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Development of Virus Inactivation Technology with Integration of Atmospheric Pressure and Low
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Electronic transport behaviors of Ni-Nb-Zr-H glassy alloys
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TR L 0 BERE D EWEFT S IR S22, IZIFRTTH 70 HV S8R L VIR 2otz FREARN D,
REZHALERIC X 0 AT & ARk LATHIR(EIZ K 0 Cu B8 0iRIbIcE b e o 72,

RVXY |, BT 5 EEEERFRIC COUE AT Z D . SR O Mo M B EEE MG E S 72, HritsRikic
LB EONRNT ERIAL N e oTz, RV BAGTEE TEN S TIEHRREIZ b - TEEBE R 5
HMLENRHY, 7ot AORBELBLETHD,

Fig. 2 WJEIAME Cu 5441 > 2y bORERZREFTO SIME &5 A TtRBE~ v
Table 1 KBIEMHE TOILEIRE (ath)
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Investigation of high heat-resistance bonding process for wide gap semiconductor devices

N NEZ ey =D T OByungho PARK, 32 =, )l 72
BRHE KT/ « T4 7R ZeRE kR . KE T

by oByungho PARK, Hiroaki TATSUMI, 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 applications in high-temperature power devices (> 300 °C). The
method achieved nanoporous bonding (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. This study aims to elucidate the bonding strength of nanoporous Cu (NPC) joints on Au/Ni
surface-finished Cu disks at various bonding temperatures ranging from 200 to 400 °C.

2. Experimental Procedures

The Mn—Cu ingots were rolled using a cold-rolling machine to produce precursor sheets with thicknesses of
110-120 pm. The chemical composition of the precursor was Mn-30 at.% Cu, and the NPC sheet was
prepared using the dealloying method, which involved the selective dissolution of Mn into 4 % hydrochloric
acid from the Mn—Cu precursor. XRD patterns of the precursor sheet and the as-dealloyed NPC sheet are
shown in Fig. 1(a). In case of the precursor sheet, the observed diffraction peaks were characteristic of the
(Cu, y—Mn) phase (PDF# 03-065-5589), corresponding to its (111), (200), and (220) planes. In contrast, only
the fcc-Cu phases were detected in the as-dealloyed NPC sheet, corresponding to the (111), (200), and
(220) planes. Furthermore, the surface morphology of the NPC sheet (ligament size = 132 nm) fabricated by
dealloying a precursor sheet is illustrated in Fig. 1(b).

Figure 1. (a) XRD patterns of the precursor sheet and as-dealloyed NPC sheet. (b) SEM
backscattered-electron (BSE) images of the structure of the as-dealloyed NPC sheet.

P-5



e R oo AN

Research result

Experimental Results

ENIG surface-finished Cu disks were used as test specimens; the height and diameter of the top and
bottom disks were 2 and 3 mm and 5 and 10 mm, respectively. The NPC sheet was applied to the test
specimen. The ENIG surface-finished Cu disks were bonded using a thermo-compression bonding system in
a formic acid atmosphere. In particular, the applied pressure was 10 MPa, and the bonding temperature
ranged between 200 to 400 °C for 600 s. The shear strength of the NPC joints at various bonding
temperature was evaluated using a shear tester (STR-1000, Rhesca). The test was conducted at a strain
rate of 1 mm/min. The shear test results of the NPC joints at various temperatures on the ENIG surface-
finished Cu disks are shown in Fig. 2. The raw data were concentrated in the average range. The average
values of the shear strengths were approximately 14.6 MPa at 200 °C and 17.5 MPa at 250 °C. Compared to
the shear strength value of 23 MPa in the case of the Pb-5Sn joint in a similar temperature range, the
obtained shear strength values of the NPC joints were unsatisfactory. However, the shear strength
increased with the bonding temperature, and the NPC joints exhibited shear strength values higher than 23
MPa at bonding temperatures over 300 °C, which were higher than those obtained for conventional Pb—5Sn
solder joints. Furthermore, the shear strength values were higher than that of sintered Cu nanopatrticles,
which implies that the NPC bonding process has the advantage of the solid-state bonding method without
the requirement of any solvent, organic substance, or flux. Therefore, this increasing tendency of the shear
strength implied that the optimized bonding temperature efficiently enhanced the shear strength of the NPC
joints on the ENIG surface-finished Cu disk. Consequently, the NPC joint at a bonding temperature of 400 °C
exhibited the highest shear strength of 45 MPa with 10 MPa of the applied pressure in the formic-acid
atmosphere. Therefore, the Ni/Au plating substrate significantly influenced the bonding quality of the NPC
joint and could considerably improve the shear strength at an adequate boding temperature.

Figure 2. Shear strength of NPC joints on ENIG surface-finished Cu disks formed under a formic-
acid atmosphere at varying temperatures for 600 s with applied pressure of 10 MPa.

3. References

(1) Y G. Zeng, S. McDonald, and K. Nogita, Microelectron. Reliab. 52 (2012) 1306-1322.
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High-performance low-temperature solid oxide fuel cells with controlled nano-micro structures
by OSatoshi OHARA and Minoru OSADA

1. BAREH

PREVEML E L COBERDOLT, BIToES I LER WD ® T 2 v 7 ZEFIH L BERBRIED R
Bl (Solid Oxide Fuel Cell : SOFC) 2SN Tn%, —F, TORNAEEDZOEEELE VW72 7 kA
DHIEH SN MERH Y | mzhEbE B s U TR REI ORI SN e ST & 7z, ARBFZE TIIEEHT
FicF /7 ) A VEEA L, SOFC OB AEEZ T /b 7 0 LULTERICHIE L, EERE 8
(500 1€EHT IW/em’ Ll k) OFEHE 5T, ARBIERENER S LT SOFC O HisE A INE S L5
E200 Tl BRIRABAFEIS UMD 2 WVIIBERIRE S AT ANEHTE, BERTRLT—
FEHIN TOEFHE R NLF—ICHERRTE 5,

2. IERE

KxxeI7 I v AR0®RET /) 7 ) AZVOHBLTE T a8 AOMBICETF L TWD, KEKISHICH K
DV EEEFESE, 20Xy v B TESICI VRS ) 7 ) X2 VDY A4 X K - fidm (Fig.l) | A5 5R
HESEZ T 26D THD Y2, ZOT—F—AA RF 27V ZZ)VIIHERDIE UYWE & i+ D HREC8T
BPED B AR ST LD TN S 34,

v U T (CeO,) ZHTIEE N—792 Lt A4 EEMNRETH720, HHE ="t 73K
{EH) SOFC DKM EI TH D, TNETICHALHE NI TF 2 7V ZAZLDOY A X, IR -
paE I ZARET L, 6 7 X 2 A~F Ui aE W om0 @ IR v v B2 ZIC X0 mEMEZR (001) i & R o
RU=w2x (Gd) F—7 Ce0,F /F=2—7 (GDC F/F=—7 :Fig2) OARITHIIL TS 3, FHxlx
B L7TZ GDC F/ & o — 7 ZkHi O CBARE TICHE A L, BUROFEEMREZ BT 5B EMERE AR K D
IR {FEE) SOFC OPi¥ A Hf5E L T\ 5,

Figl €7 I v 7 AT/ 7 U RAZ )LD i il 4 Fig2 # KU=U LK=LYV TF /) Fa—7

SOFC BAEHBICIIA T K—7 U 7 L= F VAL S ETo— Ay FRASEHA IS, Gkl
BT R—TC Y 7)) Fa—T KPR EDRT D20, = v ZIVEENE 72 2 KSR & ¥ — M E T
X5, TZTHEMTrERICEDF /) Fa—TLE&E=y 7/ (Ni) T 2R L E2EAGLSEHH SOFC
PREMB I = R b 2R (BERITEE L= v 7L (NIO) T/ Ki+) ZEH L. BRBHRM:RE 0O #8 & M RE
b &R BT R, R by 7O EMIERE (ASR=0.05Q-cm? (600°CES))) MNEHTEX7- (HMHALT R/ F—
DOIET & 3EFE) . ZHITFERBREFD in-situ FEMTITIC XL 0 T F o — T O - BRESHER Shi-Z kit kb
LD EEZ TS,
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AEFEILZ OO ERZH G0N T 72010, BB E O EL T L <Blg L7z (Fig.3), GDC &
g7 4 A7 EIZA 27 U —Fllll L7z Ni-GDC %/ ah~7);@<ﬂﬂi@mﬁ$%k (Gt ERERAT) 2 EAMNE
BASEE (SEM) B2 L7 & Z A Ni-GDC F/ F 2 — 7 D a7 - = UHEEDNHERT 5 2 L N T& 7= (Fig.3(a)) .
I 700°CHE FEMERERIAM 12 DO BREHR T 2 8152 L 7o 5, BERBRANCOEA L 2 7 -2 = V&I RFF S 1L
THY . FEEMEREFMATE TOREMRIEEIC R & 22X A 6o 7 (Fig.3(b) . Z OBREHMRNm 2 X

DICFEHNCBIZ LA (Fig.3(b)RMEN) . ERIRGE NI [AlER8r v o7& 2R L TR, £EFE A%
B L TV DT 23R T & 72 (Fig.3(c). F7z. ERIREJE Niki 71358 E R BRI LR I K & 22 M9 iiE %
AL TR, FERBREZITIEMMDRKDOIIE O 7K & 7> Tz, ZIUIRIEE nm O—RKL1- 23 kE
F£LTCTx f:iﬂk{ﬁ Ni KL 7INT, —RRLFORREIFRE 52, k& LTOMEIZIEEA SRE 20
Z e EREWT 5, Fig.3(c)F TiE, ERIKDOEE Ni R IR 10nm fBREDOF R F 2 HEF SN TND Z &35
"D, Z OBREHBROFEIBRLE EEMET (TEM) BlE21To7- 8 2 A, CeO, [EH A D(002) (d=0.27nm) DF%1-
*;ﬁ%mﬁ; ITTE 2 END, Fig3@)T DT /R FIXGDC F/ Fa—7TH Y, 700°CHEMREN% TH -
ThH, @EEERO)EEZRFLTWAZ EBRH LN/ -7, F72, Fig.3(c)# T GDC F/ ﬂ%n~7ﬁ%
BRSPS L TV D EETIE A ra;m,cu\ LB, GDC F/ F 2 — 7L T00°CHEBRREBE T ThEmWE
PEAEFFOZ L AMER CE I, ZD X 21T, HRERE Ni K723 T00CHERBRBRE T Tho THRWEL Wéf
FFOGDC T/ Fa—T THEBINTWD Z LD, HIRER Ni ki O ERBRERE F COMEBIIN K&

T & B &R T,

Fig.3 Ni-GDC 7/ & = — 7 R BHBR O Wi i i1 - B3 BR AT SE 4(a)
700°CHsE A% SE #(b) & BS () (b)7"FHN) & GDC F / % = — 7 ki1 ? HR-TEM 4(d)

3. ZEXH

(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 CeO, 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) K. Yamamoto, T. Hashishin, M. Matsuda, N. Qiu, Z. Tan and S. Ohar, High-performance Ni nanocomposite anode
fabricated from Gd-doped ceria nanocubes for low-temperature solid-oxide fuel cells, Nano Energy, 6, 103 (2014).
(6) K. Yamamoto, N. Qiu and S. Ohara, In Situ Fabrication of High-Performance Ni-GDC-Nanocube Core-Shell Anode

for Low-Temperature Solid-Oxide Fuel Cells, Scientific Reports, 5, 17433 (2015).

(7) K. Yamamoto, K. Sato, M. Matsuda, M. Ozawa, and S. Ohara, Anomalous Low-Temperature Sintering of a Solid
Electrolyte Thin Film of Tailor-Made Nanocrystals on a Porous Cathode Support for Low-Temperature Solid Oxide
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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

1. BAREH

WKHRFEES AT LO—2>ThHEMAFRES AT LOERDO-HITIE, HTRLF—RBHATFIZENT
MEFEOLZENEAT D, BEEHE T = 7 A Mo AT P07 A&7 & OIS EIOBR%E & & bz,
WtE D Brp 2 EHERERTBL & O BMVEEE - BEA IR OMNI A LERAIR TH D L, BIE, 77 A TEBRIHED
LN TWAEAMAERT ITER TIX., FEiEERO —>L LT, B XA XF—DBVHLE U F 7 L8 E
HHYT T o7y hOREBREY 2 —/L TBM (Test Blanket Module) 253 & S5 EH B TH Y . HADPRTE
D TBM I3, (KM T = F A Ml F82H Z MGk Bl & T2 KMHT T v FThDH % ZD7=, F82H &
TBM ~DOBHKEEME T DA —ATF A PR AT L A8 (SUS316L) & D B HEA HF OMEST S 4B
AAIRTHY, TNETT 74 "= b —F & O RREAE O T TR 2 TFo T a1,
AFRRECIL, WSRO VE ORI & 2 ARRE DO~ VT A MEAIIHRIT 5 2 & A B, JEEREA S
T 5 EEEEEREATE (FSW : Friction Stir Welding) o Jf Al REME 2B 3K 95,

2. AERARE

2. 1 WHEBHMHTMmARER

WEAEFE, SIN R —/L& HW T FSW I L 0 /EfL L7 F82H & SUS316L & D B 22 AR A kT2 681,
S I A R I O 7= CBB (Creviced Bent Beam Stress Corrosion Cracking) & * #17-7-, 72d. lBr
WA U7 AR T, B & 100 mm, 1@ 50 mm, JE X 1.5 mm & F82H & SUS316L % T, F82H % mijikfil
12, SUS316L Z 4B ICEE L, SINZY —/L (ra Ay —12mm, ErEdmm, EUEE 1.3 mm) %
F82H T A L CERLL 7= °, #8000y — VAR E, ¥ —/VIEEE, v — LV BENEE X, Zheh,
1.5ton, 400 rpm, 150 mm/min T&b 5, 1FR L7 BTG R S 40 mm, #E 10 mm, JE S 1.0 mm OFER A
ZEIH L, Fig. LISRTIREOHFRIBIC I F7 774 by —n & &b, Fig. 2 1R TA— 7 L—T7 NI
& LT CBB ik & i L 7=, MKz H\C, IR 250 °C, J£7) 9 MPa, IR1EH& & 100 ppb. 2i&M# 1000
iR ORIESRMECCBB 2 £hii L=, 72, 7 7 A4 N—L—FZ AV TER L7 BT (L —VBahk
FE 3,4 m/min) & REIEIESMET CBB B ICt L7-, CBB BRI D/MEL G E % Fig. 3 (2. CBB Btk DA
BT R ORGSR & D BIEAE R % Fig. 4 12~”Y, Fig. 3 L0, #RABRA 2 CBB BriA EiC L v #AM 4+
DM AT I T D3 B def S VTR BE O e /KIS R BR N S S e 2 E oD, Fiz, CBBRBRIC L Wk

.-
| x| o |5 utociave

Graphite wool - <
[S] \ [SAN N, —p—
-—
O, D4 |l I
N\ Specimen 0
X T D t
/ hOIder Chemical X l T
N = T |
Tank T
\
\ e
Specimen n Heat
— High Exchanger Pre-
. .. . . Pressure | —> Heater
Fig. 1 Schematic illustration of fixture = L) DO : Dissolved Oxygen Meter
fOI’ CBB test. CON. : Electrical Conductivity Meter

Fig. 2 Schematic illustration of corrosion facility.
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Laser welding Laser welding e q q
. . Friction stir welding
3 m/min 4 m/min

Laser wel_dmg Laser Wel_dlng Friction stir welding
3 m/min 4 m/min

immersion

F82H SUS316L  F82H SUS316L  F82H SUS316L

c
=]
7}
w
[}
=
=

500 pm

Fig. 3 Overviews of F82H/SUS316L joints before

& after CBB test. Fig. 4 Optical microscope observations of F82H/
SUS316L joints before & after CBB test.

Joining Joining
Direction Direction
F82H SUS316L SUS316L F82H
(a) Front side (b) Back side

Fig. 5 Overviews of F82H/SUS316L dissimilar joint joined by friction stir welding.
(Compressive Load : 1.5 ton, Traveling Speed : 150 mm/min, Rotational Speed : 350 rpm).

B i TSR SEIT LTIV DN, Fig. 412739 X 912, 77 A4 3= L —H72 5N FSW & VW CHERL L
T-RMMETFONTNHENSCRTRO SNT, 77 A /3— L —F LA, FSW & F82H & SUS316L & »f
MEBESILEE LTHERFIETH D Z R nhotz, Ak, RESHEZEILSET-iHIZHED 5 TETH D,

2. 2 EMEeHRBRER

WEAEHE, SIN R —/LZ& VT FSWIZ X Y F82H & SUS316L & d bt 224t ik T2 /E R L7 B8, #4
WD — VAT E & — VBB 2. 2, 1.5 ton, 150 mm/min & L. Y —/ L[a[#553# E % 300 rpm
& 400 rpm O “FEF DO KM THEAERBR AT o 72, WTIVORME TH BMES R ERT 2 Z L ITI L7723,
3mmmfiwrﬁm®%#ﬁﬁﬂd&w% ThRO LT, —F. 400 rpm DGE IS &Aﬁ%%%fﬁf

et o L“C L& 5 HEARBO b, £ 2T, /»*/I/IEI%E: ﬁ?f”%f 350 rpm THEE uit%ﬁ%ﬁo 7ot R, Fig. 51Z
RT LI, REHDOWTIITEBN TS, EEEHRITT TIFH— 7o B e b BB O b b
R & %%) CANTRRBI UTe, 1272 URESERE & [RIEE, %A%RT% /%—/Vé‘aiﬁ”%%ﬂ@7m THREFELTLED
TR LAR-oTEBY, KIBIZBIT DY — a2k BOLMRBELICIT -, ERIBHILETHL LD

oz,

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) M. Akashi and T. Kawamoto, The Effect of Molybdenum Addition on SCC Susceptibility of Stainless
Steels in Oxygenated High Temperature Water, Boshoku Gijutsu, 27, 165-171 (1978).

(5) 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).
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Co—Cr-Mo BENEFE—LIRBEHMICH T HRRAFMDZE

FAERZF@EMEIZERT  OIWEeR, HHAR, ExKEz, THESE

fili5 v 55 5 P AR AREZRE
INSA Lyon J. Adrien, E. Maire, D. Fabrégue

Effect of carbon addition on the
by OKenta YAMANAKA, Shoya AOTA, Nobuyuki SASAKI, Akihiko CHIBA, Manami MORI,
Jerome ADRIAN, Eric MAIRE, Damien FABREGUE

1. IXEW

B — L@ 5 (EB-PBF)IX Powder bed fusion (PBF)# { 7' ? Additive Manufacturing (AM)~ & AT
B Y| WZETH - AERERSBFICB DT ILE~DISH b A TV D, ALK A CAD E7 /L5 b EHEE
FERRECTH D72, HHEIROER 21 T < BN « YIHIIN T AN 72 m il A B~ DS b BIFF S h
TW5s, £z, EFE—2Z HWTE&BMRZM/NEEIZ B W CTEMEEE T 2720, SmERE I X 28T HAE
ORISR ARETH D, —FH. MR o RATHDZ LICHE LEEEXRBOEENHETHY . 2 E
TRIGIZALD A J1 = X LR EARFUZ DWW TS L OIFRER 2 SN TE T, MRV —EEOE L — L%
o, R H =Xy RO TAEMBAZITW 72 B3 % EB-PBF 7' 1 & A Tl Lack of Fusion 0% — 74— /LK
fa 4 DETE R MERBUS IR LB ORENE Z 0 IT <, BiEREEMESDL Z LN TE LB, B
REGERH R FNERIZE W IAEN T2 T AR T NIEEITIRT L. T FIZBW T 7 v 7 EDRE LD
ZERMBRTNS Y Lo T, BBAEEOWEICIIA AR T OB CEETH D2, BF/T
A—Z OELIC X W HART 8 B2IRET I LT RICR#ETH D, ZOL RBAENOEAILTF
R AR EARE & O TR L A OGS EN - A S ROERICE L TRV A TE 28,
ARFFETIX, EB-PBF 2 HW - S - @AM SOERZ BAic, NTRESAMEIE LTERASN T
7= B4R Co-Cr—-Mo &4 * 12t LT ASTM F75 k& EIRE (0.35 mass%) % Llal% CIRMZITV, ERA
BT A LB AR5 F- MR EEREO T ART O X# CT WAl - €&k L. Cii
INENC X 0 B T D REEZEE & R 2T 4 OBMRIC OV T O LTz,

2. MERR

AWFGETIE, HAT b~A XAE%E VT CIRINE% 0.04-2.5 mass% D #iH T L & H72 Co-27Cr-6Mo A4
MIRZER UT-, £/, 022 massh®D C 2 Gie 7 A~T h~A A KR% Arcam i L W EEA L=, LT, C
WINE: % FLIZ 0.04C, 0.22C, 1.5C, 2.0C, 2.5C LWFrT 5, CIIMED R DM ARICK L TR L7 7 AR
7 A—% % T EB-PBF i&EJZ (Arcam A2X, Sweden) #1757z,

2. 1 BEIZRIZT CHMNEOSE

Fig. 1 {2, EB-PBF 2351 B & CIRINEDR
%%, WA Rockwell i & (X ASTM F75 #it%

ZVii729 0.04C ¥ L 10 0.22C A4 TlE 35-40HRC T

HoTZ, CIMBEDME & HITHFITHML
2.5C &4 Tl 60HRC ¥\ VFR D T W FE NS S

oo HIZRT L 9T, K CHk (0.22C &4) T

IR SR T MysCe IRALI DT H L 72 AR A 03 B 22
En=olzxt L, 25C 54Tl MCs bz & e
W 72 e FLRERE SR L TN 2, S D K 9 A sl i
FEBHZBEMEIN TS0l T X 2 RS REETH 5

72, AM ORFEETENLEMEIRE S 25, £

7~ BoNT-ERMIZAT L A E BRI A ENT-
MEtEzA425 2 L2 L TR0, WL - &M Fig. 1 Co-27Cr—-6Mo &4 i Rockwell i & |2
BYHMEIL LT, =¥ — - REDTFCTOISHR  KIFT CIHRMEDEE
BFFESh T 5,
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2. 2 BREAHD=ALEEEYMRTORD ST OBEIE

Fig. 2(Q)IZ.2.5C H# AT b~ A ZFKRD X # CT BIERE R BAERK LI RN O A AR T O 3 IR IT S
Waard, RREIZT AR X# CTEBEHWTITo720, REOHT ART DIEEMHICHRIETEXTEBY . H AR
T OFZ 3 72 EREE 2 A LT\ D Z Ebnnd, Fig. 200)i, JFEM KRB L OERICEIT 5 ART
DIRFESY R A2 R, AWFZE TR L 72 CIINE (0.04-2.5 mass%) T RIZEBIT D0 ART DEFESRIT C
WL & B ICHEFIIHINT % 2 & 23y 7=, Thermo-Cale % FH N 7= BV 2# 38T 1 0 15 5 U7 AR AR IR
I CHIMC X0 IR T L, CERMDOEGA & il L C 2.5C A4 CIRRFBRIEE 230 130 K ARV E 5
Nz, LiRo T, BAT b~A AHHTHE CHMEKIE EHMEMEIRE THEET D720, MR FNENIC RS
HALBEZIALRLT W EWRBENT, —JF, ERENTOR T U7 1M RIZE T 2RERRERIC T
WP OHRIZB W T HIERLS , EEFICHART BBRESND Z LR ENT-, 0.04C A48 L1UN0.22C A
& TIHEEYNBICH ARTIHIRIEBE ST, @EREREREERT LN TE, —FH, 1L5CHE& L
2.0C A&t T 25C AL TIIH AR T ORESENABEITIELS (B RICBIT AR & B D HmE R LT,
AAFZE TIREEMIC B W TEIZ SN B S R T 0 OBRICOWTHRE L-, Z0RE. B RE
[ (0.04C B XL 100.22C) I L O ELEEE (2.5C) TIZ AN b 7 — BT 5 g R B R m o8N Lo 4
AT VDI E R ST L2 WO L, 1.5C A4 LN 2.0C 54 TiX 2 IRT — 2 DI & £ 5 B
TV RTA MHBEBTERT 5729 (Fig. 2(c)) . BEEIRFIC T AT M R T v 7 S0 d 0 st iT 7z, B
FORERIZEIR S ORI LSBT OH AR Y OIEEEZ R LTEY . 7ot 25 L 558N
N2 B ARTICE L CAERFHC L DT 7 —F O nRme S i,

Fig. 2 (a) 2.5C B RKNEBICTERK L= H AR T O X CT & A7z 3IRc 4% & (b)) KRB L OEEY
WNEBIZI T D H ART DIRFESRICKIET CIHIMEDEE, (¢) 1.5C ALERKRICBW TR SNET v
K7 A NiER%,

3. ZEXM

(1) X. Shui, K. Yamanaka, M. Mori, K. Kurita, Y. Nagata, A. Chiba, Effects of post—processing on cyclic
fatigue response of a titanium alloy additively manufactured by electron beam melting, Mater.
Sci. Eng. A, 680, 239-248 (2017).

(2) Y. Cui, Y. Zhao, H. Numata, H. Bian, K. Wako, K. Yamanaka, K. Aoyagi, C. Zhang, A. Chiba, Effects
of process parameters and cooling gas on powder formation during the plasma rotating electrode
process, Powder Technol., 376, 363-372 (2020).

(3) Y. Zhao, K. Aoyagi, Y. Daino, K. Yamanaka, A. Chiba, Significance of powder feedstock
characteristics in defect suppression of additively manufactured Inconel 718, Addit. Manuf., 34,
101277 (2020).

(4) S.H. Sun, Y. Koizumi, S. Kurosu, Y.P. Li, H. Matsumoto, A. Chiba, Build direction dependence of
microstructure and high—temperature tensile property of Co-Cr-Mo alloy fabricated by electron
beam melting, Acta Mater., 64, 154-168 (2014).

(5) S. Aota, K. Yamanaka, M. Mori, N. Sasaki, J. Adrien, E. Maire, D. Fabregue, A. Chiba, Solidification
behavior and porosity in electron—-beam powder bed fusion of Co-Cr-Mo alloys: Effect of carbon
concentrations, Addit. Manuf., 59, 103134 (2022).
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SYEF L BRET « AL —APE B

NiAs EEREEZH T 5 (CrFe)S (L &M D KA

tH

FALRZFRBEMEWIGEET  OfEEE, T2 B ®)IIEA
PR FRFBE TR gele S EMTA, RN ZER R B B IR
FOURFIERTERT RS RIS KRR TEh ekt ARIFEARM

Magnetic properties of (Cr,Fe)S compounds with NiAs-type structure
by ORie UMETSU, Satoshi SEMBOSHI, Masato MIYAKAWA, Noriharu YODOSHI, Akira MASAGO,
Yosuke KAWAHITO, Tetsuya FUKUSHIMA and Hisazumi AKAI

1. HEEH

7w VIEIZBWVTAE S 100% D/ ~—7 AZVRIFE
FAREEZ A T DHENEIRIL[L]. A b 7 2D 53 B TREATHFSE
SNTWAHD | ZIVE TIXIRBEIER D BRI DK G Thh o7, A
VMRS A BB DH LT ANA AR IEE LT RO
PEAROTE A3 T4EE B 4L, MiEIRE IS TR AT O E)
BEND, N—T ARV SERME T 2 VPR AE =2 R
DB THRINTWD, 8 —RBEE R TlX, X7 2 A Mk
¥ (LaaM’M”Og) [2]. # 7 v 7 2h A (LaAVRuUOs) [3]. Cr
HRAAT—54 (Cro,MnZ (Z = P, As, Sb and Bi) [4], CrMnZ (Z =
P, As and Sb) [5]) 7& | FEIZEZL DB E P IRRIITODH,
FEBREICHE SN TODE 1T MngsVosFeAl & MnaVosCoosAl D
2 FIOHThH-T- [6,7] Fex DML N—7"TiX, BBeE L
a7 FANEEMITE B L, R E L ERIC IO ERR L
1T->T&7z, £L T, NiAs ik dniiEa A 3 5(Cr.Fe)Sb G D&
FAZRE L SERMER T = VPR R A OIRD BN E R T8 %
HAEL72[8,9], AWFFETIL, WE G I HBML B G2 L0 i
WAL T A7, FRIRIECRERRRME IS T T BV BRIR & 0 f 28
AN,

2. EEBAHZE

FBHE 50pum FREEDJFEEIOBR(Cr, Fe LT S)& HAYDHE
BAEIZFR B L, 7V A TERRICRE L Tob O % A 9 1I0H
ZEEF ALT-A2IZ Ar T AZE AL, 1023~1423 K [ZT 1 HRFFL7Z
BKFIzRam LT, BO T X BBy R (XRD)
TECHE B EZ T EERE FHMSE (SEM) xR LF—
IYHOR X Ry eiE (EDX) CHUERBIE-OML o 21T -7, R
ZEAEE (DSC) HIE CRAML EMAH~, BEEE 7T
(SQUID) B aH-CIRBIRELRE /15 (VSM) % F W CRESAOTE

HEFR~T,

3. ERRE
2. 1 HEEEECHEE

Fig. 1 I[ZHBVLERE X v 2 L CELAEHm D XRD /X
B — Rt BRSNS EYTE— 27 1% NiAs BUfs ik & L
THESHRTE, PO XIIFE 2O —r Th b, BULEL
BEN EFRT DI o0 TH2MOE— 27138 L, 1323 K 75
DEWIZEY  IZFHERIEOND Z LB D, Fig. 2 13,
1123, 1223, 3 LN 1323K 76 D&k Lk 0 15 7=k SEM @12

P-13

Fig. 1 %?ﬁ@fﬁfﬁfgi ) ﬁ'%‘f: CrosFe23Sss
{LEMDEIRIZI T 5 XRD /3% —(Cu
BERA AL ),

15.0kV 10.9mm x1.00k SE

Figs. 2 ZVAFLIREE 1123 K (1), 1223 K
()& 1323 K (F) Lvam LTl
CrasFessSss LAY D SEM #1224,
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%7, XRD DR &G L, 1823 K TIZERMBFER T,
HARMRE CH D 2 L0305, 2B, 1428 KIZ TR B I
FHAHTH DA, S MNEWLFIC L W AT LI=Dh, S OMEH
HOABHAR L W K& < FRTW, EoT, KMeAmcEsT 5
Bl 720 BVLPRIR FE1X 18323K Th D LR TE D,

2. 2 HWSsHH

AALAWFLRRIZ B Tlie bl 8 72 BVLBRIR S & & 2 b
5. 1323 K LV &4 LT 7= CrasFexsSss DAL & 410
W CHIE U7 B b iR 2 2 2 Fig. 3(a) & (b)i2rnd, Bugil
HiI 1% 500 Oe DRES;H C - - R Z JIE L%, fit\ T
5 kOe D5 AFINN L | [AIARIZ AR « FRIES R ORE 21T - 72,
500 Oe DEALHIFRIZ BN TRAENFEOME £7- <, MHERE
78200 KEBECHEIISH, Néel (k> TIRESN-L 527N
D7 = ) BIERFRA OBRAL R 29 2 & 2353025 [10],

5, 100, 200, $ LT 300 K CHIEZIT- I-mi{biifR % Fig.
3(b)IZ7”R T, 5 K Tl 34 kOe DIEF I K& 720/ MMM S
720 A IENAIE 247 o T e KI5 50 kOe ClEmé bl se iz i L
TELT, SOHICRE RS ZEINTIVUE, REIT S 5T
KTHEBZBND, REINIHERE LTS O 200 K TiXese
(ZYHRE USCIBBENEIR D X 9 7o b iR 2 /R 9728, IRE A i 5
EHOMEE N EHT D X O B bR E R,

PLE XV . CrosFessSss (23U Thv 72 BVILERIR 1T 1323 K
TH V| NiAs Bl S O HA RS bz, AMEEWITEeE
BT 7 = VR RRRA OEEREZ R U, B R B R ORE R
KO N—=T XA NEREERTDHZ ENRBIND, N—
T AANVGEEGHE T 2 VAL LT, A fr=7 A5y
TOTNAAMEE LTHEETHD LIRS ND,

Figs. 3. () 500 5 L O 5 k Oe D&Y H T
HITE 24T > 72, CrasFezsSss (LG DB
{bdh#R, (b) 5, 100, 200, 35 L TY 300 K @
FREIZ 1T 5 A RO i b Hi#R,
3. ZEXM

[1] H.van Leuken and R. A. de Groot, “Half-Metallic Antiferromagnets”, Phys. Rev. Lett. 74, 1171 (1995).

[2] W.E. Pickett, “Single Spin Superconductivity”, Phys. Rev. Lett. 77, 3185 (1996).

[3] J.H.Park, S.K. Kwon, and B.l. Min, “Half-metallic antiferromagnetic double perovskites: LaAVRuOs (A=Ca, Sr,
and Ba)”, Phys. Rev. B 65, 174401 (2002).

[4] I Galanakis, K. Ozdogan, E. Sasioglu, and B. Aktas, ”Ab initio design of half-metallic fully compensated
ferrimagnets: The case of CroMnZ (Z=P, As, Sb, and Bi)” Phys. Rev. B 75, 172405 (2007).

[5] E. Sasioglu, “Nonzero macroscopic magnetization in half-metallic antiferromagnets at finite temperatures”,
Phys. Rev. B 79, 100406(R) (2009).

[6] R. Stinshoff, G. H. Fecher, S. Chadov, A. K. Nayak, B. Balke, S. Ouardi, T. Nakamura, and C. Felser,
“Half-metallic compensated ferrimagnetism with a tunable compensation point over a wide temperature range in
the Mn-Fe-V-Al Heusler system”, AIP Adv. 7, 105009 (2017).

[71 P.V. Midhunlal, J. A. Chelvane, D. Prabhu, R. Gopalan, and N. H. Kumar, “Mn;VsCoosZ (Z = Ga, Al) Heusler
alloys: High Tc compensated P-type ferrimagnetism in arc melted bulk and N-type ferrimagnetism in melt-spun
ribbons”, J. Magn. Magn. Mater. 489, 165298 (2019).

[8] N.H. Long, M. Ogura, and H. Akai,” New type of half-metallic antiferromagnet: transition metal pnictides”, J.
Phys.: Condens. Matter 21, 064241 (2009).

[9] S. Semboshi, R.Y. Umetsu, Y. Kawahito, and H. Akai, “A new type of half-metallic fully compensated
ferrimagnet”, Sci. Rep. 12, 10687 (2022).

[10] M. L. Néel, “Propriétés magnétiques des ferrites; ferrimagnétisme et antiferromagnétisme”, Ann. Phys. 12, 137
(1948).
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SYBF ¢ BRBE - EARAE BRI B
SHEEEHRFS SRR - HDEREN - EERMTAR

LRSS BRI OTRE B,
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Fundamental and practical researches for fabrication of high-performance dual-phase copper alloys
by OSatoshi SEMBOSHI, and Kazuhiro ITOH

1. IEEW

REZhAT TR Cu-Ti B A ITARE, SR FE, MAMEZ EJRREEICH ChaaeTthy, A~v— b7 1
Hax s ZotiEnd UCTHEBRMBELS FEH SN TS, Cu-Ti 43l 3~5at.%D Ti &4 L, AERL
—WFh D7 vt A2 K0 8ET 5. BRI I, Cu REFEPNICER 10 nm A R OFGGHI 72 ¥ 22 B4R B2-CuaTi (1IE
i) AEGHTHT S, SSICHRNT S & B-CusTi DR &AL T, RIARRIGIC L 0 Z2EM B-CusTi
(R7dh) & CutEDMENE L7z T A ZRRS ARERHT U, FEhEHICIE T X R 2k a 569 5.
B>-CusTi DOPHIZY BT BRI IR O THZITH 553, P-CwTi & T T A Tk O EILRILITH 72
B -CwTi Z1RET 570, ELWIRER T 2L V. 20729, Cu-Ti &4 % iME ERO BRIERT 55T
B-CwsTi H3 2L, T A 7N RET L0 [E— 27K R CRETLIO0NHETH
L. TEGIE, NEKD R TT A THMBEZRESEE Cu-Ti BEME2HBRICTH A AERINT T2 &,
E— 7 Wb K 0 HIRENBEFICH BT 52 L2 MELTWA 2 2, MEINTIC X > T B-CwTi/Cu 7
A Z AR T N EL A L7z B-CwsTi/Cu 7 7 A N—HAfk~ER T 5 Z LICRKE T 5. R e — 2k
R D BEBERAFE. OF Y, WM 2 DRI T LML, B2 BEA X 0 bR L EE D
W5 CENT-FREZ R T, ZOEMMTERELEIC L BT X AN V. REFETIE, T A TS
B L7z Cu-Ti AR 2 [ C OMTEIEIC AL U CREFMRILRENM OE 2 3R 772, JEREIC & H72 93
BFOFKR S L O - BRIRHE DAL 2 BRI, MRk & s B E T 2 DORR & R LT,

2. ERR
2. 1 ABEEEIZELLESHEBEEL

Fig. 11T Cu-4.2 at.% Ti &@ DML, WM (BRIE =10 mm) OMARTEZR<T. BRI 1T Cu [H
RIKEAICTH 0, RS SRR 20 um O FFRS SL S5 iRALRR T & - 72 @I <, B2 R 2 B0k D B-CuyTi
FHE Cu ERAMATEE L7 A MBS EA Lz, 7 A TROBAITT v & LT, ¥R /LVRIFREIZE 200
nm CTHh-o7z. B-CusTi DRFEZHRIL17% TH Y . Cu EVEAEF LA RiEE H o 5.

Fig. 2 T Cu-4.2 at.% Ti A& OMBEIEIC & & 72 5 MR LA R, R 2 i HEIE T 5 &
I FEOFHe<1.0 (1>3.6mm)) TiE, HOIK B-CusTi 23 L7223 S ELEH ANTHINE LD L.
DIZEFE LTV & B-CugTi 1Z 0 Wr v ki 5. e =3.5 (¢=0.3 mm) OFEM TAFTIE, B-CusTi A3 100
nm, £ 100~500 nm FREE T/HALL, Z0 IS G Sk O Z Rk Lz, Matk7s
B-CusTi A M0y L7 VT T 5 O1F, FEM: 7R Cu EVEIRAH & OFESMENE W=D L BT 5.

Fig. 1 (a) Inverse pole figure by EBSD of solid-solution treated Cu-4.2 at.% Fig. 2 Cross-sectional images of Cu-4.2 at.% Ti alloys
Ti alloy, and (b) FESEM micrograph of the alloy over-aged by multi-step cold-rolled from a thickness of 10 mm to 6.0 mm (¢ = 0.5) (a),
aging from 600 °C to 450 °C. 3.6 mm (¢ =1.0) (b), and 0.3 mm (¢ = 3.5) (c).
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2. 2 AEEEICEILGIBRESIVCEERDOEL

Fig. 3 IZ Cu-4.2 at.% Ti @ DEIRLH, B — 7 K%)

B, WA AR L7 & EOMLEIC L 672

IE YRS EHBEBROBCERT . IR

AMEELES S L&, AN IR S 3 2 m b

TL0, MLE =102 E (¢=3.6mm LAT) TN

TR LA L, MIXIE—ELhoT. £,

HERIIGEEIEIC L > TFEALEELET, K

4.5%IACS' D EE Th o7z, V— 7 WZhbH I3 EIERT O

BES73290 Hy ik 2 TRV, JEHEIZ LV 6 S 3RS

PNTHEIN LT 355 Hy R CRIRIT 5. & — 27 BpRhbf
DEEHRITELERTT 15% IACS TH Y, JELEIZ L b 72

WHFHIZEY L Te=48 (r=0.1mm) T 6% IACS %

TEIS. —J5, BRI T O S IZELERTTIX 155 Hy

EE—J R L0 bRV OO, EEICE BN

AL T, e=48 T320Hv Z#Hx 5. ZOWES DI

5y (165 Hv) 13, R(EAM TOHESy (140 Hy) R°E'—

J H#;jﬁ)f T@i%% (65Hv) XV RKEu. igy—%%li, &  Fig. 3 Variations of (a) Vickers hardness and (b) electrical conductivity
g%f 0 mjl; ?-E < éil‘%ﬁ‘g . ii’jg fg;‘f " ‘j;‘; alloys 15 functon of e s tsoduced by coldrolng.

2\ rEe =4, t=0.1 mm N (4

ZRD.

Table I (Z Cu-4.2 at.% Ti 54 &' — 7 Bt b L O Table I Ultimate tensile strength, fracture elongation, and electrical
it 2 e=3.5 (¢t=03 mm) F CHJELE L 7=k D conductivity of Cu-4.2 at.% Ti alloy sheets, which were peak-aged or
7| A , Tl ik O, MERERT. 20X SIC, over-aged, and then cold-rolled from a thickness of 10 mm to 0.3 mm.

EFRPEINTE T A TRANEGT N ThHA S . Ultimate tensile Fracture Conductivity,

NAHBGFIM M LT 5 &, /RO —7 R X specimett strength, MPa | elongation, % %IACS

0 HIEETE 10%IE LRV S OO, HERT 3 fHr ke Lo o :
Over-aged 1074 1.2 24

] b U7 235 b7z, Ao Lotz
RA T, FICHRE-SEIEORENT A & Lhk
(S5 Z L NI TE S,

3.FLH

AWFFETIE, WEFRHALEIC X 0 HTR B-CusTi/Cu D 7 /LT A T #AKRIC L 7= Cu-4.2 at.% Ti A4 Z % R JERE I fi
U CHRM 2 /ER L2, WREIEIEIC & b 72T A ZfRk OB A A3 EIE 7 SRV, FISERET D AR
B-CusTi 23/ N AL L CTHAIR OEIk 2 Rk L=, I e =35 (¢=0.3 mm) & CTHEME L 7ZHERM CiX, 76K
DY — 7 - JEAER & el U CH IR 1T 10%F2 RS, EERIIN 3 MEE R L. 5%, A48M<om
T - B TREEZRBAEL, BICEMRERA S 2RI /ER L CnE iz,

4. SEXGR

(1) S. Semboshi, S. Amano, J. Fu, A. Iwase, and T. Takasugi: Kinetics and equilibrium of age-induced precipitation in
Cu-Ti binary alloys, Metall. Mater. Trans. A, 48 (2017), 1501 —1511.

(2) S. Semboshi, Y. Kaneno, T. Takasugi, and N. Masahashi: High strength and high electrical conductivity Cu-Ti
alloy wires fabricated by aging and severe drawing, Metall. Mater. Trans. A, 49 (2018) 4956 —4965.

(3) S. Semboshi, Y. Kaneno, T. Takasugi, S.Z. Han, and N. Masahashi: Effect of composition on the strength and
electrical conductivity of Cu-Ti binary alloy wires fabricated by aging and intense drawing, Metall. Mater. Trans. A,
50 (2019) 1389-1396.

(4) S. Semboshi, M. Ishikuro, S. Sato, K. Wagatsuma, A. Iwase, T. Takasugi: Investigation of precipitation behavior in
age-hardenable Cu-Ti alloys by an extraction-based approach, Metall. Mater. Trans. A, 45 (2014) 3401-3411.

(5) K. Saito, M. Suzuki, Y. Hayasaka, K. Takenaka, and S. Semboshi: Effect of magnesium doping on discontinuous
precipitation in age-hardenable copper—titanium alloys, Mater. Charact., 189 (2022) 111911.

* %IACS: R TORME G L itRzE EE(ICL-EEENDE|E (International annealed copper standard)
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JYEF BT« SRR —BR B

KEFEEBHRE SmFeAsO TEZ X v )LEEOEFHIE S

FOR TR o FHHL, AR SER R R ISR A
W - MOEHETERRAS BRORE sl
F R /NE T

Electronic transport properties of hydrogen-substituted SmFeAsO epitaxial thin film
by oHidenori HIRAMATSU, Kota HANZAWA, Jumpei MATSUMOTO, Hideo HOSONO, Soshi IMURA,
and Yoshimitsu KOHAMA

1. BAREHN

AR ERASCEE S — 7 e EORMRBREIE A 2 EZB T 572012, BEEMENIIE, @V
FURFE (To) EERRER (Jo) OH72 5T, @ EEERES (wHe) & 2 O/ SWRBER ST (7 = uoHcol|ab
| wHellc) #H T 252 L bRk bsd, SREBEERIE. ZnbEm-ITHMEMERM S LTER ST
Do TOHRTH, Hﬁw%%ﬁ&im%1ﬁyWM)& PEBZRS R Te (38 K) .\ woHe2 (60-70 T) %
AT51-0, AEREMTHL, —FH, SRBEEEERTRbE W T (55K) A3 5 1111 i SmFeAsO
(S Ou%%F%HT% YEHT D Z L CHBEEERET D, KBS E X X v LERO/E
RNNEETH D720, 2 B LI2iFZEIE 122 BUE A TUWevy, I8, Fox X CaH, 2 vz +
AT 4 v 7 S & D SmFeAsO T B4 & 3 v LI~ D B RE H EHUICRTI L, & T & m Je & L
WE L2 L 278, uoHe SFEF IS E W26, Z Dffak
By ZEBRPIZIETE TWehoTz, £ TK
FFIE T, £ D uoHe & FEBRAITH SN T D720
K 130 T D3V A58 T C SmFeAs(O,H) = &° 4

Xy LI (T, = 45 K) OBkt 2 87,

2. BAREES

Fig.llZ, —&ZaA /WEEZHWT22 KTab i
Wz R of 130 T S THRBEZHIMLEED
SmFeAs(O,H) = & & % oy LD A e —2 2 A
WEOFERZRT, 10T LLFTiX, A E—4
VAT RO N TERERAE A R 5 7223,100 T
PIETA =& ZAREMIHM L 7=, Fig.1(b)
1%, Fig.1() D MG iEiic & H L7 X Th 273, 81
FIpA B —H U ADEIFNZK) 125 T LARE TR L
7oo ZAUTH{REIRIED SE RN S du, WARER
B L2 L 2R LT D, EHIT, 2Ok
B uoHe Z AFEH D Z D TE | uoHe 1T 120 T
\ZIET DI ENRH LN/ T,

—HBE A MEITINA T, 7OV RS (K :
60T) LEZEERA (HBK:9T) ZHW T, uHe
ZREL Y, FLORERE Fig.2(d) & 2(b)ITRT,
Fig.2(a) C!X Werthamer-Helfand-Hohenberg Faa 12 A&
ST 4 T 4 T EITV, —J5, Fig.2(b) Tl two
band Bii@mlc FES< 7 o /?4’ VTR, EB D

DFEFEND S ¢ BT > TR ZHN L =B o
uoH(0)1X, #180T é:ﬁﬁﬁ% ST, ab & c#hi

B> TRHEBZHNN L= D uoHe(0)D Ll & Fig. 1. f K 130T O##EY TIZB T 5
Z ORELEIE y BIEF D EWMEE & 5 2 L AR SMFeAS(O,H) = £ & & v LD A > &
e EhTmTm, 2OV ATRRES & A T RS A S — & APERR, BESHEH - (a) 0-130 T,

y RS o7z, Fig2(c)id, #HT (R) OB AL (b) 112.5-127.5 T,
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ARFHETH Y, K2 DAFAIC
BUIFD pHe #F &L OTMER%E
Fig.2(d)IZ7~7, 90 £ (ab 7w
(ZREGEIN) & 0 B (c ®hmic
N @ woHe b2y 2 HAR S
HELHK2THDZ ENHLMNIZ
Roin,

Fig.3 |ZAMFIE CEBMIZES
Nizy &, toOSRBIRER LR
FW e mIRBEERE & IR
AL E IR L TE & DT,
SmFeAs(OH) @ y (% 122 7
BaFe,As; & A% o/ &<, A UHRE
FED B RS FE R SmFeAs(O,F)
DRI DMEZID Z & Bboh
ST, K=V MNMZEKDy DFEWN
MEHELCERICES D, 2k
Ly 2R (O ZHEb -T2, £D
FESL. ab MmN TIE F E#R L H
BT EZEN RS T DK
L. cH#ili5m Tk HEHR O 53
FERIZERTIHIEE ENE
S Tpolz, ZDOZ EMNG,
SmFeAsO (FJEkiEELZ AT 51
HEb b3, H EHIZE - T,
£V 3RITHI 70 E A S FEBL X
Nz en, 20Ky ORJFETH
Vo R T aY bl e

PLEMNG . REFSECIE, HE#h
SmFeAsO I, R A RS R HEE
i & SEBRIICEA & 2z LTz,

B

ABFFERR O —HIL, 6 K 6 7L
H7avs b (EHEE - EFEE Ty
—AA ) N—=va YMBAI T R Y =
~, DEJPMA) DBhfla =17 7=,

& 30k

(1) J. Matsumoto, K. Hanzawa, M. Sasase,
S. Haindl, H. Hiramatsu, H. Hosono,
Superconductivity at 48 K of heavily
hydrogen-doped SmFeAsO epitaxial films
grown by topotactic chemical reaction using
CaHa>. Phys. Rev. Mater. 3, 103401 (2019).

(2) H. Hiramatsu, J. Matsumoto, H. Hosono,

Critical temperature and critical current

Research result

Fig. 2. SmFeAs(O,H) = &' % & o x LR O _F 5 i S
uoHeo & BEE 51 9, () Werthamer-Helfand-Hohenberg 2
& (b) two band B IZ 3D < poHe2 DIREEIZKIT 27 4 v 7
74 U TRER, (€)37.5 K IZH1T D SmFeAs(OH) = E"# ¥+ ¥
JVERROGT (R) OBEGASAKAANE, (d) €)1 HRD 5
ATz woHe OGS NI A IRAFNE,

Fig. 3. SMFeAS(O,H)T & 4 % o v LI, 2 0 fiod k7 Haf:
BT & ARSI 7 R R DR S M DU R T,

density of hydrogen-doped SmFeAsO epitaxial films fabricated by thermal annealing with binary hydrides Appl.

Phys. Express 13, 073002 (2020).

