these issues, we previously have proposed
a novel solid-state bonding method suitable for Bonding temperature (°C)
applications in high-temperature power devices (> Figure 1 Shear strength of NPC joints formed at
300 °C). The method achieved nanoporous bonding  various bonding temperatures for 10 min.
(NPB) via nanoporous metal sheets in the absence
of organic substances. Kim et al. [4] reported that
solid-state  NPB can be achieved using a
nanoporous Ag sheet. The shear strength achieved
by a joint formed through NPB at a high temperature
of 350 °C is approximately 25 MPa, which is
comparable to that of a joint formed using a
conventional Pb—5Sn solder for high-temperature
applications. In this study, we investigated whether
nanoporous Cu (NPC) sheets produced from cold- DR A MR .
rolled Mn—Cu precursor sheets can be employed for ~ Figure 2 Cross-sectional BSE images of NPC
this bonding method. In addition, we evaluated the Joints formed at various bonding temperatures for
effects of thermal storage time at 250 °C on the 10 min.
shear strength of NPC joints.

Shear strength (MPa)

|

2. Experimental Results

Fig. 1 shows the shear strength of the NPC joints formed at 200 °C is approximately 14.1 MPa, and
gradually increases with increasing bonding temperature up to 20.4 MPa at 300 °C. The high shear strength
of the NPC/Cu joints formed at = 350 °C (= 30 MPa) exceeds the shear strength of conventional Pb—5Sn
solder joints [5]. The initial increase in the shear strength is due to an increase in the diffusion rate of the Cu
atoms between the NPC sheet and Cu disk with increasing temperature.
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Fig. 2 shows cross-sectional images of NPC
joints formed at various temperatures under a
formic acid atmosphere for 10 min. The NPC
joints formed at 200 and 250 °C are incomplete,
The NPC joint formed at 300 °C contains local
dense areas that are associated with neck
growths that lead to the densification of the
microstructure along the entire joint. Moreover,
in the NPC joint formed at 350 °C, significant
neck growth is observed. The high shear
strength of the NPC joint formed at 350 °C is
attributed to its dense microstructure. Finally, in
the NPC joint formed at 400 °C, the joint is so
dense that the interface between the NPC sheet
and the Cu disk is difficult to distinguish.

Shear test results of NPC joint with bare Cu

disk during thermal storage test are shown in Fig.

3. The results of shear test of as-bonded NPC

40

Shear strength (MPa)
3 8

N
o

Research result

Aging time (h)

Figure 3 Shear strength of NPC joints during thermal
storage test at 250 °C for various thermal storage

times.

joint 30 MPa. The shear strength gradually decreased with increasing of thermal storage time, and it showed
27 MPa with the thermal storage time of 1000 h at 250 °C. These results may arise from the different
oxidation behavior of bare Cu substrate. EPMA mapping on the fracture surface was investigated in order to
reveal reason of joint degradation during thermal storage test. Through the examination of fracture surfaces,
the variation of fracture mode is closely related with shear strength of NPC joint. Fig. 4 shows the fracture of
as-bonded samples observed only Cu signal without O signal. In contrast, after thermal storage test, O
signal significantly increased with increase of thermal storage times. This indicates that Cu surface is
oxidized after thermal storage. Therefore, this oxidation reaction affect degradation of shear strength with

increasing thermal storage times.
0Oh 100 h

Cu K

500h 1000 h

Shear
direction

Figure 4 EPMA mapping iimages of NPC joint during theral stofagé test at 250 °C for various thermal

storage times.
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Micropatterned culture of neuronal networks on multi-electrode arrays
by OYuya SATO, Hideaki YAMAMOTO, Taiki TAKEMURO, Shigeo SATO,
Takashi TANII and Ayumi HIRANO-IWATA

1. AEBEH

PREARAE DO R53E RIT AR OWFIE & Z DGRt 2 i SEHRR & L TEHETH H[1,2,3]. L L, FHRSHIR
T EEEERTIE T VX DA L, RN E IR R DAY — 2 TIEENT 57280, [RIEEOREIC
B MR ROERIIREN TH 72, B BlE, ~A 7 0N LEREZISHT2 2 & T, ARmRE g
TR D MRRIEE) 2 KD ¥ = — /U E R [A] IR 2 B R ISR L, EOMBEEIZ, sty y
IA A= TEEAOVTEHAI L TE72[4,5,6]. L, #EDNT T AA A= 0 TikE AW TIREEHT
1%, R ARREDNEL 100 Hz ICHIBR ST L E 9 &0 9 IEDFAE L Cuie, AUFFETIE, mE L REmR T
VA R Y o — USRI R R B & R AL L, 2 OTRE) 2 @ IR 0 EEE TR L, B 2 Bs s fhik ]
WL AR LD T, ZOMREERETD.

2. HARARE

2. 1 BEBERTA7ORKOMER

~A 7 i ER T HBEOT—/V RiX, Loy U a3k
W27 4 R LU A MSU-8301038 L TN3050)% X% —=> 7 LTI L
2. ZOF—)L RIZTNVRORY P AF L mdxH 2 (PDMS) & ifi
AL, Bt L7-%ICRBEET A2 2icky, MER <1 7 ofiks
ERLL 7= (Fig. 1). PDMS ~A 7 ik, OREN L FHED
FEND, Mg —= T aGie A AT =T U USRI
IRK W BILTWD[T7,8]. iR, ~A 7 itk & VIR & it 5 Bl fL
IR TF Y= EEHOTER SN Z & 03% <, 0o EEE
FEDHIFE D B HERL S 405 T MR A RS 2 N 2 — R T 5 72 -
DT AA AT EVRBESNTIAD2720, Foald, B opm B pg 1 g8 — L FoILE S

DRUNEBILT LA RO~ A 7 n s Fo vy 7% ¢ 2 b B (1) & PDMS ~A 7 1
HEIZE SO TRIMEIC/ERT 2MB OFER Yo 22X 0 ZofEE O (F).
fig sk U7=[5].

2. 2 fAREELEEETAOAE

EEE % MR T L A 14 Maxwell Biosystems £1:00 MaxOne MEA % F\V72[9]. #1112, FHHIE e O 3 i
% poly-D-lysine Ta—7 (7 LIz, KUY AF)LaxH (PDMS) %AW CTIER L -#ER~ 1~
KA ED 15 2 LT, MRS ATRESEIR A HIE L2, <A 7 Bt o Z — UFRIE 200%200
pm? DIEHTE 4 DEEFLTORWIEE Y 2 —WVREE R — 2 L. 2218, A1 BT v PRI
B DR L 7oA 2 FR R L, 5538 14, 21 H BICHER Szl o B RIEEh 250 L=, s>~
V7 L— bk 20kHz TiTo7=.

2. 3 HRLEEBEE

Y o — USRI AR B & R F — = TR L TR T U A BRI BRI 81T D B R AR
TEEOFHARE R % Fig. 2 17T, ZU X AR TIER Yy 8T — 27 2R0358 < A L 72 TE8h 23 FHCTd 5 D
WXL, BV 2= VA TIEEY 22—V T L DK EBEEEY 2 — VORBIFEKPIRMEL TV, ZEE
BT 57201 RRKFOIKREE L2 24, Y 2—/LEIRTIET & AR & ik L TEAK 30
KL 72> TEB Y (B ¥ = —/LEE: 0.08 Hz (14 div), 0.22 Hz (21 div); 7 > % AlAl#: 6.3 Hz (14 div)), &F
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REIMINE Y 2 — VA TR SN TWD Z Enghot-. Fiz, N—X MREAKOBBOEIEELEY =
— A TREL 2o TEY, BANRY — 2 ORMRERES ER L2 ER o7t (BY a2 — /vl
0.76 (14 div), 0.71 (21 div); 7 > & AlElE: 0.6 (14 div)).

DXL, ZEERT VA EHNDZ LICXY, Mla Ny —=2 7 X DREEHIE SRR E S X —
W RAE TR A SRS ARIT 35 Z E S AlRRIC A o 7.
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Exploration of Innovative Electronic Functions Emerging from Distinct Electronic Structures:
Topological Electronic Materials
by OTakao SASAGAWA, Masaru KOBAYASHI,
Rikizo YANO, Yoshihiko OKAMOTO and Hiroshi KAWARADA

1. HEE®

BATHINNOBEFE M AW BFao B a—2 Tk, =7 —3ENEMmA7RMBEL 2> T, ZORREIC
®F DT — 72— LU TSIV CWD DN, FRERICEE-SW T, 1 (R 1) & EFL (BORL1) 23[R — CHF
e e AL o~a T S R A MR IV B o B a—2 | ThD, 2O TiE, &
FEYMRERFZ T — &2 ECRNESNDN, — T, 3T FHHERL T2 RAETEHHEM T A A D FE
BREFFZE I A 0HE A TR, ABFZETIE, a?fa%&&ﬁ?@W%ﬁﬁénﬁ WXL T E RIS HR R T 8%
HIFL T, ~a7 R T2 A1 T2 O HROWE - M BLOBRTL & T bz W7 A AR EIC Db
ARV g1y hoOBRRICEWE T,

2 MERR
2.1 FRAODAHLEFEY FOERICEITz [ RO D HIILIERIEA] ORA
FMREY VB FE Y MIUED~IT7 T HER 13, MR VB REIREES EHR T HZ L TR A TELLEE
N5, ZL T, ZOFERMN Iy Ty LU T, BlE (B DWW I TR M) 36 LOE RS R E | Mt
WCHENDINRe Y IR 2 M EER ST FERRREINTWS, 2RETIZE 4 1T
Sno.02Bi1.08SbooTerS DAV AL TEIND mfiatE R I HEFIR OB IR T L T& T, 7272L. 2D FH
MRS 35 2L L b IS E e A E L O KN M R R Th b, ZOtk#Es HIFL CWE M 1T
STEZ A MFIEICHEIL, B2 2555 O E AL AR D72 A8 A~ A a7 Ak BiaXy (X =1, Br) ZB%EL
770 BiaXs 1%, R TTOSREEN B AL (K1 EEK) . van der Waals (wdW) FEE LT3R ITTDOHE il &
725, AUFED R TIFL DAL X 7RIS T TRIR o FAEEIR B HAFEEL (K1 FAAK) . BN E
DOFEEREIZDO BRIV REBBIREEZD D95 | MR Y I VERIR ChHZ e R WINIFE R LT (7],
ZOREHEL T, BIZR2FEEHRAEL SEFZDR (K1 EAKD X, ST R ITHEHFRAE TRED Ty
(BEX D) IR T DR R B IR BE &2 O [ 2k | MR P I VAERZRIE DI R OB THHZ 2B R E IEDZ[3],
NODRIZBITDHT7 7o T NI — )V AFEE O E L E R R ey B AFEO HEBLE DRICH 575 SR B fif B
THIEZED, MRa Y IV E A ARORIEINC D72 8D IEE FE MR CE -2 e KER R TH D,

BiaXa Higher-order

2D Topological Insulator Topological Insulator

{x )} (x=1

A g

Normal
Insulator

Weak Topologlcal Insulator

. FEBRTHENLLT- BisXa (X =1, Br) 128115 vdW FEERE L 22 MR LA HERE AR BE [,
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2. 2 FRAOCHILEFEY FOERIZEITE T MROSHIVEBEERKR] ORE

AIEOT 7 a—F 38R0 H—YE C~a 7 R 2 AR TEHNRa Y VB R EROFE JLEMENLIX
~ AT UER] TR O BRSO T2 METE O B L LW 72 BLS D | HEHTEM B O K O EERGRE
ThD, Flix DY E %2 HAL B L TR L CE 7L 2 A, Fe(Te,Se) RERDRLY HH O M 2 i (8
FALREHE) ICB W T, w3 Z ¥R - O I LT (IK2) [6], BUFE, Blim THIS Qe oTe~a o)
YR D BARBN B ORI A - MFE EBR A D T D, — T B D LD AP D BV MRy Vi
Eﬁww%’f%ﬂﬁﬁb@%ﬁqﬂf&;é[1,2,4,510

(@) Fe(Te.Se) (b) zscp@ HOTRILE—E—R

dlidV (nS)

-1.0 0.5 0 0 0.5 1.0

04 _ 00 04 -0: 00 04 04 00 04 04 00 04
Energy (meV) Energy (meV) Energy (meV) Energy (meV)

H2 Fe(Te Se) B dl DE5 R BB A b RV JERIE LT AR, (a) #f i i, (b) &b
BT DR RNV ART L D—f, (¢) h FRIVARTMLVDZEM~ o TICEAE BB HE b
Eﬂﬁ/u@ﬁ#@.o (d) BB TE AL SIZ I T TR -2 L7 E G,

3. ER#WX
(1) “Giant second harmonic transport under time reversal symmetry in a trigonal superconductor”

Y. Itahashi, T. Sasagawa et al.,
Nature Commun. (2022), in press.
(2) “Magnetic Field Reveals Vanishing Hall Response in the Normal State of Stripe-ordered Cuprates”
Z. Wang, T. Sasagawa et al.,
Nature Commun. 12,3724 (2021).
(3) “Evidence for a Higher Order Topological Insulator in a 3D Material based on van der Waals Stacked
Bismuth-halide Chains”
R. Noguchi, T. Sasagawa ef al.,
Nature Materials 20, 473 (2021).
(4) “Pair Density Wave at High Magnetic Fields in Cuprates with Charge and Spin Orders”
Z. Shi, T. Sasagawa et al.,
Nature Commun. 11, 3323 (2020).
(5) “Vortex Phase Diagram and the Normal State of Cuprates with Charge and Spin Orders”
Z. Shi, T. Sasagawa et al.,
Science Advances 6, caay8946 (2020).
(6) “Zero-energy Vortex Bound State in the Superconducting Topological Surface State of Fe(Se,Te)”
T. Machida, T. Sasagawa et al.,
Nature Materials 18, 811 (2019).
(7) “A Weak Topological Insulator State in Quasi-one-dimensional Bismuth Iodide”
R. Noguchi, T. Sasagawa et al.,
Nature 566, 518 (2019).
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B E @ H4& F 1550nm % InAs/InGaAlAs EF Ky FaHIREER L —

T PN S R ] 7N O@FHIR ' WEIHENE . RIKFK ' FHEkz 2
BREHEKRTT /- 74 7RIHFeHEns °
R S SCAREOIMI i A, RPE—

1550 nm band InAs/InGaAlAs quantum dot DFB laser
by ORuna KANEKO, Ryumi KATSUHARA, Ryouta YABUKI, Katsuyuki UTAKA,
Atsushi MATSUMOTO, and Koichi AKAHANE

1. HEEM

B K E - K> M(quantum dot: QD)IE, ®EIREEZR 3 IRGTAUNZHE 5 Z 12 L 0 edifb L7 iRpems
ERFLIL, ZORERF ¥ U T EAICEIY BWHFRBZEO b OOHL L TMAOFSELHENSEL Z &
MTEDLD, KL S VERIRIZINZ TRWETEE | RS SICPAIE A~ MUVERME, & LTt
FCHEICEBN T FERNS O D Z ERMBI TV D, [1] ft)F, soAilmiE R (distributed feedback: DFB) L
— X, WEA—F —OBEIINGEIC L 0 BIBEEESHE SN B ERIENARECH D, & ZATIE
EOBBEEREESZESCT VXL abt—L Yy MIEDHT 7 A4 NlEOKRFELICKHET B 729121,
Bl REUEIL S & LAY NVRIEEZ AT 2 EEH L — T ORBNR AR TH D, £ 2 TR
BTIL, T v&ae—Ly MERICBIT 2D AT SV OBHRREAC-OWRE L EED M DT, =
noEFEETLET Ny MofiliEf L —3 (QD-DFB) & fiif L7z, [21.[3]

2. ARAEE o

2. 1 RTHEEE R S T serous
ARERRTIL, HHRBEUIeHME L 0 (ER S/ InP(G11)B %
B BRI BT % AV 72 MBE YEIC X 0 AR S hu7z[4] S R ARG
InAs QD J&/InGaAlAs NV 7Jg 14 J@fikg. £7-27 7 v NiX
InAlAs &, ¥ v v 7J&lE InGaAs JE7> 5725 1550nm #7 QD ¥ e S v
= ERAWE, [SH7] VWK A Fig, 1I2RT,