(3) K. Hanzawa, J. Matsumoto, S. limura, Y. Kohama, H. Hiramatsu, and Hideo Hosono, High upper critical
field (120 T) with small anisotropy of highly hydrogen-substituted SmFeAsO epitaxial film Phys. Rev. Mater. 6,

1111801 (2022).
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SY9F  BREE - TR —HE O B
BHEGEF - 74/ VREBZIALE-EHNEF - 2EEEMHORHE
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Development of electronic and phonon functional materials by utilizing unusual electronic and phonon states
by OTakayoshi KATASE, Masashi KUROSAWA, Keisuke IDE, Kota HANZAWA,
Hidenori HIRAMATSU, and Toshio KAMIYA
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AL, HRRFRICE U CRIHT 2 HEERTRT 5 2 LiE, f$E
DA BEM B OBER « IS > TROTEETHL L E X

b FITAR TR, BRICGEWVEECKEXAR 74+ )V R v 7
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Sy THE

FROTATT HIGFET S0, 7 LaAlOs K
Mz, JEE 1nm @ LaNiOs W 2 i = &1, &
HIZZ O L% LaAlOs HECE - 7o ~7 a i
(X3 OFAM EBEDET V) ZER LT, ZD 1T,
S DIREZALIZONWT, ZO~T i iEHE L& |
LaNiOs 7SV 7 fifidlh (X 3 O FEDET V), B
L O LaAlO: D EM FIZ 50 nm DJE & TREE S 872
LaNiOs # & (X 3 oA [P EEDET V) & DLt %
1Tote, ZORERZX 3 LMD T T 7R T,

2SNV FEERO LaNiOs (M 3 O FEEDET V)
TIL, B OBEEHAEE & FERIC, IREDMEL 72
HITE SHHEFAD L, HEREMETLTLE I,
—J7, Alalkelekt g & LT LaAlOs £:#K_E1Z LaNiOs
PRE S (X3 oARMFBEROET L) 1L,
BEKTEEBICSIFHDTE2H00, IRE 100K
FHETT7 4 /v R7 v ZHRNPFEHRL T IRERT
bz sAEmL (X3 oEKMOEFRAD) ., 30K
FHECTHRKEZRD Z LR aholz,

I HIZ, LaNiOs DJEAZ 1nm IZ#< L, ET%
LaAlOs THEEAIAA T A~T kR (4 2 oAM
FEOETN) TETH U RT v THRNKE
<HEFR SN, S OIRKIEN SV T L _THRK 10
BN 2 2 E RN hotz, £, 74/ KT
v TR LE L CEASETHRIN TV RS2
220K LWHEIRTH, 74/ RT v 7 4h8RIck
LRI E O (K3 OLEKOREKHD), Z
FUE, LaNiO; 2T, LaAlOs D7 # / V)3
THIMNDT=DIL, 74/ v RT v 7R e i
SHTOTEEEZLND,
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(1) G. J. Snyder, E. S. Toberer, Nat. Mater. 7,

(2) C. Herring, Phys. Rev. 96, 1163 (1954).
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ETIV) OEERE S OWREL(L (), RSBmO
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105 (2008).

(3) M. Kimura, X. He, T. Katase, T. Tadano, J. M. Tomczak, M. Minohara, R. Aso, H. Yoshida, K. Ide,
S. Ueda, H. Hiramatsu, H. Kumigashira, H. Hosono, T. Kamiya, Nano Lett. 21, 9240 (2021).
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Heteroepitaxial growth and electronic transport properties of perovskite-type nitride LaWN3
by oKota HANZAWA and Hidenori HIRAMATSU
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(1) Y. W. Fang, C. Fisher, A. Kuwabara, X. W. Shen, T.
Ogawa, H. Moriwake, and E. Huang, Lattice dynamics and Fig. 3. LaWN3 TE X % /LD
ferroelectric properties of the nitride perovskite LaWNa. Phys. FIRITRBIT DRI ART ML, ffA
Rev. B 95, 014111 (2017). LB O T E,

(2) K. R. Talley, C. L. Perkins, D. R. Diercks, G. L.
Brennecka, and A. Zakutayev, Synthesis of LaWNs nitride perovskite with polar symmetry. Science 374,
1488-1491 (2021).

(3) S. Matsuishi, D. Iwasaki, and H. Hosono, Synthesis of perovskite-type LaWNs3 by high-pressure solid-state
metathesis reaction. J. Solid State Chem. 315, 123508 (2022).
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Low temperature fabrication of light-emitting diode using rare-earth doped amorphous oxide semiconductor
by OKeisuke IDE, Takayoshi KATASE, Hidenori HIRAMATSU, Hideo HOSONO and Toshio KAMIYA
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RITHH., ZLHF T NT L AT LAIZEFRAE TH S,
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BEIE (510 cm®V's!) 8 K MRWKRKHEE 2789 2 & 2381 ypper) Amorphous In-Ga-Zn-O thin film doped with Eu3
HBILTWD[S], T D@ E R ORIR Al 2 IS5 L, ion. (Right upper) Transition metal doped amorphous
Fore LR, Bix A 1BUER (RE=Pr,Sm Eu, T, Dy) % e e o e e o o
R—7"L72 AOS Thiud, HEHEOLARERA IR TENLD metals.
TEEIFGELTCER, AFEEIX, 20 A0S dERER S
A A — ROFHEITIEH LT2ii & ML 72D Tl6). A TRIAT 2.
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pP-23



e i
e ﬁﬁn:‘ﬁﬂ%ﬁﬁ?‘a ResearchiresUIGICREIE

Research result

& LT, |21, MoOx & /3% — Ak L72 1TO _EIZ Ag 75 & it L | b5 & f2mi & 2 ak L7z, FOGEAEIT 1 mm?
2725 X OITEREN LT,

X 3(a-c)i%. Eu(a)., Pr(b). Tb(c)Z N L7 a-Ga-O DEREE-EE (J-V) HFROT A AVEREZ TR F N
RLIEELDOTH D, A TOMPIBHUIT R TOT AL ATIFER%ED 1 0 QERETH Y, a-Ga-0 HIR
DOHSFULRE F—E U 7 OEBEEZZIT TR EEZBEWT 5, —5 T IV RO L& WEEBEIC OV T,
a-Ga-O:Eu 721, Tb R Pr 7 /34 AD 25D 20VIEE TH DL Z L BNbholz, 2O X5 IR HEICE - T
TNA ABRFFETEDD b
DO, K4IRTEIIT, T
TDOTINA AT, /K, B,
kDO W2 H I A MR T D 2
LN TE Tz, LB A
WZED AN D&

WCETHENRERD Z &R

LT Y E-ELERES
RA R T M F R E N o s
TZHIR DHENA T = A LDVUR Fig. 3 Current-density—voltage (J-V) characteristics of the devices for a-Ga—O-RE
X, with RE =Eu, Tb, and Pr .
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(2) Nakamura, Shuji, and Gerhard Fasol. The blue laser diode: GaN based 1ight emitters and lasers.
Springer Science & Business Media, 2013.

(3) Kim, Junghwan, et al. “"Room—temperature fabrication of light—emitting thin films based on
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(4) Ide, Keisuke, et al. “Transition Metal - Doped Amorphous Oxide Semiconductor Thin - Film Phosphor,
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(5) Ide, Keisuke, et al. “"Electronic defects in amorphous oxide semiconductors: A review.” physica
status solidi (a) 216.5 (2019): 1800372.
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Electrolyte Dependence on Solid Electrolyte Interface (SEI) Formation in BaTiO3; Supported Lithium lon
Thin Film Batteries
by Daigo NANASAWA, OShintaro YASUI, Sou YASUHARA, Takashi TERANISHI, Kanta SUZUKI and
Ken-ichi KAMINAGA
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Figure 1 Electrolyte dependence Figure 2 Cross-sectional SEM images of LiCoO; thin films
(relative  permittivity) of  cell after charge/discharge testing

resistance
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(1) S. Yasuhara, S. Yasui et al., Nano Lett. 19, 1688 (2019).
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Development of new evaluation method for quantum states in electron-phonon coupled system
by oKazutaka G. NAKAMURA, Itsuki TAKAGI, Yuma KONNO
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2. 1 dAe—Lyh7#/ vERERTE

Je—LY 74/ VERBROBELGETIVRIE, BF 2EMREFANIRBF 74/ Y ROERREZEZD
[34], XEBFRROBEEAICIK, BB FHEEIER & BERREMZB W,

Hy=ho|g)g|+ (e +aha®’ +b))|e)e]
Hy(t) = uEyf(t)(e ™ |e)(g | + e ¥ | g)e])

N
lw @) = ) (cu(1)| g 1) +dy(t) | e, )

n=0
I Told 74/ VAIREE, b EbET7 4/ VEBEREET, adBF 74/ VBEERAER uldBEIN
BFE—XVEN, QIREOFLERE, ESHXEBZEE, fORIITONO-—TEKTH D, BEF 7/ ViFE
EULTRBHER @< VEZEZ ., 74/ VEFREZ, AR FOT 4+ v VIRETERAL, 74>/
AR VARRICRAL, BERIRBEOREREBZETE UL, EBOFEICIE, N=4FTZAHW, T7+/ViRE
& how =18.6 meV, a = 001 ICRE UTco FHAT A/ D% IF10KE300KDEEE D ICXt U CEtEE T
B >7z[6]le 10KFEARFTOD|0)E | DEDIE—LY b7 #/ VIRIBOREREIX, BEEFEOHFKRE &L
—HUfco B00KHEADH TIRERIRLcOE—L Y M7 2/ ViRiIEIE, #WEA7 A/ U HFICRELTEL
Ufco BT, |DNVIREDDHIEZ|0VAHDESRETHDICENNDSTY, |[HE|2)EOIE—LY T A/
VIRIERE I, [0)& | NHEOIE—LY 74/ ViRIEBRELRU TH>Tce —AH, REEZXFIETELI
E—LYh7A/ VIREZBEFTLIEHDIEIOKTBAHDOBREIFIFRACTH oo iz, AE—L VK
A/ VIRBODEDFETIE, TA/ VIREHD 2 FDOIRE TIREIT 2 2 E VRSN, FOREIIEAD
HICKFELT Wz, CODHMMIREIT 22 &E, COFHETESNEIOE—LY N T4/ VYIRENT A/ >
DIb—L Y MNRETEBRWCEZRLTWS,

2.2 de—Lyh7A/>vOITy NOE—f#iT

de—Ly b7/ ViRENIE, ZBEFTHIOERNAEBEZAVWTRI IENTED, £, ROBETIND
MIXBHRTY NOE—%ERKDZENTE S, EFBERIVMOE—IE, FEULTVWSZRORENETH
THEIDHENTH I ZERHDZV0EDDE/ETHD, TV VTILAY NIV NAE—EROBDEFHD
NOEENEEEZS5Z, HMABRETROBOHEBOEEDFMESZ %,
AAETIE, ERLEIE—LY N T4/ VRO 7 AV /ATy AOE—Z5E L T2[6,7],
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TAV/AR VIV NOE—S(p)RBEEEFpIC
LT

S(p):==Tr(pInp) ==Y AInJ;

TE5Z5N%, 22T NIBEBEETOEEET
Hd, BEBEFORBEFKREFLiIndbladB DY R
& —HERX

dp
dt

D(p) = ;; (KypL, - %{L;Lk,pn
>

TRENB, TIT, Dp)REEEEFTH3, K1 Ab—LYRTA/VDTA/V/AXVIY
BEAHAELTOTA/ VREIO)E 1 74/ VK MOE—DOKEZE, LEUNBOEIFI0E UL,
BEINHD2EMNREEZ, NHREZ 7 A/ VER

B ERE|w0)=al0)+b|1)ETFT B, 2TZL

la?+|b>=1TH B, 74/ VRDNIJ LT

VIdH = hob'b TERX 5N %, MHETIC L BLindbladBEFL = \/yb'blc LD RSN B EERER FD%

BWTYRY—ABAZHE< &
la|? ab*e! =112
PO\ pemiomrz | _jap
EB%, WE|aP=12E0, KIBEMERE), = 1/300 ¢sHE LILE DI Y NOE—DBHZLER |

[CRT. BZI0OD &=, RORREIFHIREICHD, FOIY RAOEE—IES =0&73%, BENEBT BICD
NnNT, REFBBETVIVIILTDEICEDBEEREICEWELTW 2 ENREINT,

i
=——[H,p]+D
h[ pl+Dp

HEE  AROBRIE, XHRZEEREZEE VI 7 XA/ RX=Y 3 MR 7Oy o &, Bif&E
21K22141, 21K18904, 22H01984, 22J23231 Dfibh == T TiTbh i,

3. ZEXM

(1)K. G. Nakamura, K. Yokota, Y. Okuda, R. Kase, T. Kitashima, Y. Mishima, Y. Shikano, and Y.
Kayanuma, “Ultrafast quantum-path interferometry revealing the generation process of
coherent phonons”, Phys. Rev. B, 99, 180301 (R) (2019).

(2) Y. Furusho, R. Yagi, M. Suda, T. Maruhashi, I. Takagi, Y. Kayanuma, F. Minami, and K. G.
Nakamura, “Ultrafast quantum-path interferometry of photo-absorption involving excitons in
a GaAs multiple-quantum-well structure”, Solid State Commun., 360, 115056 (2023).

(3) K. G. Nakamura, Y. Shikano, and Y. Kayanuma, "Influence of pulse width and detuning on
coherent phonon generation”, Phys. Rev. B, 92, 144304 (2015).

(4) 1. Takagi, Y. Kayanuma, and K. G. Nakamura, “Theory for coherent control of longitudinal
optical phonons in GaAs using polarized optical pulses with relative phase locking”, Phys.
Rev. B, 104, 134301 (2021).

(5) I. Takagi and K. G. Nakamura, “The influence of initial phonon states on the generation of
coherent optical phonons”, Solid State Commun., 360, 115053 (2023)

(6) I. Takagi, Y. Konno, Y. Kayanuma, and K. G. Nakamura, “A novel approach for evaluating the
dynamics of quantum coherence in electron-phonon coupled system", Visual-JW2022 &
DEJI2ZMA-2, Oct. 25, Osaka (2022).

(7) SHEE, BA—E PN—F, Je—LY 74/ YOBRIY OE—. HE33EAEYMEHRFRE, 2022
F12A19H,
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SYBF ¢ BRBE - EARAE BRI B
RIERAMERIEIARIC K 57 R—5 R OMS-1 F / FIFDE R & B LAl A

FOX TR R AR AIRRAITERE 7 v > T o« 7 M EHIFFERT
Offm BH, B4 Hax, M 2 Jf F

Synthesis and oxidation catalysis of porous OMS-1 nanoparticles by crystallization of precursors
by OKeigo KAMATA, Maki KOUTANI, Eri HAYASHI, Michikazu HARA

1. HARBW

T REERIE S A RN, Sv s LT R AR RAOKEEZ BT AEOER SR TS, v b UM
WNEZ AR ARG A IE & B LIRRE 2 b D78 il « =R VX —Rpjk - Btk - B —7 KOS By CEE
BRIt CTH D, Bx it~ T U BIbm D FE 4 O T ORRLSGIT R U CHEN - FE AR & L CTHEET 2
ZEERWELTWS G S e~ 0 R DI RE SR A IS VR RE L BEEIC D B 20,
L0 TR LA ERIEOBREN/IZE SN TS, b KabA MM~ 7 gt (OMS-1)
iE, TRV T LA GBS L LTSRS N D FARARIEEH TH D0, TEROARRIE TIHEILE
RS2 B G SRR B 5, ARWFFERE TIX, @R ER B-MnO. 7 /KL & I B 72~ 7 Al
& 2 MDEED S 15 532 bR

ZAGIR TR b3 2 ik (RIBRIR
fEimfbiE) 4% OMS-1 ARkizie

L, mlbERmBEAYFR—F A
OMS-1 F / ki % —BCHKT 5

ZETkE L7z (Fig. 1) 5, ARk
753 OMS-1 DAERIZ 5 2 5 52281

SWTHEL . Fix OB IG % Fig. 1 ATBEIAREARLIEIC £ D OMS-1 A k.
1To7,
2. BIZEAR

AR O TR SRR BERIREE WAL T D~

VAL DOFE RS c EAL T ANV RELE

BT, 2 4 EIRICERERYE 2 VY Mn™/Mn?*

JLbt 0.40 CHRAML L 72 BiBRIR O B RGIR E K 77- 1 1

DWTHFT L7 & 2 A, BULERIZ X 0 Jg ik aiBRiAs

ThH7TETA MnD b xUEEE D OMS-1

~OHEGEZALE Z Y 200 °CTOELIE)N Fe il ©

BB ENDIoT2,200 °CLLETOEGLERIZ LV

OMS-1 #§1E 34 % 1 MgMn204+Mn03 ~ & 284k L

7o BUBRIAFHEINFIC Mo¥ sl « pH SR AZ1Th 7

WIBARCERIED 7Y T A N AT O BSLEE &
1T T2HAIZIE OMS-1 AR LA Z &b A
BRREICIEI M 2+ licat 7oA M kT
ATBRIR D S L TH D,

M#FE D BB DS FIRIEE N B b 2 FAAEESD 5o OMS.1-A ((a) XRD 744 — 2 & (b) SEM {4
EHIZB W CEERKZE L B9 725, Mn™/Mn*

E/VHAE 0.30-0.67 TAE LATERAZ AR L 72,

Mn™ /M DI ZEENRIBRIA D 7 T 1 MMEEN D F A RGO & 5 RNTTEN S M EASE 2 6 =21
NEBG LT, ZAUS RERIRREE DB VTER T D~ v B b Y ORI B L. M M2t E L b A
0.30-0.50 T L7 Mn*Z &t =Rl 7 E T4 FRAKOMS-1 F R FERIZEN THLZ EnNHE Hhe
o7,

BfZIZ, Mn™ /M2t BV LR 0.40 TOHZEEUEI OB SO\ TR L7z (Fig. 2(a)) . FiEHE & Al 2 v
A, T o= T KNG GLEIERE:) @ pH 1X 1.3-0.9 TH Y, OMS-1-SO4 I L O OMS-1-NO3 D tr 3%
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R 22102, 88 m2 gl Thoi-, —J7. HE @

1007
B A AN 55 7 o = 7 AKIRAIET O pH 1% 4.5 20 D
ThY, HER L7 OMS-1-0Ac [TARLL7= OMS-1 - romm
D TR bk 7 TR (249 m? gb) &R L7, =
ZOfEIE, SZEERBEA R E 7L - AT Y 1 R =
EEDIERDFIETHRK Sz Mg-OMS-1 (13-185
m?g?t) KV HRERMETHY, OMS-1-HT (35 m?

g DK TETH - 7=, SEM B2/ 5 . OMS-1-0Ac
/NS WDBCIRT 2 B 1 (£ & LT<20 nm) OELEK
ThHDHDITK L, OMS-1-S0,4 5 L T8 OMS-1-NOz | 5. N L '
PR & 72 ) 7L — b (ca. 50-200 nm) 72572 ® g (7 e O
HARRKIF Tho72, TNHORERN S, LRI e

FRIFD pH BHEREEB LTV 7 8 U —Z KX
SWEBTLZERALNE o7 (Fig. 2(b).

ZRH AR LT OMS-1 12 X A b ke i >
WTHRRT LT, o IREESR (O oA EFE{LAE L
To_UNT T = InE R AT VT B KD
WAL, FAT =V — A bitaT 5 AR ¥
R« 2R ~OBILEICEIT2T2 8 2A, 2D
OMS-1-OAc F / Ri{-13FE 4 D Mn R filliE (B-MnO,,  Fig. 3 (@) X U7 a—i L (b) 47 =Y—)
activated MnO,, STMnOs, OMS-2, MgsMnOg®) 72 &) DOFELEUGIZ I T 2 fiffiah B, Ss 4tk (a) filf
DOH T b m W ARBEME 2R Lz (Fig. 3), (0.049), N> YT =m— (1.0mmol), kL=
OMS-1-OAc iz~ 7 )V a— L OIS (2 mL), pO2 (0.1 MPa), 50 °C, 24 h.  (b) filifi: (0.05 g),
FUICABIC LV BRET 2 L OSEFERIFIEL. A F47 =Y —/L (0.25 mmol), PhCF3 (2 mL), pO, (0.1
BA~D Mg B LM EOEHITIZE A CHERII MPa). 90 °C. 6 h.

o T, ROGHETE T XRD S22 < L filiEp

total yield (%)

N P . . (@) ©/\0H (b) S
EICET/C 3 EEAATETh ok, 2 & 0 T o=
OMS-1-OAc 7 / filitid, JRFn72 SUGSF T Cfl 4 N ] @ré\ @,“s'; x
DFEEFET IVT—LBILOANLT ¢+ ROBIIG 5] 0.4 £

WXL CH#E I ARE T o 72, SUGHEFE DTN D | g 12 T 03

T VB TR A LIV Ry 22 o) -

WHETHEIT T2 L B2 b, OMS-1 OFEWRFERE ¢ oo .

R RO ETE Mo\ BIc KRE S BT 52 & 03 | 011 ©

WAL E IR o7, WD TR 7R T/ RIS & 27 ° 0 .50 100 150 200 250 300 0 0 100 150 200 250 30
DO RLTH A R EfRENERED O b L— R4 7 specifcsurtace area (77 ) * cpeciio sutace area (' g
OERIZZR <. OMS-1 Ofif [ sl B & FemfE o Fig. 4 (a) N> AT La—L b (b) FAT=Y—L
A BR A HERR S LT (Fig. 4). DRI 5 SRR & OMSA Dt

8 L ORIR. SUSSAEE Fig. 3 D % 0 & A
3. BEH FKimf BAfR. SUSSMEIT Fig %, [

(1) E. Hayashi, T. Komanoya, K. Kamata and M. Hara, ChemSusChem, 10, 654 (2017)

(2) E. Hayashi, Y. Yamaguchi, K. Kamata, N. Tsunoda, Y. Kumagai, F. Oba and M. Hara, J. Am. Chem.
Soc., 141, 890 (2019)

(3) E. Hayashi, Y. Yamaguchi, Y. Kita, K. Kamata and M. Hara, Chem. Commun., 56, 2095 (2020)

(4) Y. Yamaguchi, R. Aono, E. Hayashi, K. Kamata and M. Hara, ACS Appl. Mater. Interfaces, 12,
36004 (2020)

(5) M. Koutani, E. Hayashi, K. Kamata and M. Hara, J. Am. Chem. Soc., 144, 14090 (2022)

(6) E. Hayashi, T. Tamura, T. Aihara, K. Kamata and M. Hara, ACS Appl. Mater. Interfaces, 14,
6528 (2022)

[FREE] AR O —BIE, FEHEE - EEFEEEA VT 7 — 2 ) R_R—va UMEEIH T e =7 FOXEEY
ST THE LN, HE - EEEA VU — A A ) _X—a VMBI T e 2= 7 | (Design & Engineering by
Joint Inverse Innovation for Materials Architecture, MEXT) IZ L V&SN HDTH 5,
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SYBF ¢ BREE - TR PR B
FREERE R FEMRZERE LI-MENERRGORRE
RO THERFET 0T 4 THRBFSET  OBESH

Development of catalytic transformations based on formation of base metal-hydride species
by OYusuke KITA

1. BAREHN

= VTR T B ISR L, FEx OBHRSIT LTE W EEME 2 R4 2 L s, T kAR
EOHEPE/ANATOIL TS, BRIEOHFTYH, @RECSEIER AR CiE T 2R AL, F
BR7pdEE 2 VB L T RS L DR OGN R Z E D BIAK HWHENTWS, L LAREL,
BT ) A XKL T2 BT AT, @O RElLEW e EOREM DB LEL Y Zhb RNt kL
FREEES 2 L TSR T 2T W, LER-> T, S Z B2 b PR RO 21T 5 &
FTFEORFE N RO T 5,

AFETIH, e ey I 2H0WAHZ ET, A F EEBIEOYRIC LY = v 7 Vki Ok B HIE 23 7]
B2 Z L ZRH L (Ni-Six: x = BILliE), £z, #Bihle L COERBOERT A FILEWNR T/ ki1
OEfiE L CTHIEA L, M OMRER L KRR L ENOMN 52175 Z L2 LN E LTz,

2. IEARE

2. 1 ERALSUEERFIELEEZYIVE/ BIFERK

E eI b=y 70 (Ni(acacy) Z/KFEME FEHELH TMEWRHT 52 & T=y T kit
AR LTz, E Ry T LT, 2=y T 0B H0VTEEEA, 90°C TEILAEITLER, 7 =Ly
FURRY AFILE RevaxHholor FasJ o2 Hn-EICiE 150 °C FBREDOMBNLETHY | &
VH w7 L — . — . N/ YEX 3
o A S Fig | € KBS 9 B £ 5=y )/ MBI
WA A RICA =y AR e D RRATEORE

LTHBILBEIT LR 2 b,
Si-H 2B TICEE L TWD Z ERShd, Catayst HRTE LERER () X2

T A N (m )
DS A RIS A Z b ARETH o T, Ni-Si-90 9 66 (b)
Tz T roriETAlE LTHRIALE Ni-Si-120 13 62

BRI fec #EEZ2H T D) R -03ERK L. Ni-Si-150 23 32 fcc Ni ‘ | ,
NIR (PAFALTI ) T UEFERAL

~o . Ni-Si-180 27 29 hcpNi | ’
72BRIZIE, 300 °C DR JCIRE LI TIEH o &
272D, hep WIEEFT D=y VT /KL N-Si-200 37 < 20 (degree)

FEET D2 ENAREToH o 7= (Fig. 1),

2. 2 EFOYSUERTERLIEZZ YT ILF/ MFOHEER
T2 o EETAIE LTHW 90 °C TE L= v 7L KA i b RPN Ehotz 2 &

MBS, Ni-Si-90 D fifEM:FE 2 57,

ZORER, 42>, = ML, BEE

b&W EFRGETICEW L Sk~ 72

Rt &E D KT I LT

OB 2R LTz, A EIA R LT

= 7 VRO SRR S L, R

THUY - T H AR 2 722 72

WRTCH D (Fig. 2), —EIICEE= >

7 AT REH THRL & AUl g4 A3

RT3 2, EBRIZ, LUH S5 Raney : s

T e
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HBEEVE 2R STedhole, TORFRRRKZEEZFM LT, A I VRFESISICB T 2 A 28R 21T
Sl TAH, il KT Aith & ) BRI FRE TEEZHE2 5 2 &7 < S RIFFHFRETH ~ 1o,

2. 3 Ni-SiODXRZREMEDAEH

E Ry I U BRIic LA L=y v ki id, — i = VARSI IE R B2 W R R 7 KK
BEMEZRT, TORKEEMOERZH LN ET L0, KRS NFHFEEZANCHEEZIT- 72,
TEM-EDS HIEZ4T -7 & 2 A, = T NVRIFDE VI A FRENGFETHZ R LNE RS-, £ T,
A FILEYOREEZA LN E T DO IR BIEEI T2 L 2 A, — BB UATHBI 723 ROHERE T
Elz, LIENo T, 7=V UNERFEET D ZEND0 D, ZOEKT A FLAWN KK EICE S
LTWbEEZZ DI, EBRICHEEWIIZ LV ERT A FILEMERE L=y v 2RI RAF TE -
T EMEE RS 2o Tc, WIS, EDOXHIITLTRA T TORY NN AREIZR S T DG~ 57280, XPS
ZHE Lo, ZDORER. SRz KU L7 Ni-Si ORIk S kiR b=y 7V OIREEIZ /> TN DH Z &
D GMNE Tz, —J5, MEERISH KRS Z & 72 < XPS ZHIET D L &=y rVICHK T e —2
DHERTE 2 e n, MIERISHICKFIZEY 2 fli=y S AVENBEILSNTER=y NV EERTHZ &
ZREI U7z, AREESOSHREUCHE L72BRICIE, KBt =v 7 VOB PHER TE 22 &0 n, RS HICTE
MR THLER= v 7 VDNER L, K& Z & TREMb= v 7 VEER LEWEEMEEZ 5325 2 &5
AREIC o2t EZ BN D,

Fig.3 Ni-Si-90 D¥ ¥ T 7 Z V¥ — 3 v

BETE AR O, 6 KF 6 WFuinE#E 7y a7 b (EEE - fEFEEA Ty — 2 ) R_R— g
UHMBHEI 7 1 2 = 7 |, DEJIR2MA) OB & 51T 7~
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SY9F  BREE - TR —HE O B
BAR/INT D) LEREY) LIVO, DHREEBIC L 1 R S BELGRMCERLE(L
FOXTERFET v T 4 THEMIIERT  OXAE, /IMIMER, BARK, Y

Anomalous thermal conductivity change at phase transition in LiVO,
by OSuguru KITANI, Yuki OBATA, Kenta HASHIMOTO, Hitoshi KAWAJI

1. BIREM

AR, HERA e = RO X MBI LT 5720, A x L X —OFERANEEHR SN TE WD, 0
B, Boffinzary br—n15Z ik, TRAX—OMHAREZHIETS ETRERMETH S, BT,
ERHBEDO Ny T U —s3y 7%, KBTIy T U —iBEOK FICE S BXRIEPTR OB 2B < 721K
WEMBERN RO B, @R TITEMRE OB KE TOICEWEMREE R RO N D, 20 X 5 2RI
—RENJAEOREEZ 2 ba— AT 5 2 LICE DL END R, TREEEBEBR T A NLT—D 8 A ZEN DT
O, BIORIENRRD SENTWD, ZOEDOT 7o —F L LT, MEFE FICAMEZERNKE BT 5 A
Ay TF U TREEZ TR D 2 ENBRI LN, MIBBORICERERENRKE S ELT D X5 M EHIRAR A v
FUTHMEIE LTRIATE 2133 CTHD. ZETOMETIE, SRit&RiEE (MIT) 26 WEICEB L
T& 72, WETOBMGBE IR FRECEFOBEIZRLICL AL, — A ETIIBmE R, = KTBx
R+ BFARER & LTREN, BFEYRERT Wiedemann-Frantz HlIC LV e =LoT E R END (2
T T L=245x108 V2K 2 [Te— L oV, oldEBREESR, Z LT TITHRE CTH D). Lin-T, EXis
HMENRELSENTEMTYED X, EBETEWVEZ DL, —HFOMBGHETIHMEWVEELZ LS. 2FV 4
e LTOBMAERIE, @BEMHETIES MEEETCIHES 22 2 L FPHEIND.

L2 L, WL O0OWEIZEWT, ZOTH L 30 ik

HL D SR BMRERIME 45 2 & Rphote. 111 —
it A B L CulrSa D 7 % /) VBB R Z /R L TE Y, MIT sol

MET S 230 K LU EROSRMTARERA2MICHD

THRDBADRLONT[L]. BMEEROEL BT Cuy o

Mz zZn % F—79 5 KE<BLL, F—TRnz iz 8 20f

SRS EL AT 5 72 ), BMRERI AR B

5. LL, BHEMEOBRERIZEHT5 L, F—78&0 @. 10k

£\ x =03 DEEEHRE x =01 DIEL Y bE< 2B, Z0

JFIRE LT, CulrSs WEIEAEZEMT 8 HD Ir NEEFE 7= 8

BEHRT 5L LG LTS L EZ TG, 7, ool ———i— ]
Culr,S; TlX#F D 8 BN EIRE A TH FATAIIC T 2 #H. T(K)

BNZ TR HEIICIZE S 1L, D b XK iR 2 [HLE
L CEMBERN WA LTS, LT, Zn R—=78&01%<
2% & 8 BAKDIMMNNEEIZ /2572, MEABMHTO 8 BEKDWDLET LA L, b I X HBYRERD
WD R 72 Tp o TR, BMRER N INCEE L2 TRV N EEZ TS, 20D, 0Lk H73%EIK
DO E O FEB 2 /T 2WEN, BAL v F U 7ML LUSHTE 2 RS SRS,

Z 2T, ARIOHETHE, KBMHTV A 4203 EEEL
DI ENMBINTVD LIVOIZFHH LT2[2, 3]. Z OWEITK
500 K TA U DM & b e WHLERRFE AT, K2 10K E
D XD @B TO =M TN HEIBMHATNANT YT A3 &
KZTERR T DEEE( 2 R4, £72, LiVO2 X Weiss IRJE Oy ~
1550 K DWW ORI AENZ & H, A 77 A FL—
varbEoTWa[2l 7T AL —Ya VIZHETHAY
YL EY, BRERAETIEDLZ ENHMOLNTND[4] .
ZOw, BIEE AL OW L EE LD LIVO, O EiEFIE,
FEFIMEWRRERE > TV D AREMERN IR SN D, ABFETIE, ZOWEEZEMKGEICEI Y AkL,
BonmR NIk L TCL—Y—7F v 2k (LFA 457, NETZSCH) % W CAMEHCRIE 21T 7=, 77,
B R RMPRREEIC LY, B EAEME (PPMS, Quantum Design) (2 &V HIlE L7-.

X1 CulrsSs DEMEEF [1]

2 LiVO, Db, (a) miifE : A1
(R3m), (b) 1&IEAR : ST A 3 BefkffiE
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2. AEFER

LiVO, DEMIHUE o DRIEFRERZ M 31T, £z,

Z 2Tt g L L CRBRO RS AEIE A b DIk Y
F v LEEAE) LIAIO, 3 KUY LiCrO, OEVEHER /R L

TW5., ZOMMNSHLNRE S, LiVO IXIEFIC
INEWVWaz b o TWNDLI ERNbND. TNEILOE

X, BERLTCWDERA A4 OEIRREBICHKT D
HLDEBEZBND. VA F L DOEFIREEL (S ed) & 72

D, HUEOBHHEL ALY OBEHENMFET D, —F

T, Cr¥'A A DEEIE(t5, e)) L R DT AL DA
HEEDHRBTEE L, AROLAEIZIL 2p BB IZFE 123
WEOETOBHBEITEN. 5D bEmD X 5

AT EIER L TV D ERA A RHIESRCA Y D X3 flix DJEIRY F 7 AR OBIEELER o
HHELZHHOE, 79 AR — a3 VOLENEL 5.

ZORER, EBIEE X0 IR @O CHEBHRESER S, 6 E L LTHEET LI ENMLATN
L. 2O, SRIOFMERIL, 7T AL —a UBNFEELZRY LIAIO, 1EEWEMEHERE 2 "I DIkt L,
LICrO; TIZAE L D b 2L 0 BVEHEME T L, LIVO, TIZAE AIIA THED D 5 & L IFET H -
DEJIECRDKIBICK T LB 2615,

WIZ, AR LB SR « Z3mT 5. 1TE

TR o, BE o, WAL C ZHWT, k=apC&FEKb

B, TNENOWEREND 2RO 72, KF RN

LiVO, @ k T, IREN ENDIZHON TR FLTVE,

#1500 K OFHIRBIRE CEDIcYy 7 L ThEL 72
STWALZENSND. ZOX ) ITEREMICETES

BT NS 2D 2 0, RIFERAEE - 2

L EORETHLEEZLND. 600 K TOfE

1T 0.6 WIm-K &, — 70T A7e & L T H/h

&L, B E U QIERITEWBVRER L 22> T

D ENgmoTo. Fie, BERENOD Slack O/

BRER iy EDHIRTH S, ZOFT VT L7

WIRE O RTEL LIZIRENRIED 7 o X Ak v B

TNWHSNTEY, 73 O BEBEITR | DNEE 4 LiVO, DEMEE
D UL EZD. ZORBITELND k minld,
PIFoXTcEREND.
1/3 2 9 3,x A
Kmin = 3 (g) an2/3v (%) fo g (:ic_el)z dx, X = qu_wT

Tk lERY = U ER, BIETAAAIRE, vIiZT 4 UREEE, n IIFFORBETHS. K46 H
HR L DT, LiIVO, DEBRIE k exp I3 & min & TEIS TS, BYRERDN k min & FEID WS HiEIT L2
TA RRRLIEBERTIIWNLS O ERH D H DD, B TITIZEAEMLN TV, ZDkD, &
HHEDOWDLE 2R ORTIE, 74/ UHEFICHRSEELEND Z EDRBEND.

Alal, @k YT AR Y LIVO, BHUE E AL D B XLV IEFITNS VWEMRELRE O LA
DT LT, —RIC, @SR CIIRBEOERSCIEFHFIRE)OF B ET7 + /7 V3 < BEL S VTV B 23,
ZOEIRRINTHLERBERDELIN T 4+ /) U EASHICHBSBELESED Z AR I, ZORE LY,
ZREETERT OWEDOEIRTORAAL v F o ZHEE LTOIGHR, @ik TIREYRE RN E L 5 2VEM
BE~OISHZR ENEIFE SRS, 5%, BIROK 700 K ICHEEBRZ2 LD 7 BARZIER T2 Z ERhmbsnTn
% AIV04 DERLEB LOMEZ D, ZEREOERPPYRERIZKITTHEL S HIZHX T TETHD.

3. BEXH

[1] K. Hashimoto, S. Kitani and H. Kawaji, Physica B 629, 413675 (2022).
[2] W. Tian et al., Mater. Res. Bull. 39, 1319 (2004).

[3] K. Kojima et al., Phys. Rev. B 100, 235120 (2019).

[4] H.D. Zhou et al., Phys. Rev. B 87, 174436 (2013).
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Water printing IC&k 4585 E M - MMMt ZEHED
BiFeo ¢Coo 10s S EEDEN MBREEE A A 2 Hl{E

FRIT¥ERY  OHk =, AR, R B

Out-of-plane polarization reversal and control of
ferroelectric and ferromagnetic domains in BiFeg9C00.105 thin film by water printing
by OKei Shigematsu, Marin Katsumata, Masaki Azuma

1. HEEH

BiFeOs ITZEM AL~ 7 A A MiigEx &V | i CHaEEN & BRI EAE IR Rfo~v LT 72 n s v 7 WETH
0. FEERTELE LT 2D T D, AR OV TR A FE A 100pClen? Td 5 08, JEEEH das 13 60 pm/V
FEEE L PO(ZrTi)Os D 13 FETH D, ZiVE T, BiFeOs & IEJiih %A F§> BiCoOs DD EE{A BiFerCo0s (BFCO)
IZFEH L, Co EH#Z K - T BiFeOs DIEERHEN A LT 5 2 & 2t LT 5[1-3], —77. BiFeOs ~? Co EH#iIEX
SREMREIC DB b E bl b L, A u A FREUEENOF ¥ o b Liza ) =7 BRI 5 2 L+
[T & A AN T3 Lo THERR STV D[45], BFCO DX > k2 U =7 A UG =R O i
TN CHHEE LA TRT 2D, ZOBLAERFINC LV CE UL, BE T A ZADFEBITORNB D, ZHET
DOWFFETIE, FEBISEIREE PFM) 72 5 NS IGEBMEE (MFM) % Fv T BFCO iR R D S H IR L,
FARD TG BIER L CEZ[6], TORE. M R A A VSR b T A TREGEEHA TOBEFTC, BB L
FEEQBIEE STz, L L, AT REREE LT, SRR OSMRERI Y O BALRERORGEN#HE LN & 7'e
— _OEGHNNRFOIENEY (Trailing field) (25> Tofi K A A AEBIENZL L TLE W AT Y FRER Kb
%o KV IR CRE LT EHEIIWS LN R E N D,

A laliE, ARBFFE CIEER S O(L A4S A & BB kL X — 2 X0 S8 BRI O 43 i & HI4E 3 %5 water
printing Z JA 72 AN SCHE A ATV SUHRRTR D70k « BES B A A B il Tz, 7]

2. EEBAHZE

GdScOs (110) 2 2 B F I BEyE L 721, 7V A L— W —HERE 2 O C R EE R SrRuOs 20 nm & BFCO 60
nm ZNRIZARIR U7z, BIEAFII L= o F L o3—% T BFCO RO /3 M iR 21TV & OFEIR D 53 -
WA R A A B LT, MUKITIRIE L C water printing 21TV, Koy Z2%EHRTT A CTHRrEL, [ UHEET
YRR - R R A A B FERBIZR L, oM - BER R A A OBIERICITIEEISE HEMSE (PFM) - BRI E 51
W (MFM) Z MW=, MFM TiX, G L7=@oskmkoay b A MRS E&2YRBIT 5720, v
FLAR—DORb S E7 L SRS LZBOa Y T A R BKEEL TNWD 2 L AR LT

3. BIZEmAR

BFCO 713 BFCO/SRO/GSO D FRIZIHUNT 8 DD<111>y HF NI/ ZER Y 9 578, as-grown Tl FEBE
R 7 OO il ORI K0 | EEL ST DY T & O RROZIZHIR S5 D, & BFCO IR 24 LT,
~1V ZHMMLEH U F L8—"T 3um? OHPHZ ER L, m LA & ICOMKEEZT-> 2%, PFM 12X Y
Out-of-plane 33 L OY In-plane J5 [0 D /34 K A A & 8122 U7 #5728 Fig.1(a) Td 5., Out-of-plane PFM phase 4
DOFEFHDOH DW= T A RS as-grown O R & phhFmzRLTEBD, FLEomfnha > b7 &2 R3S En
N MR Lo I 2 R T, HEEIABEAT o T2EIBICB W TR 3 F T A MR R OIL, —HRIZHOIRK
N2 SN TWND Z & 03005, In-plane PFM phase (1353 M S HR 21T » 7o Ik D AR L TR Y | 0= |
T A MIENENLEA DA ANICKHGE L T\ 5D, Z Oz fiZKIZIE LT water printing 17 > 7214, K%
HEHRTT I TEHREL, W UBEEHT T PFM 42 IS L7212 Fig.l(b) Th 5, BHEAFHIINL /=& o
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Out-op-plane PFM phase & = > b 7 2 h M3 #iz L, as-grown D2 b T A b & —FH L7=Z Lnn, flikafEH
L 7= water printing (& K = THMA L@ & 226 FREICKIA L2 Z & 230025, & 512, In-plane PFM phase
Dy kT A MNERIZEL L2 o772, T 725 water printing (2 & > TS E U7z A& IZ B )
C 71O B 5 18 D /3 MR SRS FE AR STz, THER O BRILER Y 7k % T2 8 & 72 fEAT I & - T Bk o
B &% 88% T, TL°MIHE 7 [A D R KHR D Sy MR RERNAE LT D 2 & bino iz,

2 \Z1%, water printing % (2 X 2 AN RS AN AE U 72 GEIR CHUS U728t K A A A8 &2 rd, KF o
HEIT PFM BICB T 2BE R AL Dy F T 2 OFER %8 LT 5, Water printing 277 9 Rilix, MFM
BICK DR R AL L ERFE AL DL EET D2 L6 BFCO HEIED /3R & 165 00 AH B 6 i B
BRGFHETDHZENLEND, —F T, EXRALBORETIE, R RAA MO T A NI R 2
A ERBLTELT, MHENKDNIZL DICRA D, ERMREGINT TIE, (21T 50% DT 71° 4
RAAL NCK DD AL v F o IR E L BN ISNTZ, 202 &3, NEREFHFE N A A AR
WML D & & T, BALPA BT Dl & LA WERA TS 2 2 ENFRRNTH D BRI ND,

Fig.1 Water printing (2 X % 73 MCfizRT4 O PFM 4 (a)
T6H-TV CTEE AL E 1T > 72 PFM 4 (water printing fiif) (b) Fig.2 Water printing (2 & % 23 FR 5 5 HTT
water printing % ¢ PFM 4 #% D MFM #

3. &EXM

[1] M. Azuma, S. Niitaka, N. Hayashi, K. Oka, M. Takano, H. Funakubo and Y. Shimakawa, “Rhombohedral-Tetragonal Phase
Boundary with High Curie Temperature in (1-x)BiCoOs-xBiFeOs Solid Solution”, Jpn. J. Appl. Phys. 47,7579 (2008).

[2] K. Oka, T. Koyama, T. Ozaaki, S. Mori, Y. Shimakawa, and M. Azuma, “Polarization Rotation in the Monoclinic Perovskite
BiCoi-xFexO3” Angew. Chem. Int. Ed., 51. 7977 (2012).

[3] K. Shimizu, H. Hojo, Y. Ikuhara, M. Azuma, “Enhanced Piezoelectric Response due to Polarization Rotation in Cobalt -
Substituted BiFeOs Epitaxial Thin Films”, Adv. Mater. 28, 8639 (2016).

[4] 1. Sosnowska, M. Azuma, R. Przenioslo, D. Wardecki, W. T. Chen, K. Oka, and Y. Shimakawa, “Crystal and Magnetic Structure
in Co-Substituted BiFeOs” Inorg. Chem. 52, 13269 (2013).

[5] H. Yamamoto, T. Kihara, K. Oka, M. Tokunaga, K. Mibu, M. Azuma,” Spin Structure Change in Co-Substituted BiFeOs”, J.
Phys. Soc. Jpn. 85, 064704 (2016).

[6] K. Shimizu, R. Kawabe, H. Hojo, H. Shimizu, H. Yamamoto, M. Katsumata, K. Shigematsu, K. Mibu, Y. Kumagali, F. Oba, M.
Azuma, “Direct Observation of Magnetization Reversal by Electric Field at Room Temperature in Co-Substituted Bismuth
Ferrite Thin Film” Nano Lett. 19, 1767 (2019).

[7] Takuma Itoh, Kei Shigematsu, Takumi Nishikubo, Masaki Azuma, “Out-of-plane polarization reversal and changes in in-plane
ferroelectric and ferromagnetic domains of multiferroic BiFeo.sC00.103 thin films by water printing”, submitted.
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Design and exploration of novel inorganic materials based on computational science
by OFumiyasu OBA and Tomoya GAKE

1. BAREH

FES OB « BREFESL= XL X —1F8 2 RIC, MEHB~OZERIT @L< toT\nad, HBliL7z
BREETZ T Cled |, BEBICHET DRI L VBRI, B CEWREFfMEEZET 5 X5 2R EEn
TW5D, FIMEIORBRIZIBN T, WIEeREt - IREBIEHN B L 25 2 LIFE 2 £ TH RV, £ L TKROBEM
. WDIZIEWERRZEMZ I R—F D50, TOFNLEDL I —F v FERKVIALNHTH D, RITTIE
FEBROMER E A—R—ar Va— 2 OEERDOM EIck Y, FERETEEZAVD Z L TWEOLE
PR & B RS S D OMERREAIC PRI TE D L D IC - TE o, AWFZETIE, IO % — FELF R M O\
FIEAZBEE LT, EFERE - MBI EZ G 2 M B A2 3G - RRTH LR RET, ER¥—F v R
X, BT AL ZADISHDO T D OFR BB S+ 5,

2. MIRAR
TAVE TITHHE U CE 7o AR M O ks B3 — R BRETR A V2 2 ik & L. AR IR L O RATHIRT
M3 LG RFEORBE LA EZED T, o, BlIEHE. ZORFELZBEMMEHIER T Z & T,
FIEORLHEROREZRGET 5 & & bic, BEEMEHZB W T LA AR+ Th o lo R DR 1 - 1 v
UL TOHEICET 2 AE ST, S BT, ZORRITE SO THH P EARM B OKE - TREOIE# 2 4
THIEREBERE L, £, VA KXY v 7D 4 R AFTINalr 4 RTHD LaCdOySe, 122V,
Z OEA KRR ZEE) « BIREES F—8 2 7 OMREZ TR~ 3
AL R OA X v aF A RpBlUu A Ry o 78R E LTk, CuMO, (M = Al, Ga, In)* <> LaCuOCh
(Ch=S, Se)s N1 BH T 5, % d LaCuOCh (Ch =S, Se)iZfa{LIE & = 7 A R HACHE 72 - 7=
ERFEEZA LT Y ., Se AL Mg A ORINC LV p BFERFERIZR D Z L WG S Tng & —
J7°C, LaCuOCh (Ch =S, Se) & FA{Ll L 7o & Z Fe D@k A% > b2 7)1 R LapCdO,Se, 12 B L Tl AN
DORE N ERMIFRIELZ RTZ EAME SN THDED 7, [EARKKEOHIEC AR LS p KT n
UL D REMEIZ DWW T IRE STy, £ 2T, La,CdO,Se; F D i KffaiZER LT, £DF v U
7 R— 2 U Al Re k& R e B R B E L O RSV CREMICHRA L 72 S, FHELICIL, Vienna Ab initio
Simulation Package (VASP)=x— | 8(Z
FAE X u7- projector augmented-wave
15 S O U A OIS & b
B ESHRETLIZ Enmo T
% Heyd-Scuseria-Ernzerhof (HSE06)/>
A7V FILBEE 0% vz,
1(a)iZ La,CdO,Se; Dk d s %
Y, Elo, FULfEL =y &
A3 % PAgR CdSe & OF LaCuOSe
DOt imEE 2 Z L E M 1(b) & T(c)
129, & <12 LapCdO,Se, & CdSe @
N R IE R R g VENL % 3F A0 LT bk
T 5 Z & T, LaxCdO,Se, ® —IRILHI 72
AEEARIEICHELZE T LUV O
BER LN LT, 1. () La2CdO2Se; Diff it 3, KD FHHRIZIB W THEE L 72k
2(a)lz. Cd-poor {LFHRT v+ FHY A FEBPGEOEKTRT, (b) g dn CdSe K TU(c)
NI EIT S LapCdO.Se, oo [EAy  LaCuOSe Dif fafis, IKEDFHIBMEICB T L 2=y ML %
ERMOBRT XN X —%7T, La Ko
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YA hD Cd 7FHA FCdw) & Cd ZEfL
(Ved) 1B W T 7 v F X HEN ZTERRT D
D, 7 VI LoV MR TR BRI WS
W=V —NEL b, R—IVAERK
WCHERELLFELRWEEZOND, 2D
KF, &1 Cd (Cd) D= RN F—NHAIT
LD, TR TERMBMOTING X 0 E
ANSNTBR— VFBESHE SN D 2 LN TS
N5, X 1@ICRT L 51T, LaCdO,Se; XLk
HIRE A& FIZER AR T 5720, £ 212 Cd 28
RBICAVIAL Z LR TE D, ZOREE, Cdi
WXk B U THiIENEE Y . La,CdO,Se,

pEIR—E U 7IIHEEE B 2 b5,

2(b)iE, Cd-rich LR T > v v VGIFIZE
JARBEDOK ZRLTWD, Cd ¥ A b La 7T
Y FH A R (Laca)® O 224l (Vo) IEELEIE K
T AT D03, 7 VI LU MRE
PR IS E T D RIS = R L ¥ — 3 &
5=, BEBEBTFOERICIIRELS FHEL
RN EEZLND, £T-EDEE, Veg DIFLT %
NEX—=DNRICRDZEND, R =R DU
Mz LV BEASINTAZEBEITEHEIND
ZENRTREND,
DEoEEIT, F—s0 NER MO
La,CdO.Se; A hA A A MU ZIFIFEHRH- T2 F

FERMEGIEEZ R L, PR Mm RN L T
LNEUERTE AN E WD EERGE R 23] T 2. La,CdOzSe; H D [E A KM DT K= R/ X —D 7
. 7. ZOLX O EMAR SR A =V LoUMKLEE S, (a) Cd-poor (LEEART Vv LS
F B EAERBIERSE DX ¥ U T AR - it PR O(b) Cd-rich {LFHRT v v ¥ VR TORREZ R
N RIS S - bk, Eoge T METH AT 2 LI LoULoRAEE LTERY
+%E BILRMOEBHZIREL, ALY ‘t@ihﬁﬁTm_mﬁLTV%mﬁﬁ@@%ﬁk%@
DR ORI T B b o EE AR, RIS L TR Y M E LT 2 s ([P ALED)

Lﬁég%zgﬂéo ik%ﬁh:ﬁ%?éo

(HE] AW SCRB 2 ER - EPEEA U7y — A/ X=a VHBAIH T 2 V=27 ML
DEJPMA 7' ¥ =7 FOXED FTIT-1,

3. &EXM

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

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

(3) T. Gake, Y. Kumagai, A. Takahashi, H. Hiramatsu, and F. Oba, J. Mater. Chem. C 10, 16828 (2022).