F A RER U 7= M [ 34 DFB L —W O RX % Fig.2 i i i3
AR, TR IR & O AR BER O 7 IR < Sopea T s xaotems
IR DR D 0 EEIIERESR Y v DER RIS ———

RIS K 0 SRR, [8] S BICT Y R L o
BR[O HENR NS N, T ORI L 57 kg Figl 1550nm 4 InAs/InGaAlAs QD 7 -
KO- bOTHY . Uy VEEROMECES RS O OB,
ERTWEEAT D, ERAETHLD, TP EHETO Y =

NEIZHRE L7 SI B, BB Y V7T 7 4 RIA4 =y F

VI L o T 250nm O 1 REITHS AR 7 a EEL p-clectrode
72 2 BB R OEEET 5, RIC SiO: s~ 2 212 KT .
ATy F IV E 1000m F¥ v TEE T Ty REEZT Y ihsulating
F T D, ZD% 2 HNOEYH FIZHED L D2 Y v DB K layer
R — % SiO) BECIBR L, MRS Sy — BEEE T 5 2 b
T U o UHEOREIC Y L—F 4 v I ERESND L 9IS _
B, %2 LT Si0r & BCB EDAMIC LB PHic ko Ty gy TR e mode
7 NHOBEBT 2 ER L, B A RS LR 7R B,
fES L7 DFB LD OWiiii SEM FH % Fig. 3 1Z-d, HRELA Fig.2 {lifi 47 7 QD DFB L —#
U B R R S CERIEA S LD ERSY Ty F DA D00 D T HEE R,

B 2 U S S EITAS 72500 0 A SN ST b 5.,

ridge WG

gratings

active layer
waveguide

n-electrode
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2. 2 FRFHH

FA& 1090 pm i A3 ES B i O DFB L — 230\
SEIREERIR A #E LTz, Y7 hD72 ) DFB L—H D7
W JE 155521 nm & 15524nm TDO 2 E— REFETH o7,
Z 2 CHE RO DITHEEFEME L 3=, [A U DFB
L—HFIZB W T—HFOmm IS S (AR) P, 5 Osgm iz
mH (HR) L, MEEIToTe, o, a—7FT 14
TIEANy B2 Y o T L > TITV, AR TIEFE IS Si0, /
TiO> = 201 / 119 nm ZHEfE S5 2 & TREFHRIT 0.002 %LL T
L 720 HR TIEFE NS TiO2/ Si02/ TiO2 / Si02 = 165 /266 . M e }
/165 /266 nm ZHERE S5 Z & TRERIL 833 %Ll L&D, Fig3 *f‘;%;)%?ggﬁgg;m V7
—J7721F AR BEHERS L 7= AR/CL HEEDRIRICHIT 5 CW i b
S H TR 2 Figd 127, 80°CE TO CW FIENERK S v s

100KV x14,000 Tum  2021/12/03 9.9 8 SEM_SEI

72 AR/HR JFEIZAHE DRI CW FiE A7 hVEHE% Fig. 5 —10°C ARCL

iR, 25 CCTOMIEERIE 73 mA, BIEERELE 112 _ | e oo
KAjem?® 72572, ARMR BIBAIC J 0 T — FRIREER L 2 5 0 1K
720 FEMEW 1T 1553.54 nm T, %A FE— FHIEL (SMSR) (% z , 60°C

34dB L72oTe, e
EFIAER LT b O & [ UREIC K DT 21T - -5, /!

AR =489 cm! Th o7z, H—F— FI¥ERKAEK L= DFB 0

L —F ORI 1090 pm TH % 15 BUEILIH ARSI kL LY ety

=53 ThoTc, kL DIEIZRE WD, VAN 7 B g E DR

BB THANT —=HNRE BT H2MEEZHRA L TWRWE  Figd AT F QD-DFB L —H D=

BaT, EMA—NN—= T ORBI DI NEEZLND, IR CW Bt e H 7 e K OV S

s
3. F&¥H Wavelength [nm]
1550nm #7 QD-DFB L — CEREF B 2 2k L=, 1551 1552 1553 1554 1555

ARMHR =— FEATV, BB L MEERHEIE 73 ma & 0 [ R R i)
1.12kA/cm® THi—E— REIfEZ K L7=, SMSR (% 34 dB T 201 155354 nm oW
bole, THHIC R EBMEHANC £ 5T PGB Mb Lk F j‘; SMSR-=34-dB L= 1o
IZAR L2 InAs/InGaAlAs &1 Ry b7 = a2 WS Z & T % “ I“xjﬁ(;ﬂﬁ
JRULER: LC DFB L — Y2k 5 80 "CE ToMifFE 5

BT D &) mWIREELEMEDGE ST, "

S#%OIEE LT, B OEE M o m Ee 1 [lox
v F 2 T CORPHEFER T 7' 2O/, S HIZ V4 (e
V7 NOEANRERKD, Fig. 5 =i CW FIR A7 kL,

-80

Bt
AWFZEIT—E NICT 3698 (No.01301) DX A B THEMINT-,

SE X

[17Y. Arakawa and H. Sakaki, Appl. Phys. Lett., 40, 939, 1982.
[2] AR, 25 68 IS HAET, 19p-222-9, 2021.

[3] R. Kaneko, et al., Physica Status Solidi a, 2100453, 2021.
[4] K. Akahane, et al., Photon. Technol. Lett., 22, 103, 2010.

[5] A. Matsumoto, et al., Appl. Phys. Express, 7, 92801, 2014.
[6] A. Matsumoto, et al., Opt. Commun., 344, 51, 2015.

[7] S. Isawa, et al., Physica Status solidi a, 1900521, 2019.

[8] V.I. Sichkovskyi, et al., Appl. Phys. Lett., 102, 221117, 2013.
[9] A. Y. Liu, et al., Opt. Exp., 25,9, 2017.
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il

B IEFEEEAM R B
SAxYEY RSQUID DR LEIZFAIITIES a v oY VESHMMIE & F &

RRERFETA . BREKRET « 74 7RFEHE . OmERm . BT JIRERE"
WERPRIR e B RE . SRR, KHE—, ARE—°, EHRE’
RRIERTT 0T 4 THERER #1155
JJ miniaturization and method study to improve the characteristics of diamond SQUID
by OY. TAKAHASHI, A. MORISHITA, C. WAKABAYASHI, Y. TAKANO, M. TACHIKI, S. OO]I,
S. ARISAWA, T. KAGEURA, T. SASAGAWA and H. KAWARADA

1. EEHN

HERERRS Y Th 5 BEEE T (SQUID) X, BEICEE~ 723 B G S TV B RE 2B
HFENRA A THD, LLARREL, Nb=X° Al YBCO & 572 SQUID ~ KL < iV b A 8BEMEN T, H
IRERAV S\ Z 1 5T /3 ZADREEL-OMHENE L 72> TV D, £ 2 THLIE. BN - LFHLE
MWEAETHLXAYE REHWD Z LT, Lo % ik L7z BREOE VY SQUID OFEHAZ HiEL T
Do PERDZ A ¥EL K SQUID 23 1%, WARUREICRED L EER/NT A —F Th HELIRME Vop 235m Th
40 pV3THY | B0 OHE wV B TH DR SQUID & bl d 25 & Vi DRE SMFRE & 725 T
W2y Vip 13X SQUID D # 72 BHRITIKATE L TV D A, FFICY 3 & 7 Y VAN D FASEHT R (X IIT
IXTDIEE Vop DI EICEN D RTG A =R Th D, T TAFZE TR, 1T 2t 2212k v RoZzmE
EH, XA Y¥EL KSQUID D Vyp il EEXo7-, LTI 2T 2124720, fEko T1ER 7 o+ 2
THLHIBEPILEGR N AT v A TrtE2 M2 T, Ry F o7 (hy 77X T T rE28 T SQUID O
E AT o7z, F£72, EEE7r e ATIHBEEY A YE S FOMLIZIRAR S 5 Z EBRIZm b TN D
7204, FERIR S SR 5082 RIEZ 2= 72 B a v ADRE LT 72,

2. HAEARE
2. 1 BREELBEIRT F L7/ TovRCLY Y a7y 8828 E L7z SQUID
AHFFETIEL, BIRE b BN E W E S D BB 1 Selective Growth === === ST !

I (Gr-2)
1 Gro

FEREIE )P ZAEH L, E OFRIEZPERD 15 pm 725 5 pm
R L C SQUID DERIZ4T -7, fERI7 kR L
LTE, ETRIEMEA AT =y F 7D 0,77 X<
FV A YE REKREICES 40 nm OB ZEE AT
%(Fig.1(1)), €Dk, T DBGEERWTT 2 THRIZER
0y R—=7"XA¥EL R%& 1350m $fET 5, £ ORE,
BIRE 7 B A TET AL ABRICEDE T~ A7
/K — 2 (Fig 1(Gr-2)) &, IBIRT > F 2 7 TET A A

!
1)
I
1
1
1
1
1
L

Selective Etching

IR L 0 K& o~ A7 % — (Fig. 1(Et-2)) & £ 11 SlfH%QWﬁjhfxqﬁgmth

N S S = S . N ~ elective gro E elective etching
TP L RIREAT 5o BIRPUR TIPS & 0 I widih 15 p'lm(Ru='l.3 Q) |, 1 width 15 um(R,~2.2Q)
7/\4’;&—:5}2&7‘@{6‘75\ E?Ri‘yﬁ;yﬁ"ﬁliiﬁkﬂﬁ A Boi= 23T oy B 2167 [60K |
RICRIED O 7T AL D=y T T TTAL izl ; ,
AR TE(Fig 1(Bt-3)) &1 TW\NT /34 R5ERR E 72 D, = 2yl A

Fig2 IC13, BIRGLE &t » 7o 7 RS SN ,]]4\ . Eg Nl g
AT T 15 pm & 5 pm 0 SQUID ICHBWTHIEL - 77 A ! BRCE
CRBIEOBIGIRFEE TN EIUR LT, £9 3R '6 10 4l % 12 14 16

field ) M ic field (uT

WA % & MHHERTIC 13 Q 257 Rl Ma”“i;“ eaid R Ui

WAREA21Z 8.0 Q ~ S ABESL D KIERIIN % L7278, mo”wmwm&?mné.m”wmﬁm@%“?

FERD Voo EBAIEAT L D &/h SV 0220V 7o ARy i TET 77

TLUE 72, MhoBRAKE SQUID THIFEEZ RaAS S of 2 i af 4 “"2,;3'5;“‘5\;"3 AR

HEAOHEME L72N Db Vop NS RBIER g ) [fritiri]ta

(L7 > TRY  BERAMR T 7 A4 JT oI5 E ;g ’x':""_»i;g{.(énfﬁéquﬁTf ) E;; w0f 7 '; ‘; 2: ¥ ': ‘:' ’r

LTVARNZ EARSAE, —FTER=yF ~ of | L B 20T

T CIE. PHMERTIZ 2.2 Q 72572 Ra DSHI{LFR I " 1()Mign2tlc4ﬁéfd e x netic field (uT)
Fig.2 T DSHE é
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6.4Q ~& JJ gD
VA NNEFFOZENREINTZ, SHIZ, XA ¥YEL RN SQUID IZ
DIEPRRENC T HIBINT v F o T OEBNENFEIES Uiz,

2. 2 TyFUIHA—VLARER T O ZADBRE

XA Y& K SQUID DFfME A RNz M E S d 7@ IRe v
Frr7av RN, 1T b EED S ICOoNT=yF 7
X A=V ORBENBEEN L, I FEICHERET D L) Ik
Slz, T, FtESE2 B 1T O AT O T2, BRI
REUAN CTRBIZESY A YEL Remy T 7ETICT A A
ERITE 570 RO EITH Z LI LT, ST ICR_E
L7 v X3 BIEE X A v v RBRFFOBEERED
ARG EFIH L, 0L 2B OFRe Yy R—74 4 YE
¥ RIEPNICHBAREAR & BARERZVE D IAI T /8 ARH —
BT H Tt ATHD,

FERE & LTI, Fig.3 ORRICHAIEE 3 O MR 49 1 um
BO N T EEMR LG Ay =721 YT REK
L. hU U TFRIBEICE R T AR r Y F— 7&4¥%/%@ﬁﬁ
AEDFENC LV BRERIC T8RS LTRSS
&T%E%%ﬁ@fuyﬁ@&LTW%Lﬂﬁﬁﬁﬁm%LF
ODBIEEX A V'L REFIZHE LD TR0 EE 2
7o AMERE XL & LANE R 5 72 & 5 ZRIBIR T, DOFERRER 31
BIEERER T L 2BER LETH L0, LUT Cldk
BALE L MR D,

AMFZETIE, Fig3 (TR L72MHIE THRAIE 5 pm 775 1 pm OFE
RS B — B 7ot 0 2R L. 0 BIE & 2 ORI KA
%ﬁﬁ?é’&?ﬁﬁ%g@iﬁﬁ%@%%ﬁbto

Fig.4 ([ZI3HRE S um, 3 pm, 1 pm (28T 2 BT OEEKRTIE
iRl /7“/& T AOFER LWL ORLEZ, Ty T
TH A=V DB TRSC 2 2 BeBin 2R L2 0 | SR T
BELTZVTHBEIRT v F o 7 L3R BEMmE TV
NOBETH B —BezafiE 1 ASkORik7e 2 B o B xils
BiRrLTnb, JJ OBELFRET H7-DI2, #RIE S um OF
WA RNZBT D~ A 7 a R - FERIN R O — B V) FF
PEERIE L72RE R % Figs (SR d, ~A 7 o IEMRETRECRMR)
WBERY a7 Yo RE v T X o7 -V N Eon B
V. ~A 7 e ERIFRRGRIHICIE S Y Er 2T v 7 LTI D
AT a7V U RICHEE LZBEENER SN, RO I-
VERED, ~A 7 v J IERRETIE TR 1 um, BRI CI3fE 3
um F CHER SN2, FE 3 um F T I BIENFERE S 4,
FRIE 1 um ([22OWTH T OISR STz, 72,11 O Rl
VR TR BB AR FPE NG DI TE Y L JT OEWEEGE & T
FERMAE DSHEAEE D ITHERE L T D ATREME D R Sz,

3. EXH
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I U723 % R Vo 1360 20 15D 47.7 uV ~TREBAUEEINZ T2 LTz, 2O Voo 13
BEFSQUID &iffa/e WWRE X THY | ﬁ%%ﬁ%?%yPﬁS@ﬂDﬁﬂkLT@Hﬂ&ﬂM

uL@f?y
B D 1A OFZME L 1T kbl
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yian nd U

i
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AL conductivity
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(1) S.Mandal, L.Saminadayar et al., The diamond superconducting quantum interference device., ACS nano, 5.9, 7144-

7148 (2011)

(2) T.Kageura, H.Kawarada et al., Single-crystalline boron-doped diamond superconducting quantum interference
devices with regrowth-induced step edge structure., Scientific reports, 9, 15214 (2019)

(3) A.Morishita, H.Kawarada et al., Crystal analysis of grain boundaries in boron-doped diamond superconducting
quantum interference devices operating above liquid helium temperature., Carbon, 181, 379-388 (2021)

(4) T.Kageura, H.Kawarada et al., Superconductivity in nano- and micro-patterned high quality single crystalline boron-
doped diamond films., Diamond and Related Materials, 90, 181-187 (2018)
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RIVF T4 o h—EEICKDEEK
2DHG % 4 ‘vE > K MOSFETs &+ 11t

AR RSB LA . R RS T - T A TR IEAS
DA BRFARKI R - 22T 2AFZEFT A=) ° OFifE— ' a8 > JIEEE

High output of high frequency 2DHG diamond MOSFETs by multi-finger structure
by OMasakazu ARAI, Atsushi HIRAIWA, Hiroshi KAWARADA