(4) H. Kawazoe, M. Yasukawa, H. Hyodo, M. Kurita, H. Yanagi, and H. Hosono, Nature (London) 389, 939 (1997); K.
Ueda et al., J. Appl. Phys. 89, 1790 (2001); H. Yanagi, T. Hase, S. Ibuki, K. Ueda, and H. Hosono, Appl. Phys. Lett.
78, 1583 (2001).

(5) K. Ueda et al., Appl. Phys. Lett. 77, 2701 (2000); K. Ueda and H. Hosono, J. Appl. Phys. 91, 4768 (2002).

(6) H. Hiramatsu et al., Appl. Phys. Lett. 82, 1048 (2003).

(7) H. Hiramatsu et al., J. Mater. Chem. 14, 2946 (2004).

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

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

(10) J. Heyd, G. E. Scuseria, and M. Ernzerhof, J. Chem. Phys. 118, 8207 (2003); A. V. Krukau, O. A. Wdrov, A. F.

Izmaylov, and G. E. Scuseria, ibid 125, 224106 (2006).
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Development of method for exploration of semiconductor and dielectric materials using machine learning techniques
by OAkira TAKAHASHI, Fumiyasu OBA

1. BIRE/M

TFEHEHE T L) XAOHESRZ LY | T - oo
BIZX L CHE R RIC L0 EBR L IR TX 2 TR
AN VEE 23R T 2 A AV —7 > FERERDATRE & 72
STEY, EBIZETTWE O WY B L 72 Materials
project 1, AFLOW 2, Open Quantum Materials Database (OQMD)
SED ORBUEIRF R BT —Z _X—=2ARNAH ST 5D,
ZO XD I EMET —# =%, B X E O e &
FOMEICYT- D 22T 5BICESIThL EEZ LD, L
DU B | BRI G A TICHEE LB B3 298 O & 8N
SHTGERL MELHRT H7-OICHE IR hORE 725
BRMEL 25 5A103, 2 TCOWEIZOWTE— G E
AT O Z LIFHERNTITR,

— T RGE T R % W E PRI DD TR BN L D
ER 2P PEAE T 7 L OREE OB K ATV T

BNy RSy S AN b )W S SR A /4
D—fR 7T — 7 7a—,

D FEM1ITTRT X9 XS kD L D RS T ) v T OFEEZRWT, F— % OGS
HETNVORH 20 - UTEOWE 2 R%ET 5 TIEBBH STV 5 4 PR IZH 4 1355 Ol /) B 56
DIATHITEZ b & 1T, %mwﬁﬁ%%OHﬂxﬁ)w~/7®t®®$&%%%bthKﬁgi\ﬂ4xw
— 7y MR E ZOFIEEMRAS DY, B FEEE RIS X0 TR OME 2 AEICERET S

AR AT DB LT,

2. IERE

K AT DMLFHE ORI « 7 —
AR—AEEHTDH 1 OB — K,
KB DA L & TN T 5 72 D OB
FEHADO 1 E0OF ) — REOE—
HEHAOZE D+ /) — R bRk s,
EREIITLLF O FIA L 0 bEHESR
2179, (1) 2HOBEHWEERET S,
(2) EAHEWE D BT E D72 DA
HF—2 L LT XA L,
B E AT O, (3) FHEMNSK TR
9 R s DT S T O S
Zl T HESR 5T 2 ROKWE OF FE
HEERET D, (B) H-IGRT —4
BDELNTZL, 2OT —XZIZ7T(@3)
DOFMUC L HAELEEDOEHZ1T .,

KU AFADOFEL A R L— g BN,

T P 2 ATRF CHEL LT B BIOMEL 2 2 ) —= 2 7 ¥ 27 A0

D7=% . Materials Project Database® 7> & 4099 FEFEDEE(LYy - /v =27 A REEME L& L CHAS L. high-k
FEEREZBEL T VL EDANY REY v 7L 30 Ll EOFEEREWNLT DMBEOHER 1T o7, FH IR
HIEHRIZ VASP = — R 92 iz, N2 Ry v 7 OFHEIZIT HSE06 BT 1 & #F R DFHEIZI13 PBEsol
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LB 1 & B LB AR GG 22 e, 2RO OFE—REFRE Y — 7 7 0 — OGS T fireworks®,
custodian'4, atomate® |Z > CTHEME L7, #E o5tk 7 & LTl Matminer!® = — R|Z 583 X 7o # AL
WA 182 FEEE O, F TR O Pl T UIZPHYSBOY o — RICEE S - 4 7 AR ENG & AT,
BB E L O E A O/ — RIZAFH 5 A TH Y . hEihd 7 — KL 36core @ CPU(2 F£ Intel
Xeon Gold 6240 processors) & 192GB @ RAM ##5# L T\ %,

CORBTEVA RN L=V a Y EITRSTEREREX 3128 T, Bl2X 300 BEHGHR 21T 728548, 7
B LREFIRICHARTRY AT HIZE 0 LE 550 HIEMEPER SN TE Y | B 7E CHEHRE R KIRIC
IETE D Z ENFEIAEESNT WD, SBITLEN « HWILART ML - GEVE & - KIGFESOEIZE T
BHZ B U 7o 2 7o WpPE 2o AR 2 JE5R U, FT2 OIS 2 FF o Bl 8k - SRR A BiE+TE
Th b,

B 3 (a)> AT LB@IRE, ()75 L7z 2 TOWERIT T 5 FE S vz BEWE O

L
AWFIEO PO —FRIX, [FHEE - EEFEEA U 7 — AL/ _X—vaUMEEIH T e =7 FERHLTES
NizboTT, ZIIWEHOEEELET,

3. &EXM

(1) A. Jain et al. APL Materials, 1(1), 011002 (2013)

(2) S. Curtarolo et al. Comput. Mater. Sci. 58, 227 (2012)

(3) S. Kirklin et al. npj Comput. Mater. 1, 15010 (2015)

(4) —filE LT, A. Seko et al. Phys. Rev.Lett., 89, 054303 (2014)

(5) T. Kishio et al. Chemom Intell Lab Syst.127, 70 (2013)

(6) Y. Tsukada et al. Sci. Rep. 9, 15794 (2019)

(7) A. Takahashi et al. Sci. Tech. Adv. Mater. Methods 2, 55 (2022)

(8) A. Jain et al. APL Mater. 1, 011002 (2013)

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

(10) J. Heyd et al. J. Chem. Phys. 118, 8207 (2003)

(11) J. P. Perdew et al. Phys. Rev. Lett. 100, 136406 (2008)

(12) S. Baroni and R. Resta, Phys. Rev. B. 33, 7017 (1986); X. Gonze and C. Lee, Phys. Rev. B. 55
10355 (1997)

(13) A. Jain et al. Concurr. Conput. Pract. Exp. 27, 5037 (2015)

(14) S. P. Ong et al., Comput. Mater. Sci. 68, 314 (2013)

(15) K. Mathew et al., Comput. Mater. Sci. 139, 140 (2017)

(16) L. Ward et al. Comput. Mater. Sci.152, 60-69 (2018)

(17) Y. Motoyama et al. Comput. Phys. Comm. 278, 108405 (2021)
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Development of novel energy materials using atomically thin film technology
by OMinoru OSADA, Makoto KOBAYASHI and Eisuke Yamamoto

1. HIXEW

T DE L2 A+ AR TR (2%t v—F) 1E. 257 = v OWEUR, MR E
Bt s —7 > N L CHER SNTE Y AR AR R TIThil T 5, Fix O 7 /L—7"Tlid,
MRS ) — P ERIRIC, A MR - EEEE T LT U— NERBEAKR, mIRER L, T HiER
BHOEMZER L2kt L7 o =7 Ao B3 & 3o, B - = x)LX— « BRREZRIE ORI
FHEIT LB LWWERIRLZ Hfs LT-AF2e 2 HEE L C D, AEE X, BT > — FORIHAIC L D585
HE TP B O BT L — @ R T ORI Z B L et 280 7o,

2. IERE
2-1. T/ O—FOREER :

2WoeT / — MI, BET - A FUBEIE, FikME, R, SiEWELe & ko vy
BB« R C X B DRERE ORI FF S, =L 7 bue=7 R BREE - T LX—7p E2ER
BORKETET L —AFME L TORT vy L a%
T 5, LLARRS, kDT o— FOAKRICIT. &
WILEWOHBEL NS by T X U FIENFIHEINTE
., ¥R A L, WH EEETH S IEEIR L
EMTITEHATE T, B oNnDdME, WiEDTA4 7T
—IIRE SN T W2, AFEETIE, Bl L T2k
o RmE A ek 2IEH L, ERIRT S v— o
R EAT v FERICHEE L7 (K1), 2Ry
WZOWTI, SmEEfzrH LY 7 877 L— |
2 X AEPRA LA BIFE L, CeO, 72 & DIEEIRIELY D
T = RERRICEPI LT, &6, YT M T L—
b, T/ o—bEGFHE LEREMINER EZIL, B
e, hnvarr A4 N, @BRICILETHZ LT, 7
NI 7 AV, AVR—=F AU, MoS,, Pt, 7g& . " T e A b
DF ) o— F AR R LT 1. T > — FOKBEL
2-2. REKEFEE - BFEAREMOBRIRK -

BRI TR E S E RV EFER, MFEROMRBIX, =7 fe=7 258 I5I1T
ITCFHIE FOREARETH Y 206, KIFRORETH D, Fx D7 NV—7"TiL, 7/ —Fh
Hc K 2 @B Bk, A EIRONRT XA L7 NEBREZHE L, T /5 RIS 72 @ik B R
CENT MG EATOHRST  v— b EEDT, a7 A A 2 v— b (CaNapsND,Osneg; N
=3-6) I[ZHB L. B JREHEICES S MERREEHT X 0 o BB E Ok 2170, T
J VUV DRRBTEBATM RN BB T 2 @O EMREZ A T 255 E A (FFER 800 LL 1) OBHFITAK
DU 7o, R ERIC L DRGSO W A PE DR g E\TET 288 734 ARG EIT ),
BUERR D240 TN D 200C L. LD EIRERSE T CLEBMIES 5 miL = > 7 o mid #ikt Bl o B %
DT,
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S B, MR 70 iFEERD T 2 v — MR b D KB T m ' A2 LY 60C &V 9 KR T,
BN T8 DR %2 H 325 BaTiOs /v — hOERICEB Lz (K2) . &kkLizF/ v—
N =M COMFFEFEOFM 21T o 72 & 2 A iRFH EAFMEIX A T 3 IS T 52X 1.8 nm @
R E CHEFF SN D 2 & 28 LT, A RIMERE S V- BNk 1 3 B ossas EARIT, BifEs LT
IR BIEWBETH D | BEREICE T DRI T A A0/ NURICEE 2 /it 2 52 D
HOEWREIND,

X 2. (/£) BaTiOs7F / > — FDIKIEAK DA A —V K.
(F) BaTiOz 7/ v— FDOJEENE & Z B E M (HAADF-STEM) .

2-3. BMEIFLF—EBMBORKE

T = MG TR, BRSO v— b E Ty JIC L CALBK FEERT S T,
JINB A Y A — VTG, Wi, BEE. ZEM AR - B L7 i ARR TR A RS 2 T L VT RE
%, T O LTCHIE, BBMES~T B DPRERROBTH OEFT A A, BIE - = /LF—
MEIOBFICAINI D b0 LEZBND, ARETIE, F/ v— OB FERBITZEA L, &%
Bo T o NTHRAEBR, BT/ A AL T B, @R e 7 20 A MR & B
FEITHE LTz,

E BT, B LWBIBEEAR, 7N RBUERAR OB D, 2T/ v— P OEELOR b
IWF Y 7 ETe o TSR E - RO RGN, # A =27V —LED U V777 ¢ — /e
ExPIFE LI,

3. &EXM
(1) E. Yamamoto, A. Suzuki, M. Kobayashi, M. Osada, Tailored synthesis of molecularly thin platinum nanosheets

using designed 2D surfactant solids, Nanoscale 14, 11561 (2022).
(2) K. Hagiwara, K-N. Byun, S. Morita, E. Yamamoto, M. Kobayashi, X. Liu, M. Osada, Molecularly thin BaTiO3

nanosheets with stable ferroelectric response, Adv. Electron. Mater. DOI: 10.1002/aelm.202201239.

(3) K-N. Byun, E. Yamamoto, M. Kobayashi, M. Osada, Improved energy storage performance of PVDF
nanocapacitors by utilizing 2D inorganic barrier, Chem. Lett. 51, 0466 (2022).

(4) L. Nurdiwijayanto, H. Nishijima, Y. Miyake, N. Sakai, M. Osada, T. Sasaki, T. Taniguchi,
Solution-processed two-dimensional metal oxide anticorrosion nanocoating, Nano Lett. 21, 7044 (2021).

(5) Y. Shi, T. Taniguchi, K-N. Byun, D. Kurimoto, E. Yamamoto, M. Kobayashi, K. Tsukagoshi, M. Osada,
Damage-free LED lithography for atomically thin 2D material devices, Sci. Rep. in press (2023).
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SYBF ¢ BREE - TR PR B
BRI D=7 ) T K DRFEMB DR
B RRFAAMRE - S AT DHIEHT O/AMKTE, HAIHE, (IARBHE, BM%E

Development of atomically thin materials using site engineering approach
by OMakoto KOBAYASHI, Hikaru SUGIMOTO, Eisuke Yamamoto and Minoru OSADA

1. BAREHN

JEIRIEB LA OFBEIC L VA ON D BT ) o — M, LS 2O R EITH Y | 5
IR, ARER, St &L U TR DBICRB O TSRO T/ Mo X — R & i S ssRE T/ Mk E LT
HRP TIPS TS Y2, ZOEZIF mMBETHY RN SHEERELZA LT, &7 A
R Lo T T ) MRS R ORISR NSNS — 5T, 3RS DWW 1 RILOT J MECIEZ LSRN
BB L HE SN TS, ZhETOT / v— MakE, BEFEORIRILEYES X OF O H F4 @k
DHBEZ L DT 7 o— MERZBRHALENTE LT, ‘BN E 72" BEE, OV TUIEFHE L FF oM
BHEL DRV ENL TR, I 22U EDT =F L A GHEAT =4 F%F /) ¥ — b OB IR,
T TH Y, FRARBEFRENBATHDIAEERDH S 3, 20X BN LARETIE, M THETHD
oA LA VR, - AT Y —F B EMEORELER L, BEAY - BT vk —
WCEE Lz, 207 =4 B3 575 Z L2 X 28 BEMNL L RO FRMEDELILZ X 0 BT ERDTH
X, MEORFESMFBEEREDN AIAEND, KEEE, =17 ho=J A5 TEFOREL S
NWTCTEL, 2o, TR EEE, BELRE, ATEEHVWDSZ DR, T LU VDR TERITHE
EEETHEVWHEREEZ A T 2FERCENTEFEINE 2 R TEFBER ORI ORIT T,

2. IERE

2.1 BERZERBEZAVENEIZLDT
ELT7RABIEYMT/ O— FDEK
BRED A RONREN 2 TEIZ, T oE=
T H AYEE T COBMETH 503, Wb
) — ETUEST HARIE R TEILL
THiT & A LEMITETET, £/2, v—
DRIFAL LT L E 9, kL TEFR, L 0ES
DR EALTTEE LT BERERRE Ve %
fERHEESN TS Y £ Z CHEIKERR &
LT CNy Z Wby~ a 7 A4 )
J 2~ b CayNbsOy (CNO) DAL it L
72 BER SI2HSUNT SiO/Si Habi iz 1ERY
L 72 CNO HiERE & CaN, & BAWNZEE L7
WE D ITBREER — Mo TRE 72, Z DOBREER —
M 2ERIFIZ, CNg & EJi & 72D K 9125k
L, EHFHAYE T, 873K THMEAL, o
SNWTREAFEHEA T, 773K T =— /L &A1T
572 (CNO-CN-A) , MNELELRT# D AFM 14
DBIL BB B X Z 2 nm THEY A XA 1~2
pm D7/ — FMEIE =7z (Fig. 1(a, b)),
BEPTHIED B X, AR OB CIL, 7l
BRI~ a 7 A4 FOBEmEWN 2 RITH 1
TR/RBIND ARy b3 — U BRRR SN
7= (Fig. 1(c, d)), —HFEMLEEZ X, v — FORRIIEMLLZWICEEb LT e — R = OHRBBE SN
T=o XBHETFHH (XPS) HIEBIZVTHOREHIBWTH, Ca?™-0 & Nb™-0 k45 v — 27 OB M
HEN., FOMBHITIBE L ZE 23 Tho7-. N 1s A7 ML T FRNERICHKRT L — 7 1388 5N
T BN EITL W RN ERE T,

Fig.1 AFM and TEM images of (a, ¢) CNO and (b, d)
CNO-CN-A. inset: (a, b) height profiles, (c, d) electron
diffraction patterns
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CiN, f77E F CHBVLEL 21T\, 7 =— &2 T HRIOEIO AFM B2 52175 L i A A0 he, Rk
S L TWR o=y, JBERRN 12 nm SN L T\, ZOREIO T < 456 A7 Fuvicix, WLFLRE]
OB CIFBIE SN S T IRBACEWEE LD N FE G Ay RBENT, £7-. N1sXPS 227 L
NHIE, HEFMO CNEAICRBINDE—7 BRIz, ZIHDZ Enh, CNg FE F TOMEVILEL
IZE V., BEGSHKRFSDNRT ) >— b Bl —IcHERET 5 2 W2 5, £7-. ifiN XRD HIE TliX. CN,
EFZZ B W TR AR T E 222> 72, CNO IE, RAFHS I L OEFRFHE K TOMEITIB VT, 873K
TOMATT LT 7 AME LRV S, £z, BIBRERNT T 2B A b % CN FIE T TV 21T > T Hik
fa P IIHERF Sz, EHITED DM OB T ) > — FICBWTH RO 7 EL 7 7 bR ST,
PUEDZ Lnb, CNy ZfEo T2MBVLERIZ L0 . /7 o — b BICERANCEZSHERBADDHHT D &
EHIT, TEALT 7 ZAMEBREIT T E 0 HT LW BISRE B LT,

2. 2 BEELERILEVOERICLKEIBE @ (b)
tFr/ o—bDERK 2 CaNbyOq No

) 2 o — hOGERBIE LT, Bk o -—/\/\___ “hy
k%7 =7 Fi@ FTMELIER L 7-)E = waﬁmmhwmh
KRR & T 5 AR BR TV S, 8 CaNbLO
ZOFETIE., TrE=T A AR F OB gﬁ_ﬂ/\A\mﬁ— NDsOs, |
LOOBRERMAOE D, hFA VOB 2 T o
ELDHZ &, £z, BMMAEICEIY,. 3508 216 213 210 207 204 201 408 405 402 399 396 393
A F N2 5D A I & AZWT 5 Binding energy / eV Binding energy / eV

EOEERHIRSND & Vo BN D5, .
-t G EEEE LTS s 2sms - Fi9:2 (a) Nb 3d and (b) N 1s XPS spectra of Ca,Nb30;o 4N,

2 G BB TTRE O A A & 225 AR T A nanosheets.

V), ACaNbz01 (A = K, Rb, Cs) & A,CO DIRAMID T v E =T 20T £ D ApxCaNDO o Ny DEEL & FH 5D
HIEES 7 v— Mz ATz, BB L D ERL 72 ACayNb;Oy & ACO3 Z#E/LEET 1ix2 TIRA L, 7V F
=T A T CRERZ T o7, o IcmRE, BEREFRRICT I VIR CIRE D TH 2 Tam A NE
R 1S7-[6], R Z N TICEL AT oG A . Fohican A RERIZ, 5o Nb DiEITIZH KT 5
HeErz2 Lk, —F T, RBEZNATREKEZITSTZMENOGRAM Lz, FIERIZEAETH 22 &
5. Nb DA SNz LWz D, ARMBIEIZ L Y | EANBLZ 2nm, B X7 0.2~2.0 um F2E D
FT = EMER LT, ERITHENGIX, BERe 7204 NOJEmN 2 WIeks 1 TRt AR AR
v hRE— U RBIEENT-, Nb 3d XPS 237 hL T, ND*HRED B —27 OHRPHEE S, N 1s A2 b
LTI, 396 eV fFITIZ Nb-N A ICRE CE A — 27 RN A6 (Fig. 2), Ul bEDZ Enb . &@ETHO
ER AP U7z A s e b ) v— b ORI LTz, T/ v— FEO UPS BIEIC L Y . Mg Y
Eig (Evgm) ONVEZ RBEL D &, BBEMT /> — N D Eypy 138 bW T/ > — D Eygy £ Y B IEAIIZ 0.3
eV > 7 L TCTWe, ZhuE, R0 2p #uE2, BIEPICE W TTIE 2T 2EO 2p #uE LV & IE
NCALET D Z EICHFELTEBY AT Ve —FIcL, F /7 — by RiE&EfIE b ER L EWvWz b,

3. EEXG

(1) M. Osada, T. Sasaki, The rise of 2D dielectrics/ferroelectrics, APL Mater., 7 120902 (2019).

(2) T. Taniguchi, L. Nurdiwijayanto, R. Ma, T. Sasaki, Chemically exfoliated inorganic nanosheets for nanoelectronics,
Appl. Phys. Rev., 9, 021313 (2022).

(3) H. Kageyama, K. Hayashi, K. Maeda, J.P. Attfield, Z. Hiroi, J.M. Rondinelli, K.R. Poeppelmeier, Expanding
frontiers in materials chemistry and physics with multiple anions, Nat. Commun., 9, 772 (2018).

(4) Y. Masubuchi, M. Tadaki, S. Kikkawa, Synthesis of the Perovskite SrTaO,N Using CsN, for Both Reduction and
Nitridation, Chem. Lett., 47, 31 (2017).

(5) M. Osada, K. Akatsuka, Y. Ebina, H. Funakubo, K. Ono, K. Takada, T. Sasaki, Robust High-k Response in
Molecularly Thin Perovskite Nanosheets, ACS Nano, 4, 5225 (2010).

(6) B.-W. Li, M. Osada, Y. Ebina, K. Akatsuka, K. Fukuda, T. Sasaki, High Thermal Robustness of Molecularly Thin
Perovskite Nanosheets and Implications for Superior Dielectric Properties, ACS Nano, 8, 5449 (2014).

(7) H. Suzuki, O. Tomita, M. Higashi, A. Nakada, R. Abe, Improved visible-light activity of nitrogen-doped layered
niobate photocatalysts by NHs-nitridation with KCI flux, Appl. Catal. B, 232, 49 (2018).
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S BREE - =L —R Ry B
DA NARFILEWEEZETAHATRAI by TR I 7H—TUREBEDORRE

DA BRFAREME - 2T DAFZEAT OWNILAIZE, = RFLIEKRS
FLA RSB Tt A EE TR T A

Desktop air curtain system with virus inactivation function
by OTomomi UCHIYAMA, Kotaro TAKAMURE, and Yu MATSUDA

1. HAERBEH

EEOaaF A LA (COVID-19) OFATIZHE, 2 aF I A )L ZAOBIEAZIETH7-012 7 = f A< A
7 DR, WIS IR A MR T 5 2 MRS HEIR S TS, —H T, Wkl CERBEZRIC BV T
R RERCER ML 72 & 43 7R BEBE & TR C X ARV RILAE U B 7280, ZD L 9 7RI A~DO KSR N EETH 5.
Borix, BRHOZT h—7 L LT, HLECRE TS, BYPEENLEREFELSFLTODOTT h—T
EREEORBIR L, AREBEEHHO ETGANR R L 2o TEY, EHLV =T H—F LRI NR X H
SN, FTHOWANCRREZHETHZ LT, =7 H—T L OFFEEMOEMEZ -7, S5HiC, =7 h—
TR CEIN SN ZERIE, YA AARE b=y FONLEIN D, A=y MEERD 180 L v —
TR =V EALEEERE THY, vy —7 X — U IITEEINE LED 2N E# S, TREENER O 22
HEBERAT 52 L T, MBEBEIT S A L RAICHRF SNARHE L SN AR TH 5. AfsETIE,
B L7 P 7 o —F VBB L O A L ARTE b= v P OMREE ORE R A HE T 5

2. HAREE

2.1 BEERITH—TUEE

AREFIEFEORIEEZ K 1 @R T. Lo EIideE ER= 7 H—7 CEENEE S, Ko s
ITT =T VRN TR EH L, WAO LV IRVGAEN S, OB X OWGA DI IXERD 65 mm O
TNIZT NSRBI, [MOMEIT T 7 > ORERIC L > THIE S D, HH D EWEA D Ot E Qur 1
Quir=0.039m¥s ICFRE LT-. M1 (DW= T H—F B O NS O T2, rhHERNEIERETT 2
AN Lo TEY, WNEHEET %0125 L7~ Rouse-Hassan curve TRk AT 5. #Eit /2 AV oW o i
I, LT —VORINRIZ L DI ED T — A PR %2155 7212, NACA0036 JEHR DU 3 4 Bl fE L 7-.
B2 (BRI HEHE Ko TR L7 7 I —F VRO ZEM T 0 7 7 A N ERT. K2 @)% z TR ¥y
TR Wae Dy 1707 7 AL THDH. 2D =32 DHEIZE DT, Wae Dy HAIGAHICIHTIESDENHALN
573, 7D = 6.4 £ 9.6 DM TIL, WALO—FREDHER TE 5. MA T, 2/D=3.2 & 6.4 OHIATIX, 25
FEIRIC D720 7 — A MRBHERTE D, 20X 2 HEOFERIE Wae D X I T 7 7 A L THD. X
HRODfk A, TR REII I O O E SIS T D, 2D = 0.4 128V T, XD = 0 T Wae ICHEXRBENROND.
ZE, HH OO FREICALE T A UIRTEOZIRE FICAET 572D Th D, [XID|~0.3 T Wae T HKAE % HL
D, [XID|>0.5 T Wy (ZABLIIWIEE L 7=, 2/D=3212B\C, K[ EHWHEICESMEL Y LE L Tk
0, MEDT —A NIEDPHERTED. ZOT7—A MIRIZ 2D =64 THIER I, U AMETER L.
2ID=9.6 Ti, x=0IZBWVWTHVIALGIROIME L —ET 5. AFREFIICXL Y, PoBrmicis oy, ki

(@) (b)

Desktop Air Curtain
NACA0036

—1 v ’ﬁ— Discharge port
t (.

Suction port
LLLLLAE

2 y

NE xaz
d D
DC-Fan
Fig. 1 Schematics of (a) the air curtain device and Fig. 2 Spatial variations of average velocity wg,. (a) y-direction
(b) inner structure of the discharge port. variations and (b) x-direction variations.
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A BWIAIZNT T T h—T VRO EITEHE L CWAZ ERHG Lo

TT =T R L DT v VROl

SNOVHREFHE L. K3 FT7 ey ki o -
S ER AR, =T —T RN IR "k
BITE, =T a Y VRN T h—T L EEEO

JF—hEmE L%, SR LR HHEITLT

Wh. FRUCH LT T I —T B SEIEL Il
TWAELAIZIZZT vy VR I T —T

/T?WJIL IS T FHOWGARIZRA T“C()M’Ljiﬁ%f Io
IR Z_ T% D 7 j] ,_7. N2 @}iXTﬁJJ k_ IE'J L Air curtain device is not operating Air curtain device is operating

TN T L5, Fig. 3  Average velocity vector of aerosol

2. 2 HAILARAFTFLLIZY F

W5 280 nm OIREESMNRIL, oo oA LA (SARS-CoV-2) DARTFMICEH TH D Z ENME ST
wé.$ﬁ%?%%btv4wxxﬁm%% (X 4@@) 1%, ZOHEEZ b OWEIR LED 254k L, JEEN
\EPNDHEHF AT —T R ﬁ%ﬁ%%ﬁbf74wx%rﬁm#é 7 A N ARTE L E O
WEBIE, D OLHT 0 DIRKE L2 > TEY, WMEOPT VIR LI (2 O) ICHRE/R LED NRE STV 5 (X
4(b)). ZDXHITLED ZELET HZ LT, Vi Zimimd 5Kt %%ﬂf%%ﬁ?ﬁ#fﬁgﬁfﬁé S b,
MEOERHZ B W IHREZL ST 7o 0 TEETLZ LI, BENOY)—RKFEZ A fEIC L. 20Xk )
&I%mﬁ%,ED%%_iD%m%(@mmﬁiﬁ)@W4wXTEM¢%$WT%t.H5ﬁ 77—
IT weAED) IZED VA NANEOFHP O %73, LED ZHE L2 WIGEIZIE, VA NVARKOA
WA TUA NV ADIFIENHER TE 7225, LED BEHC L 0, HIRETOBEME T A LV ADIFEPHER TE 720,

DFEY, UANRTERICNE LI TND Z EB00n5.

BEAF D — X972 22 05 R 1X, HEPA 7 4 L Z & ST d. HEPA 7 4 b2 &0, E03umbl |k
DRIA6 U THIER 99.97% 2 HBT D57 4 L FZ D L &I, 72771, #HflaaJ 711 A SARS-CoV-2
®ﬁ%ﬁ%01mnf%@,74»%%74»&%@%&@@#5%%%ﬁ%5*k% T AN ITERIED
O INHERS T 5 72O EMIHAZH A VB L T 570 Y, WS ONOMENH 5. KIRICERESNG 2 E RS T 54K
EEIX, 7N FELELE LW, EHRREEETE, EEEO/NE L BEREREE KB TE 5. &
2, AT F o AWML LED OFmIZFYS 4% 10000 BRRILL L (350mA BREIEE) THh v, EHEFEN
ARETH 5.

Dilution ratio
1/2 1/20 1/200

LED
(b) turn off
-y Air DUV-LED
LED
turn on
Air = ]
Fig. 4 Virus inactivation unit. (a) Photo, (b) Fig.5 Results of plaque assay.
dimension outline.
3. ZEX

(1) K. Takamure, Y. Sakamoto, T. Yagi, Y. Iwatani, H. Amano, T. Uchiyama, Blocking Effect of Desktop
Air Curtain on Aerosols in Exhaled Breath, AIP Advances, 12, 055323 (2022).

(2) K. Takamure, Y. Sakamoto, Y. Iwatani, H. Amano, T. Yagi, T. Uchiyama, Characteristics of Collection
and Inactivation of Virus in Air Flowing inside a Winding Conduit Equipped with 280 nm Deep UV-LEDs,
Environment International, 170, 107580 (2022).
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SYBF ¢ BRBE - EARAE BRI B
ROMBEMEIMZERAVHEEES I v I ARFORIK

HEBRT RAMEL - AT DBGERT ORI L, M8 B, a Fols
FORTHERY: 7 a7 ¢ TR HIAS FAE3C

Synthesis of porous ceramic particles via phase separation strategy
by OGeorge HASEGAWA, Tomoki TAKENO, Kazuki NAKANISHI and Takafumi YAMAMOTO

1. BAREH

£HEET v 7 AMED
BRI IZ 3T LR LT 2
TRIFTEREC Y A X % il {9
HTEITED, B EKEE
b+ N TE S, L
ML, 2 S OYERERE 2
42 L L bz, BRORE S
i CERT 5 2 L idtk
BEAEE LV, T4, IR
S R SN (' P
CasAL(OH), A e A—xy  Fig.1 /A Rl —2 v b SraFey)(OH) 1, DB il EFH 3 B2 FIH L 72
KND~A 7 v %a—7 %Rk AV IR—T A StFe0s3 X0 7 AN A kAR D ER
L. F5BE L 7= CafEDR %I
kv, HE~ATF A MCRANS AV uXxa—TRIFNELND Z En@EEsn Y 72, FEOFE
IZ &V SrgFey,(OH), A R u i—% v MEIBRA) S Z U SrFeOs; v 7 A0 A b Zm Rk -2 Ef4 25 =
EIZRP L7 (Fig. 1) o SrFeOs; 1%, Z OBRMVFHECAMERE S FEH STV H A, MEMEFRHKIZE T S
MBI X W RGICEEREE L, 77703 L T4 MEE~EREBLTLE S %

AHFTERRRE CIL, SrFeOs5 D Fe O—ER%& Cr CEHAT 5 Z LIk v, BEKHEZMH L, X7 2 b1 K
MHOBMZERZM LSS E2AME Lz, AiBEA L LT, KEVGAIZ LD Sry(Cr,Fe),(OH); ™A K 47—
X v FSEERTEAR L, BULEER LOEIF E LTHE L S SICO; @i+ % 2 & T, Z4LE~n 7 =2
A MR- OVERIZ AT o 7o, HSHEE L OKBVE G2 2 &85 2 & T, RiMEA A Rell—x > K
\Z8B1T 5 CrIFe tb LR FIEREDHIEH 21T > 7o, F 1o, 15 BT Z4LE Sr(Cr,Fe)Os5 1 7 A7 A kL Ak 1
DB R i ZE & R A L7,

2. IERE
2. 1 NAFEA—3Y FRIERADKEERK
FeCls.6H,0 ¥ X 0% CrCly 6H,0 % 72 %
CriFe IETHREKYL LIIREK/ =F 1
v 7Y a— (EGRA AL AR S &, =
ETHLUSHEE LR S 15 M NaOH AR
EHM T 52 LT (8 KB bk z
#5472, Z A Sr(OH),.8H,0 % Sr/(Cr,Fe) = 2
OEETMATRAL, oA T Y —
A=K7 L—T7KZRF 210 °C T 24 Kl
INE U Tz, AR % ad D A BIELS K 0 [BIL
FRELK TYEH %, 60°C T 24 WyfH R S
5HZ LT A R di—xy MR A

TR,
Cr & W HIFHRIC BTl ks Fig. 2 5725 Cr/Fe b TIERI L 7oA Rl —% v FEHEIE
BOSIZ LY . A ZER THR ST 12 b OETHEMSEBRB L OHE~ v B IR

TR & L7z SrgFey(OH)p /™A R 77—
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X v hELND, —J7, Cr 2 E&0A. CriFe=1/9 TKEA R L7-aEHCiX 12 iR OB R EED HERF S h
7o, CriFe e ENEL EHIINT 2 & 2B OLERIR~ETRENZE( LTz, 22T, EG 2T 52 LIk
0 ZiRAIRBL T OERZ R AT & 2 A EG ININE A i k32 Z & T, CriFe =2/8 DI B & Zihik
K2/ DZ LIRS Lz, ENZENDO A Ral—Fy M2 20VW T, SEM-EDX ~ v B> 7 IZ L Afif
Wr&4T - 7245 B (Fig. 2). Cr/Fe = 1/9 1 X O\ Cr/Fe = 2/8 O HZ&HAL TER L7230k Tk, B—hi+HIiC Cr &
Fe WY —I1CHM LTS Z DR SNz, LI > T, 2 S DRIA1E. SraCry(OH) 1, 38 X O SrsFe,(OH) 4,
DIEVEA (Sra(Fe,Cry(OH);) TH D Z ENynn0 | fHakE bAEE R R E —E L Tz,

2. 2 BHBEROTRANA FESEEADEHR

KA Fafl—xy NEBmER 1%, 22
A 600 °C THERKT D = & TRERGRENE
F372, X BREHTRIE IZ K D b i it o
AR X T A A K& SICO; & DIRAW)
B R RS AR LT 2 & SRR
i,

TR B DOBERGEREHT OWT, iR A X
J = IVIRIRIZ L BT EAT O, BIFHOEIR
BrE a2l Tz, 2 FEEOBERGEREHZ DWW T,
X HRIEIPT#E B> B 2212 SrCO, D 7 & TR Y
WCBRETELZ RN moTz, Shic, #

PR ALEE 2 4T o 72 BEREREE O BB - BEIK Fig. 3 600 °C THERK L 724710 SrCO5 &I L 5

Bty (Fig. 3) 726 KL IZHIFLANAERL
L TW DR RS T & . ERWATED

EZRN tle

FE. 50 nm AT D A Y ILOFENHER S iz, YLD, ZFUE Sr(CrFe) Oy 7 A A b LAk 1

OVERLIZER T LT = & DR ST,

2. 3 ZBIESr(CrFe) 0y RATANAFEZE AR FDEER HEEE)

F72 % CrlFe D HLE Sr(Cr,Fe) Og5 <11 7 A1 A +ZHIA
KiF12OWT, BVEESITR L OB T AERESIHC L Y E5
KRIRPICRBIT DFERAEFTZRE L=, TOME, CrvEH
L CUM R\ SrFeOs Fi 7 Tld, 320°C FRE LR N &
BRIk L, Cr 3 EA SNk CIE, BBEOKHA LY
BIRDDRAEND Z ENRTHN D, TRV, R
HIZEB T 2 MADOBEOEERDVELHDT L2 LR 005, LA
FEORERNS, CrE2RNT 52 & T, Xu7 A A MANEE
L. BEOKHIIGEISIN D Z &R Iz,

3. EEXG

(1) G. Hasegawa et al., Topotactic synthesis of mesoporous
12Ca0-7Al,0; mesocrystalline microcubes toward catalytic
ammonia synthesis, Chem. Mater., 30, 4498 (2018).

(2) J. Mizusaki et al., Nonstoichiometry and phase relationship of
the SrFeO, 5-SrFeO5 system at high temperature, J. Solid State
Chem., 99, 166 (1992).

Fig. 4 £ 4L& Sr(Cr,Fe) Oy X127 A7)
A4 NIRRT OERKIHICEBIT D
B B b BRI AR
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SYRF 1 BREE - AL PRI
VRAHMSBRRICIIENERAELZBRRFORIK
ATTRIE RAKEE - O AT BBRGEFT QKD

Development of high-efficiency thermoelectric conversion devices based on spin caloritronics
by OMasaki MIZUGUCHI

1. BAREH

HIERRBEAL IR SN D BREEmIC 31T 2 KRB 2 880, IR A 0 OBFm 228X, Ah@izw%~
HEZRBENHERISEE R ER>TND, TDD, 7 ) =2 TRIFEMR T RN X — AT LOFEE
BB O & SNTEY |, FRZ, ZRUFX—OEBNFECRETI G BV TRV S %%otm*wﬁ%ﬁ
BRI D7 L —27 ANV —RNUBERR R THDH, ZOXIREFOTF, T /&5 IR U7 fE
A =R L X — 2 HRICTE I 2 MR 3 H ShTn b,
Kﬁnfﬁ\%/%ﬁké<%bwiiw¥%%@$&®ZowﬁﬁéﬁﬁAbﬁé’k’iD\E%%
RN T XXM B OFIRE B9, T/ E LT, EERRRE - fl#E o BRI E SV,
F I A= D Ry b, UA Y, Bl EEERNICHAS DY SEEGEEZER L, - 2 - B E
WD 7o N T A—Z B ORAMEBR T e L= RV — B 2 Al 5, 28217 OBRICIL, R
PRI A & FRAT RO 22 BRER O EE 2D | RBHMERIOIEE & L CHIRDO 7 1 — KRy 7 2K 5, KAF5EiRE
DODHEZENRTL2ZLIZEY, BBFOZ X LF—MEOBE S 2006 9 LFRIFIZ, =3 —LHig -
H AR e B 72 FHEL OB L SRE ORI TEOES LD 5,

2. IERE

2. 1 J5Z225—BEICET2ERERILUOR MR

TRNNX — DRI RERATIETH D BRERE~OFH /T Fa—F L LT, BExL A NhENER
SNTWD, BERLANHE L, %ﬁﬁéﬁiﬁiﬁ@ﬂ“#ﬁiicé&%@&‘ﬂ:&iﬂ“’jﬁa@%ﬁﬁﬁ ZFE
BINAELDBIRThH D, —ARBBEIEIRIZIT 2 B 1L o X MR OBELERLHIT 01 ~ 03 uVIK
BRETHLN, BEXEFRFLLTHND ;i10~20uWKik@ﬁ%éb*b%hétb\%®ﬁﬁ
RO RNFRE L 72> T D, BIE, Co-MgO 7' T == 7 — /e IV T, MR BEIRO MR &
Afﬁ@wﬁﬂﬁhbtmﬂﬁiénfwé % ZCTABFFETIE Co RHHIC Ge &)/ A — L THHE S 1,
Ge DTN RE RN A NWRICE 2 2 EBERT-, o)/ BEO BB ORI E & WO %2 E5sy
IINTIZ L o TR, BSOS OFFE B2 77 a—F 2o oWnTH B LT,

Co % DC A/Xw X Ge % RF Ay X L0 ZHEHFKEZ MgO EARIZ 323 K TA Ry X452 LT
Co1xGey il A (ERL L 7=, B4 2L 2 A R & OBNERE O AT 1T B R B 25 (PPMS) %, R4t
HIEIZIL VSM % | i & AR ORI 1% SEM-EDX & FW o, -8 L 2 RO RE S T=RMEIC
‘7éﬁf%m/7Mﬁ(%)T&ﬁbtﬁawﬁ@w

5 Ge 7 T AKX —DRIZBRRHEEER, HEUES OHET —

Z AR L, PtE & OFEBE & RS T L 0 T

SEM-EDX OHIEDFEE ., Ay 2|2k -> TER L7

ABLOMBRIZZENFH x=0,0.01,0.04,0.11, 0.24,0.35 T

bolo, £72 VSM ORIERER DD Ge DIRIEN 2 5
WCONTHALIZRA 25 Z L8y hotz, — T LI

FTEIIT, BERLC A MIMEOKRE SE2RT Sy 13

Ge ZRMMT DI oNTHEIML, x=024 THWAKZFF>Z

LW oTm, 0 = x = 0.24 OFEECIIRML ORI

R U THEE — o 7R L TR Y . — a7 5akg

PEARIZBIT D A=V U THIZHE> TV EF 2 5,

Y —_y 7B HIE, Coll Ge ZRMNT 5 L. FDO/K N

AL MERHME IR R L A N O L FIREIC x = Fig. 1 Co.,Ge, M FHIZ I I D80 —~ >
024 TR L7 oTe, BWHFE—NHRIZL->TELDE TR (Syy) D Ge LB AT
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JElZ. Ge % 1 %IRIMNT 5 &AM L, D% Ge DIRMENIE 2 I >N THA Loz, £72. Ml
TE SN BIEILEE 2L A M RBPIER & 5B 03 & 7o 72, 56 - T Ge OUSINC X B85 m OB LN
FE—_y 7R E B R—NIROFGDFETDHES A DD, BV A NEEIXXx = 024 TR L
o TNDIEDNDL, SLRDEMBNRMRKOA N =X LNH L EEZHND, SEM HEOEEG & EED
TN EAT o T2 FE R, Ge 7 T A X — DR LY — X 7RIV IEOMBEN R b iz, — ) Thi+
FizHoWTIE, Ge DRI L BT~ ETH o7z, 16> T Co & Ge OFH DEEMMNEEY —~ v 7 FREIEKIZ
FHELTNWDLZENBZOND, ZORRIT, BVEEHNREPRESBNT L7 7 =27 —BEO LS 72
JEEE R WTEVELR BT ORG 27O 2 L2k 0, BELHELFEDLND AREEEZ R LTV,

2. 2 ZEBEFEBTIEERILVR YR
BV A R RIE, IR E AL O S E T T
WCEIENGEOND Z s, BVEREHZEFLEL
TIRFICHHE N TWALI =Ry 7E LD G
FRIHFTOABENE . L0 EEEREE
EBRTOFRHDBBEEEIND, —FH., LEEBES
FOREEEZH WS Z LIk, ANE 238045
ZengtEshTnwg, 22T, B
BT D R A B IR 4 B TR e A 8 D
SJEtEEREHC BT D RF RV A MR LR
M A HhE & O BIFR 2 R~ 7=,
gRmErERE & LT Fe MUY Co, FEREMEE & LT
Au & 7o, MgO(001) Btk B~ 27k b &
X B R AW Fe, Au, Co DJEIZ =@ % ik
fE 7=, Fe g} O Co Jg D= IE 10 nm (Z[EE
L.Au B ORREEIL 0.5 nm ~ 5.0 nm O T.0.5 nm
I LS H T, BERL A NIRRT E DO . B .
LD 1T PPMS & 7. stktompy  F9- 2 Fe /Au/Co SEEICB T DR — Ny 7R
J5 4z BT i 71012-50,000 Oe ~ 50,000 O (Sw) #8 K UMEE =~ 74R%kL (S0 Au BRIZ R A7

DINER S 2 FIAIN L C, ANE % =i CHIE L 7=,
1mA OERERZIT Z & 12 L0 BEKIERFEIR (MR) K ORE A — bR 2 e L,

FREHIB T D RFE XL A FMIRE O —y VAR OWPERE R D AR S 072 Sy KUHEE — > 7
RE (S) D AU B (tay) IKAFMEA B 2 127”77, Sy MDY Sl Au BRICIRAFE L TR E AL T 2 2 &2y
Mol £7o, WINHERIZH L TR T 2R FOA 6, ZOREBEMIZN 1.5mm L7270, 2D
JEAHIE, MR HiIfR DAL 7 A OIRBE R & e 35 Z ERH LN olz, —JFF, BEFR—AZRITIT
ZORDBRIBBIRITIR LN o122 LD JERIAHRE S OIS 28 AuJE OIREIZ L0 EHEIRICEk L,
PRy 7RO RE S FIUENET D Z LITER L TRE L A FIENRE) L2 2 L AVRE S
N5, ZOFERIT. BEAHBES 2L ST 2 LICh 0 BUWESE2HETREThHD L ERLTND,

3. &EXM

(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) KRR, I HAEEL 90, 78 (2021).

(6) K. Ito, J. Wang, Y. Shimada, H. Sharma, M. Mizuguchi, and K. Takanashi, J. Appl. Phys. 132, 133904 (2022).
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JYEF BT« SRR —BR B

mﬁx/‘4#15 A I3 —BRIEBHRE D F=H D
X = :l EEHETIL

AT BRFAKM B - AT LARSERT $$E =Y A Y MEER O/NEER
D EBR R LA Y AT A LR HY, Yh~T VT T A v THEFK

Perfornace-converter model of catalytic materials for an exhaust paticulate filter
by OMaki NAKAMURA, Kengo OKAI, Kouji YOKOTO and Masakuni OZAWA

1. BIREM

(LA BB DIRBES: DHE AT 22 13RS (particulate matter: PM)723 & £ TE Y, REHOBRBES T I L v &
FIERIKFE PM BAERT D PM ITEREEGY, NMRORFEICHEZ 5 2 5 T DPEH E ORI LI T, j#%
LWEREEHHIAR ST s, &< 5%3‘35@%}%%&:%% ENDHT 4 —BLZ DS DA AT PM O
£ EHAL DT OBRL -7 « /L & —(diesel particulate filter: DPF)N AL i & 5. ~N=h LAEEOILOHA
VAN HIZBEC E 4, HADIZHA L7ZHgEH A% DPF OEEm 21 Lk 0 IZHEH S 20 2 BRI PM 234
HIND GHEER) . PM BHERT D L, 7 4 X —ZIEAL T PM Z B0 S EMNIC PM ZRET 5 (15
ABFE) . FAEBRRE TR Z IOV EEL 720 . fBEC X 2B E EN TO D BUR AT Tk
F & LT CeOy RIEBI 7% VD1 & HICETEMER L N RSB STV 5.

Ped 2B = R =2 — N T Z b A TR = — MR TR S %, 240 E T DPF AR BR Tk 2
D X O I X I ORIMEL RN O CE -, Lo L, BRI &A% L b H 5 L, =
— ML METH Y, X 5ITHRE IR D> & SZR R 72 fifliii (b DPF OBH3E D 7= & O HIl1ER T &2 &
THEER NS < DIEEERNZ S, FREBICAE L R> TS 22T, AT, ZOBEBEOMRE
iz B L C, My RAREEA 705 = — NSO MEREA BT VA ERL LTz,

2. IERE
2. 1 ¥EREI—FBOLE (EER)

KEARIEIZ LY, Ce0, T/ KiADIERIZ1T\N, PM EF /LR L RA L7ziBHZ SV T, 5%0,/Ar %
30ml/min Tt LEEH A5 800°C £ T 10°C/min THIRT 2B E EHE (TG) 2LV PM B Ll E O A2 17
Sl T4 —REE LT, T4y a—MNMEZEYVa—F =74 FOEK EIZ CeO, T/ K175 S
, CeO, /72 —F 4 =7 A MENGEE (DPF S DET V) OIERZITV, %Wﬁﬂh PM % {75 S+,
AEEHTE (TG) (2L 0 PM BRALEEE ORI 24T 72, SISIE, [RFE C OERFE 0,12 X HEL LT CO, 2
1B TR L, ZO % Hfl U7 il 23 etk 3 5, #@b%ﬁf&ﬁﬁMﬁﬁﬁmlﬁmﬁékbk.%ﬁ
% SRR CHEBR AV IR LTV, ZOEWNN G| BERISICB W CEEES Kk 2RO 215 b= x L ¥ —E
(kJ - moly L BHERF A Z3HAIL7Z. Zhbick v, EBRIZR BT MEREEHICET 57 — % 2157, CeO,
& PM OFEMUIRAE DIE T FE B L, CeO, il 2 ¥y K TH =326k & DPF (ZHHFF L EBR T PM FR (b SO 3 =X
DOHEERFRNE D X H AT D72, Z D72, SEM BLEN S PM OEflEREIC B+ 5 IEM &2 15 7-.