MEE/

5'4’17%/ NI WS EE R E R E P I R OBMRE R CENT-OMEEE BT HZ 0D, &E
B - mH I EERR & L COISHAIIfF STV D, Fex ldmiR ALD % H T ALOs (100 nm) A HEFE S H 72
EitE % A & K MOSFET #/ER L., p 8 FET Tl & 72 5 HIJEIVHEFE Pow = 3.8 W/mm @1 GHz %
B U7c, BRI Om BIZiE s — MEZIERT 208N H 5, L, @EF FET 2BV CHALY —
Mg Wou ZIEKT 2D & 47— MEPL Ro DEFR DB A T CTRREFEN LI LT LE S, TD7H, Wou
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L LCHERE LT, 2 0%, EHEmIC L 0 NE —= 0 T EIT, T —
NEME LT Al 25 Lz, WEROFTNT 4 o HT—HEETIIZ ZETO
T ATT A ANERE IR D03, RKFFETIE~/VF 7 4 W —FET %1E
B9 5 72 DI ZE PSRRI S (= 7 7 ) v D)2 ERL LT, LY R b OfEEH
ER—VIREEEZ D ETEBOTyF 7 L— MERIBIZEZ, 77— b
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Fig.1 lZ" 3, Bt D57 — MEWer) XA T — MEWeu) & 7 1 v T —DAREL
(Ne)DFE TR T Z LN TE Figl OFT A A X Wou=25um Ne =6 TH Y |
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R T Figl DT NA ZATIE 6 ARKD T ¢ T —DEELTWDHDT Wer=25X6 pum & LTEIEL TWDH03,
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Charge stability and Spin property of 2D NV ensemble
fabricated from N-termination on (111 )diamond

by OKyotaro KANEHISA, Tetsuya TATSUISHI, Kyosuke HAYASAKA,
Hiroshi KAWARADA, Shinobu ONODA and Kosuke KIMURA
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Lo BICHELENV BV X — (NV) 1E, HRF THEms ICETIEVWAY o —L > MERZ/R LY
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IGHEE LT, KRBV PRIRCRT VAR ERBIFIN TN D, B, HONV & — b alet
DILFE T AT 9 nano-NMR (T & - THARH)TH 5[5], NV &2 ¥ —DOREGREE L. NV OO SRR
BILTEL< 72 5[6], o, TREDELD NV ITREIO BN RRELZETRFERE 72D 5 5, w2, FUES
I EDONV B X —nNEA L RIRTNV 7oV 70| REBERR v 72 RETDH LB 2T,

2. HAEARE

2.1 2RENZ7UHTILOERTOER
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pH sensing at elevated temperature utilizing Diamond Solution Gate FET and Stainless-steel vessel
by OShuto KAWAGUCHI, Reona NOMOTO, Hirotaka SATO, Teruaki TAKARADA, Yu Hao CHANG
and Hiroshi KAWARADA

1. IXEW
AMERTIEL, 2EET T AL Z2pH U IRRD LN TND, BIE, pHEVHE L TRLHANLA T
HH T AEMmX pH o, ZE LT pHIESEDHEGRIE TH 5 1/ A MRE(59.2 mV/pH) 279 2 &
5. pHIENLE A RERTHAIN TS, LL, BRERCBWTCX, HT AEMD T T A0
BLY AR H T AMBALTLE D /RN D D 2 L0, BT ABMOREE ., NERIE M ERER 0.1 ~
ImMLIFEIRBRLTCLED 2o W7 AEMEMEHT 22 LTI TS, Fxldk, TUETHAYE
v NEME TR — b FET(Diamond Solution Gate FET :SGFET)IZ 2\ CO#FFE%E L C & 7=(Fig.1)'%, #A Y&
VORI, REBMOKRS S, @mWEREGHE, WHER - ALFRLEENO AL A& LTORMICE L
TWwWb, oL, XA %€ K SGFET ;&@@‘;{é%ﬁgﬁu pH Y3 S r— & m Gate Electrode
R H T ABBEFEH L TNDZ E0D, BMERTOIRAIZIEE LTV Rh o b (Ag/AgCl)
Tre T2 T, Frox 37— MEMIZ AT U AR E VT (Vessel Gate), pH &>
VT BT CE T, AT VL ARGITITE WIS A 3B 0 | F ORGSR

Epoxy resin Epoxy resin
P32 pH IS REUS 72 8K pH & o L HAA DY D 2 L 3 T, Fex
IR Tl iZ\ﬂ//X N SEIZ ATV ‘EKFG‘%%E?%Z) & a:EJZIjJ L7253, Poly-Diamond
KRETIZ AT U VARG E XA VE L N SGFET Z#AG L2 2FEKT 7 Figl #A v NEMRE
AVApHEUHEZHWTHEIRTO pH v v 72 HET, ¥R — N FET D&
2. IERE

2. 1 BARIES A VEL K SGFET OF MR EREN

Figl OX A Y€ K SGFET Z{ER L7=DbH | BEFHKIH CTF' 7 A~z 35 Z & CHRFEEImS 1 7
£ R SGFET Z#{E# L 7-, BRI T Tl b L ERKEI CTh A 728, 4RO &R IR Tl F ki &
A ¥ F SGFET % /=,

BR AL 2 A ¥ > I SGFET I Fig2(d)IZ~d XL 912, 95C L W\ ) @Es R BB CHEIMET 5 2 L BNbho
7eo F72. Fig2@~@IZRT X ICRED LRIy, (RkCRiL) HHEa X7 2 A0 ERE (FT
RLTE) = RNU—=ZEBROEME NS 2 0OBENR A LT, FEER pH o0 Thorv U av
ISFET Tl 60°CIZ & THIENHEE L < 72V 6, AlGaN/GaN HEMT TIHEEE D EFIT > TERENBAD T2 7
o, TNH SRR DEMEEZ R LI, ZORENE O NZFRKIZOWT, # A ¥E L K SGFET & Junction
FET OREDOMHBENDELE LT~ FOFME, Aoy F—7EhoR e USRI W TEM(L A L- b
PR BT,
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Effect of the bonding property between interior particles and ferritic matrix on
local the plastic slip formation

REER AR A B AR TERT O —, 74U b VANLE

by O Seiichiro Tsutsumi, Riccardo Fincato

1. Research Object

The idea is to investigate the formation of plastic slips in the surrounding of the defect due to the difference
in Young’s modulus between the inclusion and matrix for different orientations of the ferritic crystalline
structure. The present work carries on the series of investigations performed in (1), where the effects of
spherical Al20s and MnS inclusions were studied considering a surrounding Fe cylindrical body subjected to
tensile loading conditions (see Figure 1). The work carried out in the present paper considers an additional
aspect: the bond at the interface between the inclusion and the matrix. The interface between the two bodies
is treated in two alternate ways: a perfect bond and a hard contact with friction. Similar conditions can be
also found in (2). The numerical analyses are representative of internal inclusions, and they try to clarify the
mechanism of the formation of local plastic slips at a nominal stress regime as a possible explanation for the
crack nucleation.

2. Experimental Results
The FE model consists of a spherical inclusion, (aluminum oxide or manganese sulfite) modeled within a
cylindrical ferritic body with a ratio between the two radii equal to 0.20. The sample is constraint at the base
and pulled along the y-direction at the top, under uniform prescribed displacement condition. The inclusion
material is assumed as an elastic body with isotropic property whereas the surrounding ferritic matrix is
assumed as elasto-plastic with anisotropic elasticity. The interface between the matrix and the inclusion is
modeled with two different approaches: a perfect bond between the two bodies (i.e. PB hereafter) and two
separate bodies with a contact interface (i.e. CF hereafter). The contact is modeled as a hard contact with a
friction coefficient. A preliminary set of analyses was carried out to characterize the elastic anisotropic
behavior of the ferrite and to justify the choice of the Euler’s
angles sets adopted in the subsequent FE simulations with the
cylindrical sample.

pulling direction

ferrite

Table 1 — Crystallographic orientations selected for the
numerical analyses.