E51Z, DPF OREFEME TH D a—F 4 =T 4 MZHOWVWTHIFEREDOEBREZITVY, CeO, X NFEH L7z
CeO, Hitlz, iy —EB@H L= IS HOWT, Z D PM BLES DIEME b= kL — L HER T 42 F 7 b
L7z, LLEDS, BROT—% % DPF (FEMIEIR) CTOMBAEICHRET 2 ROZYUMEE2BRFT 5 L L bic
CeO, fib i A AT L OB 4y = — ~ L7 DPF (JE#R) @ PM {bMERE D FIIEE 315 0 3 4 YER BT 0 72 3D D E g
F— K 5T

Fig.1 The secondary electron (SEM: left) and back scattering electron (BSE: right) images of CeO,
powder-PM mixture sample for a catalytic test.
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2. 2 MEMEEOHRE GtEEEROLR)
ETMEDOFIRIILLTOL D ThDH. CeO, & PM Oy RIEEFEHL PM K+ DJE V) % CeO, K+ 73 - T
WHIRAE L 725 T D, Ce0, & PM OEEMMIEFEN K E < 72D K 9 72#Efili a2 LT\ 5. —J7CDPF ONHECIE,
WERIZ 2 — h Z 472 CeO, & PM 383 5720, FRalkl & b2 & CeO, & PM D#filiaifEIL/ S < 72
% (Fig.2). SUSIRE OZBAITHEAREFEOBE VT L D PM B LSS E ER OBER F 8B b Lzl &% %
HILD. il & OB A RMFRITE 2, MARHEE W% & DPF WERD CeO, & PM DOHEfil i fE i
WEEAEET WL TE 5 X 912, DPF N CORIGDOSEER - #1525 R XA EKR L. PM & CeO, filtiftd
PefilfRBEIT, SEM @222 L Y CeO, & PM O Hi a0, FDORrDEyARZE & DPF NEE ik BE D AR
Z Fig2 DX HIZExT=. HRHAEE DPF N2 — NEIZ LA USOBER T2 ME 325 2 LN L b,
TOR@EMNENND.
Appr = SDPF/Spowderx Apowder (1)

Z I, BAREEO HEEARTERE (M™% Spowsen B ATREFO BN T-[s 1% Apowders, DPF IR Ot THIFE[mM ™ %
Sopr, DPF R DB R 1[5 % Appr T 5

Fig.2 The model for caclurating a frequenct factor A of oxidatio reaction in PM on a CeO,-catalyst/DPF (left)
and a PM/CeO, powder mixture (right).

2. 2 {=’8 DPF OEET A

TG HEN A LN, IREM A L DPF N

D PM BRALEUS OBEE R -, FEHI L 7ohifids LU
PM EREAE L L CHEALZHEXE ZHNT,
CeO, filif & 21— | L 7= DPF OFARF PM L IERE
ZETIVEEIC L 0 EME L7z, fifiEA 100 %= — K
L7z DPF {22\ T, HERIREE & PM {5 E DRI
% Fig.3 17, HEXURE % 450 CE TR &+
% &, 70 %Ll EO PM % (b & 5 7o I IX RG] %
EFHOT, FEE FHTERWZI ERNbM5.
FRLORE ERBEOSEE A, HERIRE O &
450°C 7> 5 550°C, 600 C & & L S EFHE LT-.

PRI DOIIRAE & & HI2 PM HHEE BT Fig.3 The relationship between PM removal efficiency and
23, PESURIEE S 600 ‘CORFL 30 77 T/ERICPM AT time on  CeO,-coated cordierite DPF at different
MTE D, Eiz, PERURIED 560 CORFIL 70 23T temperatures.

70 %LL LD PM bS5 Z Envbingd. BE

T DIRIRAL D 72 DI SUS DTEMEAL = F L — D/ SOV AR 2 R R T 5 2 L1/ D 8%, £ OfERIT
KETF M LIE, K7 DPF ESMERE L L CRi S N 5.

AHFTE TR DN T ERIC L DIEEFHERRE T T L2 Auiud, KEERICREES 2 & b7 o miEfE oMt
MARTRIHINTZGAE TS, il — M DPF 2R84 2% Z & 72 <, DPF FIHARER D PM ¥ biEgED H %
ZHONLOELZENTE AR S.

3. &EXM

(1) M.Nakamura, K.Yokota, M.Hattori and M.Ozawa, “Numerical calculation of PM trapping and oxidation of diesel
particulate filter with catalyst.”, SAE technical papers, 2020-01-2169, 2020

Q) PHEZ, WFIEE, BEEEE, NEER, [T 4 %aT7—7 g AZ—Afllo o "—2 51
OEEE] , BB EEINSRICE Vol.54 (2023) FIIH.
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SYBF ¢ BRBE - EARAE BRI B
EMREICTEILT= CeO, T/ fiFDEF M L BEXIEE M

DA BRFPAREME - 2T DFZEAT O/NMEIERS, ARHEREM
FORTERET 0T 4 T HEHFZEAT R &

The oxygen-release and electronic properties of dispersed CeO, nanoparticles on a substrate
by OMasakuni OZAWA, Masatomo HATTORI, Yutaka MAJIMA

1 HIRE/

T U T L (CeO,) IEEIREA LR E MR, PEU AR LA, BASR vY—, Yo, K EM
72 EOMRIANWEREERIH T A A OFERMELE L CHEBRZEDTE Y, T /R HIREZFIHT 5 &Rtk m E
TLHZENWFEINTND. Ce0, T/ K- IX MmO EARITHEAE (OSC) Z/” L, =Joftifo YV — filkTo
NOx Itk EFIB LY v FHHETO CO, HC OgfbbrEZRAZ M LT 5. Z 0%, Ce(Il) & Ce(IV)DfE
(LR ITEFEAL 161V & /NS <, BB R E W2 DIZRBLT 5 & &b, Ce0, )/ ki1 ZFIH7
HZ LT, WREEEBEASYE, REOBESTHEOR ENRATNR TS, —F, EbFERE Ce02-
§ TiX, FidbiEE & BT REOW T DBEMEWMEERET 5. 7 /R ClE, £ &K T OmEDFEEIC
WL, TE, TN ORI S I REERENRERI ATV, DY

ABFFETIX, Ce0,2 F / Fit-% HMR T EET 5 FEZ O TR EE2%E LT FIHEETLE
DO EHET W T OBALETCEEZFIH CTE OMEIORIREZ Z 225, ZTORME LTV Ry 7 Al
U —RHEICER L CEORBREZ IR T A L2 ENE T 5.

2 HERE
2.1 SELIzF/ HF CeO, ERZRDIEE
F KL T CeO, Z/KBUEIZ LV AR L, WIS TR -3 NE i Lz e A RERIREERL L 7=, =
DR ERNDT 4 vy B TZIEIZE Y T 2R R 2R L=, CeO, 7 /fififh v A RIFRHPIC—EHe
ECIRIEL, =& / —/LHC 10 4y BB YEE L 72 AlLO5(0001) B A Sh Jebl & fotipts, kg, K& T 400°C T
3hBEULPRA M L7z, iR L LT Ce0, )/ R 1% K& H 400 ‘CC 3 h BULELt:, IR CTOWUETORDH
1000°C F TOEFERRIEE TREH 3 h BVt L 7-.
TA eSS
ST LT
TR E
EHIE L& 2
A, B3
L7z RRED &
BLZEE To
PR3 FTREIC 72
-7 (Fig.1).

Fig.1 CeO, nanoparticles. Fig.2 TPR (Temperature programmed reduction) profile

of a dispersed CeO,/substrate heated at 1000°C. TCD signal
means the decrease rate of H, concentration change (the
evolution rate of lattice oxygen).
2.2 KFRIZLIDETRICHME
Fig.2 |2 Hy-TPR #EHRZ7RT. TCD &7 F/bid HofAr A h Ok FEE HE) 2F£ L, LR
VAT DFRMIRRE 2 E E RN, Ce0, DIETLE o THHR S DTEMERERETEIC L D Hy D H0 ~DFR
s (K1) ck2b0ThHs.
Ce0, + xH, — CeO,_, + xH,0. 1)
CeO, LOKFEHEITT F7 M AR EOREMBBMDOMHIC L 2B cZ2E-> TELOIRRTEE GB1 &
—7), FEIKBMEEHDIT LY @IEM G52 B —72) T CeO, DEREMN LI FWEORILE > THEL D
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& EIND. BE VR FIEF DI X 5 CeO, DIEFERTIEAE T % . CeO,/ Hitlt# T, #K CeO, ¥R (1000°C
PR) L0 b HEM RO THREENRE L, 12 ©—7mfE (REf 7)) nREL{ ko
7o, EESEMLEEASE 2 50E L7 Polanyi-Wigner ORI HHIET — Z I2xf L CRHE Lzl b= v ¥ —1%, %
NENDOE =7 L, bt (L) OFE 1, 2 A7 v 7% LT84+ 13klmol, 122 +3 kJ/mol, b
EFoRFDOFEL, F2 AT v 72X LT 77+£5kdmol, 131 +18kd/mol Th-o7=. T D 2 DART v FITRiE
IZE BT CeO K (il WNH) ORIGTHDLEZEZDHZD.

2.3 BREIMEICLIERGEMERE (AESF/FrvTLh)

T Xx v TEMERE LR EIC CeO, Fif % i S 400°C TR L7=. SEM BIZIZ L > T, CeO,
FIRADT ) Xy v T E—EE S LD ITEE S aE L, CeO, X 1~5 il TR 10~50nm 71 T Mk &
BEALTWADZ & 2R T& 7. Fig3, & Fig4 12, 300°C CEMMIZHK 30nm @ 1 {H DR+ D & 5 ik & A
CTEMEIC—EBE G0V) 252, BESEZZCSETZEOBRMEE(LEZRE L. T Ar T A=
#%ICEEFE (5.0Pa) EARFDOISEREAZBIE Lz L 24, BRFEEANIZ L APICERSHA L, # 500 f T
BAEICE LT-. ZORENDEZE (4.0X107Pa) (SR Z 2 & RERTIRE & & HICEHA NG 5B R85
Stz YK 500 B CEIREMAKE — 27 bV 2 0% EREILED Lz (Figd: 1EH). % 600 #CH
OFELZEANTHLEERENMET L, BEEZEICHELX S LK 500 HCe—2r L) =270 MEICHO
IRF TR L 2 0E > CEGERIIZIE I L 7= (Fig4: 2 [B1H).

CeO, DI X v U 7% Ce*'/Ce” IR AIRIBIIKF T 2 BT IRIEE IR T 5. BRI LA T FE XM XL
DYENAERD T EHEZ BILD D Ce0, TIEZ DRMEEDFREEIC BRI H S . Zh b OBHE TOBIS
R2ODHA T OEIMEH MG, CeO, ~DEEFE DA DHE & AR LIARE S ZDBFEWIKFT 5 L E R
Hd. MFEANIREMEXRMGEHELSE, —F, BEFCORBRETIRmMBAEREOMBEHZE )R
Mg & CeO, B B OIE(LFERMMEARRFAIIC S 72 597, Falt, Kifi KakEiE (CeO,.,/Ce0, = 7 ¥ = /L)
W7 hfrEEREEET DL ToMELH D, Y REBRTIE, 300°C, BLEUB TOMWPENRBRE L
TZD XD RISHAEDE CeO,. 5/Ce0, DIRFENEBR L TWNHLEXBND.

Fig.3 Current vs. time profile (the 1st measurement). Fig.4 Current vs. time profile (the 2nd measurement).

AMFFETIE, R L~ BEIN & F ) EtEE 2 CeO, T /AL F-IC# M L7z Z L2k Y, H TIEfRF T
TR K D 7 CeO, RIEME 2 b DRI T N A ARG ZAFRIT X 2 WREME D /R Shuz.

3. &EM

(1) S.S.Mofarah et al, Nature Comm. 10, 2594 (2019).

(2) N.Nilius et al, ACS Nano 6(2), 1126-1133 (2012).

(3) Y.Xing et al, ACS Energy Letters 4 (11), 2601-2607 (2019).
(4) T.Hattori, M.Ozawa, Jpn. J. Appl. Phys. 56 01AEO06, (2017).
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YU BT - AR BB B
PdssZres REBH T AN L FE L -EESMDERI/KRRE K H

DA BRFAREME - 2T DFZEAT O/NMEIERS, AREREM
FALKR e mA I e AT ISR

Dynamic hydrogen absorption-release properties of composites
prepared from Pd35Zr65 amorphous alloy
by OMasakuni OZAWA, Masatomo HATTORI, Hidemi KATO

1. EEH

PAZr &R T 7 A % kT 5 & ZrO, RHEIC Pd 23T HI L, h— A » M Z AT 2. ZOBGA2IEH L,
Kk 2 2R DB AT T A LEBLEIC L 0 S b5 b - B b Z2HIE T uItoE S b7 r ' X TIEA D
NARWHH M BINERITX 5 L ZB2 55, Y ki 74 8 5 oAk I 2 AR Bl o A 1A S b Th
20T, KRR AT 203 5 e B AR kL X — B L C OISR T X S, AR
ZEClE, PA35Zr65 #HALZ HFEMELE L TENONOFHEINTZEEGM B A ER Uiz, RITKBWRIN & i FE
HERR, ZOFEMIONTHRMNEIT). ZOXIRBREZIEM LT, &R T ANBULEEIC LV @b - &
pafb 3% 2 &1 K 0 MRL R I R B Ze R ST R S AL D FEIA TR LSRR & H B L 7 R = R L —
MEEERT 2 2 L2 REO AN ETD.

2. IERE
2.1 BEMHOBEBRK

BB AN N A= ZHEIC LY PA35Z65 B T A AERLL, Zh b &2 225K 280°C~800°C TELIE
% Z L TRb - fEdfb S 72, XRD HlEIC & @ﬁﬁﬂ@%ﬂﬁ@ﬁi%ﬁot %72, FE-SEM AW Tkl
TR K QAR OB 21T o 7=, 7TE/N T 7 A Zre5Pd35 X225 COEVLERIZ L v gk - fEdafb L, E72k5 5
FE2S PAO & ZrO2 Th HEEMIZZE LTz (Fig. 1). ZOfHARITIE, mou%ﬂ YL, ZrO2 NZFDJE Y
ZHATIRETH 572, PdRARITBVLEIRE I LRI b 72> THM L7 (Fig.2).

Fig.1 XRD patterns of Zr65Pd35: the material of Fig.2 FE-SEM images of ZresPdss: (A) 280°C 24h,
raw and heated at 280°C 24h, 400°C 3h, 600°C 3h, (B) 400°C 3h, (C) 600°C 3h, (D) 800°C 3h.

800°C 3hin air (at bottom to top).

2.2 KEREHEHE

PCT HIEIZ & V0 /K EWLRRAE 2 B4 U 7. J5UR D42 J8 77 7 A Zre5Pd35 137K R FFE 2 R S 7o 7o B
ALERLZ I 0 R SR ENIHTH L 723N W TR B S 27~ Lz, PCT i/ 537 P A 1 mol %47
0 DKFEVEIREDRD HILDH DS, ZrebPd35 TIEPAd4E (Pd 77 v 7 HEK) IV b REhote. Fih, #@F
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TITMEW KR E S FE T, KBIAREOR KN Sz, 800°C TEULEL 24T - 1-REI DA T, Zr65Pd35
D 400°C CEMLHE 217 - 723kt & [ DK R E B 2~ Lz, PCT JIET — ¥ OAXJEIR T o e [m] 1 X3 &
DK LICE YLD LT, BIERTHEDO XRD T~/ L 25, PCTHIEHE CTIXIZLHO PAO FIEIZE AL
R PAERBIHE RS> TV, ZOZENLEAH2ICEDELHEZ > TWDAEEERH 5.

F7, BABRECTHEEITo7- (Figl). ZOFEMND, BAZMR T A —F — %35, Bttt Th 5.
Pd EMAS & D AT S .

2.3 KRWEME DB

KFOBANIZE b 729 I 722k % TPD IZ K 2 F~ 7. iR T 5%H2/Ar 7 A 238 A L, 314 D /KSR
JEZAb & FRBEEICHIE L7z (Figd).  Ar S KENT ABAOERETL R ICEZ 2L L2508, 1A
HIE TIERULS 22\023, Ar B0 B2 15 00 2 [0 HEE A CTIE AT ORE ZRkFRINE — 27 3% 5 (400sec f+FiT
LIRE: M ERALE O BEIFR T 400sec DRFREIZENH 2 L HICBIS TV D) Z EB8bnd. 2 OWRILTS B
THEUTEY, HAEMOPD & Pd JEIOFMBIART L TW D ATREMEN S 5. A ORITHK 30 T T LT
W ZO%~400 PREEE £ TARFEOWIDHL A, ZOBGIZOWTIBERMEHCTH 5.

Fig.4 H2 pressure curves of an initial (upper)

Fig.3 PCT curves of Zr65Pd35 samples after and sencond (low) H2 flow at 25°C
heat treatment at 800°C. 3h. air. onto Zr65Pd35 samples (after heat
treatment at 400°C) .

DRI REIBH T ANGIHE LTKER AR 1T, Bk - I HHAS, MK O W - Eil,
TEPERUS AT A DA & L TR F =B TR TE 2NN H D L EZ TN D.

3. &EXM

(1) Masakuni Ozawa, Atsuhiko Masuda, Maki Nakamura, Masatomo Hattori, Hidemi Kato, “Soot-combustion catalyst
of Pd/ZrO2 composites prepared from Zr65Pd35 amorphous alloy by oxidation treatment”, Jpn.J.Appl.Phys. 59
SAACO06 (2020).
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Analysis of the Nano-porous Structure for Au-Ag Electrodeposited Films by Dealloying and Nanostructure
by OMikio SAITO, Hiroshi NISHIKAWA

1. AEEH

BIRT R TIHEREZ L CE W IRIEIEZ b0 2 200 S £ E AT CORANIES LTS, —
.o A 72Mﬂ_kwf%%/ﬁ%ﬂﬁmwﬁﬁﬁﬁ%f/TTﬂ%ﬂﬁbt?///ywﬁﬁﬂﬁ
Hansd, E£2F ) K—F AMEHIERE COBERNETT 2 L WG ST 2 BAEIF~DH =72k
b I SN D, EHTEIC X 2B BIER AR S Th b 2 & LR RIR TORBRATHETH D = &
ISR % I B~ DT R & TTHE L T 5. AR TIXENIEL 57 a2 L b)) H—F 2 HEDOH KM
DTG O AENTFT oA RLBUEEOK 7 1t AR LI TIN5 & &b
FEBE LRI,

2. ARAR
2. 1 EBAE Table 1 B HFAMLIR
Si R Eic ANy Z Y 7 kI2 0 100 nm JEO PR AL L 7= 54 [Chemicals Concentration
ZHWT Au-Ag BITIEZ A LT,  Au-Ag OIRIZE L OFENT IZE A HAUCI,-4H,0[1 mM
{bERELE®E (HZ7000, db=bEETHR) # AW T To7z, Table 1IZ¥E |~~~ "|o -~~~ ~
WRERR O % 9, TR IE-700 mV vs. AgIAQC O E BN CIT o 72, -
TER L 7o DR 1L 7 v — i 5 & i 4341 (Glow Discharge Optical Thiourea 0.2 M
Emission Spectroscopy; GD-OES) % i\ CHEMT L 7=, Bl |H2SO4 0.01M
T-BEMEE (FE-SEM, S-4800) % HWCRlEIOBIZ 21T o7,
2. 2 Au-Ag BNIROMERA T ERRE
Fig. 1 {2 Au-Ag EHTIED GD-OES Z W o/l it R &2 =97, (a) IXEHE T (b) 137 7 r A% Th 5,
RREHS A 8 2 U o ZIERE, FEDMTRE OFNRE 2R, FLRICBWTUREIRR R 50T, 2hE
NOTLEETHZ LT TERY, ZOMENLT T A% TIIEO 2y 2 ) > FRENEL 72> Tk
0. SRFEOHEINC L DEOBBLCEEN L 7o TV D LTI NT, 72 AuTENTICH LiAEh
D EICRENE S 2o Tz,

(a) HREIERkA (b) 77w A%

Fig. 1 Au-Ag &BHTED GD—OES IZ X A OrkE R (EF—%)
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(a) FEIERKT% (b) TTaAt%
Fig. 2 100°COEVLETE O Au-Ag BBHTIED GD—OES I L DTG R (AT —4#)

Fig. 21213 100°C DESLEL . D Au-Ag BATIED pHT#ER 2 ~d, BVLERRT (Fig. 1(a)) ERERICT 7 A
PBRITIEMN < 7o Tz, F2 S DRI TIH AR ERICH LIAEND K o1 > Tz, Sk idiRm
Hle L THOYTWET A REORKITD—DTH D,

2. 3 Au-Ag BWNEDT /BEL

AR EEE A VT 100 nm D Ry ho8Z —U ZERLL . Z DR —/LNIC Au-Ag BATIEZ AL L 7=,
Fig. 312 FE-SEM % /~r9, K MAICHIEMER < Au-Ag BTN R SN2, 5B OFEF L L TOEAN
Hrrsn s,

1um
@) (b) 200 nm

Fig. 3 7/ #i& Au-Ag BEHTIBED FE-SEM {8

3. &EXM

(1) J. Erlebacher, M. J. Aziz, A. Karmer, N. Dimitrov, K. Sieradzki, Nature., 1410, 450 (2001).

(2) T. Kaneda, J. Mizuno, A. Okada, K. Matsunaga, S Shoji, M. Saito, H. Nishikawa, 2015 International Conference on
Electronic Packaging and iMAPS All Asia Conference (ICEP-IAAC), 473 (2015).

(3) M. Saito, K. Matsunaga, J. Mizuno, H. Nishikawa, “Properties of Nanoporous Structures Obtained by
Electrodeposition and Dealloying for Low-Temperature Bonding”, 5th Electronics System-Integration Technology
Conference, ESTC 2014 Category numberCFP14TEM-ART; Code 109411. Article number 6962819.

(4) K. Matsunaga, Min-Su Kim, H. Nishikawa, M. Saito, J. Mizuno, “Relationship between bonding conditions and

shear strength on joints using Au nanoporous sheet”, 5th Electronics System-Integration Technology Conference,

(5) M. Saito, J. Mizuno, S. Koga, H. Nishikawa, “Control for Au-Ag Nanoporous Structure by Electrodeposition and
Dealloying”, 2018 7th Electronic System-Integration Technology Conference, ESTC 2018 Article number 8546350.
(6) Y-Y. Tang, C-L. Kao. And P-Y. Chen, “Electrochemical detection of hydrazine using a highly sensitive nanoporous

gold electrode”, Analytical Chimica Acta, 711, 32-39 (2012).
(7) R. Geetha Kumari, V. Ramakrishnan, M . Lydia Carolin, J. Kumar, A. sarua, M. Kuball, Spectrochimica Acta Part
A 73 263-267 (2009).
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Development of Silicon and Germanium Tin Based Micro Cavity-free
Thermoelectric Power Generators Compatible with CMOS Technology

BERHE KT 7 - T4 7RI 7ersR% OERF1E
BRGH KT Mahfuz Md Mehdee Hasan
LT BRFERRMEL « AT AWFGEET Al ERFEENERE BEEE

by oTakanobu WATANABE, Mahfuz Md Mehdee Hasan, and Masashi KUROSAWA

1. Research Object

A thermoelectric (TE) generator (TEG) is expected to play an important role in the operation of small-watt
capable wireless power supply devices by converting waste heat energy into electrical energy. The power
supplied by the TEG is high enough for powering the portable, wearable, or swarmed sensor nodes in internet
of things (loT) systems [1]. The efficiency of a given material to produce a thermoelectric power is governed
by its figure of merit (ZT), which is proportional to the Seebeck coefficient (S), electrical conductivity (o), and
absolute temperature (T) but inversely proportional to thermal conductivity (k) [2]. The typical conversion
efficiency of a TE material remains below 10%; therefore, research is ongoing to develop new TE materials for
power generation by improving ZT [3]. Si and GeSn have drawn significant attention in recent years as
prominent TE materials due to their low thermal conductivity and high power-factor [4].

In this work, with the identical patterning design, the TE performance of the cavity-free TEG using GeSn
and Si wires was investigated. The obtained TE performance was conducted to compare GeSn wires with Si
wires in the cavity-free planar structure, focusing on scalability.

2. Experimental Results
2.1. Prototype of planar thermoelectric device

Two distinguished TEGs with the same pattern were fabricated by the GeSn and Si wires on the Gallium
arsenide (GaAs) and silicon-on-insulator (SOI) substrates, respectively. The thicknesses of the Si substrate,
the buried oxide (BOX) SiOz2 layer and the top SOI layers were 750 um,145 nm, and 55 nm, respectively. The
Antimony (Sb) doped GeSn (Sn: 2.5%) was grown on a semi-insulating 650 um thickness of GaAs substrate
by molecular beam epitaxy. The thickness of GeSn layer was 250 nm. The SOI and GeSn layers were turned
into wires and pads by photolithography and reactive ion etching. The cross-sectional and microscopic views
of the fabricated TEGs are shown in Fig. 1 and 2, respectively.

Fig.1. Cross-sectional view of the TEGs (a) GeSn, (b) Si Fig. 2. Microscopic picture of the fabricated
100 um length TE generators (a) GeSn, (b) Si

The active impurity concentration of Sb for GeSn is 5x10'° cm and that of Phosphorus for Si is 1.1x10%°
cm3. The wire lengths (Lwire) are varied as 3000, 1000, 500, 100, and 5 um. Metal films (Ti: 10 nm, TiN: 30 nm,
Al: 400 nm) were deposited by sputtering to form electrodes and resistance thermometers at both ends of the
wires. The temperature differences between both ends of the wires (ATwire) were measured by the resistance
thermometers. The heater was attached to the hot side electrode of the TEG. The temperature of the stage
was kept constant at 20°C, and the heater was set at 25 °C.
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2.2 Evaluation of thermoelectric performance

The effective Seebeck coefficient (S), which is defined as the open-circuit output voltage (Voc) divided by
the ATuwire, of the GeSn and Si-TEG were evaluated as approximately -277 and -100 uV/K respectively, by
using the resistance thermometers (Fig. 3). The low thermal conductivity of the GeSn-TEG increases ATuwire
compared to the Si-TEG which produces high Voc of the GeSn-TEG. Therefore, the S of the GeSn-TEG is
higher than the Si-TEG.

The electrical resistances both in GeSn and Si-TEGs (Rrec) increased linearly with the increase of the Luwire
(Fig. 4). The electrical resistivity (o) of the GeSn and Si-TEGs were estimated as 2493 and 694 uQ-cm with
the slope of the Rres and the Luire. The resistances of Si-TEG are higher than that of the GeSn-TEG, because
the thickness of GeSn wire is 4.5 times thicker than Si wire. The power factor (S%/p) of GeSn-TEG is 2.5 times
larger than Si-TEG. Higher Seebeck coefficient causes higher power-factor of GeSn-TEG than the Si-TEG.

-600 1500 5 1000 ,
[ Voe = =277 - AT e o Rigg = 0'46Lwire, /s gglesn
A\ ,I — : ,
_ 400 [PGesn O S 1000 |OCeSn J70 @ 00
i : O SI ”,’ 8 : oSI , Vs ”’/ ; o
* F 9 I S < o o
200 [ - o0 g 500 8 1o
.- i ’ o
o L V=100 a7, o @ . Rree=033buie L9 ... 0
0 1 2 0 1000 2000 3000 0 1000 2000 3000
ATwire (K) Lwire(“m) Lwire(“m)

Fig. 5. Pmax dependences
on the lengths

Fig. 4. Resistances of
GeSn and Si devices

Fig. 3. Seebeck coefficient of
3000 um device of GeSn and Si

The maximum power (Pmax) was calculated as Voc?/(4' Rrec). The Pmax was increased by shortening the Luire
(Fig. 5). The Voc increases with the increase of wire lengths, however, with the shortening of the length of GeSn
and Si wires, the Rrec became smaller. Therefore, the Pmax became larger with the shorter wires.

The maximum TE power of the GeSn-TEG shows higher values than the Si-TEG. Since the Vo of the
GeSn-TE G is much higher than the Si-TEG and the resistances of the GeSn-TEG are lower than the Si-TEG.

Therefore, the GeSn-TEG shows greater TE power than the Si-TEG.

To obtain a large power from a large-scale integrated
TEG, realizing high power density is important. The TE
power density was calculated by dividing the Pmax by the
total footprint of the GeSn and Si wire bundle excluding
the pad areas. TEG with shorter wires demonstrated a
greater power density (Fig. 6) both in GeSn and Si-TEGs.

The maximum TE power density of the GeSn-TEG is
approximately 28 times larger than the Si-TEG for the
length of 5 um. Considering that the thickness of GeSn
wire is 4.5 times thicker than the Si wire, we can conclude
that the TE power of GeSn-TEG is intrinsically higher than
that of the Si-TEG by about 6 times [5].

3. References
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Fig. 6. Areal power density of the
fabricated devices at various lengths

1) S. H. Choday, M. S. Lundstrom, and K. Roy, IEEE Trans. Comp. Pack. Manu. Tech. 3, 2059 (2013).

(

(2) G. Snyder, E. Toberer, Nature Mater. 7, 105 (2008).
(3) S.J. Nolas, J. Poon, MRS Bull. 31, 199 (2006).

(4) Masashi Kurosawa et al, 2018 ECS Trans. 86 321.
(5) Mahfuz et al, JUAP 2022, in press.




/[ 1
ﬁﬁ‘%ﬁ%ﬁ&%% — ﬂeseor%‘h\result report L /I

Research result
SYBE S - EHRRE AT
ﬁi-74»Z$%ﬂ¢ﬁ€ﬁ¢@ﬁ@%ﬁ:—%4>7t%%ﬁ§ﬁ®
KBRS 6 B ERRIERT 52?%%\@%m:

FOR R FHR PRI BROMB
FO TR AN

by (OMasahiro Tsukamoto, Yuji Sato, Takao Hanawa, Peng Chen, Nobuhiro Matsushita

=15
1. Bx

WL, BPE - FivA NV AERR EDENTEEEE TS, 20D, FTORRT ) 77 EDOREE
ELED NN DM E 2 —T 4 752 L THES Y A VARV O ERN/ YT SN T
W5, 3D a—7 4 I HO—2Th D0 F =R —F —&REHEFE(LMD)EIL, I TAICERE A% it
MLBENRL L= —Z2WBHT 22 L1085 T, MRZERH - BE ST CHEEEZERL 3D 2—7 1 7 %17
IFETHD. LoL, HEKRO LMD ETIHIERER ICKE <RV Z KT 5728, BN K<
RO EANDELD. LEER-T, MRBIEI VBN EZRY, BN LIIRETH 7=, £ 2T, K5
THHHFOERL ——2EEH L~ F b — 2o XX LMD EZ2 A L. L F e —a T BHhR%E
INT SIS U CHREICHES L, AENSEZEDO L —V—Z2BE L, NMTRICERT L FRETHD. AFE
W&o TREN NS HREOENSHIZ2 M TAERTE. 2 E T 100W -8Rl —)F—%
L~ F v —2a LMD EEZB% L, SUS304 ik FmICHSIRIEZER L. LavL, =dhzxT
—VHEBHL WY, HEERNIERIEREET A T~ a—T o U EREETH o 7=, Alalikih
RreHT 5V TINA~OE—lea—T 0 v T e RETLH7-OICH-ICEEA T — V2 E L, 200 W & l#
EHANER L ——% 3 BHEEH Lo~/ F E— AR LMD EE LB Lz, A%EE 2 v T SUS304 14
FIA~OHMEH 3D 2—7F 4 >V TX O THRET 5.

2. EBRAZE

M a—T7 ¢ o 7V EBRIEBEOMIKK % Fig. 1 1R T. #ia—7 0 o Z7HIIZES 1 mm, E 32 mm DA
7 v LA SUS304 M A HW . [BERA T —UIZ AT v L A4 SUS304 M A 5% iE L, (T8O ME Clalfs
STz RRHT 200 W OEESEGLERL - —F T a—L 3 EnbHF SN E—A% a7 £ 100
um OY7 7 A NR—=TENTIUEL, ML~y KN TERZEN 2 A— L2 XE2HNCTETRICL, £
SHEREE 75 mm O L X E KAV THEATEES L. B8 L7 3 ADOE— L08R, HHEEET
270 um ToH L. M ARITIN T~y RRgmn o iRk 7 A28 L OnTARCHE L, Z2icr—3
— AL TC3AD a—T 4 T E Tz,

Fig. 1 Schematic diagram of the experimental apparatus for pure copper coating on a SS304 circular tube by multi-beam LMD system
with blue diode lasers
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3. EER#HFR

L— R — B A 2.8X10° W/em?, 3.8 X 10° W/em?, 4.7 X10° Wiem? (238 & L. K428 200 T i
(R R R AYEE Fig. 2 1R, WO O THINTEE N #H < 72 51223 T Rk
HREN/NS L Ipolz, ZHIFIMITEERHEL 251250, BMEEHTZY O L —FF AT /L X =23
LB LICENT D, 7oL —VRU—EENEL 2D & EERHEES ML TN D Z & DNHR T
oo LY RU—EENEL 2D &, AN ERFEICEIET S E TILEMT 2B &R 50T,
FEMIEAE NN L 72b D EB 2 BN D, WICKBEMEOFRE L LT, WD 0 IR (IR AT 5 A
g DR 24T > 72, Fig.3 IC L —H U —8HE 4.7X10° Wiem? [Z3681F DI TSk 5 AR B AE 1 %
AT OINTEEEE A 200 mmi/s DL F OAKERAEIK Cid, M8 O A RE 2 100 um LLEE 720 | FEAIRIC Fe
DLENFED b, —J5, I 400 mm/s PL BI85 &, AREIEEY 1.3 um L7220, #RE N A
U7z, MTSHED 800 mm/s ([ZiET 5 MR B — RIS N/ o7z, IMTEHENEL 225 E T
MDA I N X —=D/NEL 25720, SUS ZIRR[NT 5 = R LX—03 i L2728 400mm/s @ & & (12
B L7-FyoR & L7 SUS 231 FisiEREEES L, SE
DEWI—T 4T holbDEEZLND,

Fig. 3 Relationship between dilution layer and

Fig. 2 Relationship between cross section area layer scanning speed at laser intensity 4.7 < 10° W/em®
and scanning speed for pure copper coating.

Fig.d [Cfigla—F 4 v/ LY 758 %R+, @ (b)
(@IlXa—F 4 7D AT L 24 SUS304 [145 .

(b) (ZIIMd 3D =—F 1 7 LI AT > L A4 SS304

MEZRT, ZORR, BEIE, 40 um TEKIZH—T
MORMLIDIRNT—FT 4 VI RAEETHH Z Db

nole,

4. FEOH

AR T, v/ FE—LFGA B-LMD 2EE A T
SUS304 MR ~DOM = —7F 1 > 7 &4T>72, T DfE  Fig. 4 Pure copper 3D coating on SUS 304 tube,
B L—PRY IR FE L Ca—TF ¢ 7w (2) before coating and (b) after coating on SUS304
AR NS 2D Z e RNbhote, 5%, Hifi=—
T TRIED A VA RECRRICK T DM 2 D, SRE ST D VA VARG A T =X L O
BROKEEE KT D T A NV ARNELREOHEZH LN L T TETH D,

5. WAREE

(1) Yuma Takazawa, Yuji Sato, Keisuke Takenaka, Yorihiro Yamashita, Takahiro Kunimine, Masahiro Tsukamoto, J.
Laser Applications.  (#g ik &)

(2) Yuji Sato, Yuki Morimoto, Kazuhiro Ono, Keisuke Takenaka, Tsuneyoshi Kamata, Manabu Heya, Masahiro
Tsukamoto, “Copper alloy layer formation with multi beam type laser coating with blue diode lasers” IEEJ
Transaction on Electronics, Information and Systems, Vol.142 No.10 p.1075-1080 (2022)
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Stereolithographic Additive Manufacturing of Ceramic Dental Crowns with Modulated Microstructure
for Multi-Functional Expression in Biocompatibilities
by OSoshu KIRIHARA, Fiona SPIRRETT, Hiroyasu KANETAKA and Takao HANAWA

1. HARBEH

7y 7 EBIERICET S N ETOMIIC LY, R T2 08 LI2BIIEX— R N & HWT, B—fAk
DANTHHEA T T FEBICHKE LTz, P a=TwE~A v F VU 7 % 3mol%iil L=k %, M
T BN TR AOSRE A2 L, 4.5mol%IRIN L7236 1%, LR S A s /K ED @\ OB 2 R 2 L AHER
ENTWVD, LOLENLEBOREEZ RS, RE L FEMEZ2FREA A THERE TV EZ/ER ST
WU, RIFFE TR, B DM OFEM Z O THEO A2 L, ZRCHZREREZ BT 5, FriLn
ANTHEZEELLY LB X, 87 v 7 2A0WEIT, (LN - BB EME & RIRIITHERI L =586k
ZHELTEBY, IFEFEENEE-> TS, L LR lBloFIKRICAEDbE TEETILERNHY . &
BEDOE T Iy 7 AIEEROBINMLAR#ECH D, 22 CTHAIT, KERT T AT 47 - ~v=a 777 F
¥ U W RIS Lz, MEFIEIT T LVLENTRETH Y | (R CE B O e 4 RS AT R
Thbd, EEEEFE LD TN ZEIE, 7187 I v 7 AWMENEEERLELND,

Fig.1 7 I v 7WRiFE2 0B LIBIEN—A NMCLDOKERT T AT 47 - ~=a 77 7Fx V7

2. MERE

WEWT T AT 4T ~~=aZ77F X V7 TiE, BT v 7 k1 & e O AR 12 5k LT
N—=2Z ML, R B~ Lo REm~ L — PR A L oo, LERIRO 2D Wikiz BT 5, =6
2, FEETREEZHVIRLCEA L, #HERRO 3D MiEEERT 5, ZofE LRICBW T, ki r-<—X
NEMIZEHEESRE O R ) v onb A#E S D, Y U UEEEAEL T, B 5MEOFEM
HlEE LoD Aa T AUE, MR B BRI AL T 2 M 2B T & 5, 15 DI E A IR BEp LB 2 fifs
WHIX, MO AEAE T EBHA 77 FRfELN S,

EEDT T 4T 4T e~=aZ 7 I Fx VTR DT T77 4977 =7 ET,3DT—%%
2D T X IZEH LT, WRHMEEY OFERBIMZ MR T 5720, EBAM 6 A €7 /v & Lz, WIT Fig.
LIRS AT AART—Y RIC, EBHN—A b#FEH % 50um OJE S THEAF LTz, & O~2— & FHFM e
DT 7 VABIETH Y . FERIAEL 600nm D /L o = 7R 7-% 50vol.% Sk L7-, P a =T RiFI2I3EE
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MWEFF-EDHMT, 4> MU 7% 3mol% wIN L7 &2 vz, S OICEBAREICHE 350nm ORI
L—FEER L EERIRO 2D Wikfg & L Tk S, Thi22EHET5 2 L C, 3D HEEIE L=,
BFONTZIEEWIT LT, KEAH T 600°C-2hs DRI Z 2T, 1500°C-2hs DBERSULEE A fi L 72, BERSIAR
DEEIITNXR AT AETEHM L, Yo TN ERFEAXTY T T T 7 4 v 7L, NLHEHEET /VONAK
SHEE OFEREFME Uz, BEROMRITEARE KT A D TBlgR LT,

EAR T & ONTBERE IR & L C O G % Fig. 2 1R T, EREITHEEE T /L OBEHEIIR 2 K8 I HE L
Thky, BRFBEIAONT IO eRmAHE o N, BEMEAOEZ I v 7 k% Fig. 3 1277,

BEAE IR IR AL RIES Sum LU T OB NS DN TR Y | BEORREIZ R &3 @222 B 2 14
T& 5, BB & ONTHER 2 B T ORI EE 1L 98.7%I 25 L, ~HEIUH RIZ I J7 16 22% CTHEE T 1) 27% &
L CRHll &7z, B mo~HEERAREVOIIEIFETHY . AEHFROAEICE L ThiERET
NVOBRFELIZLY, FTEORKIBRA~E BT LA TH D 2 L BRI,

Fig. 2 JEIEEIC & 0 (R L 7= SR AIERA & BUIRRERA L 28 7 L 2 =7 RN Tl A > 77 > b

HWEOWEHA 77 ME, WEHA T Iy VR THEIRELSGERTH D, MA IR 22 A5 12 &
D —{KLENTEY ., BEWICBIT RIS NERRA ST M EMmAROAERE LTHEHBEN TV, A
WFGECHENL 2 3D X3, M IEIC X 2 A OFIE 7 2 & 2 &2 Viud, e B @E e 2R LR
EHBT HFBMERE L, o N O ARSI 2 SIS I TR E ICEN D EM AR TE S, &6
W2, WA OGS IS BV T EHLAR &2 #ii a0 I 2 b S U, M OBARR 220040 &2 BT & . £kl
RKSREARRBIT 5, ROt F I v VRIERHA 75 0 M ERITE 5 L& X TWD, SRRSO
DHOHIEIZ XX, P12 b—a VK DIENOHGEBIRES, HF T Iab—Ta Tk D5E M
DIBRZe L BRI E D ELOPMETH Y | 50N RFITZEFFRENC X o ibic e EFE D
T MERFEM ORI EZ S OGO . T LWOMEHESEEROTERIC SN D B2 T 5,

Fig. 3 AE®AE FHMEIC L VB LUy a =T swiEOREE M g mloxt L CIRE 5m)

3. EEXR

[1] M. Takahashi, F. Spirrett, S. Kirihara, Reduction of Dewaxing and Sintering Time by Controlling the Particle Size
of YSZ Particles for Stereolithography, Ceramics 5 [4] (2022) 814-20.

[2] F Spirrett, T. Ito, S. Kirihara, High-Speed Alumina Stereolithography, Applied Sciences, 12 [19] (2022) 9760-1-11

[3] S. Kirihara, Additive Manufacturing in Biomedical Applications: Stereolithographic Additive Manufacturing of
Biological Scaffolds, ASM (2022).
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GYBF A - ERERATE S
ERAZADEEMIMZR LY 5= DMEEHRECAEHT

KRR GRAMTERT OB BEkE, MRS W ACREE
FALKR =@ BRI FE T NEEFZE, IIH B, AR

Analysis Model of Heating Conditions and Thermal Cycles of Metallic Glass for Formability Improvement
by ONinshu MA, Kunio NARASAKI, Yurie TAI, Hidemi KATO, Rui YAMADA and Masanari DATEKYU

1. BIREM

GBI T AIERTRE MY ETHIEBREOEETH Y, FEMEME RO, MBI X 2 FIRIEE TR
WA FE L, T OREEFIIREMEREN S B < KB DY — BN Re & 70 5. Z OFEE £ L,
B0 T.0> MEMS  (Micro Electro Mechanical Systems) ~® B S T\ D. £, FiREEEZ K&
T2 TRBY T AOBBHMAEEIRDNIEN Y, B EEREm< s, 207w, BEEFIRS RAE R
L L —FREFOMBGENRREI N TN 5.

ARFFETIE, AREFREY 7 b7 =7 JWRIAN 2 W T L —FMNEUZ X 24085 T A DR IR % B & />
5. &I, FRBRECHERFEE LS ERIREREL B EHEL, BHARAREZKLE
SEREFCTE D X I V=V ORBHCHPUINEE N 2 D3 INEGR M 2 3% 5 A L LT, b DR EEITH.

2. HAREE
2. 1 ERFHLBERHTETIL

AT, EBREELOR 1 EX 2R T FEOET VAL,
BREMENT 21T o712, B 1LITRLTWAETL AL, L—FEJREE
AT LB R B 2 RO D720 THh D, £, 2R TET
LU BIE, MEMSIITHIZ, &@H T A0 L —HIEc L 5 IRERBR L =
DEEMBSFMEEFHET 512D TH 5.

ETL A TEMEROBZER L L OBKREZ RO ZERE, &RY
TAEREET V) a BRSO L —FRFNOAZEE LI 2L —
a VU ERAITo T, BT AR O BVRIE A BT 5 72, BBEits
AR B A EMEREDE S (h) M OBYRER L (ZHE X # oz TR TN
Mz L7z,

B=Mh (1)

EFNBICIIERBT T AXRE L) a v BN 0L ZE LT
BRI 2 I BLT D AT O Bl 2 B DA 24T 5 . £ THIIIER ST
THEPUNBAR T — P OMIRE 2 360°C L% E L, L—VHREOFEREIT
ol LS OBRMARER & K& TR A Z 24 200 B & 300 S TH o
7. EBRCTHIE L-EREREAZX 3 I1T5RT.

ETFVA L BICK LT, AREROMITCIE, K4ITRT LD ITHREN
Jia RS H &2 Z 4 5.0mm & 0.0mm TR w o= 438 Uiz, iz M2 £BEFLB
EFEECED S 72, Bl E O BHEE X % 0.06mm (2% E L7z,

1 EBRETI/LA

- (4 fRHET L BHERRED A v o = I
3 FEBRET B CHIE LIREEE
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2. 2 EMREERMEORE

ET VA DAR—Y—REITIST D IRERIEONERR & T L BB REZX 5107, €T VA D
ARl & LT, BT 2% 0.25MPa~5.0MPa OFPHIC IS 1T % 7 K HETOEMBMRER 2 FE L7c. [FE
L7z BBV R E X 6 1R T ek, BMREMATIRFICIZ L — T O ARG R E 4.4% L BE LTz,

100 10
o BEEER
80 1 /
70 o
& £
.60 £ /
gso I g 0.1 /
2 40 —0.25MPa fiZift o 0.25MPa K8
g’ —0.75MPa 4t < 0.75MPa SR8 N = 0.01
=30 ——1.25MPa fR#ff A 1.25MPa E& : /d
20 ——1.75MPa g4 @ 1.75MPa EE
2.5MPa @A A 25MPa R —O/.’
10 ——5.0MPa R#F ® 50MPa £ 0.001 7"
0
0 10 20 30 40 50 60 70 80 90 100
Time [s] 0.0001
5 ET /LA DERRE NS XD IREEREO Hg 0.0 1.0 20 3.0 4.0 5.0 6.0
Pressure [MPa]
2. 3 MHREOMBRHICLISBEERED TR 6 BBV RSO )

FRTHE SN MBS R EREE VT, BT
b BIZEB W TR L7 MBS ChnEEB R O 1R R
JEZFRNT L CATe. ZOREZM 7 O Trd. [

WITER AT AZ NI 5 TTT #RIX (F T A fERAGIEE
Tx: B, fEabTE R - IR, T REEBIREE Tg

TR b7ay LTV, TTT BRI X, &8

AT ADOAREZR AN TR XL, 9 300°C~360°C D #ilH

ThD. BEMITIC L HIEEREE TTT BRI OELRFR

THHIT % &, WIHARREF OB TN T AT RE 7R IR -

RERIZE 3SR E 7o\ 305 5.

3. 3 RELREEREICLIZMAEZHOER

&BH T ADFGE LN TR, X 71275 L7z 300C~
360°COHIHIZD 5. K7 MBGEELA RN R . —J7, NI,
HEREIC I B L —FORAHAA 203W &1 3 B4 7 R ORI & S I
HRd 57w, L—EJR & IRBIENR & OF 3 2 BV & Bt fighr TR 5.

%%Ti L—H DO & BEERNENEI 203W & 16mm Th - 7=, FUEMT TlE, L—Y2nE@h

AN 0~500 MRS Lt T 2 52388 L, EEERICHLE L 7= Si3N4 HFUNB AR T — P D ABE 2 %G A &

Lfmﬁﬁmﬁ kb=, BAKBIICE 110779 7 234 — o (Patternl ~Pattern7) O AZA S5 1 % BREARHT £
FIINCANLT, BT ADRERBBEZIE LIZ. 7 OO L 2IRERBRAZX 8 TR, HKiER
NEZRELT, Pattern7 (2725, T 72, HPUMEV ST —% 0~60 BT 500W (2, £ D% 7T0W ([ZHEEF s,
IR EE 23K 340°CRIFZIZAR Y, JJDIHIAEH#Faﬁﬁ%%E <KMW Ens.

F 1 L—VRENET 2 EE OBEBUNES A —

Heat Resistance heat power Formable

conditions and heating time time [sec]

Patternl 0 0

Pattern2 500W(0-50s)/125W(50s-) 38

Pattern3 500W(0-50s)/100W(50s-) 103

Pattern4 500W(0-50s)/50W(50s) 0

Pattern5 500W(1-80s)/80W/(80s-) 5

Pattern6é 500W(0-50s)/80W/(50s-) 364

Pattern7 500W/(0-60s)/80W(60s-) 374 8 L —HREINIEN L HEHINEA R L 735
3. szt G OBFEIMEGAET K 2 IR LR E O fiR T 6 2

(1) WFEACRIRE, JBREEHE, ARIBRS . LFEE, SRACRERR. NEEFS 5. 73 [RIEMEIN TE G S SC4E, 253-254, 20224 11 H, (A,
(2) Yurie Tai, Ninshu Ma, Kunio Narasaki, Rui Yamada, Hidemi Kato, Masanari Datekyu, Proceedings of The 2nd International

Symposium DEJI2MA-2, 94, Oct. 25-26, 2022, Osaka, Japan
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Tailor-made synthesis and integration of titanium oxide nanocrystals
by OSatoshi OHARA, Kosuke NOZAKI, Noriyuki WAKABAYAHI, Keiji ITAKA
and Takayuki MOKUDAI

1. HEEM

ENT-PE AT OB IIERIIGICR ST, B4 - RS OFEBITIR S 2 LD TERWEEE RS
ThD, FHIE, av o, IV PEOHA T A NV ZADBBIIK A2 TBY, hRM T A LA
NEALHM OBRRILE SICTHBRORECTH D, £ 2 CAIE CITEEMERE /R B 0PTE - JL7 A L AMED
%A HIET ., BEARMICITE T, KEBKIEZ RX—RATF X =T R T % ) ) 7 U AX VO @RS
(A X -tk GiEdhim) 55 fEE1TV, PUEEEO @b 2 B8R 3%, wICHEESRIE L=+ F%
etz ., @n TEMEEZEHTZ 12X~ AV RRERE T T, xR E~EBIca—T 47T
%5%ﬁ7mt2%@ﬂ75 WIZTF ) T X D & OVEVEREBTEOTAEA = XL L L, Btk
BRI T A NV AMELOBRIZET 5,

2. MERR

Bx T I v 7 AR T/ 7V AZNVOFRLFE T 0 AORRBICEF LT D, KIS IZ A
NTEEGFESE, TOX Yy vV THERICE VT ) 7 ) 2ZAOH A X -k (Rsh) - G s
EHETHHDOTHD 2, ZOT—F—AA K7 7 U REZMINERDR UWE & 4 5 HEReCH i
DIBEPHERSNIZ LD TND 3,

F L =7 (TiOy) TSI AZ X CdfEx Oex A3 2L 7 I v 7 20RETHDH, £7-TiO, 115
AR ERELRFAT 22K T OINERET D720, 20T 7 RAIENT vy 7T YN = 2T
2 (DDS) HOEFHAMEIE LTHIEEEZED TWND, HA I TIO /7 UV AZ Vo EiEielbz BiE L, /K
B RIEE =T ) 7 D ZAZ NP A X - ik () o mRHEEEINOMNL 23RATnD, i
FCICKRBABREIGHIC 7 v FRaeE0AM S T2 FESED 2 LIk, Tio, 7/ 7 U A X Lo s i i
(Fig.l) WAMRETH D Z &2 AL TS, FICF ¥ =T FE LAY FO R E E{bd 5 2 & T, 20nm
P A A0 EiEME (001) HEATAHZT7FE—ER Ti0o, 7/ 7 ) ZAZLVOEMICES L, Ry FL-ro
%%ﬁi*%%ﬁbf“éiikE@%K%?éﬁ%@@ﬂ%%ﬁﬁbk%%ﬁﬁ?7Ux&wﬁMmMS
WL CHBWREMEREEZ A L, SO 2 OPBETIEMHIXERMRARRE T Ch AT Z L2 RHE L (Fig.2)

6

o

Figl 7% —¥AITiO, >/ 7 ) 2AZ L DH A X - ik (hdhim) HlE
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Figeg F4 =77/ 27V AZLDHEME (NS: 7/ —hr=F /27 UZX&ZN NP:F /K1)

AEFEIIMEERE IS & i &, BRRTiO -/ 7 U A X )V EHiE N2 M &3 2 EREM B~ AR T 5720,
BRI E~Da—T 4 T ERF L, B
PICIE, @ TEMEATEH T2 2I2LD,
W WIED XL D 72~ AV RIRBREE F CORE
a—F 4 VT B ER LT, TORE, BEL T
AT E~D TiO,F /7 7V AZNVDOHE (£ /
LA Y —) Bl Z Rk L7 (Fig.3), 4 %1% Tio,
F 7 U RFVOKFINZET D EMREER O
X0 KEE 7RISR 2R 0 A S, R x T bE -
TEREEN E~DHE a2 —TF ¢ TV FIEOMNL %
Hf57

Figd ¥4 =77/ 7V AZNVOHE (£ / LA
Y—) a=T 47

3. &EXM

(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 CeO, 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 TiO,
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 TiO, Nanosheet in Presence and Absence of Ultraviolet Irradiation,
Materials, 13, 78 (2020).
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Effect of prior B phase formation on tensile properties of L-PBFed Ti64 alloy
by OShota KARIYA, Junko UMEDA, Katsuyoshi KONDOH, Akihiko CHIBA and Kenta YAMANAKA

1. BAREH

T4, @J8& AM (Additive Manufacturing : fFI184E) SUEH LWE M ORE 7 n 2 & L THER 2%
HTWD. &8 AM TiX, a2 V= —# ZE#xF (CAD; Computer Aided Design) 7 — % il 0 [ZHM & &
HZENABETHY, WEROBBIN TR L ORENTLO X 5 RBREIMTC, s, $5EE, EEERED
S 2 DT BB E IR CIEBOE DS N EE 2R S OB IRAERCE 2R EA AT 5. BROGFXBHFET D
PTL—YZEE L LR L — Y EaE (L-PBF; Laser-Powder Bed Fusion) i ERHE BN L TWA. Z U
HBEFHEOT@RMAREIC L — 2 B U CRAROERL « BEE OMK UIZ K0 M 4 BRI T
HETHD. BEEFCIE, HEEE 10°~10% K/s &R0 7 0t RTITARWEM T TABICH A « BEE DS ET
T5. 207, HlziE Ti-6Al-4V GE&IZBWTTEHX X v LRIZ KD B S 12 58 s s R 5 % Ff
ORISR Z Y, ZONEICIE 1 um F2E OO THO 20K wo ik 2 BT 5. £72, K7 r& =X
TlX, @RMEKREZMERT 2720, HRKREICHKRT HBESER, A%iﬁ E DRI R AN O PN IIAS A EE
Thd. THORILHEILT X U ~OREEIZ L MBI S0 PRI IR VR A RIT T 2 e b T
BY, @mBE - AREMEEZHC L ERTWD. RBFETIT, _nﬁfﬁm\, FRIZIRF DTN Ti-6A1-4V i
JEIE A OTHIRERE & 5 BRRHEIC KT T RBIZ OV CIRAE - b L7e.

2. HERE
2. 1 REOFMHIHMMEBICREZEFTZE

FT, REMD ORI E LTIHR () (b) 1599
ML= TiC R Fl2oWTC, FEEEE 1508
R SEM B2 C, DR DED ° °
TIC KT MR L7, R A 1o .
TEOEAZWET S Z LT TERN
o>, 12, 2OV A XX Lum BLF
THY, WIS O TIC ki DEE
(2-5 pm) &g U CIEFISHUN T
ool RIS EERIC T TIC 1593 |
WKL 35l Uiz = & 2R L C 1.502
W5, ZIZT, RFEOLDREANE

JEFOEEIZE Y o-Ti OfEdbASE 71X
cHFIICIE L, ca kb2 Fig. 1 (a) XRD patterns of Ti64-TiC L-PBFed alloy and (b) lattice

1.596

c/a ratio

1.595

1.594

0 02 04 06 08 1 12
TiC addition [wt.%)]

T LREBNTWS, F -G, X f  parameter ratio of c:a in Ti64-TiC L-PBFed alloy.

T2 ki L, 736N /c 8 — 2 2 FRITZ O ERZRIE L7z, Fig. 112 Tied-X wt.% TiC &R (X =0, 0.25,

0.50, 0.75, 1.00) DFEMTHRESE & &1 E D TiC BINEKAFNEZ R, 35.3° (I T, W o-Ti ?(1000)
E— 7 HITFE LTV 203, 3851 (0001) K &' — 27 1% TiC IIMNEIZ > TIRAMNI IR 2 IZBATL

7o ZHUTAESFE TS cHLGAICHE L CVWA Z L 2B T 5. KT EROBEHEROICERT D &,

TiC IINBEOHANAEYY, c/a LMK T DA 2GR T X, 1% TiC OIRIMFEIZIBV T ¢/a=1.592 7> 5 1.598

ANEWIMULZ., L7ei-> T, WML TiC KO KE71E, & TOMBRIZHEW TR EERR Cofit L, i
B U7 IRBIRFIIBATIEEIR & LCo-TifEmNICERLTZEEZ 5D,

WA, IRFBIFA O BRI D B E RO A (L2 EBSD f#HTic X v #8#& L7=. Fig. 2 |Z Ti64-TiC
J_fF/{ZIS@ o FHD Wi 51 X (Inverse pole figure map; IPF map) &, Z41% #&1Z Burgers O FALEIMRD & FAEEE L 7=
FAZEBERTD B FHD IPF map Z -9, TiC OUHIIEIZE DL &3, Ties-TiC &R V3 b Rk /ot
PRI K ORER STV D Z 3D, 26 OFRFERRLIT TIC ORI THHMET 22 H 5
T64-0 wt.% TiC &AL TIE, IPF map 28827~ > T 40 um 22 5 R S 2ok bR N R 55
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23, Tie4-0.75, 1.00 wt.% TiC (ZEB W T  (a-1) (a-2) (a-3) (a-4) (a-5) A
O LD HKAEIRLIMEER ST, € gp30 d=1.65 d=1.68 d=121 d=1.15
DESIHEKTH 15um E7eo7. =0
FER, RS R A i 5 & TIC &
B EROTIOAEEE R TIE2.30 pm T
o5 DIZX LT, Tied-1.0 wt.% TiC 1&T
RTIX 115 um F CTH L7

WIZ, BAHOD IPF map lZ2W\TC, FiHE
B Ti MOMBIERICHSWTIE, IRE 1010
T ICAEOAH— [EAE (BAR) — [ (o’ (p-1) (b-2) (b-3) (b-4) (b-5)
) 2T 5. 150 B HANICERKRS
T ofod FHAS SRIEE 2 SR GAEAR &V,
INHDOKRE é%ﬁﬂf'ﬂ‘f@iﬁ*ﬁ%%*ﬁ@ 111
2R < 51T 5. 30 x 90 pum @ IPF map
WICHER SN T 3L EOAEREEZ SO B
FRAE SR ORI, Ti64-0 wt.% TiC AR

uonoala piing

0001 2110

001 101
T L CH =Dkt LT, Ti6d-0.75
Wt.% TiC ¥ TI1E 5 16, Tied-1.0 wt% S0um

TiICERARTIE 8 ML TRy, %
Ak (B SR I XEEE AL L
TWBHZ & &R L.

Fig. 2 IPF maps of (a) a-Ti and reconstructed B-Ti, (-1) 0.00%, (-2)
0.25%, (-3) 0.50%, (-4) 0.75% and (-5) 1.00% nominal TiC content.

2. 2 REOFMHASIRFFEICRITTEZE
TiC KL+ H ok 0 f 3R Ak

7 DERBIGN Tied fEE (@ 1600 () Yield Stress Breakdown
AR O B IR FF M R F 1400 //_ 1500 - :
FRBETET AL, BlE 20 [ 7 10 | SO soldsonon *
AR A 1T o 72, Fig. 3 I .DE_-. 1228 r g L0 DHaII-P.etch factor

Ti64-TiC fEEiE A O )S § I 2 200 | Experimental value
H-EE e, gsRpom 5 °° [ 8 1250 .
THNZDWT, RIEEDEE, 400 9 1200

Mpdt - %% - KEOREE, 200 1150 = E I

i i RO A 0 45 3 (L - 005 1 0 e @ a0 0 <o
T DOHFEHFITONTHRE Strain [%] s* Qq‘:g\o 6‘5\0 Q¢°§\° N

fERT 2 AT > TR R T~ T
Ti64-0 wt.% TiC EIAD Fig. 3 (a) Representative stress-strain curve of Ti64-TiC L-PBFed alloy and (b)

RREEEME 1T, 0.2%YS - 1130 decomposition of the yield stress into grain size and solid solution strengthening
MPa, UTS : 1225 MPa |z  components by Hall-Petch and experimental models.

% LT, TIC RiF DRMNCLE > TE ORI R E < 1) kL, B 2 1F Tied-1.0 wt.% TiC AR TiE 0.2%YS : 1429
MPa, UTS : 1490 MPa &, 0.2%YS THEST 5 & 26% DA /R Lz, —J7 T, BEHONE 8%2°5 3% £ T
KF L RIS, FRFICEDHIERICOVWTERT 21T o7, BEEMRILEIZOWTIE, BEAENE DicH
HOH o iEFY E L BEEOBGRD D ERITE N LX), QW2 ok, R, ®F, KEIZEX
2 ERTR R & IRFEI L D ER LR, MBYBICBIT 2 FHEEN TN TNOFESERE L
Oeq=[0]+2.6[N]+1.12[C]-8.95[H] 1) A 6,2 =1011.740g - 528(0¢g)? 2)

BRI A % Lelk - AT L7 R, RS SRIIGR Lo b & PR 3R IT K 2 B b A SCRCR 22 i kit T b b, Th
DTk 29 b EITACK T 254 MPa Th o 7. RIRICEHEM & EREITBB L ERW—HZ R LR, £6H#M
AROMEAL I S U7 Tie4-0.75, 1.00 wt.% TiC CTIIEBR{E & FFR LD EN KK T 80 MPa & 72 5 7-. ZhiZ
DWTIEEE, EAEMBOMAMLORELEZE L, BRI Z2EDTWD.

3. ZEXM

(1) D. Harwig, M. Ittiwattana, H. Castner, Advances in oxygen equivalent equations for predicting the properties of
titanium welds, Weld. J. 80 (2001).
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Regulation of strength and ductility of single-phase twinning-induced plasticity high-entropy
alloys

WAL K e B A EHIFSE T OBRfE, ik H3=
by ODaixiu Wei, Hidemi Kato

1. Research Object

High-entropy alloys (HEAS) contain multiple principal metallic elements, which exhibit a good combination
of strength and ductility at various temperatures [1,2]. However, the main drawback of single-phase HEAs is
the moderate yield strength, which restricts the maximum allowable stress for load-bearing applications.
Grain boundary strengthening and precipitation strengthening are two of the most widely utilized strategies
for elevating yield strength. However, ductility often decreases dramatically with decreasing grain size, and
brittle precipitates are readily formed during thermomechanical treatment. Furthermore, introducing desirable
precipitates into the alloys requires precise design and careful regulation of the precipitation, which is more
difficult in HEAs than in dilute solid solutions because of the composition complexity. On the other hand,
deformation-induced defects also strengthen alloys, where the dislocations, stacking faults (SFs), twin
boundaries, and phase boundaries act as obstacles for dislocation motion. Thus, it is feasible to improve
strength by introducing defects. Moreover, the stacking fault energy (SFE) of FCC-phase HEAs decreases
with decreasing temperature. Thus, the twinning and/or FCC — HCP SIMT become more preferred at
cryogenic temperatures. A higher number of dislocations can be preserved during plastic deformation at
cryogenic temperatures than at elevated temperatures.

In this study, we aimed to demonstrate a strategy for enhancing the strength of FCC-phase HEAs by
introducing appropriate crystal defects. We selected the Co3sCrasFesgNiyy (atomic percent, at.%) alloy as a
model HEA that exhibits TWIP behavior at room temperature [3]. We pre-rolled the HEA at cryogenic
temperature (cryo-rolling, denoted by CR) to introduce defects and then further tuned the microstructure by
post-rolling HT. The CR method was widely utilized for enhancing the strength of conventional metals and
alloys, such as copper and aluminum alloys. The reasons for applying CR in the present study are: (i)
dislocation slip with twinning occurs in the HEA at room temperature, but the FCC — HCP SIMT is expected
to occur at cryogenic temperature, which would significantly enhance the strength; (ii) a larger amount of
defects could be stored at cryogenic temperature than that at room temperature, attributing to the decrease
of SFE and the suppression of thermally-activated recovery of dislocations. Then, we determined the
influence of the tunable defects on the room temperature tensile yield strength by neutron diffraction (ND)
line profile analysis and electron microscope
characterization.

2. Experimental Results

We analyzed the dislocation density ( ), the
stacking fault probability (), the volume fraction
(vol.%) of the HCP phase, and the hardness of the
samples after rolling (CR) and heat-treatment (HT1,
HT2, and HT3) [4]. More details of the experiment can

be found elsewhere [4]. Fig. 1a shows the of the
samples. increased dramatically with increasing
CR strain, but it notably decreased after HT. was

4.1x107° (10%), 10.2x107° (20%), and 14.1x107°

. . —3
(30%) in the CR samples, but it decreased t0 2.6x10 °, (5 1 (a) Stacking fault probability (Pss), (b) dislocation
6_8x10_3, and 8_8><1O_3 in HT1 samples, and further density, (c) volume fraction of HCP phase, and (d) Vickers
decreased to 1_1x10_3 O.7><10_3 and 0.6><10_3 in HT3 hardness of the Co0zsCrxsFexNiny HEA after CR, and

i ) subsequent HT at 773K for 1h (HT1), 873K for 1h (HT2), and
samples, respectively. This result shows that the CR- 973K for 1h (HT3).
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induced SFs were partially recovered at high temperatures, and the recovery was promoted by elevating the
temperature. Fig. 1b shows the dislocation density () in the samples. In the sample before CR, the
dislocation density was 0.9x10' m™ (denoted as ). An increase in CR strain significantly increased

to 11.7x10™ m™ (10%), 49.2x10™ m™ (20%), and 81.6x10" m™ (30%) in the CR samples. It decreased to
8.9x10™ m™, 16.4x10™ m™, and 13.5x10* m™% in the HT2 samples, and then to 8.5x10" m™2, 2.2x10" m™,
and 1.1x10™ m™ in the HT3 samples. This result shows that a larger amount of dislocations were recovered
at a higher temperature than that at a lower temperature.

Fig. 1c shows the volume fraction (vol.%) of the HCP phase, which reached a value of 39.3 vol.% in the
30% CR sample but decreased to 31.3% after annealing at 773 K for 1 h. The HCP phase was partially
transformed to the FCC phase in the HT1 samples. However, no HCP phase was detected in the HT2 and
HT3 samples, indicating that the HCP — FCC transformation was completed. Fig. 1d shows the Vickers
hardness. The hardness of the sample before CR was 162 HV, and it increased to 284.9 HV (10%), 390.5
HV (20%), and 420.7 HV (30%) after CR. The hardness did not change obviously during annealing at 773 K,
but it decreased notably after annealing at 873 K and 973 K. The hardness is correlated with the strength of
the samples. The grains were slightly refined; the average size decreased from 21.7 ym to 18.9 ym, 16.4 uym,
and 10.9 uym in the HT2 samples, and further decreased to 17.5 ym, 6.5 um, and 4.3 pym in the HT3 samples.
Fine grains were formed at the primary grain boundaries, indicating the occurrence of static recrystallization.
Recrystallization preferentially occurred in the samples with a large CR strain (20% and 30%). The reduction

of , , and hardness is partially attributed to the recrystallization.
Fig. 2a—c shows the room-temperature tensile properties of the CR (Fig. 2a), HT2, and HT3 samples (Fig.

2b), along with their comparison (Fig. 2c). The tensile

property of the sample before CR is also inserted as a

reference, where the yield strength and ultimate

tensile strength (UTS) were notably elevated by CR;

The yield strength increased from 275.5 MPa (before

CR) to 642.9 MPa (10% CR), 1012.1 MPa (20% CR),

and 1189.6 MPa (30% CR). It decreased to 565.4

MPa, 826.9 MPa, and 828.2 MPa in the HT2 samples,

and further decreased to 524.4 MPa, 475.8 MPa, and

495.4 MPa in the HT3 samples. The UTS increased

from 739.1 MPa (before CR) to 878.3 MPa, 1117.9

MPa, and 1266.4 MPa in the CR samples. It Fig. 2 Room-temperature tensile stress-strain curves of the
decreased to 840.5 MPa, 973.9 MPa, and 999.3 MPa  CoasCrasFexNix HEA (a) before and after CR, and (b) after
in the HT2 samples, and then decreased 0 836.4  ieio' gl oral o1 () Comparcon ofvied et
MPa, 860.5 MPa, and 874.4 MPa in the HT3 samples.  of the samples.

The tensile elongation retained a satisfactory value (> 35%) in the 10% CR, HT2, and HT3 samples. These
results demonstrate that the tensile properties can be balanced by tuning the defects. The CR samples
exhibit a very limited work-hardening ability, particularly when they contain a high density of defects and a
large fraction of the HCP phase (30% CR). The defects and HCP phase can be tuned, and the HCP can be
reversely transformed into the FCC phase. As a result, the work-hardening ability, strength, and ductility can
be optimized. The CR-generated defects and HCP phase extend the realm of possibilities for tuning the
microstructure and mechanical properties of the TWIP HEA, which is one new point of our study.

3. References
(1) B. Cantor, I.T.H. Chang, P. Knight, A.J.B. Vincent, Mater. Sci. Eng. A. 375-377 (2004) 213-218.
(2) J.W. Yeh, S.K. Chen, S.J. Lin, J.Y. Gan, T.S. Chin, T.T. Shun, C.H. Tsau, S.Y. Chang, Adv. Eng. Mater. 6
(2004) 299-303.
(3) D. WEei, X. Li, W. Heng, Y. Koizumi, F. He, W.-M. Choi, B.-J. Lee, H.S. Kim, H. Kato, A. Chiba, Mater. Res.
Lett. 7 (2) (2019) 82-88.
(4) D. Wei, W. Gong, T. Kawasaki, S. Harjo, H. Kato, Scripta Materialia 216 (2022) 114738.
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Preparation of nitrogen-doped titanium dioxide for biological applications
by OTakayuki MOKUDAI, Chang LI, Hiroyasu KANETAKA,
Itaru MIZOGUCHI and Masakazu KAWASHITA

1. AR B/

F L AMEFIMERLZELTEBY, MTICHLERZEE TH D, AERMEE LTHIRLISARA S
THEY ., MEESCEREGHENMENTWD L, ST, RRFvEF AT L—vary (FFUEFED
FEE) BT, WMEMEECIEA T T MEME LTRSS TS, £, BT ¥ 1T MR RS
W E o TEWIEABETE M2 B L, BRECKERIET D 2 & CIEMEBFEREE AR S5 2, BIbT ¥ Oftdh
HIEICBWT, EFRRTHAHATFEZ—BREALFARD 5L T & —BRERbTF & %, LF LU
RTEWEBTEE 2R T 2 ENmb N TS, ZOEB L LTE, =X LXF—FEOEVICH Y, B
e SNz x X — "0 K (ETH) EELDDRNT L= N K ([RER) & ORIZHFEET H
Y RX¥x v L, 7T —EA32eV, LTFNAEIZ0eV THDH, N Ry v TTRAF—ISHAYT D
FIINTF AT 4120m, 7% —EHIT 388 nm KD R THLHZ L H Y 400 nm LLF OSSN KICEE L
TETFE—PROLFNEIVEMNTH D, LN, ERSHEE 2254, 2RI AT 5 el
OGS Tl mtEz sl S o5 2 L& d, —FH, BbTF 2 olEEEbsE52 L L0, NURF
¥y TWNEL DT LT, AHDE (W = 400nm) FRST FICBWTOEMTEER G D2 mE N H D 34, £
D= Bz XA CHMBIEEZ S22 ke LCUBIETF ¥ ANCER F—7%21T H %85 R L,

Fex T2 ETHENTINET H%EFE N—7i{LF % > (N-doped TiO) 2 1EHRL L. AIHRSERRETIC K 2 St filfit
TEMEIC LD AR SN IR R 2R T 5 &, IEHBBEFREOERICE LRI PIEIREZHRE L TE
5, KWFIETIL, FHAURERA 7T VEKE A T T2 NEABKOTH - IRRICHWS Z LN TE S0
DOAREMEEARTR T D2, A CINE T 5 %5%E F—7i{bTF ¥ > (N-doped TiOo) 2 fE#L L, YefbiiyEEic &
DR SN DIENIMBEM AR T D L, PERBRZ2 £ L0 Tl 95,

2 MEAR
2-1  N-doped TiO, D1ESL & RE &SR

TEMT 5 (CPTI) MBS LT, AL b U & assg, g 7 Aneese  @Tinum v Rufie
KB EAT S 72, D%, BREIFEHNTT VE=T %, |o0a .

PRSUFIZC 500°CT 3 ] (500-3h) ALEEZATYY, N-doped TiOz % 5 . .
{EBLL 7=, CPTi & 500-3h C{EM L7- N-doped TiO, & flv Cem € | . ° My
BEATOVE LTz, REBIZEITENE FIEESEM)IC TRIE = .

AT o, ZORE, (R LY 7 CIE AL O H A é P 'Rﬁ
Bz, ZhuE, KT MY oA LBMBRIZ L > TRl S T e j
NTFFER DO THY | MO G SRR E N H 5 6,

E 51T, M X BRI (TF-XRD) ZIE L72fE %, Figl IoR”T o % @ 50 0
LYY L I TTFE—B L AT EEbRS E—s 3 2 (CuKo) | degree

M Sz, Fig.l CPTi 483 N—7AMEEL 5000C-3h %

FR—7WHIZEIT D TF-XRD 71 7 7 A )b
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2-2 ERY HiEEERE

TSR RFEOWE 21T 5 X<, EFAL I (ESR) #EAMHL
Too HEE LTI v 7HIEHNDAE Y T v B ZIEICTRIE Z1T
72, b7 v 7HNZiE DMPO (5,5-Dimethyl-1-pyrroline N-Oxide) % >
TATV, ATHDEHRIT IR L 15 3 & L7z,
ZORERAEEMRBE CTHLE ReFx L7 00 (HO-) MR TE
720 ARKLEED CP Ti & ALEE L 7= 500-3h T N-doped TiO, & % bk L 7=
& Z A, N-doped TiO, > 7LD J5 78 HO « DA ENIAE TH - 72,

Fig2 ESRICTHELHEHO « A7 kT 4
(a) CPTi

2-3 EHER (b) 500-3h N-doped TiO;

PRI v TS & S LIT - @) (b)
7= HMEE X Escherichia coli (E.coli :JCM 5491), 508403 208405
Staphylococcus aureus (S.aureus:JCM 2413) % H >
720 AIREER ATV VBRI O FE 2389 10° CFU/mL
ERD X OWKAERNM L, v bic, A
WUTEEZT TR, 74 v D eS8l W]
HITH 2 400 nm LLEO BRI CREKFER 15 — e
& LTHTo T, MR, BN L7 B I3 RER 7‘ .
HIZHEREL L 37°CC 24—48 WiffissE L7-, & o o 500-3h o T 500-3n
%, an=—Eh v b L, EEEERDI-REE m%gﬁﬁﬁﬁadowﬂOwame%%ﬁ
% Fig.3 |27 L7z, 500-3h T N-doped TiO; T, OB E ol & ()5 awews REER
CPTi &Lt LC, E.coli & S.aureus & HIZHIHE RN FR
LT, L L7225, Saureus \ZxF U CITRIENFIOFER & e oo, ZTHUTMIE OREIENEET H L& 2
LD,

15E+05

E.coli (CFU/ml)y
S.aureus (CFU/ml)

3. F&H

FH o EKERL T B U T AOKIEIRICIRE . T T = T AR T TINEVILEL 217 - 72 500°C T 3 FRFREAL
FRCOIMRE R TIE, FENRR/ > TWD Z ENRB Iz, ESR BIER L HITMEL L Ty 7evy CPTi &
500°C T 3 f[HALEE D N-doped TiO, Z bl 42 & | AW A 1T > 7213 5 MWIEMERFFECTH H HO - DA
D ICHEGR T & 72, PIERABROERICE L TiE, Ecoli & Saureus & H1Z 500°C T 3 K[ 4LEL D N-doped
TiO, THLREZN RN T O BTN S.aureus | 2B L TITNR BRI WFER & oo 7o, ZHUE, 77 AGMHEE &
PEMER COMEDOEVICE D IRICENELTND EEZXTWD, UL EOREREZ S E X TS 2 2h=
I BOoNDIFHOHICEA L THEI I ED TV TFETH D, ERTHHTX 2B E Bf T,

- BE 3
. 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.
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Fabrication of carbon and nitrogen co-doped TiO- films and evaluation of their antibacterial activity
under visible-light irradiation
by OKyosuke UEDA, Ryusuke KOIZUMI, Takayuki NARUSHIMA, Kouetsu OGASAWARA, Koyu ITO,
Hiroyasu KANETAKA and Takayuki MOKUDAI

1. AREM

FH e TFH AT, RIS 0B E OB EE S BMBNET N ACHWLNTE
D, FERICEBHAA 77 2 MIBE, FIT 100013 T2 « FXUAERTHD, ZiUITF X - T XA
EPMENTFEBORE, TR, B R L L TOSE R T A vy A A T S = a Vv EAT
LD ThbH, FRY « FEUREGRERAA 7T v N OMAEBRALERIT 90-96% & @\ W EZ #E 5,
— ., WRHAA 7T MIERAEBELTEY ., FICOENMEIZIREINNTWD, 20D ARRINY
TRHEHABOMEONEE U AT }:TZDW"“{“O)) AT MMB DL, AT MERT DEIYEY 271K
WD T= I i\ﬂ.mﬁﬁkioﬁﬁﬁ&%fmﬁﬁé_kmigf%@\4/77/F%ﬁ~®#-@®
FEIIHEHTH S,

TiO ITEEAN PRGN K D IE MR R 2 AR LPLEME A RBLT 52 &0, 4 7T MR~ TiO, 2 —
oV TVIEGHE D TS - IRIRICEITH D, L., RISETERLESREZGT L2 LD, EISE
DETH D, TiO, DRIENICELFIE L L TRILH {7<7JD IRBITF Db, UIN—TTIEINET, F4
vsD TiO FEIERL 1k & U C B EIR(LYE 292 BR%E L C & 7o, RIEIEEWRERMEZ AT 5 Tio, B4 /F
TE, BREODBENTZEENVAT D, TNET, REGAFMARUCTUEEITS 2L T, REBAT T X
~€@%ﬁ@%%¢%¢5’&’W%L4h®7ﬁ%ﬂMNmﬂ%%’iwﬁi%%%ﬁﬁé’t%%%
MZLd, KTiO,a—7 4 T OWBHA > 77 b~OERIZIZ, £V %DH%F'WT@T?EJ'EEE%
PLEMERBD M ETH D, & 2 TAMFIETIL, SeMiEiEt: o v gL IC B 7 =R ICEFH L, *Ex[ﬁbh?r?&
FRAIEIC & % PR3 - B ILTRNN TIO D ERLZ BEY & LT-, 15 5407z TiO, B SRR TR B X D P
P& B L 72,

2. MIEHE
2. 1 RHFR-ZBFRHLRMTO RO IER
BE T AF B A i L 7= T2EFARETF Z > (CP
Ti, Gr. 2, 12X 1 mmY) % HAp & L THW,
Fig. 1 |7 BB LIEIZ LD TiO,
WA ER L7, —BERE B IR &= L &
L T N2-1%CO ZPA% H 1073 K, 1 h 12T
BB H I ERLALEE & LT No-1%0, 75
LAF 973 K, 1~6 h 12T, TN ENEULH
AT o7, —BeMEE %1%, NaCl s %
A9 5 Ti(CN,0)HDG B ATz, 7235 . XPS
AT LY Ti(CN,OfHF D C:N: O &
Lttt 4:2:5 Thot-, BEFEHZIX
P L AL R R 12 i%fwfn%w%wﬂ
TiO; L 7¢» 7=, Fig. 212, 67z TiO;
ﬁ@%@xiumﬁwmﬁ%wﬁﬂﬁ*
I T EERE HALBRRER OIS R L
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1-3 Hm *ir’c‘ébof:@ Fig 31T XPS \jf):r 2 Tio; i g (@) I o ‘c N 9 (b) ' 2 c N
DRIEHMOMMT 07 7 A MEFREROMERT, ST o], s wor| 1
TiO IR, HHEEZEA L7\ Outer J§ & 3% - EHF & of T £ of —
REHTS Inner BO 2 BHEEIC /25 TND T LMD § o Qe mer S o |
%, Fig. 2 1T L7z & 912, TiOp 2138+ nm A — §z+T’J%§ | *Tigﬁﬁﬁ
H—D R A }:‘753‘%%?—733?}%7175\ Zhix., —EREHIIC 2 QWFJA et gul :.?(,::zg‘im |
TICN.0) & LIl L Co e pisodiins, —BiRn TV g R g TV
BUZED CORe Np T AL LTSN &R L I P — e ,
TW5h, £l ESCESN £ 5 € e N

BN T MOBHNE VX EXECLOA 5 4 SR ET! el T
ELTe, WIRORMES 60 MPa LED#EHNERLT  §, owime 8] omime

D, RS, CBRBERAGERR L 2h ORFHC RN T S T %Mgf‘;{, R
70MPa Ll & mWEE I ZR LT, - ;" J‘;a“ 5 | _jf

2.2 RmE-ZBHEHFMTOEDRARABEE TFIZE T 50 75 %0 WWW%%Jﬁém

Etching time, ¢t/ ks Etching time, ¢/ ks

2 IE T Fig. 3 XPS depth profiles of atomic concentrations
AR E LT 400 nm UL FO#EE S v b L7=Ft&  of Nand C in the TiO; films formed by the 2nd step

J T TR EE 15 mW- em) % i, B ¢ v Lreatmentat 973 K for treatment times of (a) 1, (b) 2,

BB 010 & 0 KIBEEC R B B 2 T L 7=, Fig.4  (©3and (@) 6h.

(2. 15 min O AIHDERS T I KOWEET FiZd1T 2 Hiks{b

AR B R A A B R TR AL L 7 B) O A R,

mfﬂm>{¢’£wfﬁ) REHT FIZ W TS LA

BOMEIFIZIE0 THY | E-ﬁiﬁwbﬁ@oto

5. 15 min @T*ﬁ)‘éﬁﬁ% Iz . ERPE H ALBERERT 2, 3 h
@ﬁi*ﬂrélm\fﬁ%{téi‘éi@x#iﬁw)—lﬁ“@btgxgo%
D KIGEE DIFERR L T=,

AEEE O B 72D D AL D v B R HALERIRERE] 2 h

DFABHZDONWT, 55-TP A F-1-t'1 J -N-FF T R

(DMPO)Z At T v 7 A& LTHWIZESR AE Vb

Ty FHEITE ERT VI DEMESHT &21T - 72, Fig. " ‘i lized bers of viab|
- . - = wpagt -3 Fig. 4 Logs of the normalized numbers of viable
e i’{bt ESR % 7 F/V‘%T?ﬁ" Efﬁ_jt““%ﬁﬁ S bacteria on the as-polished Ti substrate and the TiO-

[N HE'ETT‘; Vbe R n#\/?‘/ﬁ’l/( OH)DE—=7  films formed by the 2nd step treatment for 1-6 h

SREAE R THR Y, MEYEMEIC L 528 e after visible-light irradiation and placement in dark

5 DH L DAERRATIE ST, for 15min. **: p < 0.01, ***: p < 0.001
PLEDOFER S R E DENT-HE A L, A

JEHRSS 156 IS TH BICAE R A S 5 K - ER LI

HiFH TiOp I A — ERp B IR i Ic L 0 fERI T & 72,

3. ZEXG
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photocatalysis in nitrogen-doped titanium oxides, Science, 293,
269-271 (2001).
2) T. Ueda, N. Sato, R. Koizumi, K. Ueda, K. Ito, K. Ogasawara, and T.
Narushima, Formation of carbon-added anatase-rich TiO, layers on
titanium and their antibacterial properties in visible light, Dent.
Mater., 37, e37—e46 (2021).
3) S. Sado, T. Ueda, Y. Tokuda, N. Sato, K. Ueda, and T. Narushima,
Formation of photocatalytically active TiO- layers on Ti-Nb alloys by Fig. 5 ESR spectra of DMPO-OH
two-step thermal oxidation, Mater. Trans., 60, 1814-1820 (2019). radicals formed after 30 min of
4) S. Sado, T. Ueda, K. Ueda, and T. Narushima, Formation of TiO, placement in the dark or visible-light
layers on commercially pure Ti and Ti-Mo and Ti-Nb alloys by irradiation on the TiO; film formed by
two-step thermal oxidation and their photocatalytic activity, Appl.  the 2nd step treatment for 2 h.
Surf. Sci., 357, 2198-2205 (2015).
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Hydrogel films for controlling the interface between high-density microelectrode arrays and microfluidic
devices
by OYuya SATO, Hideaki YAMAMOTO, Ayumi HIRANO-IWATA and Takashi TANII

1. HAEEH
BT LA (MEA) (3B OIA F N7/ NEMmZ AV CIEEVENL DR AL D iash BN AL &
FERANFHT BT 34 A TH D, K, MEA FHRITIX, 1 ms LLF OO ER /O iFRE CIEENEAL 2N 3L LTz
AAIVTEFUTHZENTELN, 1T v 7OEMEILE S 64 F2E T, 2 FEJ/\ﬁ”AE%)%$);Z$$’ﬁ®FﬁBm (i
BIE 727 /54 AT 200 um FRJEE) 12X > THIRE Tz, ZORBEE T, BEELSEmRT LA
(HD-MEA) DOBRFENHED Hiv7z, HD-MEA Tld., BRI L7727 4 X NVERIC K V5 E2~ LT
LI T L, TA4— NI #7 Xy REEBOEREMRTIA T 2720, BECEMmE L2k
\ZHART 2~3 KT 5 L7=, Bl21E. Maxwell Biosystems -0 F ~ 7 T, 26,400 fEMRZS 3,265 FEAR/mm® D%
FECHA SV TER Y | oK 1,024 {E OB & KEE 53R EE 50 us CHEFANVEM 23T 2 Z N TE 5, 2D
KB LA OBRIZE VU | #RIEEN NI T 2 e /0 fifhe & Z2M 0 fRRED N L — R4 7 D3Rk Lo
DOhb, FITHLIT, ARy N U — 2128 A RIEROMESE LIEE) Y — 2 ORRE TR D
ZLEEAME LT, A 7 vk T A A %M > T HD-MEA EICE#EMRA A2 Y —=0 7457k A

o TR

2. HAREE

HD-MEA EIZ~A 7 BiitihkT /A AZBERED (1), 22127 v D RIMEE MR AIE 2 5588 L7z & 2 ok
T-% Fig. 1(a)l2~d, HD-MEA FHEIZIEE um DA T?f@“ét v Z OB SEIER A2 — 2 DIMA
WCHERFERMICERE L CLE D Z &ML RoTc, 2D XD fxi’%ﬁﬂ%ﬂ: X, it HD-MEA ICb .o 5 b
DTHDH, bHAA, HD-MEA TNA AKEHEFHLTH LN D~A 7 mo.m:ww A DEAEMEZ YGE
T DO DOEBEN R TETH 5D, £ 7261 21X MultiChannel Systems #:=D %L 50> K 5 12, i O HED =
VN HD-MEA HIRTEEINTND, L LEFEDT /A A i%h%ﬂ*@ﬁﬁ%*@iﬁt& WCAEPED B B 720
KA 2B L TR 28R ET 5 Z I3 LV, 20RO MEA & H~<T, HD-MEA TlI#& Ak
HOETEIENT  FICHOIAEINTWDHTeD, HRTTTF v 72 F T 5 2 LITFEE LR TH D,

Fig. 1 (@)HD-MEA OEHEIZIK () &, ~A 7 BifiET A A 2 EHERE L7258 OB ok E
@*a*z% (F) . MR XL 3E NeuO TH(E L TV 5, (b1 R ba—T ¢ v 7 thd HD-MEA

W~ A 7 afifhT A ARl L2 E OB OKREDOHE T, AlXTYa— L EEiEs~ A7
0 F v RIEOILKEK, €)% A 7 BfET A ZADTARICBFEIC AT —= 0 7 TE MR, STk 1,2
X0 R,
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HD-MEA ~D~ A 7 aifiilks
NAADEEMEZM ESE ST
2. FAIET A ADOFKE %
JESHI2 um DA R a ZF OV
EfidT 2 HiEEBR L, B
] A = N o PN o e 35 )
BRI EDO—FETHDH 2T —
TFUDTNVETT NA ARKE %
BifiL, Thzr via Al
THIETCEAENEM LT,
ZHUCT XY, IR AR ZE
LS — MR T % R
% 31%0 5 B1%ICH S S E D =
WP L= (Fig. 1(b,c)).
RSB O IRIE X, B &
AlfL & OFERED BN D DIZHE -
T T D20, ~NA FaF
JE EAF T D LS AR IR
ML+ 5, ZORDOES
WEREDL Do, FHElEh
P WA B A DAE BARIE D b &
7T LNEANA Rr T ILOR
T L, N FarLEs
A L7z 2 & THRIE O F yufi 23
29%/ LT=b DD, ) A XL
VX0 IE IS E W IRIE TR E)
BALEHIICX TN D = & A4y Fig. 2 (a)F ¥ = — /U ERIE AR R R Ok (1) & HD-MEA
- FICERE L=~ A 7 vk T A 2 (F). (b) LB B R AR IES)
NA R uEzEa L Chiho DT ALZ—T vy b {[EENEMPEELTZFA I T 2R TRT.
it~ A 7 afiiffk T N4 2% RpDEV2a— VBT 2EEBOLEHAISNT-EEEATITL
AW TEE B AN & R X — = 7o, FEBeAREM XA 2 FTRAE LICRISEI ORIk O 1.
YT L, FRANE = EFHIL ()72 5EY 2 —NZET HEMEC), F—FT2— BT D
74 % Fig. 2(a,b)lZo~d, [FHS Wi (d) TRHA SR ENES. RBEMmORLE. Bk
—AMPEE A I TR, REIRREGI AN E U BEOE . TEOEE ORI, 3
% < OB BV THAEAIAE O EEEOBMOEA LIS L TWD. Ei2(c) & (d)IXFE—n
st EN 52 (Fig. 20F A IV TRHHIIESNGEBEEZ R LTS, SR 1,2 XV xi.
B, WA yE KT 5 &, Rip
BEY o — LICELE S T E
TlE, ZFNZFhOEMm T 100 ms OEFZENELE L2 (Fig. 2(c) FEY), — ., H—DEY 2— /L iESh
B ClL, FEM CHE SN I-IREENE S ORFREZEN 1ms LR Th -7 (Fig. 2(d) FB), Bi& IX#Eh
w/¢A4f DU THRHIIEN DN, BEIIAIRETH D,
ok mnﬁAwmwﬁ% MR ATERT 52212k BV a— VN TORSFRIkE WoTlo T
U OBRPENT ARV | ARRREIEENE O AEIERERE AR B A ST T 2 7o D OB LW AR A 2 5 2 &
MTET,

3. EEXR

(1) Y. Sato, H. Yamamoto, H. Kato, T. Tanii, S. Sato and A. Hirano-lwata, Microfluidic cell engineering on high-density
microelectrode arrays for assessing structure-function relationships in living neuronal networks, Front. Neurosci.,
16, 943310 (2023).

(2) ALK, FEES, SR, ~ A 7 aiitihT A R Z F 7o ik E g RE 0O FEHRL PR AL, oA
WL (Fetath).
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AVTSOMRATI EERASARADIY T TZILTHA Y
—HEREEIE T/ Ay AaREIZE ITHAREEOHRE —

FOR TERFEB LB ESR  ARERER, BB (7074 THIFRES) « K8 TR0/ 7 A TREFEES)
ALK 4 mAT B SE T o B NS E

RBER A A B TEAT AR

FORER SRR AR BITERT i Bk

Material Design of Ti based Metallic Glass Surface Applicable for Implant
— Appearance of Antibacterial Property on Bioactive Nanomesh Surface —

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

1. BARE®M

REZFORT I, A 7T e U TERTBEREZ AT 5 Ti &R 7 A(Tid0Zr10Cu36Pbl4)
U 7R v Fsti & FAC KR O NN - FnEAFE=E L 0 15T, ZHICKEVERILFIEIZ L B L 72 A KTE
YT ENT 7 AFBEIE DT ) A v 3 a iEEORRKEE M OBER L DM 2 G TR LT 7 = 5 M
L—HF—BBHIC L D~ A 7 uiiE L 2 AGbEl~A 7 0« F 7 BEEHIEEmICOWT, ERER K
EMIFOEIC X 358 -B1E 15T, WIRA > 7T o MEBHCENT T2 EBI R A D T & 7=,
TRy aEETENT 7 AR T E AT IR O A 7T v MmiT I EZERA bR ED 51T
b0, FEHOPIEEAMEE 720 FEFEE TICE MU @2 EGE LT, T/ Ay 2 E@F Na
EDAFT R EID T Ay v a R\ AT /R BERTEDHZ L, =, TEORESHDOE
R DOXFonbitiEnsF b OF L— MIREHWD Z LT Ag T /R OBEHEENRZEZ 5
NHZLZMBL, M UACKVEELE Ag T /R0 6O Ag-A A I K 2 BrE R O R
DHHEEPE & CHEERE D 7=, ST, PLEFFEO BIGFHIICINZ, 2 5D A 4 EE S 7=k,
A AU EBRER A EZ TREINRRD Ag T/ ki 2 REICH OREIO AgtA A IR HRED ik &
FEAIICATV, KRVENTHEIEZ R D O 2 REAEEEEZAGNIT L2 L2 HE LT,

2. EBRAELEZHAHONESEY

DNGEE - Fn AR L v #2252 17 7208 10 mm, JE & 0.03 mm
DY R Ti b B H T Z(Tid0Zr10Cu36Pbl4) Mtk 2 £ & 40
mm I L. 7~ BRKDIETENEN 10 5T o835
WS, RRFEFAS T 60° C CHBEE-, X 1@Q)IC~dHE
W Ti B&E T 7 AR EERAMm, AelRExiiie L, 7V v
THEE L CEMME OMEEE 4 cm 24/ 5728 5 EREER 5 mA/cm?2
ZEIINd B KRB S (HE) 21T - 7=, = 2 CTEMIKIZ 5
M KEE(E T b U & AOKVEIR, BOGIREE 90° C, SOGRERTIE 1§
fMThsd, LT/ Ay aBaEmR LIEERES N UE
A 1 %viv FEER KR FICRIE LRG| & B 72 1% IC iR ©
60° C30 /7y izl SH 7212, —F 5 M ¢ NaOH /KIFIE 2%
LT HEHMATHSE L, S HICHE 60° C O EE TS
O 1D THF MY T 1y P a— MNCOYE ZIT > 72,
HE 3 X O CD LB 0k 2 1 em A UIWT 4 . PP & JEE R IR
] 2 R & SEATICHRE L. 10mM fBRER K IATE 20ml N %
A2 FaX—F—T 37° CITTHK 48 BfE#HE T 51X 1(c)i
TRTERA A BBV LR 24T - T, K ALE % OREHT A R
Jif% 12, FE-SEM, XRD |2 X % it 8122 3EA N 2. C. Hfil 1 (HE ZLHL, (b)CD ALH, (c)Ag
APEIC L Rl OENIEEFAM, FT-IR, <46, XPS A A2 B AALIL DO AENE X
(2 X DR T DL TFHE R 72 & O 21T > T2,
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3 RRHERESHOAE
B 2 1B U C T F

RBROMREE £ L0 TRT, &bl

LB 54 10ml H1C 24 BEEIIRE L7- b 70

IZ E Coli 5mI(1X 105 CFU/mI)% Nz 7= £ 60 . Silverionselution

B 24 WIS L= b O DBEEMEIC | B %0 T , \
LV E Coli 0¥zl 5L bica [ 40T Decrease I
R=—ORb B CHB L, 2 | in bacterial |
FE—L, B L TR Ti AR Y %iz' :izf/// Perfect
7 A, HE LB 72 &5 TNT CD ALEL D £ 0 disinfection
HETIHIZER CBETH- -0t | 2 - |
LC. IE QP43 L OF CD/IE JLFit% S F N — | i
SR CIHBEEIC L B E Coli 2L Samplg )

TRPLEMED HBL & MR T & T2,

AgHA A OREFGERY 72 Ji AR E O FEAT I
PR RERLICE > TRAIKRART — 4
L%, FIT, MR EZE 2 T, Rl
BIT5 Ag b kit EEEZESHREO
Ag A A R E ORI 21T o 72, 2 Ok
B2 3ITRT,

XY IE LEKITF MY IRRE
L 7= CD/IE #EHZE IEL12h JLEE DO FREHZ H_ T
15 b mEvy AgHA A v ORI D35 b i
HI b, REIZBITDHLED Ag T/ KL
FOIFEZ T Z &L IS12h & 1S24h (X1FIF
M UC&D AgHA A U IHRE CTH - 7-DIZ
KL CLIS48h 1L & BITEV VLIRS & 72 D) |
17 HRRB L7 Th > TH I HITHEV AgF
A A U IR EE D ERE L TV D T &3y
S72, &5H|Z 1S48h & CD/IE12h DikElD
Ag A AU 7 e 7 7 40 10 | CD/IE12h
(317 B MR A HME D 30%FEEE L 2~ Ag
T RLA- I3 S TR DIZxF LT, 1S48h
WEFCIZ74% H O Ag T /R - T D
R ESIBICEMICOIED AgHA A R
ARETH D Z ENRENTO),

4. SEXW

(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) N. Matsushita, J. Nishimoto, Y. Kubota, M
Honda, T. Wada, H Kato, T Hanawa:
“Antibacterial Design of Bioactive Nanomesh

Ceramic Layers Using Chitosan Scaffold , (1 3. %aEtD AgrA A v R PERF A
Invited Talk in JW2022/DEJI2MA, Oct. 25, (@)IE12h & CD?IE12h
2022. (b)IS12h & 1S24h & 1S48h
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SYBE S - EHRRE AT
£ AR Au-Cu-Al IPIRECIE S EDHEELIC K HHMHMEE DR L

FORTERY: BHFAHEANAIRAITERT  AORPEESINBIZEET

FOUER SRR ERME T2 Ol R

FORLEERY: BUFHEANAIRAITERE 7 v 7 « TR BT

(G RAPEESINMFITAT) Kang Wei Goo, Ef#ifs, Tso Fu Mark Chang,
F e, SARIEN, FRE A, A M5

AL KRR B th “-IF e 7Y SATE IS

FOUER SRR E MR B T2 8T Rk

Mechanical Properties Enhancement of Biomedical Au-Cu-Al Shape Memory Alloys by Phase Manipulation
by OAkira UMISE, Kang Wei GOO, Wan-Ting CHIU, Tso Fu Mark CHANG, Masaki TAHARA,
Masato SONE, Hideki HOSODA, Hiroyasu KANETAKA and Takao HANAWA

1. AREH

Au-Cu-Al A41%, EREAGHENEL, AuD X d B cHEE
ELAAIE, XBEZIENE W, EEERD R TOMH
NHIFFCX 5. 72, Au-CU-Al EE&DOEIRMTH D B (L2,
) LIREMTHDH~T %A ME (M AH, Doubled B19
i) OO AIWRFEZERED SR LIS (SME) 23is &
NTWb. LER->T, SME 3% OREENS, S 5IC4K
EREA~DIGAN G D. L, ZhshE Au-Cu-Al 5413
KL REE O T O I e <, OT 2L 1%L FTh DH Z &
RSN > TWAL]. 2D X 95 A el ORI FUCIEM A 2 Figd 773K (2815 %5 Au-Cu-Al 540 =t
BATHZEICLY, kAP Sh, G0N m LT 25 RIREEX(S]
EMHESNTWDI. 72, BREESEDODE T,

Ni-Al-Fe 54X Co-Ni-Al 5472 & d Ni-Al Z&a D et M fH

ORLFUIEVER OBEANT 2 Z L2 X v ik d 5 Z LI L

72[3]. 51T, Au-Cu-Al REEOHAYIHEE DOF _EIZ-DW\T

bR DR HRE STV 5 [4-6]. 2 TARMFZE T,

Au-Cu-Al RIZHEVEFICTH D a-fec FI[7T]ZEAL, M FHELED

BMAOME 2 ESE 52 2 AN E Lz, AWFE T, #ix

72EE O a-fecc fHEFFOGEESDH 720, AufRE % 50mol% T

—EEL, BEEERLE. A LEEE&0MBITENTR

50Au-38Cu-12Al, 50Au-37Cu-13Al, 50Au-36Cu-14Al (mol%) T

&% .Fig.1liZ Levey 512 XV #is S 4172 723K 12815 % AuCuAl

ZIRROERIRIEX Z797[8]. ZORERNG, ZHEDEE  Figa 296K (235175 XRD 707 7 A /L
WERIC XA TA AHTIALET D, LIz -> T, S4aflkoiE (2)50Au-38Cu-12Al, (b)50Au-37Cu-13Al,
WL, M B I a-fcc FHOLFRLRIZ R % 5 237, o-fce (c)50Au-36Cu-14Al

OB RIZTFETHHDEE XTI

2. HAREE

2. 1 #A#E - HBER

Fig.2 ICHBADEIRQR6K)ICHITDH XRD 727 7 A VERT. T _XTOARENEIRLT M+afecc O FH)
RSN TWDLZERHLNTHD. ZI0b, afcc & MAHDOE—VBEZ T 5 2 & T, A7
FIRZITPRIIRD D Z ENTESD. MO E—27 {104 & o-fcc HHOE—27 {111}, AV CE— 7 %
AL, BBXETOMYRERD-. ZORE%, 50Au-38Cu-12Al, 50Au-37Cu-13Al, 50Au-36Cu-14Al DJIEIC
FAXTHI 72 a-fec FHOFEIG DT 2 Z LR LN E o7, 2O, Au-Cu-Al @ 773K FRMX & K< —
FLCW, &5, £A40 M KT EROEEMOZEITIZEACEBETE 1T E/NESL, ZUEMH
DAL Z D 3 DOAETHEL L TnWDHZ L& /RLTW5. Fig.3 (2 SEM THIZ L= A4 Ok % R~
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9. XRD 70 7 7 A MZBWT, M7 a-fcc DEE 1 &
7\ 50AU-38Cu-12Al (Fig.3 () DAL TIX, SEM BIZHB W T X
DNELDafecc REENTWBEZENHGNTHD. KIZ, a-fee
D AR 4y R BN L 72 50Au-37Cu-13Al (Fig.3 (b)) T I,
50Au-38Cu-12Al & tbifs L T a-fec FHO M LTV, ik
(2, MR 72 o—fee DFHZF 3R DM & KV Y 50Au-36Cu-14Al (Fig.3
©)TiE, R~ T YA N L — b EHT5HMHBEOR
NEELSNT-. XRD 7' v 7 7 A JL(Fig.2 (c)) CHIZE X7z a-fec
DAFTEX, o-fcc OFERTED DR, BMICHRET 52 &
MTE oI, Fig3 ~ SEM ¢  (a)50Au-38Cu-12Al,

. (b)50Au-37Cu-13Al,(c)50Au-36Cu-14Al
2. 2 HmeonE

Fig.4 [IZ=EIRIZBIT 285 88DIE -0 A2~ d. &6
& DIRE & FEPEIIA Y72 a-fec DALY RANE < 72 % & HIN4
HZEBRHALNTHD. 3D2DEEOHOLFERAITIZIER T
ThHoloZ LD, AT 2SR 0 B2 1 T AR
TXHZEWNRIEBENT-. SF Y, EBOMEE DR EIXTIC
a-fcc FHHOEIGEDOBMIZ L > THEGEENTZOTHD. £,
50Au-38Cu-12Al (Fig.4 (a)) i 2 BEFRRZ R L, ~ v T7 %A N
MOFERINCERNTIHEDEEZLND. ZDOI L5,
50Au-38Cu-12Al 1% M FHORRE A HEFF LoD, i H) 72 & D a-fec
FEZEAT DL THRROEEZM ESELZENRTESL D
EBRB LN IR oTe. A%, KRR & RO ~ DT
DNTILIZHFIL, BESETWTETHS.