Orientation o [ N v [°]
1 0 0 0 i
2 0 15 0 '
3 0 30 0 /L
4 0 45 0 Al,0,/MnS inclusion z X
5 35.26 45 0

Figure 1 — sketch of the sample

Figure 2 shows that the nominal stresses at which the first plastic slip is generated for the aluminium oxide
with PD and CF shows maximum gap in the (35.26,45,0) lattice orientation. If CF is considered, the relative
decrease with the PB solution at about 44% indicates that the interface condition plays a major role in the
ferrite plasticisation around the inclusion. A relative decrease of the same order of magnitude is also applied
for the manganese sulphide inclusion in the (0,0,0) orientation. The (35.26,45,0) and the (0,0,0) Euler’s
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angles sets represented the ‘safest’ scenarios for the hard and soft inclusions respectively. This aspect is
due to the fact that the elastic stiffness of the ferritic matrix tends to be close to the elastic behavior of the
inclusion in the two respective configurations, minimizing the stress peaks around the inclusions. On the
other hand, if CF is considered, the deformation on the top and bottom of the inclusion is free, and the
sample tends to behave as if in the presence of a void. However, due to the presence of the defect, the
lateral compression triggers the formation of plastic slips at a lower nominal stress regime compared to the
void solutions.

1.4

m Anisotropy No Incl. ® Al,O; (bond)
12 % Al,0; (no bond) = MnS (bond)
#“MnS (no bond) I Anisotropy (void)

0-y,axiall 0'y,axir::l;‘isolropic

. ,
"
n
s
n
. 7

S
o
o

(0°,15°,0°) (0°,30°,0°) (0°,45°,0°)  (35.26°,45°,0°)

Euler angles set
Figure 2 — Normalized nominal stress at the first slip in the surrounding of the inclusion for the different
bonds at the interface between the matrix and the inclusion.

The importance of the correct modelling of the interface between the two bodies was also underlined by Qiu
et al. in (3). The PB analyses show increasing values with the increase of the elastic stiffness for the Al2O3
defect, and vice versa for the MnS inclusion. A monotonic trend is not observed in the case of CF. The initial
increasing values of the nominal stresses have been recorded for both the inclusions passing from the (0,0,0)
configuration to the (0,15,0)~(0,30,0) orientation, with a subsequent decrease to the minimum values
obtained when the cubic diagonal of the crystallographic structure is aligned with the pulling direction. A
similar tendency is observed in the analyses of a spherical void. The aluminum oxide defect is always
characterized to generate plastic slip at a lower nominal stress than the manganese sulfide in the CF
analyses. The MnS could be responsible for the fatigue initiation in case the PB is considered. The maximum
gap in nominal stress between the hard and soft inclusion is obtained in the (0,0,0) orientation for the PB
analyses, with a relative difference of about 34% between the two defects. The gap in nominal stress has
been demonstrated through the striped bars in Figure 1; it appears to have a less severe magnitude with a
relative peak of 4.6% (obtained in the (0,15,0) orientation). It was concluded that the assumption of a PB is
not conservative and could lead to an overestimation of the fatigue initiation. On the other hand, the CF
analyses represent only the other extreme in modeling the bodies interface. However, it cannot be concluded
that they represent the worst-case scenario, since intermediate configuration with partial bonding could
enhance the stress localization, and therefore the formations of plastic slips. Future work will investigate this
aspect.

3. References

(1) T. Sakai, R. Fincato, S. Tsutsumi, M. Sano, D.S. Paolino, T. Miyoshi, N. Oguma, A. Proceedings of the
VHCF7, (2017) 181-186.

(2) B. Alfredsson B, E. Olsson.. Int J Fatigue 47, (2012),130-139.

(3) Z.Qiu, Y. Li, J. Qi et al., Metals,9(8) (2019), 851.
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Development of a method for multi-layered anodic bonding of glasses
by OMakoto TAKAHASHI

1. BAREHN

Btz 53, A7 A LERE | ERAEZ GRS L CliE ORICELEZ N5 2 & THEAT 2 TFIETH S,
BIEHINCES TH T AR THEL DA A OBINC L > TH T A b#EARmICHEENs o ( Fo &
BIANRIST 52 & TH I A LBIRPESG SND, BES ITEAIREMENDO TH 7 A0 EEHIZ#kIZ
Lo TERT B LN BEEASNRD HILDE L0 MEMS QAN CTRELOH T 212 L HEIEIC
IR WL RTWD

GRS TlX, BEREEAMNLLE LT T AR LEZ2EBAT 5620 TE5, I ATHMEEEES T2
WL, GRS TR 7= T AR L OMEFIZ S HIZHIOH T ARLEARIM & s & CE I E TH D,
Loy, Bty L= R CE e L W G OBIEEMZ 5 & BIEFNNCES TH 7 2Ah 2B+ 57 b
UL EDOBAF U DA R EICER L THRESCH 7 ABEEZE LS5, BREEIIHLE LN T
AR L DGR G FIZ S HIZHIDO T T ARERZGES L& 5 &2 L EYOBE R EICEEN D
STHRENAET D720, 3 BELEDOH 7 AROBERGIBEES I FERRNEETE > 72, ZNERRT 572012, F
7 AL OBES TRDOHES Z ML HT 58 REZE< LT, #aPIC8KEN 2RI bInd Lo
T IUE, B ONIMTFIC S BIZRIO T 7 A & GG T 5 B R W) O FUm I CHEA R & 3 7 m O BIER b
ST, AL T LSRR A 4 OB AT W= O REICHEEITE L. BEGOHRT
3D T ARDIERRBERMTFEERTELZ L2 INETICRAM L, 22 TCINERBEIET, &6
\ZEHAL D T T AR e G Tl 0 A 272D O FIEE NI T 5,

2. HAEAE
LIS T, T T DOH T 2280 BRI MFELH LW T AR TIIE S NER D0
YEBITAZHM U E SIEZIOREWVERTFAITIEIH 7 AR TEH BEIN/NEIL 20 M bOERE L0
BAEOEITHEND Z ENEZ LN, &I CERBEICZEBMEAICE > THVIRL T T A 2050 G,
F¥ka EiD Z & OBAE R OREOELEBE LT,
BAIOBESTIZ, Y —F T A LH T A « Matsunami 50 DEE 1 mm OEEX RO FEICEZEK A TT L
SoULAEARBEL, ZoT7AI =T AEEITST L )2
MCTEILFELTAI=ULEEEREDLE, TLVI=U A
JE\ZE R e EER O EME . 2 8D T ZAROIMAOEIZA
Wzt LT, ZOMREBOMEL Z /T L T 7K TS
IBED 473K TV, IRENEE LT RICHEAEIL &2 N
L ChtidEa 21772,

20 mm
2 HEOHEA T, RUIOHEAS TRONZEARTFOES .
BT LI = AEZiE L T\ T2 5T 2B OmHIZ T ff)_%%gmtl,ﬁ%l% wnrE | T
FAI=YNBEEAE L, O LM - AEOA T Age < 4 f PR S
R, 7A=Y LBICEROEE, HLON T AREEY L | e L S P
ORkFOIMUDHICAMRE B L CTROBA L RRICES 2 2
AT ol UBRBOMY KL TH I AOLBHHS E1T £ | g
i) 7":0 g Current density g
B % 702 =7 ABOE S IR OBEA TIE 30 nm, 2 T
BEFDAREIE 20mm & L, SEIEFUINIER o IZRAIOBA T Voltage application time, ¢, /5
12005, 2 £ H LARECIL 1800s & L7z, Fig. | W7 A-71 7 AR EHKT O /M8

Fig. 1@IZHRMDOEE TR ONIMT (TT7 2280 DS (a)L A TITH T R &= Ei(b)
S & BRI T A ki@ LB LR AT, e R
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EREDEE LTz, SESANIAEL TW e T v =0 LIS
LTEY, BATIIZIETXTHRT T AL S 001 4 T
fbENZbDEEZ BN, 2O LITHESTICH T A 2RI ERD
24k (Fig. 1(b)) (23 W TEENBALHE~500 s TEIBE LT Z Lo
HHEL I,