Fig5 Iz~ /L7 ¥4 AL afiZ &40 UTS & kKO
T HOEFRERT. ERIIZTXTOEEIE M LW a-fce
“HAEETHY, afcc DHGERRLLIAETHDL. LE
TIZEH e a-fcc fHIC MFHZ B AT D Z L T, GaOHRONE
BbmbETarzezHoMcLTER. LML, AiFED B
50AU-38CU-12A1 [ KIRIC [ 1 U7 MAREOME I 2R L, oofec P95 /7 w9 ML o e ST& 600
a4 (O) BERafc MEEL G MAe (A) Loy UTS SRMETOTHOMEK
XD EVMEE R LT, 202 EMnD, Au-Cu-Al & IZB W TETREE B0 BAF A A b &2 L4
5729021, o-fcc FHOEIG D LEHIE D M-rich B8N EE LN EZ X TV 5.

Fig4 &71-O3 2 dhif (a)50AuU-38Cu-12Al,
(b)50AuU-37Cu-13Al,(c)50Au-36Cu-14Al

HHEE
AT ILJISPSTIFAZT E21H016688 L TUN20K20544, EFE - FEEFEEA T 7—R A/ R— 3 MBI
DEJPMATAD IR, EW L 714 74 /) N—va VU AT LA v Y =7 FNOBMBERIT-LDTHS.

SE 30

(1) H. Hosoda, T. Hori, T. Morita, A. Umise, M. Tahara, T. Inamura, K. Goto and H. Kanetaka: J. Japan
Inst. Met. Mater. 80.1 (2016) 27-36.

(2) D. Anton and D. Shah: MRS Online Proceedings Library. 194 (1990).

(3) K. Ishida, R. Kainuma, N. Ueno and T. Nishizawa: Metall. Trans. A. 22 (1991) 441-446.

(4) A. Umise, T. Morita, T. Hori, K. Goto, H. Kanetaka, M. Tahara, T. Inamura and H. Hosoda: J. Japan
Inst. Met. Mater. 80.1 (2016) 71-76.

(5) A. Toriyabe, W.-T. Chiu, A. Umise, M. Tahara, K. Goto, H. Kanetaka, T. Hanawa and H. Hosoda:
Intermetallics. 139 (2021) 107349.

(6) K. -W. Goo, W.-T. Chiu, A. Toriyabe, M. Homma, A. Umise, M. Tahara, K. Goto, T. Sannomiya and H.
Hosoda: Materials. 14 (2021) 3122.

(7) F. Levey, M. Cortie and L. Cornish: J. Alloy Compd. 354 (2003) 171-180.

(8) V. Raghavan: Journal of Phase Equilibria and Diffusion. 29 (2008) 260-261.
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GYBF A - ERERATE S
IKBRM D DIHTH & ZDRDOMEBNIEIC K 5 ZELERED K

FURER R AR o8 Dskh . RS, BENR. O —
ALK TR R+ T /NI Z

Formation of iron nitride film by deposition from aqueous solution and subsequent heat treatment
by Hiroshi KUDO, Taishi YOKOI, Masaya SHIMABUKURO, Masakazu KAWASHITA
and Tomoyuki OGAWA

1. HARBEW

B, DAOHKIEBVEDRBFE L LI~ 7 3% 4 b (Fes04) MIA< B, BRINTIX FesOs T / K1
T TeREME AR S IR I O IR BVERHI AV B AL, BISLARDY ASCIENR DY ATk 2 IR BB O AR R b
HHITND, HE DX, FesOs LV bW afiiifbz 92 b#k (FeuNy) (ZHHEE L, T EREFEICHNWS
HAEEDTND L2, EHE 20~30 um O FexNy /NER X, DA DOIBEOEBMMENICEEY ., TR A
ZRFTHIINE L TR T oML E LTERATH S EiIfFES NS, 20X 5 72uhekix, WiHiE 22k~
a7 LBV H (Si0) RH T AWK T DEEICAF KBS AT S, Zha@c - 2425 -
LI VELNDAREMEN S D, AMFFE T, Si0 = 7 —FeNy & = VUNERIERLOFTE RS & LT, AT 4 K
W T AFHR L~D FexNy TEDTE AL % 5 A 7=,

2. IERE
2. 1 RSARASREREADA T KEELEIED R

EPTHHEIC L > TRATA FH T ZAFER E~D A% 2 KSR D TR A 3 A, IR1EH O A 71 (H3BO3)
TR 35 L ONZIE RT3 A0 S KBR L BRI DT R RAE T B 2 5~ T,

30°C @ H3BOz + 7 v b/KFET »E=1 L (NHsF-HF) - =7 v {b#k (FeFs) DIREG/KIEK 20mLIZ AT A K
77 ZAEHM (15 mmx15 mmx1 mm) % 1~72 REfEIRIE L72, HsBOs, F B LU FeDREIX, Ei L4 0.1~
0.4mol/L, 92mmol/L B X044 mmol/L & L7z, SbNni=W 7ok z2 X RErEE (XRD) 12X
DI, TR A EEMEFBMEE (SEM) IZX W BIEE LT,

HsBOs-NH4F-HF-FeFs IR A KIRIRIRIE R D AT A K4 Z A A D XRD JIEF & OV SEM B2 0 #E R (Fig. 1)
\ZZAUE, HaBOz HEEEZS 0.1 mol/L DBAIT., 215 72 BEfEI% b Hobr B A2 S k(LRI TR L 22 o 72
23, HsBOs RS 0.2~0.4mol/L DA X, ¥ T IKB(LEkD—D2>THDLT 7T A & (B-FeOOH) 72672 %
PN FERR B ICIZR L TNz, F 72, B-FEOOH RN A T A R AT AKM B bR L < TET 5 HaBOs &
BLOYVREREMIL, ZTNENn02mol/L BLOV48EEICTH D Z EMH LN E 72Tz,

Fig. 1 flix ® H3BOs i D HzBOs NH4F-HF FeFs IRG/KERIRIC 48 REHIRIE L712 A 7 A R 7 ZFEMR D
XRD /"% —r (F£), L OEM LI S 72B-FeOOH D SEM FEH s L ONEAIRIE ()
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2. 2 BYRLRBICEDAFIKBEIEHEORKE
FE W A HBOz 2 E 0.2
mol/L @ HzBO3- NH4F-HF-
FeFs IR G /KIS HIR{E I 48 IKf
MgET 5 7 ot A& M0
BTk, ok E %
ATz, EOREER, Fig. 21
A X DI, EYBR IR E
DV IR LRI HE LT
WAL, £z, 1EIORET
9 0.75 pm DB-FeOOH fEEAs
R L., B 20~30 um O
Si0; =1 7 —FeyNy o = L/
KA 152 O\ i 7e , JE S _ i o o )
5 4 %\ \ 3 10 pum Dp-FeOOH  Fi9- 2 HoBOs NHAF-HF- FeFs IR AV IARICHR Y I LRI LI=A 7 A R4 7
0% 6 [E 5 U T 11 [\ Ok AFMD SEM B EH, XRD /™% — >3 L O _EIC R S 472 B-FeOOH
0B LB ko Tppe ROTEIRE
XHZENHL ML T,

2. 3 FXIKEBEHEDET - Eit

B A X D KBRAL BRI DIE T - 24 A 77272, HaBOs NH4F-HF- FeFs IR A /KIAIIRIE % O At 2 Bk T
Vet U, 24 BRE2E S 72, iz, Bl BICHRk L 72 B-FeOOH 4 85K (a-Fe ¥yoK : —¥ckifk 100 nm LLF)
\ZHEfl X, AKFEH A 300°C T 4.5 KR, ft T T7 v F =7 FPA T 150°C T 40 BReRAINEVILEE (Ho-NHs i
BOLER) Uiz, ZORER, FIEZ SR S 7203 5 Ha-NHa INBVLER A9 & | RIBEAFEER) 500 nm @
EAbgRBE A b L7z (Fig.3), —J7. B-FeOOH [ % $ffy i Bafil X 9712 Ho-NHg INEVLER U 7= 35513, TR
ZlbESNieho Tz, ZHUE, B-FeOOH DR T ZALITIL, RIS BFET 20N H D 2 L 2R
LTW5, F£72. EER 5um & 25V EH 10 um DO B-FeOOH 5% H-NH3 INZMLEL9-2 & | B FEAR A & e
LTLE o7, ZHUE, He-NHz IBVLELZ X - T, B-FeOOH a-Fe & #% CEALEKIZZEILT D BRI, BBEDILAE
BDELD-HEEZLND,

PUbXo, 274 KHT A
#i% H3BOs-NH4F-HF-FeFs i5
KREERITIRIE L, DOk, FEHR
FAZTE R & 7o 6 % gk (2 82
fih X, KFEHTAH, FHNTT
VE = T R TNV B
FAUE., R BT bR T
RTEDHZENRHELMNE RS
=, Atk BEK 5~10 um DB-
FeOOH fi5 % I = 37123 T

ZAbT 2 INBVLER S & R

TUEND D, Fig. 3 HsBO3 NH4F-HF- FeF; RAKIBIRIZIER . Ha-NH3z INEVILER L 72 A
T A RA T AHMRD XRD /3% — 5B LU SEM BB

3. EXH

(1) M. Shibata, T. Ogawa and M. Kawashita, Synthesis of iron nitride nanoparticles from
magnetite nanoparticles of different sizes for application to magnetic hyperthermia, Ceram.
Int., 45, 23707-23714 (2019).

(2) M. Shibata, H. Kanetaka, M. Furuya, K. Yokota, T. Ogawa and M. Kawashita, Cytotoxicity
evaluation of iron nitride nanoparticles for biomedical applications, J. Biomed. Mater.
Res., 109, 1784-1791 (2021).

(3) S. Deki, Y. Aoi, J. Okibe, H. Yanagimoto, A. Kajinami and M. Mizuhata, Preparation and
characterization of iron oxyhydroxide and ironoxide thin films by liquid—phase deposition,
J. Mater. Chem., 7, 1769-1772 (1997).
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SYBE S - EHRRE AT
MIEMIC L 5 F 7 D RE~NDEEAIEREREF LS

FORER R R AERMR TP 5ERT RER, OBLRRFYR, SO, JITFF—
FALKR @B B FERT HREZ

Visible light-enhanced antibacterial activity of titanium surface with copper modification
by Po-Cheng SUNG, OMasaya SHIMABUKURO, Taishi YOKOI, Masakazu KAWASHITA
and Takayuki MOKUDAI

1. HARBEW

WEHA > 7T 0 N TN, 2 W OB, BOEREES A 7T o NEHR BT~
MR SN TWD, A 7T NEAKRE TIT 57203 A 7T MalRT 5T % o REIZENT,
HEOR S CBE L 242 Z ERNEE D, L0, BMESRERFA LA 7T v MREA~D
PEMEMENA 7T MEABEROTHICELERIN TS, FH¥ R, SefEsh 2 R4 mibF 2
WZE > THIB I TV DD, FIZNRORBBUNT MBI E B2 L TENNERA DN LE L e D720,
APENTHRT 2 E LT E LS 2, TZTARMEI NV—TTlE, FH¥CEREZLE L, 46X
HAERICL 2RI ORI K- T, S R 2B T 5L T ¥ VORI A TN D L
AFRE T, i1 A OEHIC L > THREIRZ RS Z & 2212 A T, LT Z v odhflit & U CERT
L2 LSS TELHLAEMICER L, REWEEN CTh 2B b KSE — MBI L 352 & T, 7/
IENTINE T D SRE AR L T & v J8 DRI fLA T2,

2. HAREE
2. 1 REFFMEETH®
ABFFETIX, BN BRSNS 2 R iR b kS — INBVLEL 2 5 LU, INZAETIC 0.001, 0.01, 0.1 M Oz
SAVAIRICIRTE U, Wbk E — FRERER — INBVLEL & 92 = & CHHEMB LT ¥ > OB EICER VAT, K
FROCTIEL, R T & > BER b KT — INEVLER 2l L 7= & s KON g k/ksE — (0.001-0.1M) FEFEER
— NESLBE % i L 7= % > % Z 241, Polished-Ti, H,0,-HT, 0.001-, 0.01-, 0.1-Cu-HT &4 L7z,
Ho0-HT K 0 8 B IR o fkii S 23 8l82 &7z (Fig. 1b), —J5. 0.001-, 0.01-, 0.1-Cu-HT Tik. #8 H Ik OfsHm
R IZIN 2 T #i A& a7 & T DKL T O D N ERE S 47z (Fig. 1e-e), & B, Mok 7% X% 0.001-Cu-HT
<0.01-Cu-HT < 0.1-Cu-HT DIETH v | FEEEHIHREIC L > TH A XOHIHA AIHE T > 7, EDS 12 &L 2 FK midh
BEOSHHHER LV, 0.001-, 0.01-, 0.1-Cu-HT
DFMEITIE.9.4, 11, 13 at % DFANFEL TE Y |
R I 0 8 B 0D HE ML N 3R T 0 58 18 05
L ENbnoi,
H,0,-HT, 0.001-, 0.01-, 0.1-Cu-HT @ XRD
WNE—=2E 0, THE2—PHBLONLFIHIC
B S ND E— 7 RSz, & HIZmigb
KB — FERRSR — INEMLER % it U 7= 5082 513,
AR IRB S h A E— 7 BN Eaniz, 2h
O OFERN D | BEE KT —INEVLERIZ L - T
TRk & 7= B RO E X7 4 —88
KOV F NG R DAL TF 2 THY | ik
bR E — BEFE SR — INEVALER 2 Jifi L 72308 T o
HBE I N I3 TH 5 Z L 2
HnklpoT,
RN TOHIA & B 2 BT 5 7
¥»IZ, 0.001-, 0.01-, 0.1-Cu-HT % 37 °C T/AEFE
BIEAKPIZ 28 d 218 LT, BBt o8 A 4 ) , )
B, 0.55 ppm T 1) . FERGATILE O AH L Fig.1 Polished-Ti (a), H.0.=HT (b). 0. 001*0Cu*H\‘T (c).
Lo TR Lo e, = DT, & 0.01-Cu-HT (d). 0.1-Cu-HT (e) ® EDS = v ¥’ /{4,
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B O A A R BT, FESAERE OME L SR A X (AR L Bt 28R Ol F ) OfHE
WL - T, BRREICRsT2EEZBND,

2. 2 BFREVIS T (ESR) AlE
0.001-.0.01-,0.1-Cu-HT X v #5517~ ESR
SUFNED 1:2:2:1 OFEL LR DR
#{72 DMPO-OH v'—~ (@) & DMPO-OH
LR LZE—7 (A) BDERINTE
(Fig.2a), AIfEE (L =460 nm) BRI k> T,
INHOEFREIZHEMLTEBY (Fig. 2b),
SHERTRR (LT 2 > M RIBDERSHTIRZ L T
TN R A m T Z E R BN E o T,
AR RS IC X > C 0.001-, 0.01-, 0.1-Cu-HT
MHERELTZE Fax LT 0 Ve
N2 3.03, 3.23, 436 uM THY . HfR
BIOWIE L & 1o % = & 288 57 Fi9-2 Polished-Ti, H,0,-HT, 0.001-, 0.01-, 0.1-Cu-HT ®
Lot BEET T (a) BLOFHEHAET (b) TOESR 7 F L.

2. 3 HmEAMEHE

BT « FIHEERRE T Co G T N U ERE 2 AW 7o Pii Rl O F5 R 27~ (Fig. 3). HFAT FIZ&W T,
0.001-, 0.01-, 0.1-Cu-HT D4 %$%A% Polished-Ti 38 L N HoOp-HT E XD A EFICHA LT, ZofR X
D EER LK 3B — FEERER — INEVLERIC K o TR L 2B LSRRI -0 5, $iA A 2N L, PTEZ RIS
FHELEEEZOND, TR X O
B RS T T B Eo A E A g9

% &, 0.001-, 0.01-, 0.1-Cu-HT B CliLal{f

FEHRGHZ K o TAEREBED A EIZHEAD LT

o DI, HEMHERILT X T AR

BHIC L s ThERSNTEe Faxo I oh
VBTN R OMRICFES LI-EE 2B

%, U EOFERNG, i\t — HEREH

—INEGLERIZ X > T, AIHEEIREHTIRE L

Tl sh e % /R I SE AR L T & g D
%ﬁﬁﬁ%ﬁ%@‘%@m%g®m%@% Fig.3 W5AT « AIHREIRES T O Polished-Ti, Hy0.-HT, 0.001-,
PRFTBC I Ko TS D S8 BBID 410 0 | _cu-HT G 30 min K53 L7237 R Bk =
mLdpoie, SREIMBMOMIBIEESH  woe (4 p < 0.01 vs. Polished-Ti (AIEIERHMEL).
IR ETREEMNT DTETD D 4y p ¢ .01 vs. Polished-Ti (WHDEIRHERL D) )

3. ZEXM

(1) K. Suzuki, T. Yokoi, M. Iwatsu, M. Furuya, K. Yokota, T. Mokudai, H. Kanetaka and M. Kawashita,
Antibacterial properties of Cu—doped TiO, prepared by chemical and heat treatment of Ti metal,
Journal of Asian Ceramic Societies, 9, 1448-1456 (2021).

(2) M. Shimabukuro, K. Hayashi, R. Kishida, A. Tsuchiya, and K. Ishikawa, Surface functionalization
with copper endows carbonate apatite honeycomb scaffold with antibacterial, proangiogenic, and
pro—osteogenic activities, Biomaterials advances, 135, 212751 (2022).

(3) M. Shimabukuro, Antibacterial property and biocompatibility of silver, copper, and zinc in
titanium dioxide layers incorporated by one—step micro—arc oxidation: a review, Antibiotics, 9,
716 (2020).

(4) EHES, AT, SOtk 7 e 202 K D RGN E A LA EOBA%E, Electrochemistry,
81,93-97 (2013).

(6) WHERT, BARM, ENHRE, AEERICFET DU A ZEEZ B 5 L7 TS 280 il oo Ba
%, 1BV - BV BREEFREE, 44, 174-183 (2013).
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Development of bioresponsive ceramics
by OTaishi YOKOI, Masakazu KAWASHITA, Akiyoshi M10, Ayae SUGAWARA-NARUTAKI,
Chikara OHTSUKI and Jin NAKAMURA

1. HARBW

BORBEBETD T I v 7 AIERREEE T I v 7 2, EREEET 2 v 7 2 ARRIREE Z
v I A EIND, ZHUCK L THRAITERNO S TOREICSE L CEIMICE# 2 (L I8 LA
AT OREERET I v 7 ZAEREL, b bOMERTIAAET DHEO B THLIT AN T AT 74—
£ (ALP) 2% L CIREKRFIINCIGE L TH O TR TH LT NZ A MIELT DY VR AT LD
T AEIWCER LT R 2 ED CTE 2L,

ARFZETIXRE AN T DO EHEOHIEZ B L. ALP Z N L7 RUAHR (SBF) HickiF 5 AT
VUVBHE DR DY VBT AT VAN T DO T NE A N~ b B & T,

2. EHE
2.1 YVUBIRTILALSOLEDEREXYS VA
JE—3 >

ARFFETIE Fig. LIDRTAF L UHEO R D 4 FEO

U Ut AT VAW, pH % 10 IZHHfiL-chbD Y

VR AT VORI, < pH % 10 I[ZFAE L2k

TN DKERZIREG L, 2 RO S ¥ TR & 1572,
WA Al - Gz U CRUBHFm R & L7z, BARE. methyl  Fig. 1 A#FZETHWEZ Y VR AT L D4y
phosphate, ethyl phosphate, butyl phosphate ¥ XU dodecyl — + #% & . (a)methyl phosphate . (b)ethyl
phosphate % JV N TH sk L 7230Bk 2 2241 CaMeP, CaEtP,  phosphate . (c)butyl phosphate . (d)dodecyl
CaBuP ¥ X U\ CaDoP & fi#i 3 %, phosphate.

Fig. 2 (285 5N 7250 X BEITRE 2~ 3, £ TOR

BHZ B W T LA WIR A O JE ey e a4 3 et S

Tro SBIC, VBT AT NADAF L UEHENEL 2DIF
CIRAERICE =R 7 MLie, Z2OZENDH, AF L

VHEDRLS R DI EREIRbEMORBHER A REL 2D

ZEMTIroTl,

CaMeP, CaEtP, CaBuP ¥ J. U CaDoP @ Ca & P MDE /L Lk

Tz Z A 1.06, 099, 097 BLU1.04 Thotz, D
EFV.CaltPoiFETOREHIBWTIZIFLLITH- T,

Z 2T, B A EMKITIRTE U ORI L2 ik

DCalPDOREDTEE ZNENORBIOBEMREFREE LTHE

L7z, ZOREE, 9.1x10°, 9.4x10°, 9.5x10°, 1.4x10°

[(mol/L)2 & 72 > 7=, CaMeP & CaEtP DIAfREFEDZI1TIF &

Ao EBEIN S T2, ZHUZHE L C CaBuP CIIVAMREEAE Y/ & <

7257z, & B2 CaDoP Tl iR FEFE I3 1/ & < Te o 72,

2. 2 ALPZE8H7Y 5 SBFHIZEITHRIEME Fig. 2 ALV VBT AT VT T L
SBF &, b MK & FIFEE D ALP (50 units/L) % oo X R EPTEIE.
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Eie SBF ICRUEIZIRIE L, JEHE & fldd
FEDZEAL & T~ 72, SBF iz T
PTHORE BT & A EEOED R
LiLRNoT, —J . ALP ZiRmL 7z
SBF H1|Z8\\ Tid CaMeP & CaEtP [k
WL T2 B RIETE DRI ~DIEREZ AL,
NElEZSh7-, CaMeP % SBF B LW
ALP #3001 SBF (21215 L 72 BR D REZ AL,
% Fig. 3127”77, CaBUP IZBWTH AE
TEORL - DAERNBIE SN, — T, Fig. 3 (kB SBF BXW (FE) ALP isIN SBF ZiRiE L7z
CaDoP 28V Ci% CaDoP HUlRfE G LI CaMeP o &4y & - BAMSE 5. 5.
TEHER ORI AR DB STz,
ALP ¥l SBF (Zi=7i L 7= CaMeP @ X I X % Fig. 4 129, 1
HH CIIfEREOZBIZA SN2 o228, 3 HEIZBWTY Vg
TNy NMIFE S A RIS S 4, 7 H B Tk CaMeP Hiskod
BRI EN T, RboTe Ry 7% 1 MNaiBsnhsd 7
1 — Rt Sz, CaEtP IzBWTh 7 HAICBWCE |’
BT NH A NMIRE SN DRI S 47z, —J7, CaBuP &
CaDoP |23\ Tl ALP ¥/l SBF ~DI21%1C & % B 22 [ D284k,
IR S e oz,
SBF & ALP iivJI SBF HIZEIT 5 Y VIR=AT VAL T MEOK
JEPED TN B % 72 OISR O A A PR E ORI AT Fig. 4 ALP IR SBF IZIRIT L7
720 ALP Z 7N L TV 7220 SBF IZ3UEH 221 L 72834 . CaMeP, CaEtP,  CaMeP O X #t[EIHT
CaBUP [T W T 1 A BICHMEEHICEL, 2Dk, Ca & PIREX (& @ calcium methyl phosphate,
FE-ETholz, ST, BREHEED Ca & P IREIIEMER D @ : octacalcium phosphate,
REIDIEE L —F L Tz, —J, CaDoP (2B W TlE Ca & P D O : hydroxyapatite)
FEIXRRIE T L, 2t By
AP LT Z EZ2REL TS, 210,
ZDHEH CaDoP DRI Th otz
Z MO ERE MBS X BREYTTH
HT& ol BEx b5, ALP ¥
SBF @ Ca & P REZL% Fig. 5 277,
CaMeP, CaMeP ¥ X O CaBuP (2T 1
HEIZ CaiREN EH L, Z0%, KT L
oo ZHUTY VEBT AT LAV LT ADIR
MRZE D CafRE LA 2D%DY
TN AOFTHIZ L D Ca IBEK T 2R
LTW5, —5T. CaMeP. CaEtP, CaBuP Fig. 5 U U= X7 /L)Ly L2120 L7 ALP #3N SBF
DPWEEIZHONTIZL HALMBIIE T, 13 @ Cak LU PREDRIA(L.
F—E, ER-Lhotz, T L8
ENELSRDIZEALPIZLED Y VBT AT VONKSIEREDN/ NS 720 PRY AN T AE LTH
HEFICEEHICY) VBB AT LV E LT ESTNDH Z 2R LTV D, — K, CaDoP |28\ Tix ALP #if
MU 7Ze o 7854 L RARIC Ca & PREIIOE T Lz,
DLEDFERNG, VBT ATNLAVDT VX NMEELZRELS T2 LICED., RANT T DEOEME %2 /NS
KTHEEHIT ALP IZ X DNMKSAEEENME T 32 Z LR LN o7, ZOMEEREHESHIAEERNT
ALP IZIGE L TT ¥ A ML T DAEMIEEEE T 2 v 7 ADORIGHEEHIEREIC /D LR HfF S5,

3. ZEXRR

(1) T. Yokoi, T. Ujiyama, J. Nakamura, M. Kawashita and C. Ohtsuki, Behaviour of calcium phosphate ester salts in a
simulated body fluid modified with alkaline phosphatase: a new concept of ceramic biomaterials, Mater. Adv., 1,
3215 (2020).
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Promotion of osteoconductivity of poly(methyl methacrylate) with micro-scaled grooves
topography fabricated by femtosecond laser processing

FOXERER R AR T2 e OB M. & Mk
KBRS A B FERT o, Ve —. BATHER
] LI R 272 K

by OPeng Chen, Keisuke Takenaka, Togo Shinonaga, Yuji Sato,
Masahiro Tsukamoto and Takao Hanawa

1. Research Object

Various materials, including autologous bone tissue, titanium alloys, or polymethyl methacrylate (PMMA),
have been used for the reconstruction of skull defects causes by traumatic insults. Due to the excellent
biocompatibility and satisfied rigidity and high transparency, the PMMA is widely used. However, because of
its relative high surface hydrophobic property (about 80°), the surface modification of PMMA to improve its
osteoconductivity is necessary. On the other hand, in our previous reports, it was demonstrated that the
titanium (Ti) with controlled periodical micro/nanoscale grooves surface topography after laser processing,
promoted the alignment of preosteoblast and followed an accelerated osteogenic differentiation and
calcification of pre-osteoblasts [1]. Herein, a micro-scaled grooves topography on PMMA was fabricated by
femtosecond laser processing and a mouse preosteoblast (MC3T3-E1) were employed to investigate the
cellular calcification to this designed surface topography.

2. Experimental Results
2.1 Fabrication of micron grooves on PMMA specimen

PMMA plate (10X 10 mm?2, 1 mm in thickness) was scanned with a femtosecond laser. The conditions of
laser irradiation were optimized to form periodic nano-scaled structures on PMMA surface [2]: sapphire laser
system, which had a wavelength, repetition rate, and pulse width of 800 nm, 1 kHz, and 150 fs, respectively.
The surface morphology of PMMA specimen with micron grooves structure and surface chemical contents
and their chemical states after laser scanning were detected by SEM (not shown) and XPS, respectively. As
shown in Figure 1, there was no significant difference of surface compositions and chemical states among
specimens with and without laser irradiation.

Figure 1. XPS spectra obtained from PMMA specimens with and without laser processing.
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2.2 Promotion of cellular calcification to PMMA with surface grooves topography

To evaluate the osteoconductivity of PMMA specimen with surface micro-scaled grooves topography, the
calcification of MC3T3-E1 cultured on PMMA with and without topographies was evaluated. The calcified
deposits in the cellular matrix of osteoblasts were stained with alizarin red s after 21-day induction (Fig. 2).
The calcified deposits formed on all specimens. Especially, the entire surface of PMMA with surface grooves
topography was stained, which indicated a superior osteoconductivity comparing with the regen without
surface grooves as showed in Figure 2. Our results indicated that the surface grooves topography promoted
calcification in vitro.

Figure 2. Optical photos of calcification of MC3T3-E1 on PMMA specimens with and without laser
processing. The calcified deposits were appeared a crimson color. Scale bar: 400 pm.

Based on our current results, it indicated that, compared with PMMA without surface grooves topography,
substrates with surface grooves topography promoted cellular calcification. In the future, the quantitative
analysis of cellular calcification properties to designed surface topographies is necessary.

On the other hand, it have to be noticed that, comparing with the Ti specimen with the similar surface
grooves topography, a better osteoconductivity of PMMA specimen with improved surface topography design
is still expected. Our studying is expected to provide a basis for designing novel biomaterial—cell interfaces to
improve the osteoconductivity of biomaterials for implant treatment.

3. References

(1) Peng Chen, Masayoshi Miyake, Masahiro Tsukamoto, Yusuke Tsutsumi, Takao Hanawa. Response of
preosteoblasts to titanium with periodic micro/nanometer scale grooves produced by femtosecond laser
irradiation. Journal of Biomedical Materials Research Part A (2017) 105: 3456-3464.

(2) Keisuke Takenaka, Masahiro Tsukamoto, Yuji Sato, Takahiro Ooga, Satoru Asai, Kensuke Murai.
Periodic nanostructures formed on a poly-methyl methacrylate surface with a femtosecond laser for
biocompatibility improvement. Applied Physics A-Materials Science & Processing, (2018) 124:410.
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Band structures of passive films on titanium in simulated body fluids—Principle of biocompatibility of
titanium —
by OTakao HANAWA, Tomoyo MANAKA, Seong Cheol Kim, Hiroaki TSUCHIYA, Shinji FUJIMOTO

1. BAEE®N

M EPER X OBEMIITEE BN D Tk, EFRMEE LA RS TWD, MENC X2 B RIS IR
EAEKRR E ORESUSIZ L > THE SN D720, BRI ORMEICSEL SN D, Ti FEIAERT 2 A EEE
B, & OB AN T2 T { ARKISE BT 525, O3 FEEIZOW T S 2
272> TR, AHFZETIE, X BEB T (XPS) ERBEXUALFIEMNTIC L - T, Ti RMEREREED N
VU AR L ORI KT ToON Y FEEZH LN LE O,

2. IEAR

EHEA8mMmM, EX15mmdCPTi (JIS2fE) #=x
A UBIEICEE UCHFEE L, BEREE L, Pt
KPR & AQIAQCI 2 RARN 5 72 % 3 AR AR 2
TR EN. (OCP) 2 72 h ETHIE L=, —Hh.
WELALFISERBRIL OCP WL ET D F Tkt
VI AWIRB LOVEBREEKIORE L, 0%,
-0.2, -0.1, 0 VOEN (E) T1 hEBMIML T
RERER IR AR Lz, 150 W % ) v 7 —27 F
L' 7 A=K —T %> THE 250 nm ~ 450 nm
OFIPH O ALY &2 7RI 12 20 s ST L, A U7
Ww a2 WE L7z, XPS AREHT, & Eflck W T 1 h 0"'5"'45"'@"'%
SRR LTt MK T Lic, — 77, B TH#H = Time, t/h
FILVX—FEIR AT b AnD, THTIO7 =03 %
M HNF— (Bp) & NMEREREDME 11 b3t & &
=X —[fE (E) &R,

Fig. 112 72h £ T» OCP OZ&ALEI/RT, Z DfE

* Hanks

e Saline

Open circuit potential, E/V vs. Ag / AgCl

Fig. 1 Hanks it L OVEHEIE/KF TH OCP O
72h FTOEAL

- R ) - (A) Ti 2p 312 (B)O1s
%75)%\ J:EE@ Ef %&E Lf:o Flg 2 GCHVT XPS @ Ti4+ \
FEHR D Ti OFBRER UMD TH <, FIT TiO,, f//ﬁ T o
Ti,0s, TiO THERK S 4L, KRB L OKEGTeZ &2

bmoTz,  [OH[O? JEIT AN & & & BALIy fith
WL, E7ony 7 AR TR I K
DI NREDoToe N T AR CTofd 2 &V
T DEIET 20, ABEE K TITIEE L 2 h
o7, EviINny 7 AETIX 2.8~2.9eV, AEEHIKT L
1% 2.8~3.0eV Th-o7-.

TEBAL MR D Ti AMERE R B U7 B,
WIS E 2R LTctg, ERMEICIOR L. (Fig. 3). &
WEE 2 AW OB LB A7 b, WE
& BITHIRE = L X — 238 W TIXIED Y6 E
Wi, ARWEIR CITX A OB RN B 2 K7 O BN X [H]

(C) Ca 2p 2pg;, (D) P 2p

Intensity (a.u.)

Binding energy, E, / eV
Fig.2 TiZ 0V T1h/ML7zilklnb DKk

Bioof (Fig 4). HRMELMEEG L EL, ww 0 Pl TR BRO XPS A b
et
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DETENE L A NS WA RE Y v P VX —R Ti O BIFRERKEEEO—KREEZ NS,

&30k
(1) Kim SC, Hanawa T, Manaka T, Tsuchiya H, Fujimoto S: Band structures of passive films on titanium in simulated

bioliquids determined by photoelectrochemical response: principle governing the biocompatibility, Sci. Technol.
Adv. Mater., 23, 322-331, 2022. DOI: 10.1080/14686996.2022.2066960.
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ST 1 AT - AR R
4w bUTRERDILIZT O L929 MREE &1 — AR A MO 28 —
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Cytocompatibility of yttria-stabilized zirconia polycrystalline with L929 cells
—basis of evaluation of soft tissue adhesion—
by OMichiko NAKAISHI-TERADA, Peng CHEN, Maki ASHIDA and Takao HANAWA

1. BAREH

Nna=T R 7T b L EHERR E OBEEER AT THD & ZORBMN G M ERFEMEA
LA T NEEREZEEL, BEENOFESSNDA T T FNORRER, B, Bk 7 SR L oM
NBESND, ZOBEEZLRT AT, DVa=TwERA 7T b & FFHEHRE & OBmE S ORI
FFELRD, LLAaRb, TOHERBEEBIIRMHACTH D, 2N E TAESZ LV—7Tld, kB LU
7 AN EIT D, A N TRENEF MY a=T ZiEaE (Y-TZP) LA v b TREN FH YV
=7 HEERIR (YSZ) BROKBREOHME U VEEA 4 OBV IAHREHLNI L TEZLD

AL TIE, U a=7 LRk e OBEEELZ T2 2 L 2 HME L, Y-TZP & YSZ OfpMELEH sk
A L929 |2k 2 &Mk A 7§ 5.

2. ERR

2. 1 HERSEEE T

BEIAFEE U 72RO Y-TZP (ZR-SS;RXESHAE, KATANAZ T L /) U X5 o 2 pkaiatt) 2 i,
(100) i, (110)Ai, (L11)fi% & 9 2 YSZ3FE, L LCoflivba=7 2 (PureZr, 99.2%) LW
fliF 2 > (CPTi, JIS2 #) DAFEHIX LT, ~ 7 ARHELMNL H >k 0> L929 % 7,000 cells / cm? (2 THERE L
VAT 1-24 RS 21T o 72,

2. 1. 1 FEEREFIEM (SEM) £

HIfuEs R4, [EE 7R CIlIEIC TAEEZ4T\V ), SEM (S-3400N, BREAEANIANA 727/ u P —X) (2 TR
Z{To7z, SEM G HMIEE 2 HH, L. & 51T Imaged | CHi{GALERS, MlLmEfgE, 7 A7 Mk
G/ Edlh) 2 07E L Gl E e b 2 57 L 7=,

AfREEE OV TR ZE, MR L, SRR M L7 (K 1-3), F7=, B4 Y-TZP, Pure
Zr X0 4 YSZ, CP Ti O BNHIIEENE T, £To. 7T AT M BRI ARG D b FFER 1228
fbL., REMICIZZERRD SRR 72 (K4),

X 1. AR T OV Mas B 2 & L7 SEM B4
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n=3, ANOVA followed by Student-Newman-Keuls 7% (*p<0.05, n.s : A&7 L)
2. SEMBIEEEE D &K 745 3. Image] ZHWTHIE L 4. Image] %MW THIE L
AEHZ 1T 5 1929 oMl E D AFREHI ST 5 1929 OV AFEHI BT 5 L929 0T A~Y
FRIRFIZE (L THAE DOFEIRF 2L MEb CEdh/ &) ORRRIZEA L

2. 1. 2 SBEMREEE

AORRRE L, AR 1T

B 53 285BI FIET

LHAUNRIETHLE

X DRI G

BAEMEEZFm L7, e

Fa Pk (v 2E )

7 v —7 /L, Sigma-Aldrich

Co. LLC)Z Uiz S ¥, =0k

FERR W btik (Alexa Fluor

488, —FET7 4 v ¥ —

VAT 07478k

Kl 1T L, SORBEE (IX71, 4V 282) (12 P45, FHSRRIFRIC IS 1T D S oiia i
THRLEE A HERIMMADLE L F 2 ) L OREN ko ErFaly, o oMlak
BB, Y-TZP LV YSZ DN B L (K5),

2. 2 {HERAETEMEETE
EEERFMAZ 13 L L 2. 1 LEBEOERZIT- T,

2. 2. 1 WST-8 Ltk B4 6. HHAEHEHE SR

B te . AR TEERER A (Cell Counting Kit-8, FRU B 2&RAETO
SAEE AL FIETERT) &l #ikIcim L, 37°C L929 O i %5 E D #%
T A4 RHEARMIGS Y, v~f7ua L — R —&— RFA 2L

T 450 nm OWOLEEZJE L, Mo 2 5 L RN
FR) 7 ML i 2 AT L 72

n=9,

%Bﬂﬂ@%‘fgﬂi%\%ﬁﬂi@ﬂlﬁﬁﬁ@Ki%ﬂﬂ I/f:o 35 f:\ Y-TZP ANOVA followed by
X0 vYSz, zr, CPTioFNKRXLIHEIMLE (X6), Student-Newman-Keuls 7%

(*p<0.05,n.s : AE XA L)

2. 3 &%

Y-TZP 1XYSZ LV & DEIHNEES | #EENIHWZ R LN ERoT,

Y-TZP & YSZ IFHICRIFEA~D Y oA A2 DI AR LY &2 237 EWAERHEM L, Az 2MEtE S
HEEZLNDN, AW CITHRESER L OPEICBW Tl EICEN D o7, 20 &0, ZbL4k
DOERFPDEH L TCWBAEEMEN S D LB 2 bz, Y-TZP IZORER S YSZ IZIEEAR S TW W RINIT
F. BHDOVITHFE S SR & OREIC LY MO, S0 ENH S 4v, Y-TZP ORRRF 70 i B &
AR EABERE 28 YSZ K VK< e oo L HEER T & -,

3. EXH
(1) Oishi M, Tsutsumi Y, Hanawa T, et al. Surf Interface Anal 2018; 50: 587-591.
(2) 0ishi M, Nakaishi M, Hanawa T, et al. Dental Mater J 2019; 38: 496-504.
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GYBF A - ERERATE S
EXLEHRENEIC K S SUSST6L SR

FORERERRT REREE S SER OEP/E
W - MOEHIF RS ARG BT TR LR 52 i
FOXERERRSE B RAE T2 SEET RS, e PSR

Electrochemical Surface Treatment to Improve Corrosion Resistance of Type 316L Stainless Steel
by OTomoyo MANAKA, Yusuke TSUTSUMI, Peng CHEN, Takao HANAWA

1. HARBEW

AT AT, AEHELE LA BEH SN TWAMEITH D, AT > U AFIIAEIR @I A )5 Fz ik
BT HZ e, BT v ) HEREICBWL T HMREMtcE NS, L, kA 4 1C ﬂbf%
HEREDORZNE TR, TOD, ERICEALZBICREBERZRET LY R 70855, EERNIC
%ﬁ@%éu\ﬁﬂ@%m%mﬁﬁﬁfﬁ<\@E?vw%-%%%@:#ﬂ%ﬁﬁ@éo%m\ﬁ—x%
FTA RRAT ULV ABIZEEND NIUITERET LA —2F LT WIEE TH D, AT v VAT, MEk
KEIZFEH L7z MnS AN TEMN B RO & 72D Z ENA LT > TS, L5 T, MnS ZIMTEH D
BrENMEMEOR FICESHTH D S D, fEkEE LTIk, AMERELAEE & FEIEN 5 BRI T~
RIEWLER A9 2 & T, MnS RNTEMMBRE S 4L, TEMER —E L~V TH ET2 2 ENMbNTND, K
WL TIL, AT v L AOIMEMEZ & 512m EX 5 EXALFR 2R MUEELZBRTH 2 2B E Lz,

2. MERR
2. 1 t¥FH - EXIEFHNRALEEMEE~DEZE

BN, RFEMRERA AT L 28 ToH 5 SUS3L6L #il 4 v 7=, 3B 1HNIE SIC M KPR A VT
#800 & ClRAMEBEITo7, REWAFEE L THEEMTIETH S (A) BEMRELEE, BEXLFENTIETHD
(mosvwﬁ BN TARALER, 3 X ORIFZE CRA%E L - BRI L FMREAHIETHS (C) 7/ — KAV —

RGN A 7 VAR 24T > T, AUERIATIZ1E 333 K D 10wt% HNOs KIEHE & V=, FmLER & fim L 7= 508
GCOI/\'C\ 7/ — RoohakBRic X o Ttk 2 50 U7z, iR maiiic i, A A K (0.9mass% NaCl
KIEHR) BB X O, WREEHH O NEE AR IR T % 5.85 g L™ NaCl+10 g L* FLEEIE A KA (pH 2.3
+0.05, JIST6002) (BLF, NaCl+LA) ZHv /-, sBRIEEIL310K & L7,

Fig. 1 \CHFmMUWEL O T /7 — Rtk L 0 15 o 72 fLBEM & b3 5, ABEAEE/KF I L O NaCl+
LA kT 5, R4 fi L CTuh7ew SUS316L #il o fLE SN IFEE4 0.43 (£0.03) V., 0.40 (+0.02)
V Thot-, koT, AFAEAKE G L T NaCl+LA DIE S50, BEMENEWNZ ERMRENT-, (A) H
PRIEALE 2 Jifi U 7= 30O FL R BN, PR AR T0.94 (£024) V ELEFH L, LarL, £04V DI
WENMTHILENBE L= 0D, ARNREIZBWTH —TCEOMETILEELAL S 5, T, HNO;
HHOOIRZIE I L o TSNS MnS SR TER DAIRERE S 7=y, BRBRBREICIIEL T, MERmEICEFE L
ZlickriEZOND, koT, (A) BEMRELBRIIMEMEZA ESE5 00, ZEMLEMEME i
IR+ THLZ ENnmholz,

(B) EENALMALVER & fii U 7= 50EHZ DWW CRIER IS
MM Z M L7 & 2 A AR EEKF OIS
1% 1.20 (£0.03) V CTH YV, 5 FEOHEETXTT L0
V EZ#B X, Lo T, EHEAEKFO X D e bl
BHEOERWERTICB W T, (B) EEN ML
THoRREREEZ RS ENgholz, —J5T,
NaCl+LA H DOV L FEA 1T 1.02 (£0.12) V Th -
7o ARMELOFEL L el L, MatixmbLzbo
D, FTOLEENMITIESSEBHD, F72/06 V
THWLREARZELERBI O Do, 2L, 7/ —
REEN A EIIN Ut 72 2 & THTEM O IR R 3MIE e &
NWie—05 . IMTEM RO @REL b HETT L, mé@%
RICFELRD - LIk EEZOND, WX Fig.1l 457 LERRT% O LR ENAL

P-95



L B
—‘u' ﬁﬁj’%:’%—%?ﬁ%‘% — Research %sy)t OO

Research result

ALBOFAETT, M LIZB RIS TIERWA, —RNRERA 4 ORMENE>, LoT. (B) EEMIE
PRIE, BERMEOTWRT T+ L35 2720,

F T KRR TIET J— NI Y — Rkt A 7 VAR A ZER Uiz, KAERUEEIL, NTEY OEIR 2R
T D7 ) — RGBAT v 7 & AMERIEOBEEZREST D0 Y — RoBAT » 720 KT TH 5,
T ) — RO AT v 7 EEN CHIET 2 2 & T MEMOERE & RRICAE 2 B o ami L. 7Y
— R A T~ 7 & EBAL CTHIET 2 2 & THRRIN
7R E L A B A T, AR AR A it L 7230k &

ORALEE RO NaCl+ LA iz 31F 2 sy fih 7 % Fig.
2 1R T, FRMALERZhE L 72308t O SEXFL R AL 1,
120 (£0.11) VCHY ., 5EIOHEETRXTCTIOV &
Mz 5, BRELTEWIREMZR L, £70, R0t
DFEF & e U TR BRI B E IR T L, X
ST, JERkETHD (A) HMRELHE S X0 (B)
TEEA AL & g L C, (C) 7/ — RIAY—F
SRR A 7 VLB IR bR MEZ R LS E 5 2 &R
BN oTe, ZUE, 7/ — RomAT v~ 7
1 — RO aAT 5 2 & T, MnS R TEY H AR D AE)
AL Z B L, & O RN IR A DOBRE DS ZERL

éﬂf::&c:ié&%i%ﬂéo Flgz (C/) 7/‘—]\\\/7'7y‘—]\\‘§3\4%@‘ﬁ-/]) 7/1/&&@

At @ NaCl+ LA HiZ81T 5 5 fdh iz

2. 2 BRILFENREDUEFZOMBREDAEN
(C) 7/ — KI# Y — Ryt A 7 VB Fit: OFEHR i 2 OM/LM 35 & O SEM/EDS (2 & - THf#T L7z,
WELORIIINTE OFEL LOREZHMEICT D729,
BEmf L& L=, Fig. 3 ISR mEAFERTH% O SEM #5 X
OEDS ~ v V' ViR A~ 3, RELBEFTZIZE um O
MnS ZTEW & Si BRLY R D NAEMDAFLE L Tz, —
JC, REAEZICE—DOGHA#E LIzE 2 A, MnS
RNEY DAL L TOIEFNCITM AR AE L TR,
EDSICEAMNBLRSDL ZF L biE L2 &b,
MNS RITEMDBRESINT-Z ERHER Iz, LM IZX
STR—@EITEFT L7 2 A, MADEZITH 1 um
THDHI ENyoTz, WAL, REAHERTD MnS 2N
EWEREIRTH -7z, £7-. FELEE OFREHIBW
T Si B LU0 OfFATIL, R LEERT & FIERICHER S
7o UEX D, (C) 7/ — KIhY— RpgketA 7 L
X, BCRE B IR 1 LIS OIS AEW DO VR % 4577, MnS
RITEY DI DRI 2BRENRFRETH L Z E NS Fig. 3 KL FTH% D SEM 43 L
Mo, EDS ~ v &' /il i

2. 3 BERLFEHRENER®ROTEERERR

FEHEALERR % OFREHZ DWW T XPS 2 HW TAMBIE R RO E S35 LY
HELRR & AT U7, AMERERIEOE S X, RALELOFEN T, 450m Th -

Teolzxt L, (C) 7/ — RIJ Y — Kokt A 7 )VALER % DFEFCIE 5.3

nm &OPTNTHEM L7z, ik, BHEERICRE L, EAmLZZ

ETRIENRRE LT Z LD, AT U L AORITHED S B, Cr

IEMEER B E T 5 5R Th D, Lo TRERERIEEF O[Cr]/[Fe] bt

MR O % §H D BERREO—>Th 5D, Fig. 4 [TRT LT,

(C) 7/ — KI7Y— Rt A 7 VALER% OFRELCIL 85 THY, K

RVERL D Bt 0> 2 R ALER 4 BUR & bl L CRIR I B LT,

LIEXY ., REFFECEZE LIz (C) 7/ — RIJ1 Y — Rt A 7 AL

BT, AR THD MnS ZMTEMD5EERER L ORBRER T o Fig. 4 ARELHFT% OB
Cr DM K > T SUS3L6L Sl D &1 2 Kigiz ) B w7, R o [Cr]/[Fe]tt
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Effect of several heat treatment times on the microstructure and mechanical
behavior of selective laser melted Co—Cr—Mo alloys

FOXER SRR E AR R 28 Ol #hfk, i Zok, 3580 AllsE
FOR ER R R SR i PR

by OYuka KAJIMA, Atsushi TAKAICHI, Takao HANAWA, and Noriyuki
WAKABAYASHI

1. Research Object

Selective laser melting (SLM) technology allows the rapid, low-cost, semiautomatic, and highly
accurate fabrication of intricate products. In addition, SLM-processed Co-Cr alloys provide
higher yields, greater tensile strengths, and better corrosion resistance than those fabricated by
conventional casting [1], thus they have become increasingly employed as dental prostheses.
However, during SLM, large temperature gradients are formed owing to the rapid heating and
cooling of the fabricated parts. Therefore, post-heat treatment is commonly applied to relieve
residual stress [2]. Nevertheless, information on the influence of heat treatment conditions on
the microstructures and mechanical properties remains lacking. In this work, the microstructures
and tensile strength of Co—Cr—Mo alloys manufactured by SLM were studied after heat
treatment at 1150 °C for various times between 10 and 60 min and elucidate the influence of

heat treatment time on the progress of recrystallization.

2. Experimental Results

Fig. 1 showed the typical
stress-strain curves obtained for
the specimens heat-treated at
various times. When the heat
treatment was conducted for up
to 45 min, the 0.2% yield
strength (YS) decreased,
whereas elongation increased.
In contrast, when heated for 60
min, both the 0.2% YS and

Figure 1 Typical stress—strain curves obtained for the

elongation decreased. The EBSD alloy specimens heated for various

images demonstrated that both
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(@) (b) ()

Figure 2. EBSD IPF maps of (a) as-built samples and the alloys heated to 1150 °C for
(b) 10min, and (c) 45 min.

columnar and equiaxed grains existed, and recrystallization partially initiated after heating for 10
min (Figure 2). When heated for 45 min or more, the samples consisted entirely of equiaxed
grains; however, TEM images showed regions with remaining subgrain boundaries and
dislocations (Figure 3). Fully recrystallized microstructures were not obtained even after heating
for 60 min. In addition, heat

treatments longer than 60 min

induced coarse grains and

precipitates along the grain

boundaries, which decreased

the strength and ductility of the

alloys [3, 4]. Therefore, in 1 um

terms of mechanical

properties, excellent strength
Figure 3. TEM images of samples heated to 1150 °C for (a)

and ductility are obtained by
0 min (as-built) and (b) 60 min.

maintaining a certain amount of
subgrains inside the grains rather than by increasing the heat treatment time to obtain fully

recrystallized coarse grains.

3. References
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Fabrication of micro-/submicro-/nanostructured surfaces on Ti-Zr alloy by varying
H2S04/H202 treatment conditions and investigations of fundamental properties of a typical

surface
FOREREROCF AR R B 0% O P8, REFRIE, BFivsia, 58 R, FmRHEISE
FORER R R B B B bR M. HE PRI
by OQian Zhao, Takeshi Ueno, Peng Chen, Kosuke Nozaki, Tianbo Tan, Takao Hanawa, Noriyuki
Wakabayashi

1. Research Object
Binary Ti-Zr alloys are comparable to cp-Ti in terms of mechanical strengths?, corrosion resistance and
biocompatibility. We previously investigated the effect of the Zr content on mechanical properties, the in-
vitro biological response, and the corrosion resistance of Ti-Zr alloys by incrementally increasing the Zr
content. Ti-45wt%Zr was found the highest strength?, and the
highest corrosion resistance® and did not exhibit a significant
decrease in its biological response?®4, compared with Ti, Zr, and
the other Ti-Zr alloys.

Hierarchically micro-/nanostructured implant surfaces exhibit
better physical, chemical, and biological characteristics than
those of smooth and microstructured surfaces. H2SO4/H20: is a
versatile surface modifying technique as it can transform
surfaces at nanoscale, microscale or micro/nanoscale, with the
excellent performance of morphing the topography and
changing the chemistry of the surface and the resulting good
biocompatibility. The combination of different treatments has
been a popular way to create surfaces with improved
performances. Associating to the classic SLA method that can
produce microstructures, the chemical H2SO4/H20: etching that
is able to generate micro/nano structures can be seen as a
promising alternative of dual acid etching.

For these reasons, in this study, we used H2SO4/H202
etching combined with sandblasting for the first time to Ti-45Zr
alloy with an aim to produce an equally comparable
micro/submicro/nano (MSN) surface for use in dental implants.

Figurel. SEM images of a typical MSN
surface of Ti (S1, 50°C) and Ti-45Zr (S4,
80°C) after treatment with 78% H2S04/30%

. H202 (v/v = 1:1) by 0.5 h.
2. Experimental Results

Figure 1 shows there were two-level microcraters on Ti and Ti-45Zr surface. The primary microcraters of Ti-
45Zr were smaller and shallower than those of Ti. The secondary microcraters on Ti were apparent than
those on Ti-45Zr. Ti exhibited a uniform submicron villus-like structure while Ti-45Zr showed a dual structure
of villus and squama. Nanopores covered the whole surface of Ti and Ti-45Zr. The nanopores of Ti were
similar in size, but those in different submicron areas of Ti-45Zr were different in diameters.

(A) (B) ©

Figure2. Assessment of MSN surfaces of Ti and Ti-45Zr. (A) Surface roughness evaluated using 3D laser microscopy.
(B) SEM cross-sectional images of the porous surface layers. (C) Water droplets (5 pL) on the surfaces. The differences
(surface roughness, porous layer thickness, and water contact anale) were evaluated.
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In Figure 2, the MSN surfaces of Ti-45Zr and Ti were found to exhibit minimal roughness (0.5-1.0 ym), and
the surface roughness (Sa) of Ti-45Zr was significantly smaller than that of Ti. The thicknesses of the porous
layers of Ti-45Zr and Ti were not significantly different. The water contact angle of Ti-45Zr was significantly
smaller than Ti. The results of measurements on water contact angle showed both Ti-45Zr and Ti were highly
hydrophilic.

In Figure 3, a relative higher ratio of

surface [OH-)/[O?] and ([OH] +

[H20])/[O?%] are observed on the MSN

Ti-45Zr surface, compared with those

on MSN Ti surface, which implies a

more hydrophilic property of MSN Ti-

45Zr. The Ti 2p spectrum contains

three oxide states from the surface

oxide film, Ti**, Ti%*, and Ti?*, whereas

the Zr 3d spectrum only contains one

state Zr** originating from the oxide film.

This indicates the surface of MSN Ti is mostly Figure3. XPS analysis showing the O1 s, Ti2p and Zr3d spectra
covered by TiOz, and that of MSN Ti-45zr is  ©f the MSN Ti and MSN Ti-45Zr.

covered by both ZrO2 and TiO2. Ti® and Zr° which
originate from the pure metallic substrates, are not
detected, which can be explained by the excessive
thicknesses (>10 nm) of the surface oxide films of
both MSN Ti and Ti-45Zr.

Figure 4 shows the cell attachment level is
significantly higher on the MSN Ti-45Zr surface than
on the MSN Ti surface in 6 and 24h.

In this study, a novel typical MSN surface
morphology with two-level structures at the micron,
submicron and nano scale was for the first time
produced on the Ti-Zr alloy via H2SO4/H202 surface
modification method. The surface properties of the
MSN surface of Ti-45Zr were comparable to those of Ti. The cellular attachment level of the MSN surface of
Ti-45Zr was superior to that of Ti. Although more investigation is needed, it can be expected that Ti-Zr alloy
surfaces subjected to H2SO4/H20:2 treatment have significant potential for use in dental implants.

Figure4. Cell attachment in 3 h, 6 h, and 24 h on MSN
surfaces of Ti and Ti-45Zr measured using CCK-8 assay.
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Angiogenic effect of hydroxyapatite electret in hind limb ischemia
by Junji Yamaguchi, Kensuke Ihara, Hiroaki Komuro, Akiko Nagai, Tetsushi Furukawa and Tetsuo Sasano

1. BIREM

TG M DRRAE - PHZEIZ 0 I RVEBATO TS S. BUEZE ZJRAETH Y | T HiE R
YIEIZDRMND Z END D, HEEERICIREIMEZ R 2 & 62 < ZOEAIC B S bk O i <R BE
AR 2 W2 M AEREDNEA SND Z e d 503, Bl R TIERIR B RERN T, IRE AR EE L VD
RIEN S B, ohinA Rua ¥ 7,3% 4 kb (Hydroxyapatite electret, HAE) XML& #4242 H L. 2K
BAEFETEDLAY v baEFD, HxI1LZ O HAE Z0FEN T2 2 LIC K DFEIEET L~ U R ZHE VT
ERELR U EREM/NSE 5 2 &2 L TE 7, HAEIZ X 2 M F A FIL O 21 T T
BHHGTHLEDEEZ b, AR TIE FREINE T L~ 7 228\ T HAE BTS2, /85420 fd &
O RSED RN B D & Mit L. HAE O FRE MiGHE~OKIEHOfTfEE 2R+ Z L2 B E 35,

2. HAREE

2. 1 TFTEREMETILIYIZADER

TRE M~ EOMRITIL, ZE Lz FERMLET vV~ D AD
BN BETH DL, T2 T, FTHAITHEMET L~ T ADE
ATV, FEER T FRRMOREIC EOREDENRL LN D)
fies® L7=, C57BL6 wild type ¥ 7 A& 6 PLIZ%f L, BEHIZHEV, +5072
THRE MO D K S RMARIRENR, EARBREINR, ERBREINRD 3
AziEL, YT L7 (Fig.l), #it 14 A OERAFHMER L L —3
—MRFHE KD WEEAIT - 7o, TRAFHE CTIX, TR, &2
BB, B Lo 3 RETEME L. (Fig.2), L —W—mikatidpl Bk,
TREEEF T CRER, THROELAZNZ1UZ ROl 2B L, A/
ZHEMH L7 (Fig.3),
W%:4iﬁﬁmﬁwf\T%%%ﬁy6E(w?\%%ﬁﬁﬁ Fig.1
2/6 It (33%) ., EEFE72 L3 16 PL (17%) Toh 7= (Fig.2), Fiz, . .
b B O SR 0.54-0,06 (s L DT TV T 2 DR
72) . RISED BRI L IX ) 075102 (BEHEREAE) (TIRBLE ZFR<) ThH Y, KREREFO Mzt L TR
TILIMGFE OMERZED LB R &N 2 & Ry ino Tz,

RRAPT IR & KRE S TREEN R SN0 o 72720, ZDOET N~ T A% HNTHAE O R % HEET 5
NP DY

Fig.3
Fig.2 FRUEILE T /v~ 7 A DU AR L — W — M Fhic & 2 #HliiE
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2. 2 HAE OEDREE

pik L7z TR M E T v~ v A{ERE %12,
KER~THRIZ 4 BFT, OHAE 1ug/ul (HAE-1
). QHAE3ug/uL (HAE-3#f). @®HAE 10
o/ L (HAE-10 #), @PBS (Control #) # %4l
50wl TORATER L7z (Fig.d), &8 6L
FTOER Lz, SRREAFHEIZALE L7z b o & [H
R, U— W — it ORI E AT, e, 3
JH. 7B, 149 HIAT - 7=,

Table.1 T/ Y . Control BETIL TR 2
36 (50%) i &5 7-DIcxt L, HAE-1 BT 1/6
(17%). HAE-3, HAE-10 BE Tl R 72,
F 7=, BE5E72 LI Control ££C 1/6 (17%), HAE-1
BET 4/6 (67%), HAE-3 £ T 2/6 (33%). HAE-10
BET 506 (83%) L HAE 5.2 Tl fb & Fig4 TR M 7 /LARRL & TEHHIAL
%ﬁl';ﬁf)ﬁﬂ\@ﬁﬂﬁﬁ%hf:o ‘ - _ AR U | RSelsE | FRR T

TR ~149% H £ TO L —H —Iifa+ o HlE 5 5 % Fig.4
(R, KBRE O ML, 457 9% A A SRR e sy | Control | 176 (17%) | 2/6 (33%) | 3/6 (50%)
14 9% A Tl HAE-10, HAE-1, HAE-3, Control B£DJIEIZ I FEAY | HAE-1 416 (67%) | 1/6 (17%) | 1/6 (17%)
BIFCd - 72,14 %% H DI EIE Control # & HAE-10, Control
& HAE-1 OICIIAEREN R b (£ P<0.01,
P=0.03), FEREOMFHEEITITH > & A K&E <, 14 AL | HAE-10 | 5/6 (83%) | 1/6 (17%) | 0/6 (0%)
Tl HAE-1Q, HAE‘-S,\ HAE-1, Control BEDIALZ Mt A3 B4 C Table.l &EEDEE HIFTR,

HoTo, THROMFEHEE X RO F LY . ERH
TOENPKREL AN, BRICHERRZTIRL N7,

HAE O#:5IC K0 FREMEOUGE, FRRBLIEC ) HIR#ET 2B X DBl I, S%EROZ L

R L, MideE O FrOo8 b & kb 2175 TETH 5,

HAE-3 | 2/6 (33%) | 4/6 (67%) | 0/6 (0%)

Figd L—V—MiiEHEROWER e« KB, 47 @ FHEED)

3. &EXM

(1) Goto T, Fukuyama N, Aki A, Kanabuchi K, Kimura K, Taira H, Tanaka E, Wakana N, Mori H, Inoue H.
Search for appropriate experimental methods to create stable hind-limb ischemia in mouse. Tokai
J Exp Clin Med 2006; 31: 128-32.

(2) Lotfi S, Patel AS, Mattock K, Egginton S, Smith A, Modarai B. Towards a more relevant hind
limb model of muscle ischaemia. Atherosclerosis 2013; 227: 1-8.
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GYEF AT - ERRBE AR B

KAEWEIZ L DRR—YAT T A RAA— KD
AT7HREUY v 3 UM OIS L SHE

FORE R B R 2R B 2 o e & T JE R e Bk Rl =20 B
OFHEEA, FHEA, B, BF%. TR

FOXER R RFERFBEER FR AR AR =Y Ed 2ol s
FOXER R R FERFBEE R AR O FER Qe T HREAE

o> o)

Evaluation of core and cushion materials of face guards made by stereolithography additive manufacturing
by OTakahiro WADA, Ayumu MURATA, Momoko ADACHI, Aya TAKAMURA,
Motohiro UO, Hiroshi CHUREI and Maho SHIOZAWA

1. BAREH

T oA AH—F (FG) II3EE OMEEZ T =T AV — h 34
PO RIICHBEIR T 2OICHAVWLNAEERETHY | WM
Db aTHMOWNRL, IMUE IR v a UM TEAT 3 et
EZho TS (K1), BURTIIEISHM 2 AW IS % A
CHmER 2 RE L, 2 OFEmEA - CEVAT MRS 2 InZn I+
BT 52 ETFEG ZEYELTWS, LLARNS, Z ofER
BRIZEZOAHENRKE K MEOEEICH K& KFET D, T,
FG ffEIC 3D A x v F, VX &#IEH LT, BIREEOE#L
OAEEE OHEITKT L WERE LI EREDR STV 5,
LML S, Z0EBMO FG & L CoMmMEIS IO
TARBAZEAHLZ W, RIFETIE, KEF 3D 7Y ZIZL b FG =
T, 7 v a UM OERBRETO 72 DI Bt OBt 24T, T

D AREME 2 AT L7z, 1 AR=YRAT=AAH—F
(FG) & ZDOWr X} ' 3D 7'V
2. TR VEIZEBTY b

2. 1 FG a7#MERDOBE

3D 7'V % (Form3, Formlabs, Inc.) 136&E AT VLAY V777 4 R &EEA LT, #MEHZIZ, FG a7
& LU CRHIiT 5 72 O IhERAREE 72 5 SO Y& A LY > (Formlabs, Inc.) W=, #hEho Ly
UEME RIS (Durable) . @7 o NS (DraftV2)., 7 ¢ 5 — AV ig{b#iE (Rigid 10K) . S0
(Tough1500), A % > % — Rféffl§ (Standard Clear) & L CHRIZEI TV 5D, JEAH % 1-4 mm (100100 mm)
LB S TIERFIICHEE L7, £7-. BI4TD FG TERD a7 TH L IEH 3 mm OE SRS (7 2
77T A b, EHER) (AP3)) ZEESHERE Lz, ZAL I THOWEIZ FG TR RSN 7 v a v
M (AT Vo, EHER) 2 EEMTEE LB & Lz,

YERIL 7= FG 2 7 # FG & LTI/ {R#ERE )

RIS 5 7 IR ERER & UOE T = R 1 B AR
B (IM-201, 7 A% —pE¥%, X 2) Tirolz, AT

VU RSN FICREBR A AR E L, BB RICE VT
BN (JedsE A =6.34 mm) (2500 g DE Y % 240 mm

EEMPSEHBET S CREHNCERA 527, 20

I ANEEmEE T HEE0 ) (4930-5780 N) %
BEITHBR DRV KT EA 4917.7+202 N

2725 K OITERGE LT, EEREBRE O 2 7 H OikE
Wiz B CHER T2 L & bic, MBRAE FICRE

L2 ESIE 7 4 b TR A S 5 B
JEJ) 50 A % . B T oo v — KL CEE ) Oky

M2 b & KR Z R DT, KRBRIL5 EfT-7-, M2 R () 2%, () EARE T 1 VA,

() v— K&, d) #EERA
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EEEARBOMSER, JEH2mm UL TOWIE, £2TORBA THEL, FG a7 & LTIAREE WD Z &b
Moz, JEH 2 mm LLETIEAMEHT X0 ikWrel ks 272 v | Durable D)2 4 mm, 3 mm (Du4, Du3) 727 5
IR 1RSSRk Le o7z, BLENS, Dud, Du3 IAMIARE CTH D LB X LT, ERFINGEZFH D70
iZa— Rt o —CRIE LR KM EORKREZX 3 (a) 1[Z/RT, EORER T HRERT 23720 EE (49177
+202 N) &g U C 10%F2E O K EIZ 72 D BN RIS TWD Z &b Dd, Tukey-Kramer 1£T%
EIEROFE R, Dud IZEER TSI TV D AP3 L EblR U THEALIC R X WS, DU XA B AN R WEER & 7
72 (p < 0.05), DU Z+m72fBRINGEZH L T\D EEZ LN, [ENHET 1 V2T L=l
B FOEDSH (K3 0) ) L0, sBRF 237220 EE (Control) 13, B 4.5 mm O#FHIZE N RAEF LTz,
—Ji, AP3 Ti, HER 20 mm BE CTHEADME S 4L, Dud, DU3 TIXIENR Do e b ivZe o7,
Du4, Dud TII/AW &l > THEHBEAZ S L TW\WD Z AR ST,

X3 3D 7'V hFGaAT7HDEERABRER ) BEEZARNE. (b) BEEHSH

JEZ 3 mm LI L Durable TiXaglraskd < 37, BR CHEH ST\ D AP3 & bl U C b BRI IT A &
ZENRD LT, ERGEAEILRE 2 - 72, Du4, Du3 DA OFRER F CIIWT 3R S FG & L TEMT 51T
R DfERR AN 8 > 1=, ARBFFEL W . JYETR 3D 7V v # TEAFEE: FG a 7 # &2 flif# 0% & L TERIT
XD ENREE N,

2. 2 FGUviarMEEDKRE

3D SV XTI EE R A ED Z L B RRETH D, FHHMENH D L (Elastic and Flexible, Formlabs,
Inc.) ZfEA L. BN ZRoeE 227 7 « AMEER (K4 @) ZEk L7z, Z ok, e B
DAEIEROS % 2-4 J&, THR 207 CROBER (BFR) % 0.3-0.7 mm [ZZ (L ST Wil L1z, 2z FG
JyovarMEREL, TROERIMmM O T (77777 A N, WHEEHR) (AP3)) (285 L, #E
ABRIT EREo 2. 1 ERICEKMHETITo 7,

M4 DTV FFGIvYavH# () VyiavHntEE. ) BEABRBER EEREAEE)

WEEORER, 2 B 0.3 mm, 4 B 0.5 0.7 mm UAOEICEKE) LTz, @B 2 KRB L 7-9I3REE b
L IX@mEE CEAOHIEZ R CTlhroT-, BRERBROMEEZM 4 (b) (27T, 2 E#HE 05 mm (2L0.5) @
RFFEIT 100% 7Y (F1) L0 b AEBICEBRNS TN, 5RO FG 7 v a U MEHAWEY (AP3) &I
HEENRIPoTz, Elo, BNHHTIEL, AP3 LIRS THL Z Ehbholz, ALY, k&R 3D 7'V v
BEFHMERDHD VYU EERL, 77 4 AEEEZERT 2Ty a v RS EDL 2 ENTE,
KRR SN TN vy a UM ERIBEOMHRZFIESHT I ENFARETH L Z EBbhote, NTA—F%
RE{bd 52 L THRALEWELHIFTE L,
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GYBF A - ERERATE S
SUTNF ) A= ML AXFE T DR ESMEEEDR L

FOR R AR 2 ol e S AT 7EFt OIS, NERZ, ZHRZ, IHTF X,

FipRAI
RIEFRTRY ARRHE
KRR AR TERT KIFE

The single nanometer-sized titania with high photocatalytic activity
by OKosuke Nozaki, Yasuyuki Kowaka, Tomoyuki Mihara, Kimihiro Yamashita, Noriyuki Wakabayashi,
Zhenquan Tan, and Satoshi Ohara

1. HARBW

F L =7 (TiO) LK M CORLE LIS L 0 it - FLEIER 2584 L, RSB EHER B IV T
JSHENTWS., FE=TORGEIEMRIL, AENTF X =TREBRE~EE L, BIGETKSICEYSmEn
RS NDN, ZOENFOT- D~ e REWE FIEDRFT SN T D, ERMECRICHASA T
T H—BRIT 2 =T R OfE I, EIZ {101} Mm@ 95% % TR Y, {001} & ik U CHEALIC R
WCEHL WS, Fexld, 74 =T OEEEILOZD, 7F4—BRF 2 =7 D{001}Hi % %< FH LI-EmRK
WERIETF 2 =7 F ) o — e ERLL, TEROFZ =7 F /K & bl U CTEN - CliE 2 445 2 &
ERALMILE. FHA=TF 7 v— FORE S, ESHANK 29~550nm TH Y, HFEFEEFO 7 v 3%
EFH U OEIAT {001} HEIGERE IEZHIETLHZENAHRETH D.

WA, Boom OFF =7 F 2 kit EEEE LcE#ib T 2 =7 BNmE S TR, Zof AN
SN TWb., FH=TF /) v— R MIBWTE, WEEL I F ) A— b AH A ADR+E2BK LT
W72, ZOWEMIIFRHTHD. T TARIFETIHE, Yo It ) A= YA XDF X =T
F— OB E, TOMEEALNCT A EEHBNETS.

2. IERE
2.1 YUTLFI A= FILYAXFERZT7OHERN
FH=TF ) — hOHIEEEE LT, ~FH
TINFRTHNET VT TR TF T X
REFERA L., A~ 704 FX By o't =
U LRI L, HRIEER O 7 v RIFE
FeA% 0.3, 05, 0.8, 1.0, 1.5, 2.0 (LL'F, NSO0.3,
NS0.5, NS0.8, NS1.0, NS1.5, NS2.0 £47%) &
RAHBEDICTFH T XV RERH L, 2 FERER
L7, 5= RiBR{A% 180°C, 6 KElH CTKEL
L7241, REAKBXORA Y ) — L CTEHERLE
WL, WA EITo 2. S5 RIE X #RE
#r (XRD) & L OURS AT (UV-vis) 2306k
R, BERE TS (TEM) 2AWTR Y 772 V¥ —varvifl R 1 FH=TF/v— ok
2= N REY v S
TR L 7283k %2 XRD 2 THRAT L72fESR, WIhoikrs 72 —+E _
HF X =TT D= 2 LCEY, VFABLEOT Ay hog | L% RFHNFFv » V)

X1 FEX=TF/)—rDOTEM#%

LA E— 2 IR BN, 72, NS0.3 1K BicfEy, v NS03 3.20
— ZIEOEMNAFRD Bivi. X BRETHEEZ, WPPD &I THRIT Lo NS0-5 3.22
B, HREEETHO T v FEA A IREOBINTHE S FESHE T4 X33 NS0.8 3.20
NHREBREBITBED SN2 L nnn, 7 v BPEMPICERL  NSL.O 3.20
TU‘iﬁU‘:&ﬁ“ﬁ%ﬁ‘&iﬁO?ﬁ. if:, TEM %ﬁ%—%@%% ( 1), F/Ti NS51.5 3.24
OB, BSBIOEADRA L, NS0.3 TIHES 6.3nm JE4 s 3.29

49nm LVt F7-, TEM Eife kv {001} mElE % &
L7265, FITi Fbohnic vy {001} mEl& 138 L, NS0.3 Ti, 0.40

NP 3.29
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Th otz UV-vis IZE DWFEEDORER LD, Taucplot Z#/ERL L, HFEHI N R¥ v v 7 E2RDIZEZ A, FITi
OISR R v o 3N L7z (R D).

2. 2 BRIMEHRER

SMBEIENE DT D728, AF LT A—IRiK (MB) AWMz 1r-7-. 0.3mM MB (Z%f L T
10mg/ImL 272D KO KF X =TT/ v— FERM L. 22 BRI T, s LCF X =77 ki ¢ (&
fbF& 2 V), 7H2—8R, §L7 4V FEHMEK) 2o, ®EKET 7 (HL100G, &Rkt
) ZHWT, 2.5mWiem2i27e % & 9 3B 2 #E L, 20°CI2T 30, 60, 120, 180, 240, 480 4y[HLE4M#R (UV)
I 24T o7, 708, *BEEE LT, ABRICERE L7osBHE 7 VIR v &2 VY L, UV BB 2175 7.
BEE ORI UV IS 217 5 721210, —EERE 2 8- L 13000rpm, 10 43 [l Dol L=, L% 10 %
AR L, 630nm ICkiT oW Es, v~ /a7 Lb— ) —%—%H\WCTHIELT.

MB OWRNEERDT-EZ A, WThd

AEL UV IREHC X0 BRI AL A3 e

L, MB O EMNMEHELTWD Z ENH LN

ElpoTo. SRIVERIRET 480 314 ClE, NSO0.3

2 bR, KW T NS05 , NS1.0, NSO0.8,

NS1.5, NS2.0, F% =7 F / Ki{DIETHfE

DN LTz, BOSHE ZR7- & 2 A (¥

2), 0.0007 mint (NS0.3, NS0.5), 0.0006 min’

(NS0.8, NS1.0), 0.0005 mint (NS1.5), 0.0002

mint (NS2.0, NP) THo7=. F7=, IR

FERHEFCEB VT Y, DTG

LTSI EnD, MUNEEZRFLZEZ

A, 120 3 FE TRISHEA TS Z L5 )

WE ot FE=TICE BEEOMRIL, K2 AF LT —RO

EFROWE EBILZEITCSUNI LD BROGHNRRE SN TWDHZ b, AIFFEIZBW TS, LT #
=T b BENRE L, BB 1205 TT T F—ICETLHZ LR END.

UbXo, fERLIZY 7)) A= MY A XF 2 =T, FEOWRS & SEfEtEom LR b,
FH =T DEMREILICHEETHbDEEZLND. LMLARNS, WEMEB~EHTABICIE, T/ hTFo
MR FENR S SND . B, Y INT ) A— MY A AFZ =T OER~DORBELERFNT LN H 5.
T2, BRITAERME S U OSAT 2BGHEIGHADIRE SN D Z &b, »NLZED X 5 R EEMEIOR
HRaA—T 4 TEORBERLELEEZ LS.

3. EEXG

[1] Nozaki K, Nagai A, Endo T, Hashimoto K, Yamashita K. Electrical polarization and ionic conduction properties of
B-tricalcium phosphate bioceramics with controlled vacancies by sodium ion substitution. Ceramics International
2022;48(11):15791-9.

[2] Saleh O, Nozaki K, Matsumura M, Yanaka W, Abdou A, Miura H, et al. Emergence angle: Comprehensive analysis
and machine learning prediction for clinical application. Journal of Prosthodontic Research 2022;advpub.

[3] Saleh O, Nozaki K, Matsumura M, Yanaka W, Miura H, Fueki K. Texture-Based Neural Network Model for
Biometric Dental Applications. Journal of Personalized Medicine. 12. 2022.

[4] Deng J, Fukushima Y, Nozaki K, Nakanishi H, Yada E, Terai Y, et al. Anti-Inflammatory Therapy for
Temporomandibular Joint Osteoarthritis Using mMRNA Medicine Encoding Interleukin-1 Receptor Antagonist.
Pharmaceutics 2022;14(9).

[5] Nakai H, Inokoshi M, Nozaki K, Yoshihara K, Matsukawa A, Nagaoka N, et al. Osteoblast Response of Additively
Manufactured Zirconia and Alumina-Toughened Zirconia. Materials. 15. 2022.
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SEF L ST - RIS B B

BifERa L B AL =/ RS ILER & HSKNSC & DM E 1EF
SURE MR EAERRR TERIEAT  OBKIBHGIR, MARS, AREL 5 H 58K

Hydrogel preparation using decellularized skeletal muscle and its interaction with HSKMSC
by OTakuya AKIZAWA, Yoshihide HASHIMOTO, Tsuyoshi KIMURA, Akio KISHIDA

1. HARBEW

ERHELRR D AR 2y &2 B L CE O A B biRRIZ, =27 —7 v Eofilast~ U 7 2 (ECM)
THERL S TR D | JFUEHEAR-C AR L IEIC £ » THHIRE SO R 0 8 B e 2 Z E R E ST 5, Frox
IR ETIC, ME, MG Bt a T —F R ERE T D2 OB & Hifn & O EERIC
SOWTHET L T & 72, IETIE, DA LKL (AECM) DE2SE TIAbIC L 0 Mk A O AR & 2 HEp L 7=
FHAER JECM A Rua XL afiifl L, ZoRE ETiEa sy —47 v 7 EE BN AL B0z &
EHLMNC UL, —HFCERICITBRGOL Y2 ma T =7 2Ly s LWERERLEET D, T
® dECM /A Ra 7z o0 TOREIT D72 < B a5 & o Bl bEGimk (Bt o7 e
FRBESCHRFE DI RIZH BT - Tuvie\n, ARIFFETIEFE A OB LIRS & 0 SRS U 72 BiAE e b #
i & I B RT3 KO LARLRR b & kR ORI IR 7 2 BEBR L7 dECM =2 —7 ¢ > 7' %Ki |, dECM
A Fa# )L BB 5B T 74 Ml (HSKMSC) D#3 . BiGE® L OB TERIC SOV TG L 7=,

2. HAREE

2. 1. BMREAEBOER LT

EHGMEMEEE LT 2 ER I ORER, IEERmMaMkE LT
HERE~ Y 7 2 (UBM) 2RV, 77X EB IO, KERIIE
S1 mMMIIZATA A LTz, 7HXBERITEERRE L, kR 2
U7, B b i@k ERE: (HHP 35) @B SmiErAlvE
(SDC-TX %) Bl iz, Bkl ~~ h¥x VU -t
(HE) %efa, 7577 DNA E &I TRkl L7z, Bl Lk ok
TR a7 — AU ERRB IO S N EERIC LV EHE LT,
HE Yufads LUV F DNA E&FER LY, P EFIECK S
PP RT OB THINE DR EN R ST, DA B i
MRIZB T, SDC-TX ALERTE TIIARRAMEDBRE TS S =8,
HHP AP I fh#iE s HERF S iz (Figl), a7 —7 v ERs
TR E R EER LY . HHP BiAfa b #Hgk X SDC-TX Bififw
(AR L 0 ARk 2 2 <HERFL T2 Z E iR E T,

Fig.1 WiMEfa bk HE Yt (Scale
bar:100 um)

2. 2. BERJIECM /A FOXI)LOREEE S EHR
R AR AL 2 7o MR R TRIR CIAfiE L dECM IR kiR 2 /ERL L 7=, 7KEgfbF RV 7 AL PBS &
THAKROHE R ICHHE%, 37CTA v FaX— 152 L T08% dECM A R 7Lz {ERL L 7=, HHP 4L

Fig.2 SEM |2 X% dECM /A Kur 7L Fig.3 dECM /A R 1 7 /L OFEHERERIE
FKinifiE (x5.0 k)
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B UBM & SDC-TX MLEEAA# CITFREDH D A Fu F A NERICE | HHP LB /R~ K e 7 v
oA Ra X L5 ch -7z (Fig2), AAETE FIHMEE (SEM) % H\WT dECM /A RKuZ Lo
R E 2 BRI 2 L, a7 —F U ORGENBIE Sz (Fig2), RICEB SN2 T —7 v O ER %
FHAIL 72 & 2 A B ANA a7 0 n UBM A Ra 7L X0 L ERNEBEICE N> 72 (Fig.3), o4
O EERT DT —F U A TOEEPHABORICL > TRRDZ L X BHERIGEVWNRHZEE X
b,

2. 3. BEBY TS/ MERESTE
HSKMSC T B O fiin Td 0 BRI OFAICELS B5- L
TW5, Bima biL#%k = HSKMSC Z#%fE L. Calcein-AM, PI
Yufn, THOLBIEL LTz & 2 A HHP ALEVE R 75 TIIAl o535 3
F BT — 7 CHIFRIEIHMN 22 b7 hr o 72 (Fig.d), HHP LB
UBM & SDC-TX ALHVE#f% « UBM TN OB & HIFil S 7x
Hiiz, SDC-TX ALEEAAAE b ClIseMifus — R b iz, ik
HETEAE T TR O BEFH A BIH] S 41, ECM L CIEfifa o BEFE A
EHET 5 B 2 b,
WIZ dECM AR DO 5 % R 7 B S 5 2 5 BT o
WTCHRET 5720 dECM 22— ¢ v 7 B %47 > 72, 73T
DOFREHZBW T 7L FdD HSKMSC % 5 {bisiE L
ToE A, BRAICHIEAREE L, HE 4 B BICHEDER . » o .
Ui, Ao B, B efs Lifn o i & gy Fio4 BUI{LAE L T HSKMSC s
D OB (FI) %5 LAEOREAVE R LT (Figs). (Scalebar : 200 pm)
dECM 3HfkEE AR Y A F L2 (TCPS), 27— v L0 LB % < . HHP 4LEL L SDC-TX
W TEIIA DN 2T, B & UBM O E TR i3 2 & B D5 035> 7=, HHP 4L
ERA RIS WG # X7 BIIE R 2 (T D A BEEME 2 RFFL TV D EE X LT,
BBIZ 7V EREE TIXdECM 2 —7 ¢ v 7 BiER L RO MRS E . 153 B ECC kg2 1T-7, HHP
SLERARE TR E ~DOFFEN A S A EICUBM 7L B X0 B 7 v ECRE e FUESEIN L 7=,
FNVERERT 527 =7 2 A TRF MDD N EIRE I E LT & 2 b,
UL EORERD G | DA LB 487 13 HSKMSC D b0 2 RS 2 Z E B B &2 D | B
A4 Fa 7 /LT HSKMSC O RIGHMELE LTHEHTH S Z LR Xz,

Figb M Gk : IA T EH, &%) & FLEE W), 2—7 ¢ 7 ETCPS TOfES (B)
L FIE (O, FvbTofEsR D) & FIE (E)

3. ZEXHE

(1) Gong J, Sagiv 0, Cai H, et al., Exp Eye Res, 2008; 86: 957-965

(2) Crapo PM, Medberry CJ, Reing JE, et al., Biomaterials, 2012; 33: 3539-3547

(3) Nakamura N, Kimura T, Kishida A, et al., ACS Biomater. Sci. Eng, 2017; 3: 1236-1244.
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Evaluation of Bone Formation Potential of New Calcium Phosphate Compounds
by OSatoru EGAWA, Yoshitaka YOSHII, Motonori HASHIMOTO, Atsushi OKAWA

1. HARBW

I BHERIC BV T B RIEBETOBRAE 2 XD -0 OFMEM & LTALTERHWSLND Z ERELVA,
BEBKEH SN T2 N TEIXEFHERICRT, BIHEOZSEE L TULMEEEL TRV oRERTH
Do FxIHHY LAV T AREEY LT LAY X) % L. SEZOFERIEDEBIKITFIEL E
mANZRMI T Z E 2 HIET D,

2. HAREE

2. 1 XELEYMDOEREE

{b&# X % C57BLI6j ~ 7 A
(8 @i, A R) KEEEMIC
[P RFTES- L 2 812 TR
U, fif R R 2 LR 7 i L AT
L7-, HE @I TEOHEAS
B, Y7 T = 0 Yetd TR
BRI OB A LT O (X 1),
PLEDZ L RIEEWITNE
TR ARt L, NERE B2 1%
THEMAEZEETLIEEZLN
77

2. 2 AREKFH

{b&# X % C57BLIG] ~ 7 A

(8 i, FA) KEREHEMEIC
JEFZ R T G- L 4 81 TR

L. #& % micro CT |2 T L

72 (X 2), Imageld & CHEALER D

HfEz —E L L, ik LT
MARE ORI ZFHI L7, (bEHOR G &IT
3.3mg, 8.3mg, 16.7mg, 25mg, 33mg, 67mg & L 7=,
EIZ AT &R BGEIITIMERH V| KIKT
H 1AM REDOE G ENNETH D LB B
Too TG BARMFMHEICHRETZAE SN L T
BY BEEICIDEHEERDOT S P —LR
AHEE B Z b,

SRIT X VEERICAI L 728 € 7 L & e
L. EDETMZERIT HIEFIEER R 2 FEH L
7=,

P-109



3. EEXR
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Bao, Huipin Yuan, Genesis of osteoclasts on
calcium phosphate ceramics and their role in
material-induced bone formation, Acta
Biometarialia, 2022
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FELITZ7AMg-Caad—T 14 T2k BEHA VTS50 FREADHEKERE
HURERMER KRR OFWIEES, Selfef, —Emb, KEEh, A ET
ML AR S, Lt

Hydrophilic Protection of Dental Implant Surfaces with Amorphous Mg-Ca Coatings
by OMasahiko TERAUCHI, Masaki SHIBASAKI, Risa MIYAKE, Tetsuya YODA, Eriko MARUKAWA,
Kengo NARITA and Shigeru YAMANAKA

1. IXEW

WRA T T NDF A A T TV — 3 COEERITIE, R R Z SIS 5 5T H D Bl b e
DHENTH D, ZOEMTBKRERZEELL, BkMELZm ES®E22 T, A 0770 M EMAEE D
BRMEZM ESEHL LD THD, LL, KRTCTEAKMEOIEHIREZHERFT 5 Z LI3IERICHEECH D 2
ENLREEREMBRET DO OH -2 iR RO b\ b, £ 2 TARIFIEZ V—7"TlE Mg & Ca DX
=7y NEHWTEANNy 2 U EIZER L, SRR F LV TE—IRE SN TELT 7 ZREO
WM 2T T 27 E/NLT7 7 A Mg-Ca 22—7 4 > 7 a8 H Lz, —#%IZ Ca & Mg % 2%LL EOJRE TR
G956 L. BRMEAEY MgCa BAER I, KENH 725, LorL, Ka—F 4 7 O4E, Ca & Mg
%M%ifm%f%mwhiéﬁémﬁw DT, FRECIEMEICEN S 721 T <. Mg & Ca 311
UL THIZIRA SNTIERERETH 5720, BHHMIDEL L TEEENE L, EMOEK T OBUKME

%%%ﬁé_&b%ﬁfﬁéoéﬁiﬁﬁﬁ%mﬁgw IKRa—T 4 7L, FOF AW TR
L7z,

2. IERE

2. 1 HHOFREEL YT

BOKMHEA (TR - FH - Dha=y) REZA LT VRFEEZETZ S0 BKMEABEZ L=, =
DOBK LT FEMR B2, Mg & Cax ARy Z Y 7T 52 LICLY, Fixd Cad A3 (0-30%) & Mg-Ca fiE
Z{EB U7 (Fig. 1, Table 1), 3°XT®» Mg-Ca =2 —7 ¢ > 71X, X #EPr (XRD) & EAERIE 7HMEE (SEM)
Z VR L 7=,

Figl RBRICEH Lo va=7 7L —h, ErbRUE, BALLBEOL, Mg =2 —F ¢ 7 4L Mg30Ca
a—7 o JHLEE,

Table 1. Mg-Ca =1 —7 > 7 &

Mg10Ca (Mg90wt%+Cal0wt%) = Mg93.7at%+Ca6.3at% (Mg: 10.8 mM, Ca: 0.7 mM)
Mg20Ca (Mg80wt%+Ca20wt%) = Mg86.8at%+Cal3.2at% (Mg: 9.5 mM, Ca: 1.4 mM)
Mg30Ca (Mg70wt%+Ca30wt%) = Mg79.4at%+Ca20.6at% (Mg: 8.2 mM, Ca: 2.1 mM)

Fig. 2 1%, 7' 7 A M BIC/ERLL 7= 0, 10, 20, 30 mass% Ca @ Mg-Ca ==—7 ¢ > 7 (£ ZH Mg, Mgl0Ca,
Mg20Ca, Mg30Ca) ¢ XRD /¥ —r%/RLTCW\W5, Ca BAEOENE i —%4V7®%%ﬁﬁﬁ
TLTWDZ EWbnD, Mg iiEimtt, Mg20Ca lEiE & A EIEME. Mg30Ca 1Z5e &I IEE Th - 72,

P-111



TN R oo AN

Research result

Fig. 3 13V 2 =7 St 112Hi L7= Mg & Mg30Ca =t —F ¢ > 7 @ SEM g % 534, Mg 21— 1 > 7 DFE i
EREIT N AL OIRAIE LWER 2~ 02 xt L, Mg30Ca OFIZFHFEME THH L H A D, UbEhrbh

M@30Ca (X7 E/L T 7 AN STV D Z &N

Fig.2. XRD f %

2. 2. FHKMRFLMnEEERR

A F W E R B Y o THBOD L
=T HME 2 A RKHPICRE Ltk
W HCHAIRIC Ca—T ¢ v I iE Rtk
DA OFE R A "3 (Fig. 4), Mg #
WZHBUKEITESFE L TR, TELT
7 A% LT REC @ W BUKIE A2 R LT,
Fig. 5 138 2FM0 AR AT SARAE 2 B v 7o
faBE AR O R TH 5, MIaREFEE
1R ComEREEZER LT, KU L
el L7=34 . Mg30Ca BEIEH 2 figiru
Ml E R BT LN TET,
PLEDO#E R 5 Mg30Ca 13 b H K M4
LV N TTREOMEREEZERKT D720
WCEE LWVEEREZ R T2 R E
7o KR THLNTZMAEEZD &I, &
%Y Lo AEAMEOEBWERHA 7
7 hOBRR¥E HIET,

3. ZEXM

WTE T,

Fig.3. SEM i

Fig.4. il Fig.5. MMiaHEE R

(1) X. Li, P. Gao, P. Wan, Y. Pei, L. Shi, B. Fan, C. Shen, X. Xiao, K. Yang and Z. Guo. Novel Bio-Functional
Magnesium Coating on Porous Ti6Al4V Orthopaedic Implants: In vitro and In vivo Study, Sci. Rep. 19,40755

(2017).
(2) JP2022-102829A.

(3) Y. Xieand L. Yang. Calcium and Magnesium lons Are Membrane-Active against Stationary-Phase
Staphylococcus aureus with High Specificity. Sci.Rep.,11, 20628 (2016).

(4) J.W. Park, J. Y. Suh and H. J. Chung. Effects of calcium ion incorporation on osteoblast gene expression in
MC3T3-E1 cells cultured on microstructured titanium surfaces. J.Biomed.Mater.Res.A.,86, 117 (2008).
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FANYEY RREONVE U2 —EBEFREVEZRALV:
RS VESFEROZRE VA
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RAERZEERERT V7 bo =27 AFJEREE - ¥ — %E%%

Detecting nuclear spins in an organosilane monolayer using NV centers
by OY. Ueda, Y. Miyake, H. Kawarada, T. Shinada and T. Tanii

1. HEEH

ZAXEY RRONV B & — (BHRRFZILEEHL) OBFAE VTR THENTZ A U RHE

AR, TOD, BEERLEESCE UV ZISHATE D[], NV B X —DFF AL 2N
TETEV D1 OIEF ) A —b® NMR GHAIDNZET 552NV & > % —% V7= NMR 13,
A NE T —T LT EHRERD NMR IZHART, &V E I IERE & & W E O REZ AT 5, mvE
BB FRRE COMEN HF LD FW I AT MVITITEE 2 BN E D, EIOA B Dby
7 MR IR, 5 %%ﬁﬁ&f%éoNVk/& PRI —T7 T hR v ANE, T A= L
F— A —DERREZ FERK TE, 10T L-ULORtbER STV (3],

BEETIINY B2 —Z2 =% <O NMR OWRENH D, LL, @EWEREE S REE & m22H]
OYFRRE Z WNE L 72 NMR DA 13720, CASR (Coherently Averaged Synchronized Readout) & FEiE4L % NV
T2 =2 W2 NMR X, (b7 7 bR 6 2155 B e 2 ik L7-[4], L2»L. CASR ®

B RREII~A 7 e A— MV A —H—Th D,

AWFFE T, @B fRRE & MW ZER 0 fRRE A N L72 NMR OffiZ2 HiE LT, W NV &
VH—DEFAE L EETEOY—E LTHAYEY FRELEOFHEY T U Hy TP OB A E Ui
H D FAT Al H rﬁﬁ%ﬁoto_@i&fiﬁm YFEREET DL TEWER S RE L ERT D 2 k
MNT&ED, o, DI X2 BB MEEDIK T 2Mmfl c& 5, L, AU HOMAEERIC
BB RREDIR TS S D, T2 ClE, 4 HEOAKY T VTR EER S LT NV —E/&
— % 2 NMR EHIFE RAIZ DWW TR~ %,

2. ARAR

LR RIEIC L o> THA YE L FERREICARE S T VB FIRA IR LTz, RERTIE, 7V
& L % FF octadecyltrimethoxysilane (ODS) & decyltrimethoxysilane (DS), 7 > {b.7 /L& /L8 % £F
- 1H, 1H,2H, 2H-perfuluorodecyltriethoxysilane(FDS) & trimethoxy(1H, 1H,2H,2H-nonafluorohexyl)
silane NFS)D 4 fi¥i D> T 1 v 7V > Tl HW Tz, HE S L — —EERSOLIHMEE(CFM) %
WeH A XEY RO NV & ¥ —Om RN X 290 2 ek g dtil[1] 4@ L <, FDS &
NFS 110 19F A 3L UN0DS & DS o TH A L OfHll AR A Tz, Fo, IREFEH L E R
WHEEOX L o X LB T LizA ~—Y a A A0) 110 H A VEHRIBITV, FHIER %2
%ﬁ?é

W L7 AHE s T VB TR O A & 0 RO R iS5 5 & B Uiz, REBRIZEBWLT,

&4%%/F%ﬁ TR ST A Y T IR O A E SR O R TS E B 3 0] 6 CTHUS S
iz, K112 H A VEHRE R 2R3, NV 2 Z—%2 0 NMR IZL > TH LN AT hL
XL T O L S ichotz, OA ~—Y 3 A AL >0DS>HKHE >DS DIETIEL 725, @FMEICHEE L
ToBED 2T S OVIE IR ARREHZ LTV, @ T VX VDO BV FIED A7 R VIEIEIRWY,
_mgmﬁﬁi P PIEBUC X B R RRE DK F A M X 5 Z L2 FERIITRLTWD, 72k, M

2R T LD, WF A VEHAFERICI W T, BIRER Co ORI L A EWIZR 5TV e,
AT TIX, @O RO ERE & m O ZE R fiRe 2 MmN L7- NMR GHAEORE Z i e LT, W
NV?/& D7 %Xt/%g%ﬂ/% ELTHAYEY FRE LOAY 7 VB FIRFOBAE

CEHID FAT RV 24T o 72, WD T, T By TV TENCE D A vE L RERICKEE LT
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) TP OB TEOR A 2 KO AHBS S S R,

REFEES 70 NV £ 5 —% 7z NMR FHI% 36 LT, 4 TI#0C £ 2 R RERE D15 T 250
HTX B2 L ARROICHER Lz, LovL, HFRATOEMNI AT, 2 LY FAEOMEERIC
Lo CHMEOMREASE T LTV 5, AEIEMRIER NV €2 & —% BV 7z NMR HIEORBIC I,
A, T REDRERERE <572 80 TR, Qdyneldl s ¥ 0B BHAARAED A IE 2 AT 5 04
BTh5HZEERLTVS,

1 HEAE AR R

42 F BEARE R R

72k, 18C JRAMEHAL ML A A VE U NEBRRIIWE - MR o O SFHIE 2 Lo T 1o Tz
DB, NV B Z—BRDT2DDH A ¥ E L FREA~DERA A AEANTEF B A EA IR T
O/NEFHAE O ZH o TFIcED b, I ZIEHOEERT D, £, NV B —0EEkIZIE
ERFFEE~ T U TV ) b —F A 7 T ORI AT L=,

3. ZEXR

[1] NEFHZE, /R, FMEs, s melE—, (2021). B&FE v 7 NRIC & 5 @R
DALFHEERE, BaffFmfs. NMRIC X 2 AAE T & 2 OB, 7 — Z fi#f, 25 2 &=.