Fig. 2122 FH OHEAS THRONTMT (U T X 38 OGR4
LW Z 2D (Upperside) & 7T A 2 KtDOfEF DMl (Lower side) 7>
BB LR RATRT, ZOESICEWTHH LWESRmEIZIZIEST
TEELTEBY, 1274 =0 ABIEEWHL L T/, Lower side 7»
SR LR OBA R 2 & HOBESITHE D KEORAEIT RN
XNz hoT=,

Fig. 3123 HFH DL TRONTAMWF (TT7R4H0) ZHLWHT T A
D& T T A 3K OMMET- ORI HBEE LT R %2~ , Z OBE Tk 20 mm
FROESIZH LA T AD 3 {785 12 0BEA OETOIRNISH L ‘
VS REOIRIICHEE 52 5 TS 2 bR, @onis  Tig 2 V7 A SRBRGRAHT
REZIFET R THEE L TR T A =7 2B LEIL LTV, (F7 23480 DI
Lower side 7> H #8122 U= et DA, 2 3 H OBA I KD ARk
RWIEEN o tz, TV =0 ABITEEEOEITINEN DTN
ESINTNWZDOTH ES ERTFRIOT T ARHIZEELTEBY, 0
TOBEAOBNOFENANHIZL K Ro /RN E 2 b,

FITHEAEDENOEEL L VITox) ZHL20, b7 v
=T AEEMRTITCIIARLSHT LW T AOBEHIZH LT, F T A 3
WOMTLEFT LI T AEHART DL eRlkATl, BONTMHTE (U
TAAK) BHLNT T ADME T T A 3 KOMEOMMN B LI2
FERZ Fig. 4 IR T 8 LA IS < DO RBEA A% - C
WDDMWRNWIES T, TT7 A 3 BOMFOMTITHES OETIER
72720, A SNAENZEH LW 7 2GS D O A 4
VDL TN B DT A =7 AEAER LT T2 DR BT T
STbDEEZ LN,

ATOES CREEGHDERAF LTERER BT LT Z AL T A 3 D
HRMRFOZNENET NI =Y ABOBEGEEDENTHL I L% Fig. 3 #7 A LJB M MKT
IRTTD, FRROT VI =D A@ERLIEF LWHT T RAEHT A 3 K (T A48 OB
DEEAT, HILWA T A
DOMNZ[FIR - [RED T Z
A 2 Kk Bl o8
BHEDNT A ER >
A EIToT, TDX
I LTI FEH L
WHZADRETT A 3
K OMT-OMDHBIZE L
IR A Fig. 5O,
REECTRORIFITKIEIZ
WO LTRY, #HAEE
DT AL LT
HZ A 3 KOMF DM D

Upper side

Lower side

Upper side

Lower side

20 mm

Upper side
Upper side

Lower side
Lower side

BANgESNZLD L 20 mm 20 mm
FABANT Fig. 4 777 AL EGmEAKT (FF  Fig. 5 7 AZR@HwHELMT (F7

24K RIBOESITH LWH T 2D R 4K, BBEOESITH LW T AD

T V=g Mgl CH#ES) O T vI=UaEaeiil, 0 ki

I FIMDOH T A% 2 ERTHES) ©
P45
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Development of single-pass welding process of high-strength steel using plasma-MIG hybrid system
by OShinichi TASHIRO and Manabu TANAKA

1. AEBEW
JEERMR DVREE TR DL, ek, TRHB. &ih, ShEEESEOS B CRICEV, HRA) e BE T
RURHEFRICL AL EEE T v A TH L0, SIS T2 52 &, IWEOHIMIZEVRE L I
DS ABDTRBBHNCIEIN UAEEDTE T ETIZEL O TREZET H 2 L RIRHIHRA~DO ABNIEZE & 70D =
CENMEE D, ZORTIEO—DIINA T » RIEEHERH Y | ITFEFFERZ SR AT b E AL
Eno0bhb, TO—DTHDLTTAI T NAT U v REFERIIHRET 287 — 7 M TSSO EIC X
D7 a AHBEOHS EITEmW D OO, RAB ERIAZDARETH D, £z, Ibika X R 1EHE %
ATE, Sy v 7 BELREL, BATZA ML L =T =7 A7V v RIS L L GRIZZEMME WD
AUy E3H B,

TTGRZITNAT Y v REETIIZ L OGE, 77 A BT~ A T Atk & LTHOWEWT
— 7 [EJ) CVRBMIC F— R — L Z T LRI £ TORERRIAREIT D, I ZIEHEIRITI(T 7 A & L
THOOLN, BWEERETEF —AR—LHNEZFE L TV, LOLARRS, BEFCIZ TSI A~T—27 L 3
77— BN R IR S  H e, BB L e — L Y XD AWM X 75 XA~ 7 —
XA~ 27T =2 3B~ R T S, —F, T MEHNEL b L T TR T — s LT
T — 7 O &S D EIRE SR Sm T — 2713510k o & s,

KRIREE CLE LT m B mABR B L DI 3F— R — L OREENR R b EETH LN, Lo T — 7 [
FWNRAEL D EXF—R— VEBIMD DT — 7 JENPMET L — R — VISR LEE &7 0 IR MEE L 5K
ERFNERD Z ENHIALTOA(H 1), ZOMHEAITHRIERKEVIEETE L 25720, [EHRAERE 1T 5
LT oRERIITEET TRV D LB X OGNS, T, I 77— 7 OEELC LV IEHEOBATILE S AR
LRI . WEE R b R E K F
Lt &R REDOWHERMEAELT 5 & T4

S, WO L sms My Tl 0 uilims 180w
TAST = RO TT — 7 OEEA A Plasma /.. VA,
WIZ LD AW TH B o T, 7T —7 torch / “]l’c“:v,’ X

Droplet

DIFEEU O FRHL TN & — TR &

<AL L ZHUT & 2 B 4 8 U Cia Rl
HIERRIC b L RITT B LND,
/E%Hi#lﬁﬁﬁﬁ(ﬁ@iiﬁﬁﬂ)ﬂiﬂ?~z]<~/1/{§ 10 mm
o MM RIGTH B WITEL DOFAEIT ] «— Welding direction
i< BET %,

LREEAR, BEROT T X~ I T
7 Uy FEBEMEZ BRI LS LT
DITIET — 7 [T O RO R & W5 Droplet
BRVELEZOND, AR TIET —
JWITWOREA T =X LTS5 &
& BT, EOREREEM O 4 B 5
T, SFEETETIEITSTAITNAT
U REEHE D ILAER 7R s R e 2 048 5
S, STBRMOHML— XYy pig 1 FIRXvT7 =7 BHICL D X —F— L REED
TaEESERBROBREE - FoBgEE AL
1To7=,

Base metal

t, 4.5 ms t, +6 ms
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B2 IZEBREME R OEREEZ RS, 22 TIEIJE
% 110, 130, 160,230 A @ 4 KHECEBL SH=, £,
R 7 EIROEEIN ENEEEOEMNT 570D, L— ¥
Y v 71 05,1.0,1.5,20mm & BLEE72, K3 I245%
TRZBIT D e — ROl K OWniki~ 7 v 2R, %
BROFER, — FF v v 7 1.5 mm OFEHITBNTD A,
WHERMaD I M 7e B — RBERR S D 2 &30
o772, = FX¥ v 7 0.5 mm TIXREERIBAL NG
T, 7T A PHAEEA AR Z KT 202D, Zhn
WHLE P OEmERZREH L 7 e —F— Lz kT
HZERGMHoT, — FX v v 7 1.0 mm CIIEHE L
R RMES 3 AE LT, — F X » 7 2.0 mm TiiE
EWME—Ffﬁﬁﬁmvw/ﬁyﬁﬁﬁﬁwghéo:h
X, S EROBEIENT — 7 BT8R k&R0,
77xv7 71 £ B il ~D NESCE IS AL EAL
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Plasma welding MIG welding
Current 280 A Current 110-230 A
Arc length | 3 mm Voltage 2326 V
Shielding gas | Pure Ar/ 15 /min CTWD 20 mm
Pilot gas | Pure Ar/ 2.0 Vmin| Shielding gas | Pure Ar/ 15 Vmin
Wire diameter | 1.2 mm
Welding speed| 30 cm/min

Plasma
Touch

Welding
direction

! Plasma

_ 3mmeo %ch [ ] mamas

el

Touch

Specimen

High speed
camera

Specimen| Root Gap

25mm

Fig.2 FEERGM: KL OFHE

Root gap
and Bead appearance Cross section 3 mm
MIG Current —
Top
0.5 mm side
noa Bottom
side
Top
1.0 mm -
130 A
Botftom
side
Top
id
1.5 mm e
1R Bottom
side
Top
20 mm side
230 A
Bottom §
side »' -liJlelﬁL'

Fig. 3 I8 — FAMEI B L OWrii~ 7 =

BRLE A
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ST BEEAER - B 0B
Ru(000) ERLEDHFAVYEL KA RFOATAIELAXOvILEE

OJIEH  #, KM RS
AL M

RBRHEKET /7 - T4 7Aoo
LT BRFARSAEL - 2T LWFGERT
by OHiroshi KAWAWRDA, Kousuke Ohta Wataru NORIMATSU
1. MDA AYEY FOEEME Ru(0001) RE
FAXEY RATRIZEX XU v VRERERTIX, £4VvEY RERNT T X~ O 7= @il s
BIWAEATHD, 22T AV YA (I, A& (P, 7YY A (Rh) 72 EOAEKROF TOMEILNL S
fafEen BIC A A YRR (001) @ERESEDZLICERAEHINEINTEZ, VT =72 (Ru)
TABRENANTERS Y, FHHINTWeooTe, L, REHBNL X A vE FA1)~T r ot
2 Xy VK EDORREMILH D, £ LT, Ru OMElE, BIfER O ALR~T o EERTH D Ir ITH
A (Ru : 2334C, Ir : 2466°C) KT A%4A (Ru (0001) 6.9%., Ir (111) 7.3%. X1 @ Ru (0001) & 4
A¥ESR (1) OENASARAESDHEE,) 2B W TR, REMEJFEF0 Ru & OFHA
YERIZTC, Ru (0001) FT/ 9720 DOANT o Z X v ILENRESINTEBY ., Ru ITRE\EZM
Bro~T oz Rl EICHEATE A2 R L T\, E5I2, RuliBA4iE (Pt I, Os, Rh, Pd, Ru) @
G, i BIRICHE T, MBIV Ur OISR D 20-25%) 7=, FEREEXHBTHLRF SNDH
Brot=b, KO EFELZ A v FREFROF L2 R e cH 5,

2. Ru(0001)BEDH 774 7 ER~ADHEK

_(0001)ILT=D L
[1120] Ru

(111)F A VEUR
C

Ru

K1 #A¥ELF (111) & RuDOFDOTZE X
X v VEEfR, [111]14 A4 =€ R/ [0001] Ru
BXO[112]1% 4 ¥EL F/[1010] Ru,

41.7° L 4227 [ 90.7° |
CENENHIET Do

AWFFETIE, ALO; (0001) (c-V7 74 7)) Hetk
iz E L7-BkES: Ru ELELTOX A YE R
(111) O E MR EMRGT L2, Ru L~
T I AR B ) T E ST e T77AT
FlizARy Z Y o7&, X EEPr (XRD) #IELIC
X > TRu (0001) FdmzFEAn L7z, KERKN 10%
A B BB LT IRFBRIGA A4 Mg L | Zhicke
IKBEO03% DA X v EHHALEAY A vESR
RS THREND 2 Bt 7 ot 212 CEf
L7z, AiE OSEMIE. Wi 5 Bias Enhanced
Nucleation (BEN) &WEXiLD, JumitEM~ A 7
a7 X< {bFKE (MPCVD) HEE T 2 Bk
Ex1To7z, RulE BIZpE Liofidkiix, EAR
- BAMSE (SEM) 35 X OVE 114 J5 LRI 4 (EBSD)
WXVl Sz, ZofERIE, Ru BRI E
XUy VkE L (111) BErRoX A £ KT
bH T ENHER I,

F9°. EmEAME Ru (0001) 28 -7 74 7 ki
HEREHIS D Z & % XRD B3 — U B RkgGR L 7=,

92.0° ® 4 v*—27%. ALO; (0006). Ru (0002). ALO; (00012). Ru (0004)
(0001) M WATRH 2RV, omoEPre— 271Xy, 2, Ru &R

HASEIOEWZ E2RT, ¢ AFX ¥ TO 600 & ORSE— 7 OFEIMEIL. 6 BIkFRCEm L= (1011)
Ru #7~¢, (0002) EHHDw-AX vy (0vF 7 H—7) ORER2ME (FWHM) 28 1.1° Thol-,
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3. Ru(0001) EOFAVYEL KOATAIESA XTI vILEBE

42 Ru(0001) BIZAR L7 & A ¥ & Nk
KikE, ANATREESRLO FAL3 R > T\ 5,

X 2 1%, Ru (0001) /c-H 77 A7 ETOXAF
TV RORPFIMR~T BT EH X v VK TF
D RF AW T TY TR N BN ES WA S BIADL [ E g S 2]
(111) Bl ORiEdsIEL, MR moORE LT
W5, ZOBSIL, MEEROH D RNAEO Ru
WE FICETNRY Y a =27 (DP) FAA VN
B ENDZ ETHATE, RALD 1 DO
MIMBID KA A > OfdE A EA %, fAXIE, (111)
R & FFORE AL 2 T, fEaehiD 30 5 DRER
DIEHJELEE 400-800 nm T, ¥ A Y REEIEK o
DY A XL VIEDNITKRE L BT ISR 72 A1 :
REBELTND Z D30, 4 3 Ru(0001) LIZfkdE L= & A ¥ & R
3 (a) TiE, MEOOT L—ATHENDMEHEL K, (a) SEM £, (b)@)DFEHN O SR 2 4
Azt K3 () iF FAvECR 11D KB e FAIICKHRT 258K, (©)(@) RN O
ZHE, Ru (0001) KHZRETLO LEWiimK g ibioxt+ 244 vEYy FB LU Ru 10k
(IPF) TH D, flifbki A BHE, BLUZOIEL 59425 EBSD $%—>, ZHEY[I]FA Y
PIRET~ Y B 7SI Gl A DA YT R £ 1/10001] Ru 3 L O[112 154 ¥E L K/
(IDTHDZLBDND, 43 (o) 3 #EHL A 11070 Ry 233k E 5,
THELNZXAVES RO}, BLOR11}0E

Mg GTHELRIYT (EBSD) /% —> T, (111) HEDO~NT BT EF X2 v L F A TE 2 FORERRLME
BThDHILERT, TNHD2OO/E — O L, MR A A vEL FELTHBTE %, ¥ 3(c)
IR T LT, FAYEL RO 6 DOEMZR {011} i & 211 IS KHET D IMUD AR >~ N34T T
HDHZENDLND, ENEI., Rud 6 DO%AMZ2 {11208 L1010 yE IS 5, ZaH OES
H—2 AR EbEDE, AT R (111) £ RUDOHOTE X X v LEHRIZX 1 (@) TLD LT,
[111]% 4 ¥E> F//[0001]Ru &£[112]% 4 ¥E> R/[1010]Ru & 725,

Ruthenium

10

4. FEDHEFFEN

H&KE TR b ZM Ru EETOX A YEY ROANT O XX v LRRE AR LIz, JeiiicE
FIMPCVD 2LV, BEN EHIHl= X F 2 ¥ LR D 2 DD AT » 7 TRu (0001) /-7 747 T
DEAFXEL R (111) O X X Y L ET, ON2ID)REDO X A YE Y NiEdbiz B 7
%o A F v VELENE, [111]4 A Y& F//[0001] Ru B L O[112]4 4 ¥E> F/[1010]Ru TH %,
R AR EAC & 0 s L, 5%, KO A YE RO EREERT 5,

W.Fei, K.Wei, A.Morishita, H.-X.Wang, H.Kawarada, "Local initial heteroepitaxial growth of diamond (111) on
Ru (0001)/c-sapphire by antenna-edge-type microwave plasma chemical vapor deposition", Applied Physics
Letters, 117, 112102/1-4 (2020).
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