[2] Fukuda, R. et al. (2018). Lithographically engineered shallow nitrogen-vacancy centers in diamond for external
nuclear spin sensing, New J. Phys. Vol. 20, 083029.

[3] Maze, Z. R. et al. (2008). Nanoscale magnetic sensing with an individual electronic spin in diamond, Nature \ol.
455, 644.

[4] Lovchinsky, I. et al. (2016). Nuclear magnetic resonance detection and spectroscopy of single proteins using
quantum logic, Science Vol. 351, 836.

[5] Glenn, D. R. et al. (2018). High-resolution magnetic resonance spectroscopy using a solid-state spin sensor, Nature
\ol. 555, 351.
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Multi-Sensing Utilizing Common-Gate lon-Sensitive FETs

RREH KT/« T4 7R IeHE  OSr AR B4, ik 9LFE. Yu Hao Chang,
JIWEH P,
by OReona Nomoto, Hirotaka Sato, Yu Hao Chang, Hiroshi Kawarada

1.Research Object

Since the introduction of ISFETSs [1][2], the development of multi-ion sensors including a pH sensor has been a great
interest. Most of the multi-ion monitoring systems utilizing the FETs employ common-source FETs [3]. However, the
systems with the common-source FETS have the following drawbacks. In order to operate the common-source multiple
sensors, it is required to immerse multiple reference gate electrodes in sample solution and to apply a different gate
voltage (Vgs) for each FET. Consequently, it is regarded that simultaneous sensing of various ions is not practically
performed. Moreover, Ag/AgCI glass electrodes, which are commonly used as the gate electrodes, are difficult to
miniaturize, resulting in a larger sensing system for detection of a wider variety of ions, which required more glass
electrodes. Therefore, it is difficult to perform multi-sensing that requires the use of a plurality of FETs at common
source [4].

To solve these problems, we have proposed a pH measurement system utilizing common-gate FET [5]. In general,
common-gate FETs are often used as cascade amplifiers and contribute to high output impedance in electronic circuits.
The gate of the common-gate FETS is grounded, that is, gate bias is not applied. Instead, source voltage Vsg and drain
voltage Vpg are applied and control drain current Ip. Sensing is also performed by changing only the source voltage Vsg
and the drain voltage Vpg. Therefore, even when a plurality of FETs is used for common gate, only one gate electrode is
completed. By using this common gate method, the gate is common, and multi-sensing of the source drain FET probe is
possible in a compact system. In this study, we investigated whether multi-sensing is actually possible using common-
gate ISFETS.

2. Results and Discussion
In this study, we utilized two n-channel ISFETs
(ISFET 1, ISFET 2) with different threshold voltages.
The | -V characteristics of the common-gate ISFETs
were measured in the following two ways: Fig.1)
measuring each ISFET independently, and Fig.2)
measuring two both ISFETSs shared a gate electrode
simultaneously.
Fig.1 shows a measurement schematic diagram. A
Carmody buffer solution was used for each pH
solution (pH 2 - 12), and a gate electrode (Ag/AgCl)
and ISFET were immersed in the Carmody buffer
solution. First, the Ip - Vpg characteristics of the
ISFET were measured in the range of Vpg =-2to 1 V
at Vsg =-2 V from pH 2 -12. Next, the Ip - Vg
characteristics of the ISFET were measured in the
range of Voo =010 -2V at Vpg =0V from pH 2 - 12.
From Ip - Vg characteristics, the Vg - pH
characteristics were obtained from the source voltage
Vs at a certain drain current value Ip, and the pH
sensitivity was calcurated from the slope of the Vg -
pH characteristics.
Fig.2 shows a measurement schematic diagram for
multi-sensing. Only one gate electrode (Ag/AgCl) and both ISFET 1 and ISFET 2 were immersed in the pH solution
(pH 2 - 12). It is regarded that two ISFETS share are one gate electrode and this measurement system is more compact
than the common-source one. The Ip - Vg characteristics of two ISFETs was measured simultaneously. From this
experimental result, we confirmed how applying voltage to two ISFETSs simultaneously and measuring them affects the
individual characteristics and investigated whether multi-sensing is possible.
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First, The Ip - Vpg characteristics of ISFETs at common gate are
shown in Fig.3. At common gate, the ISFET reaches the saturation
region at Vpg = 0 V, and a drain current I that is effective for
sensing is obtained, so that measurements can be made at Vpg = 0
V.

Fig.4 shows Ip - Vg characteristics and pH sensitivity of
common gate n-channel ISFETs. At common gate, the n-channel
ISFET showed high pH sensitivity comparable to the Nernst
response (About 59 mV/pH) with -49.4 mV/pH and -48.2 mV/pH.
It is known that measuring the pH sensitivity of ISFET with
conventional common source shows high pH sensitivity
comparable to the Nernst response [6]. From the results shown in
Fig.4, it is considered that sensing is possible even at common gate
as well as common source.

Next, Fig.5 shows the Ip - Vg characteristic when multi-sensing
using two n-channel ISFETSs. The pH sensitivity of the two ISFETs
obtained by multi-sensing is shown in Fig. 6. If Fig.4 and Fig.6 are
compared here, the pH sensitivity of ISFET1 (Fig. 4) was -49.4
mV/pH, and the pH sensitivity of ISFET1 in multisensing (Fig. 6)
was -49.7 mV/pH. The pH sensitivity of ISFET2 (Fig. 4) was -48.2
mV/pH, and the pH sensitivity of ISFET2 in multisensing (Fig. 6)
was -48.0 mV/pH. It can be seen that the characteristics hardly
change when measured with one ISFET and when a voltage is
applied to two ISFETs simultaneously and multi-sensing is
performed. From this result, it is considered that the characteristics
are not affected even if multiple FETs are moved simultaneously to
perform sensing.

3. Conclusions

The n-channel ISFET operated normally at the common gate and
pH measurement was possible. The pH sensitivity was as responsive
as -49.4 mV/pH, comparable to the Nernst response.

Research result

Further, even when a plurality of FETSs is used for common gate, only one gate electrode is completed. Therefore,
multi-sensing using a plurality of FETSs that cannot be done by common source is possible. In fact, it was confirmed that
multi-sensing using two n-channel ISFETs was possible from the experimental results of Fig.6. From this result, it can
be expected that multiple ions can be sensed simultaneously by using FETs having different ion-sensitive films.
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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. HAERBEH

77w MRFT 4 AT VA VIRAEUL - mPERE(L - SRR BRE TH D, T TITHEEDBIA ST
% 4K « 8K Iz ki L7 Edsfl, w7 L—ALL— DT 4 AT LA DR T L X L T ILTF R A0
2T TITNTNRA AL NSTEUWERDT 4 AT VA LITERIR DHERER RO T 3 ZADBRENHED ST
%o AHFFETIE, FEREMERIL M EHERRIC BT DIKIE - (RF A= 7 v A2 EHT 5720, 77 X<l
I L DIRIR T 7B ADBF AT > T\ 5, KR, BB ORSE 72 7 1 & AN L2 7o R L) -8
JEDARIRIEZRIZ AT T, v~ 7R bV E T 7 AIZHEHAE T T A~ EHETHI LITED, 79X~
FAREOGHEA S 2 ) o TRER Z BT L, ANy Zhi T OMFA TR & IR O 55 A SRR S 2 S
PRI DR IR A ST+ 2 Z Lok v, KR TEMWEZ a-IGZ0 EFE 2 L T\ 5, ARIERE
V. BT OBSBEMERE LW 8 R 2 TN T2 S ERE TFT OIRIEMERIAZ B L C, 7T A~ KR eE A S > &
U o TRIECR A DT, BSRENVE S8R B L CTHEE SN TWATELT 7 AfR{EA Y 7 A (a-GaO) T
XY A Rt N

2. EHRE
7T R ZARSENEA S B T YA VT a-Ga0 RO BB (A1 T, Aoy # U L R O i
BLOEREREZIT o7, BE ummm@@%%@%pﬁ@ﬁm%%wﬁ#%%mwfa%o%ﬁ%%
ﬁ#ét@ 7T R ZARSIEHEA Ry 2 ) v B E RF ~ 7 % bu v Ay X fdE % AREIC T 50
ZKB LT, BAH 7 B AT T @A E mmswhmm%&kbfmﬂ& %ﬁé@f7x7
(ICP) ZAERK L., #—7% v MIEEIEEA356 MH2)ZHINNT 2 Z L2k, Ay 2 Y o 7Rl A1T
ST, AT AL LTAMH RS T A% WV, KFEDEEE S H T T%H%Bﬁk%:ﬁb\ R L 7=
B DWW TP O 21T o 7o, F7o. FEFIZHBWTHEE k7 22 2 Z (thin film transistor : TFT)%
R L | ERIFHEDORMM 21T o 72, £F, SAKRA NNy Z OB THE LT a-Ga0 #liiL . 7T X~k
EJEIE ARy 2 WEECIER L7z a-GaO MIEOHERTHRE, K ONEROBXURHEIC DWW TIHE AT 72, K
FHHEEZL S TR L 72 a-GaO R OHERTHREE 2 Fig.1 1~ d, RBLEEIXEEEA Ny F DA,
Sputter power : 100 W Sputter power : 100 W
Ar 20 sccm 0 53 Pa

Ar : 20 sccm, 0.53 Pa
/é\ 12i T T T ‘: 106 j‘ L ‘.\‘ T T ‘.\‘t
o o g ]
g 10 “ o ’g r ]
g S 10° L ]
€ g : G ®
) i y = ; ]
Q B ]
= - ® ICP500W + RF 100 W | > -
= 6 B RF 100 W [ S 104=; ° | ]
c [ = £ it
..% 4 - d 0 . ]
37 I ] N A3 ® |CP500W + RF 100 W
2] ] (O] 10 ?.
g Mm m | m x & | W RF100W
8 i Radial position =0 cm | ) I Radial position =0 cm |
O P S H S E R SRR B 10 P R E I B R
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H2/(Ar+H2) ratio (%) H2/(Ar+H2) ratio (%)
Fig. 1. Variation of film thickness of a-Ga0 films Fig. 2. Variation of resistivity of a-GaO films

on process pressure.
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KOT T X= Sl A Sy 2 /L B 1,

KT 4y FEDHIN L C b BUBSHAE [T E — 2 & 72 e O oo scem 0.53 Pa
of-, Elo. TIACKERRAEA Y M g qos 2 2SO S
ORELEEEL, S ANy X OB, & ~ 'V = 50V
DOARFEFECBNTHEVRER ERo72, Zh 810°L P L5y
B DA THRUE L 72 a-GaO MiEOIHIR 2 & i

Tr
Ui Fig, 2 Lo, BRI A S 4 0% o' 8
TR L7 A1, AL ESRIN LT b I 0% oy ]
RHIEE L ote, —T5, 7T AVIARE ? 4v ’
JE A 2 THRIE L 72 a-GaO MfEIL, /KFEHD 10° 1

FEAZLSHED L, KFEDE 035 %E CIEHEH 2V

B L, KBROEEZ I HITHEINEE 5 &K
PLERIIH O EFICEE Uz, KFEHE035%E T
O IE, WO 7T X~ FREKOE TS
o T R OB KA S % v U 7 DN L | | |
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Fig.4 Glﬂ?@—o %{ﬁ@?}‘/?}_7ttk\ Eﬂﬁ%iﬁx% a—Ga0 TFTs deposited by plasma assisted reactive
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3. RRWXHF

[EfR iR R
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Nanostructure Induced Novel Ferromagnetic Nanowire Fabrication Technique
OYutaka MAJIMA, Ryo TOYAMA, Ryosuke NITTA
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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
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Fabrication of FeNi ordered alloy thin films grown on Cu(001)
by nitrogen surfactant epitaxy

At B RFPARK B « & AT LHFSERT O HT A
by OToshio Miyamachi

1. Research Object

L1, ordered alloy thin films fabricated by the alternating deposition of magnetic or noble elements attract
great attention for their strong uniaxial magnetic anisotropy. Especially, L1, ordered FeNi alloy thin films,
composed of cheap and abundant materials, raise the hope for rare-earth free permanent magnets
compatible with NdFeB-based rare earth magnets. Previous studies revealed the close relationship between
the strength of the uniaxial magnetic anisotropy and structural ordering. However, the order parameter S
reported so far still remains low (up to ~ 40 %) for L1, ordered FeNi alloy thin films and the magnetic easy axis
is still toward in-plane direction. The low S values could be caused by the atomic-scale disorder at the Fe/Ni
interface during the fabrication processes, but the lack of the appropriate experimental method with high
spatial resolution hampered the intrinsic improvement of structural and resulting electronic and magnetic
properties of FeNi alloy thin films. Toward realizing high quality FeNi alloy thin films, we here focus on the
fabrication method utilizing nitrogen surfactant effects in a monatomic layer magnetic nitride as shown in Fig.1.
In this method, high lateral lattice stability, which is characteristic of a monatomic layer magnetic nitride [1,2],
and surfactant nitrogen during the deposition of Fe and Ni layers can effectively suppress the interdiffusion at
the Fe/Ni interface, leading to atomically flat and homogeneous surface and interface of FeNi alloy thin films.
2. Experimental Results

In this work, we investigated structural, electronic and magnetic properties of nitrogen-covered Fe/Ni bilayer,
Ni/Fe/Ni trilayer and Fe/Ni/Fe/Ni quadruple-layer grown on Cu(001), which are initial steps for the fabrication
of FeNi alloy thin films by means of nitrogen surfactant effects, using scanning tunneling microscopy (STM)
combined with x-ray absorption spectroscopy/x-ray magnetic circular dichroism (XAS/XMCD) [3,4]. This
complementary experimental approach allows to link macroscopic observations of element specific and
gquantitative electronic and magnetic properties by XAS/XMCD with microscopic origins of the Fe/Ni interface
characteristics revealed by STM [5]. The monatomic layer nickel nitride (Ni,N) was first grown on Cu(001) and
its surface structure was pre-checked by STM before XAS/XMCD measurements. Likewise the fabrication
process of the monatomic layer iron nitride (Fe,N) [1,2], N ions with an energy of 500 eV were firstly
bombarded to the Cu(001) substrate and 1 monolayer (ML) Ni was deposited at room temperature. By
subsequent annealing at ~ 670 K, well-ordered and flat 1 ML Ni,N was grown on the surface. 1 ML Fe was
thereafter deposited at a low temperature (~ 150 K). XAS/XMCD measurements were performed at BL4B in
UVSOR by total electron yield mode atB=+ 5T and T = 7.1 K. The XMCD spectra are obtained at the normal
(NI: 8 = 0°) and the grazing (Gl: 6 = 55°) geometries by detecting u* — p~, where u* (u") denotes the XAS
recorded at Ni and Fe L adsorption edges with the photon helicity parallel (antiparallel) to the sample
magnetization. Note that 8 is the angle between the sample normal and the incident x-ray.
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Figure 2 shows a series of XAS (u*, u7) and
XMCD (u* -u") spectra at Fe L edge under +5 T
in the NI and Gl geometries. We find for the
bilayer that the XMCD intensity at the L peak
decreases considerably by 10 h annealing. In
addition, the enhancement of the L; XMCD
intensity is observed with increasing the
thickness, but it is not monotonous manner.
Since the L3 XMCD intensity roughly scales with
the size of the spin magnetic moment,
considerable changes are expected in magnetic
properties of the Fe layer in FeN/Ni bilayer
before and after 10 h annealing, NiN/Fe/Ni
trilayer and FeN/Ni/Fe/Ni quadruple-layer. The
observed changes in the XMCD intensity can be
understood from quantitative evaluations of the
effective spin (mgpn) mMagnetic moment by
XMCD sum rules [6]. Figure 3 shows the
thickness dependence of mg,,. We find several
differences in mg,, among samples, the value of

Research result

Mgpin Of the bilayer decreases from 1.2 + 0.1 pg/atom for Fe/Ni;N to 0.8 + 0.2 pg/atom for FeN/Ni by 10 h
annealing. Second, the value of mg,, increases with increasing the thickness from the bilayer after 10 h

annealing (FeN/Ni), but the trilayer (NiN/Fe/Ni) shows larger mgy, of 1.8

+ 0.2 pg/atom than the

qguadruple-layer (FeN/Ni/Fe/Ni) of 1.5 + 0.1 yg/atom. The results could be interpreted from the modification of
the atomic coordination of the Fe surface and subsurface atoms [2]. Considering that the value of mg, of an
Fe atom could decrease when it forms the strong Fe—N bonding with a N atom due to the delocalization of Fe

3d states near the Fermi energy (Eg) via the
hybridization with N 2p states[2], the decrease of
Mspin Of the bilayer before and after 10 h
annealing could be induced by surface structural
change from Fe/Ni,N to FeN/Ni on Cu(001) via
the nitrogen surfactant effect. Since XMCD sum
rules give the net magnetization, it is reasonable
that the vaule of mgy, derived from “Fe” of the
trilayer could be larger than that derived from “Fe
+ FeN” of the quadruple-layer.
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High-Temperature Stable Operation of 1550nm-band Quantum Dot Lasers
on InP(311)B Substrate by p-type Doping
by ORyota YABUKI, Ryumi KATSUHARA, Siim HEINSALU, and Katsuyuki UTAKA,
Atsushi MATSUMOTO and Koichi AKAHANE
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Fig 1. Cross section of 1550nm InAs/InGaAlAs
QD wafer on InP (311)B substrate.
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Fig 4. Current vs. light output characteristics of

Fig 3. Temperature dependence of current vs. light )
the OD-LDs with HR/CL and HR/HR

output characteristics for the QD-LD with HR/HR
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HIRE FET IR ([ [ 1= 152 ’5! YEVREBE
2DHG 5 14 ¥ E > FF v = )LH b%m %) FET 1R %514 5T

BRRHKET ) 7 A 7 BT HF R OFEMRTE, JIFHEEE
W'g - MEMFTCHERE SR ERE. SMAE, KHE—. AIRE—
WIRTERTY TarT 0 TR 4)1258

Low Temperature Operation of 2DHG Diamond FETs
with Superconducting Diamond Sources and Drains aiming at JOFET or SCFET operation
by OChiyuki WAKABAYASHI, Yoshihiko TAKANO, Minoru TACHIKI, Shuuichi Ooi,
Shunichi ARISAWA, Muneo SASAGAWA, Hiroshi KAWARADA

1. HIEEM

ARG FET 13, Y8R F v 2L EBIRE Y — Z- R LA VEBMOMAEDORIZ L » TEB SN, BYEE
R BTN BRI K o T, 7 — =i AT ¥ RIS LA T Z LIk » T BREERAFHE SN D,
IHIZ, F—FERZANMTS XY ) TOERBOEZANEE S LT, BEERAEREZHETLZ &
NTE D, EFE, BIE FET X, Ge B P RITIEFL Y A(2DHG)F v /L & Al OBIE B -E R T ¥
TV EBIRE Y —A- R A CEMERERE LTBEEEmRE FERT v 2L OMAG ORI L > TEHRI
NTHE L EHEE LTiBEE, BIEEEENITO NI v PR 2EER, BEIETEET & B
— X LA EDETZETE Y NOBMATELNBELZOND, XA TEY RIZTVA R¥y o 78K E LTHD
NH—J7, Ru R 1x10% om® THREIEBIRE T 08 & m 10 K 2R TBEEME b H 5 2, T2 TR
FFETIX, AR CIIREECTH 2 BIREIR L 8RO NA TV v RTANAL AOERNFARETH H X A YE
RZHWTFET Z2/ER L, MIKIRMEZFIME T2 LiIck-» T, &
R FET & L COFEBLRREMEZMFT LTz,

2. ERRE
2. 1 FETNAROBE

EBL L 7=F A 20WiHER % Figl o577, BisERny R—7
HA YT R(B]I=1X10% cm®) 2 #BfziE Y — 2 R LA iz, fEk
F ¥ RINKFERKG & ALOIZ X » TiFkt &5 2DHG % v iz,
F7- 7 — M S LT ALO; A2 30 nm HEFE L .
Z— N E LT Al Z 100 nmHERE S ¥7-, £7-.
F ¥ RNVE Lol T PERFUZ LARTE LT 7 —o3—
SENEEN T RE T 5 72 DI b9 5 BN
HY Lep=65,140nm & LTHY ., 7 — ME W =
25um ThH D,

Fig.1 7 /31 Z il
(Lg, = 65, 140 nm, #, = 25 um)

2. 2 ER-BERM

fi IED N 611 140 nm O)?/ﬁixg;w(%h%ﬁ\ (@) Lsp= 140 nm (b) Lsp= 65 nm
RARIRER B2 (1.6 K) CHaif- B E R 2 JE L 72f : SR T e R S
B4 Fig2 RO Fig.3 IoRT, BHEMEHE ORI Flg2 IRV C DR BIERA:
DTz, WG FIEIZ LY | BRAHIMN LR OE

JEZAL 2 JIE LT\ 5, Fig.2 1%-40~40 mA/mm O

JRV N P CREE- R A E A JE L 2RSSR T

H%, Lep=140,65nm DO EH DT A AT

WTh, FIINT 5 EWH 2ImA/mm Z Bz 7= & =

ATEBMICERA LR L TCnbZ Enbnd, =

L, Y—A-FbA VEmE L THWTWS B

EHAAYEY ROBMABRMEZBL D Z &IC (@) Lsp= 140 mm (b) Lsp= 65 nm
LEoT, V—R-F LA VBBROEHN2MIH Fig.3 e\ VB #FE C O Bk - B E R
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NicleOThdHEEZ NS, o, FUEPUL Fig2 (a)lor

T H T Lep=140NnmM T8.1 Q-mm TH D DTkt LT, Fig.2 (b)

{RT X 91T Lep =65 nm DREIX 6.4 Q ~mm TH Y, A P

PEH L TWD Z ENbnd, ZOHERKE LT, Fr AN

HL ol Z EIZ i o T, Fyrkinmd Lz s &b,

J—=N=%D LA LDENREL holctBZExbD, F

7=, Fig.3 12-0.4~0.4 mA/mm DO P\ FEFLHIH CEF-EEREE Fig.4 WifF S 2B {=E FET OBIE
WELTfERERT, Figl3lom Lk oI

FUEIRL(1.6 K)TD k7 > P 2 X EhifE%A F8

T5HZEMMTEMN, Ly = 140 nm DA

LR LT Lsp = 65 nm OHAITEEFH /N

S o TCLES, TiuE, Lgp=65nm

W2k L CLALO; FBEE 30 nm BIEETH D |

BHRDENT ¥ 2kt LT EFE b

RN ThHEZEZX NS, Fi2,

P ERHETHET 52 &Itk > T, M Fig.s = /L ¥—nr FK
NIRRT A E S D 2 & DT

SN, BEEERABAT L2 LN TET, B8 FET & L COEBELZHEBT L2 RN TE o7,
FERC, BIREFET & LTEMEL 72 L ST SN O EMEILFig. 4 IRT L O R b DTH 5,

2. 3 HBIEEFETERIZAEIT-FE

AE, BIRE FET WEBRTERho7mHEWKE L TEII - 2Exz N, —2HIL, BEERny R—74
A ¥ EL F& 2DHG MICTFET B ERED B TH 5, Fig5 IZT R X =N FZRLTWD R, ADF —
NEEZFMTHZ EI2E->T, AN RN, BENES D LIk T, BELZ MRV L, Fv
UTBHMIND LI/ D, LLRRG, MENGFET LI LICE-T, BREX A VPEL ND, PEK
F o RVHNZ 7 — /8= Y R AR U, ARG B AN -8R T v RV HIciiiu 32 & ZBAF L
TLEW, BEREFET OEBZIT DL EEXLND, —HOHIT, WIKIRERE T CA 4 U BELORZEN K
L0 BEENSHAD L Z EngFond, PEEFOa — L AR SGITHERYP A 7 — R —%f 03
NPIMEET D2 N TEXHHME R L, &y= (WuNJ2keTem) 2 TEHET 2 2 N TE 5 % 2 LMET 4
T v 7B, W IIBEIE, Ny iZREX v ) TEE, ks
ARV = ER, TIXIRE, e (XEMFEE, mJIAR
BETHD, ZORIZHONT, IREL6K THX A TEL
ROKRFEREIRHIZ L0 Ik D 2DHG (220 TR
REMETH D, =100 cm¥V + s, Ny = 1x10% ecm?,
m /me=0.4 ZRALCEAET D&, Ey=21nm LFHE
THZEMTED, ZORERND, % KX/VEZ 50 nm
FRLEE £ O % Z LIk » T, s FET O3EH,
DR END EEZLNDEN, KIETOA 4 U HELC
L OBEEDORAD KON, BEEDOFIEIZ L D7 — 33—t
D LA LHEROBAICL Y AENTBIEEFET & LTCOEMELZEHR T LN TE RN -T2 EZBNRD,
StkiE, A — MO ALO; 2 LT 5 2 LIC K 2B RNRIC L DLEHF oK, BEEDOR LIck-T
B FET EHLA BT,

Fig.6 iE{kifoae —L 2 E

3. ZEXM

(1) F. Vigneau, S. Franceschi, et a/., Germanium Quantum—Well Josephson Field-Effect Transistors and
Interferometers, Nano Lett., 19, 1023, (2019).

(2) T. Kageura, HK et al., Superconductivity in nano— and micro—-patterned high quality single
crystalline boron—doped diamond films, Diamond and Related Materials, 90, 181, (2018).

(3) J. Seto, T. VanDuzer, Proceedings of the Seventeenth International Conference on Low Temperature Phys, 3, 328,
(1974).
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Fabrication and characterization of vertical high-frequency diamond MOSFETs
by OFuga ASAI, Masakazu ARAI, Kosuke OTA, Akira TAKAHASHI, Xuezhen JIA, Yukihiro CHO,
Atsushi HIRAIWA, Hiroshi KAWARADA

1. HAEEH

MOSFET #ZmH b2 5Ll T, EERL [ _ ESEL2FIIH R THY ., Fex 137 —MEOZIRL
TRYEREZE 2 CND, BRI IO —METE R Z K 1 mm ETIToTET2D, ZOFHETIEHS —h
?f&?“z’»tﬁéjtb F7-H OO ENRKEII>TLEID, EEBIRIIM LU0 0 B E Tt

H45EHb L TRVEFBLD RO ONHNT L P AZ TIFHBIRE RIS 2R\, 22T 7 —ho
T4 T —EEO TNV TF T 4 T —HEED R AVUT T —MEPLOEE R A2 M2 S>>, 7 —NMEDEFE
BT ZENHRD L E 2 HD, LD LZOREEIL, 7 — T 4 —% ke — 2 R A5 D T
ECERSE LM ENH TS, BRI 5 EEL TR A BNEZTWHDHLDIE 255, —2I1EK 1 IR
TI5C, =7 TNk T — D 28TV — REME Y — A EMAE T ALV DTE, $9—D
LR F AR UM & LTI D ptEZ L TK Y —AERLA U ZERSEHE0 B D
77, ZOESERRE I E XTI 2 DIHTREND,

X1 =77V tEED FiX 2 MR~ LT T 0 T —AEE O H T R

PEFRDIERI X A R MOSFET(1) Tl EHIZRL A EBETERL CTIRY, HES BB TEILOE
sz&;omi ART NAZTIEE R RHREL TWDTD | X 3R X E B R E D7 7 — R —
WSS EDVEDRDHY), RL AV BMERIMICER LR TUIRERW, =7 7Yy~ )V F T 47—
Fex A EITERL, K 4 (R T INCFDON R BN FEE A THD, 7 —MENHE KL TWHDIZHE0 ) h 5
T —MEFIOBE KB IZ LN TODTDEIREE NS T, 7 —MEE B K LT /0 0N FEE IR S
STV,

B3 mERRE 77— — K4 =77V v F T ¢ —EiED DC HIERF

2. MERE

2. 1 ##EITOER

AWFFETIL I b(100)5 A7 E 2 R HAM A O TRHER & 81 MOSFETs Z/ERLT-, #F1OI7 v F—7 &
(500 nm), ZHEF—7JEB X 10" ¢cm®:500 nm, 8 X 10'® cm™®:500 nm)& LS5, PEFLI-1%, V—
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AHDOR U FWE 4 pm, R FIES 3 um DR FEFERLT D0, =y F T H O~ A7 LT MgO % 100
nm HEFEXE7-, FiVVC U ar gy 100 nm FEAELTZ, ZD% ., RLAEMRAICH N o F 2T
BN, AR U F NEREMEFEZ BI04 [HIE MgO ~AZ% 600 nm HEFELT-, RL AR F TR
#lx, ) —A R A FEMiEL T Ti:60 nm, Pt 60 nm, Au 600 nm &% L7=, Zhh, S FINERICHESEC
%’?%éﬁét IZELLTWD, FWV T, 7 =— LALER | AR R DK FALEAT o7 1% , BRAIC R 1L
THECTHEFOEEEAT), I — MRS L CT7 L7 % 200 nm 78538, #1247 —h 300 nm 78
BT D, TAAAOWRIXE EiRAR 512w T, SHEICBIL T, Ly = 8 um, Lg = 5.0 pm, Wy = 4.0 pm,
Wy = 3.0 um, Wi = 500 pm, 1 mm ku‘_o 7 — Mg B‘éﬁbﬂi\ — KRBTV DT 42 H—F 100 pm THIL
W DX 7 40— 5 ROGE . K742 T —IZ K RFEIO IR DY — ZA)DER DN
ALeT=8, Bt —MEEL T 1 mm }:72%.6
5 HEH S JE MOSFET OWrif X & b i X

2. 2 BIEHER

if@?ﬁ%‘f@i’)b VT, 7 — i 500 pm OFERZX] 6 12, 7 —MiE 1 mm OFEFRAE 7127,
FELRLAVEBEICELTUTI0OVSH-40 V ETHIIIL, 7 —FEEICELTUE-36 VAL 0V £T4V
G A THIINL TV, 47— Mg 500 pm TIEFEE 8.4 mA( = 16.8 mA/mm), 7 —ME 1 mm TiZ 16.8
mA(= 16.8 mA/mm)&7p o7, A ARPUTFHEF b RUVMEZRA TEY, 2 EHUIEIZ 2.10 kQmm,
2.44 kQmm EWVHMERESNT-, ZOFRERIY ~ VTF T4 H— S IC Lo T —MEFLO % /N &
<L 7 —MEHERKIZE > THERMEO LT TR WEN T A IS, X AY FET CIIIKEEH
DS ERVOESITHNEO0, mWIEREER 4G T o720 mEEIEN AR THY | @Bk

TIXRBRFFEDNROLND, WT AU L, 1O TR & B 7 S AROEEL MR T 5 FNTET,
BT, KIE BHIERE RO\ TR RS, RLAVBIE-40V LU, 7 —NEEZHINLZRAS 1 GHz O
EEAR B E A5, AMEH I IHNZIXENE NS RIS T O TR, AN b m<RD L
IR A L —H L AERD D, FDORALNF 2—=0 T LTIREETE N EZ AL COEH 15
RFNGE TN 5, ’ft%ff. X 8 |RT N, e SO BIRMENL FEL -T2 F L HY, E D —b
IRAT Z I B O THRIBNELNR D -T2, 23T, FET O—20) KREREEITH LIRS H kT
TRWNVEEE R T D720, @EEEIELI-FITIT e/, UL, A& T FET BifEILMERR k-7
D S BFHEOUEL L T ZE THIORR S JE 2 A E2 R MOSFET OSERMHIfRF T&D,

6 & —hE 500 pm D EFEFRFE 7 A —iE 1 mm OB 8 KAF B I ERE H
3. &EXWk

(1) Jun Tsunoda, Hiroshi Kawarada, “Low ON-Resistance (2.5 mQ - cm2) Vertical-Type 2-D Hole
Gas Diamond MOSFETs With Trench Gate Structure “, IEEE TRANSACTIONS ON ELECTRON DEVICES,
VOL. 68, NO. 7, JULY 2021
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Highly concentrated NV ensembles produced by vacancy formation using transmission electron microscopy.
by OKyosuke HAYASAKA, Kyotaro KANEHISA, Mayu UEDA, Kosuke KIMURA, Shinobu ONODA,
and Hiroshi KAWARADA

1. IXEM

XA Y E L N OZEF(Nitrogen) & BE#E 7 5 5122 fL(Vacancy) 3 72 TR [fa T 5 NV B ¥ —ldE B &
‘/7%3%%‘%150){%@2: LCHERAZED TS, NV B Z =, TOAERIEIZIG U CTRIETRENE
b B 7= DR & AN H AT 2 L B HBR 5130, B GHz D~ A 7 m il & W T R B LR IED#EEN
ITH 2 EMTE, MA TS WEETH D,

NV & o Z— NS CHET DB 2 NV T o o 7L s, Bt r v 72BN T, NV 7oy
TNEROEBERE i, NV o 4 —O8 NSk L THRSEESN ICtfl+25 Y vy 7uitch
EIEED NV 7 W7, %%%@?%i@ﬁ%%%@?@%@ﬁ%%%hélk%%%éﬂéoMﬁ7
VYT NVNDOEEF, A F Ty T 15':7‘;@ IR CHEE) T X 5,

m&f&NVT/#/?W%W%Tét m%%wgnéﬁ&i U RN E T2
%%T%6 HEBHFELE0REHIH LT, B MeV IS N B E—2 25414 YT RPORER T

2245 2 L CIRFZEALZARSE, 72— VMBI LY NV B 2 —%2ERT 5% o7k RIck
D NV &% —iTBFTiria 1~10 ppm(10'~10" cm®)FLEE Rl S N 5,

UL, @RER NV 7 2 T AAERICIEE T IRA R 2 0T 0 ERH Y, 2o e A TERS R
TR SR D NV 7 23 2 7 L (45 ppm)IZ B8\ TIELE 1 FRETIFR A3 285 HFR & MBLZ /2> TV D Z &
B3 ABESLRDEBERNY T U U TV EERT LR LVE THEND D, B D ERER
NV 7 oW 7 VR iﬁt@77m—%#*w%ﬂé

2T, AW TIE, £ 2T, AR TIREERAE FBEMEI(TEM)2 LN SN ETFE—2 2 AW TH
%VNVT/%/7W%¢%LKQEMT¢ BIE—ARERD Z ENRHEKD T, RERIA~DE
LG AN AR NDION %ﬂ%ﬁét@@ﬁ%%%;%%%f_&ﬂmxét R o R
IR O R &% RR 2% RS S ATREIC 72 D,

2. IERE
2. 1 TEM TOEFRHFICLIERAZEZEEDONV 7Y JT)LOESH
EIREEMHPHT)IEIC L > TARESNT-EHEY vF
PR RS A A Y v RRUBH(IN]=3 X 10" cm®)icxt L T
TEM TH %%%%ﬁotoﬁ4%%yF$@ﬁﬁﬁ%
XL E T 72O 1 OBl = L ¥ —
@ﬁmm;ofﬁﬁé%@@\ﬁﬁnfﬁwtanw
A YT RTIL 220keV T 5D T4, J#EE 300keV
O TEM % iz, SR L — 3 — i ROt e
(CFM)IZ L% PL ¥ v B> 718 % Figl.lZ/Rn ¥, BB 1 WG
LU 7B CIE NV & v ¥ —H RO TN fERE T & 72,
NV 7 2B TV DFKFRE 2 H— NV & ¥ — D%
WHRE L T 5 2 Lk > T, FD NV 7T o¥ o7
LD NV IEE 2B L7Z(Fig2), S 5T, EEER NV
TUH T MCEBWTINY 7 —REOMEEMD  Figl. TEM OE - FRET. () bt~ % 7 RS2
DI E RS D 2 ENHED S, WS R E AR E(Wﬁfwm@ﬁ¥%%ﬁﬁwﬁflwm@
Tl NV £ 2 — O A Bk L 6 Tk
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O, BHRENSO NVIBEORE LR EITo7-, 21 g 1E19 .
% Table LIZ/R 97 HPHT 2/ ¥ F(IN] =3X10% [em?]) = ] . ° %
CETRAETS 2 LT MRREREDONY T o T B .
(INV] = 1.1 X 10" [em™®]) % ik L 7-. g 1517 . .
£ 1516 ®
2. 2 HARSEENERXRF—TJCVWDAAIVYELELD é
sl 3 1E15] @ HPHT ([N]=3 % 10 [cm?])

FFSE T4 O CVD i 4 AT 2 I E[N] =8 X 100 £ ¢ o |@CVD(NFEX10%[em)
[cm % &t Rt O%ER F—~ CVD #A vEr k& 8 ",
fEBLL 72, CVD JEIZE B4 A YL FOMRME TR, 2 1E13 Lt rrrm e vy
BAR AT 5 2 & CRENR LT 5, B & IRE DL irradiation 1E17 1E18 1E19 1E20 1E21 1E22
210 LICRO T L CEME ARG DB IEN S, B Electron doses [cm]

A o) . ) Fig2. TR HHEE L7z NV RE & IR RO 7
%0)%“{3\%) 5%*35};#&\—733%) k?f\%ﬁ%@ﬂ%gﬁlﬁiﬁ—é k %) ? 70 %@7%:! y l\&j: HPHT &‘/]) JV:EV F\%it*/{\

SN TOD % Ny COp CHy Hp HAZINT, MR H7 1y MICVD 44 ¥EL Rt &% T,
EIRFOLFELZ 1 LIRLRND G, REOEEIT 4~5%

IR B 50T CVD AR ATV BIREICER 2GRN D bIERIEO RN A Y REER L, S 512,
ZOFEHIR LT TEM TETRA A7) 2 LT, SBENV 7 U 7 ERLL 72,

CVD %A Y& R(IN] = 8x10% [em®)~DFE FIRH THLEBEED NV 74 7 /L(NV] = 85x10"
[em®) DRI Lz, CVD # 4 Y& RTIE, REHICEER D ARICL D Sy v _R—vaic kv,
FIUERREETHLAERIND NV X —DREN HPHT ¥4 Y& RERB L TIKLS 25, Zhick D,
ZEHIRE H 8X10%° [emP] b ETe CVD 4 YT FTH, EHREE 3X10" [em?®]d HPHT 41 Y& Rk Y
BIRWNV EEICR-T2EZ BN,

Table 1. NV 7 >4 > 7L OFENHEE D SR H L= NV JREE & |
NV & o & —[RTOMBEERNS RIS - 72 NV B O g

3. &EXM

[1] Acosta VM, Bauch E, Ledbetter MP, Santori C, Fu K, Barclay PE et al. Diamonds with a high density of
nitrogen-vacancy centers for magnetometry applications. Physical Review B 2009;80:115202.

[2] Wolf T, Neumann P, Nakamura K, Sumiya H, Ohshima T, Isoya J et al. Subpicotesla diamond magnetometry.
Physical Review X 2015;5:041001.

[3] Kucsko G, Choi S, Choi J, Maurer PC, Zhou H, Landig R et al. Critical thermalization of a disordered dipolar spin
system in diamond. Phys Rev Lett 2018;121:023601.

[4] Koike J, Parkin DM, Mitchell TE. Displacement threshold energy for type Ila diamond. Appl Phys Lett
1992;60:1450-2.

[5] Bachmann PK, Leers D, Lydtin H. Towards a general concept of diamond chemical vapour deposition. Diamond
and related materials 1991;1:1-12.

[6] Ito K, Ito T, Hosoya I. Diamond Synthesis by the Microwave Plasma CVD Method Using a Mixture of Carbon
Monoxide and Hydrogen Gas (I). Chem Lett 1988;17:589-92.
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2DHG diamond MOSFETs with multi-finger structure for gate width expansion and improved RF
characteristics

BREHRTT 7 - 74 7AEZeHAE Omil B SiF fE—. @ B ok BEfC 1,
a B IR

by OAKkira Takahashi, Masakazu Arai, Fuga Asai, Yukiko Suzuki,
Atsushi Hiraiwa, Hiroshi Kawarada

1. Introduction

Diamond has a wide band gap (5.5 eV), high thermal conductivity (22 W/cm -+ K), and high breakdown field.
Therefore, diamond is expected to apply RF amplifier. We fabricated 2DHG diamond MOSFET which Wg=1 mm
using a multi-finger structure for radio frequency (RF) application. Three-dimensional structure of air-bridges
fabricated over the gate fingers. High output power performance is critical for the RF amplifier applications. It is valid
for high output to increase actual current by extending the gate width. The device with extended Wg may deteriorate
output current because of self-heating, and influence characteristics of devices caused by increase of gate resistance. In
this work, a 2DHG MOSFETSs with multi-finger structure were fabricated on a diamond substrate, and its DC and RF
characteristics were evaluated and compared with those of the double-finger structure.

2. Device Information

Devices were fabricated on a (001) diamond substrate. Fig.1(a) shows the top view of 2DHG diamond MOSFET
with double-finger structure, and Fig.1(b) shows the top view of 2DHG diamond MOSFET with multi-finger structure.
Fig.2 shows the SEM image of air-bridge structure. We etched selectively by ICP-RIE through deposited metal mask to
form space for heavily boron-doped epitaxial layer in the position directly below the electrode. After the boron-doped
layer deposited, source and drain electrodes are deposited Ti/Pt/Au (20 nm/ 20 nm/ 90 nm). After the formation of p-
type conductive region by H-termination and isolation of the conductive region by oxygen termination, deposited
Al,O5 as gate insulator. The thickness of Al,O5 is 100 nm. After that, 100 nm of Al was deposited as a gate. The gate
length was fixed Lg= 0.5 pm and the source-drain length Lsp was fixed 4.0 um. the gate-drain length Lgp defined as
2.5 um. The air-bridge over the gate fingers shown in Fig.2 is made of Au (1um) after resist application.

3. Result and Discussion

Fig.3 shows the I-V characteristics of multi-finger device with Wgr = 100 umx10(= 1000 pum). At Vgs = -24 V and
Vps = -40 V, the maximum drain current density Ipma Was 360 mA/mm, R, was 66.1 Qmm. In addition to this, we
compared DC characteristics of double-finger structure and multi-finger structure. Fig.4 shows the I-V characteristics of
double-finger device with Wgt = 25 pmx2 (= 50 pum). At Vgs = -24 V and Vps = -40 V, the maximum drain current
density Ipmax Was 428 mA/mm, Ry, was 54 Qmm. Fig.5 shows the I-V characteristics of multi-finger device by air-
bridge with Wgr = 25 umx6 (= 150 pm). At Vgs = -24 V and Vps = -40 V, the maximum drain current density Ipmax
was 433 mA/mm, Ry, was 52 Qmm. The Wgr of multi-finger is three times larger than that of double-finger in
association with the number of fingers. Since the drain current densities are almost the same in the double-finger and
multi-finger devices the actual current value of multi-finger is almost three times higher than that of double-finger,
Concerns of multi-finger structure are resistance of the air-bridge and the heat generated by the increased current value,
but these results confirm that there is no deterioration of the current density. In multi-finger, the current density is not
degraded by gate resistance or heat, because Wy (finger length as shown in Fig.1(b)) remains the same even when Wgr
is increased.

Fig.6 and Fig.7 show RF characteristics of double-finger and multi-finger devices, respectively. The frequency at
MSG and MAG convert, defined f, is decreased with increasing gate width. But it is confirmed that the rate of
decreasing f, with the multi-finger device is much smaller than that of double-finger device. Comparing the maximum
oscillation frequency (fa) With Wer = 500 pmx2 (= 1000 pm) and Wgr = 100 pmx10 (= 1000 pm), double-finger
device indicates 4.8 GHz and multi-finger device indicates 9.0 GHz. Thus, there is a large difference between the
respective values. The reason why high f.., is obtained with multi-finger is that the gate resistance becomes smaller and
the decrease in fy is smaller, because the Wgy is maintained. These results indicate that the multi-finger structure, in
which the gate length (Wgr) can be increased while keeping the length of one finger (Wgy) short, can suppress the
decrease in f.. and improve the high-frequency performance.
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4. Conclusions

In this work, we fabricated 2DHG diamond MOSFETs which Wgr = 1mm with multi-finger structure on (100)
diamond substrate for RF application and evaluated DC and RF performance. It was also confirmed that the
introduction of the multi-finger structure did not cause deterioration in current density as the gate width expanded in
association with the increase of gate fingers. In the RF characteristics evaluation, it was found that the multi-finger
structure has a smaller rate of decrease in f, with an increase in gate width, and the maximum oscillation frequency is
9.0 GHz at Wgr=100 umx10 whereas 4.8 GHz at Wt=500 umx2. The multi-finger structure makes it possible to
fabricate diamond devices in densely integrated structure with much smaller Ws shown in Fig. 5(b). It improves high-
frequency characteristics. Because of high thermal conductivity. the device integration is the advantage of diamond
compared with GaN.

(@) (b)
Fig. 1(a) the top view of MOSFET with double-finger structure Fig. 2 the SEM image of air bridge structure
(b)the top view of the MOSFET with multi-finger structure

Fig. 3 The drain current density (Wgr = 1 mm) Fig. 4 The drain current density (double-finger FET)

\

l& fmax

4.8 GHz

Fig. 5 The drain current density (multi-finger FET) o
(Wr=1000 pm)

Fig. 6 RF characteristic (double-finger FET)

o@fk
Q@ frmax
" soc

O (Wgr=1000 pm)

Fig. 7 RF characteristic (multi-finger FET)
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Characterization of Ultra High-Concentration Nitrogen-doped CVD Diamond

BREHRET 7« T4 ZREOIEHNE O LHER, BYoHh, FRT=, JIREE
PEFLINF GWIIERT W AR

by OMayu Ueda, Kyosuke Hayasaka, Kyotaro Kanehisa, Yasuhiro Takahashi, Chiyuki Waka-
bayashi,
Taisuke Kageura and Hiroshi Kawarada

1. Research Object

High impurity doping in diamond using microwave plasma chemical vapor deposition (MPCVD) has been actively
investigated with many dopants such as boron, nitrogen, and phosphorus. In particular, high concentration doping as
high as 2x10% [cm™] has been achieved for boron doping [1], whereas the highest concentration for nitrogen is only
2x10% [em™] [2]. The fabrication of highly nitrogen-doped diamond is expected to realize highly sensitive magnetic
sensing by NV centers and superconductivity theoretically predicted [3].

In general, increasing the proportion of supplied nitrogen gas degrades the film quality of diamond [4]. On the oth-
er hand, it has been reported that supplying carbon and oxygen at a ratio of 1:1 during deposition improves the film
quality [5]. Diamonds doped with high concentrations of boron, which has a larger ionic radius than carbon, exhibit
crystal expansion in vertical direction (growth direction) [1]. Up to now, there are no reports on crystal distortion in
highly nitrogen doped diamonds where nitrogen, has a smaller ionic radius than carbon.Therefore, in this study, we fab-
ricated diamond and characterized the physical properties of the thin films by reciprocal lattice mapping using an X-ray
diffractometer (XRD) and cross-sectional imaging using a transmission electron microscope (TEM).

2. Experimental Results Table | CVD Synthesis Conditions

2.1 Experimental Details

CVD synthesis was performed using a waveguide con-
fined MPCVD system with quartz tube where plasma was con-
fined within waveguide, with a pressure of 110 [Torr], a mi-
crowave power 300 [W] and at a temperature of 850 [°C]. CH,,

N,, and CO, gases were used for homoepitaxial growth. The gas mixture conditions are shown in Table I. The total gas
flow rate was fixed at 200 [sccm], and samples were prepared by varying the ratio of gases. High-pressure-high-
temperature (HPHT) synthetic (111)-oriented diamond substrates were used. Cross-sectional TEM images (JEOL JEM-
2100F) and Raman spectra (RENISHAW inVia Basis, 532 [nm]) were obtained of the nitrogen-doped diamond thin
films.Furthermore, (113) plane asymmetric reciprocal lattice map measurements were performed using XRD. The
measurement was performed using 4-axis XRD (Bruker D8 DISCOVER) for thin films. The (113) plane was scanned
by w-scanning with a one-dimensional detector (Bruker Vantecl). The one-dimensional detector can simultaneously
measure the diffraction intensity distribution for 12° in the 26 direction, so the reciprocal space mapping can be meas-
ured over a wide area in a short time.
2.2 Results and Discussions Table I SIMS experiments

Secondary ion mass spectrometry (SIMS) experiments were
applied to determine the nitrogen concentration in the diamond films.
The nitrogen concentration of each thin film is shown in Table II.
The nitrogen concentration of 8x10%° [cm™] is the world's highest
concentration of nitrogen existed in diamond.

Cross-sectional TEM images of each sample were obtained (Fig. 1). From the cross-sectional TEM images, it was
confirmed that twinning defects were introduced into the epitaxial layer in [C,0]=1.5, 2.0[%], and stacking defects were
introduced into the epitaxial layer in [C, O]=1.2[%]. Furthermore, [C, O]=4.0[%] showed no twins or stacking faults,
but dark spots which are observed to be nitrogen aggregation [6] in the epitaxial layer. The origin of these spots must be
further investigated.
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Fig. 1 Cross-sectional TEM image: Fig. 2 Raman spectra: (a) [C, O]=1.2[%], (b) [C, O]=1.5, 2.0[%],
(a) [C, O]=1.2[%], (b) [C,O]=1.5, 2.0[%], and (c) [C, O]=4.0% (c) [C, O]=4.0[%)] and (d) HPHT diamond.

In the Raman spectrum measurement, a peak at 1333
[cm™], the Raman peak of diamond, was confirmed for all three samples (Fig. 2). [C, 0]=4.0[%)] ([N]=8x10% [cm™])
showed the FWHM of 8.6 [cm™] at 1333 [cm™]. The FWHM is comparable to that of HPHT diamond with few defects.
High quality nitrogen-doped diamond was produced despite containing as much as 8x10%° [cm™] nitrogen. In the Ra-
man spectra, peaks of 1400 [cm™] and 3100 [cm™] were confirmed as NV° and NV, respectively irradiated by a laser
with 532[nm] in wavelength.

Fig. 3 Reciprocal space map: (a) [C, O]=1.2[%], (b) [C, O]=1.5, 2.0[%], and (c) [C, O]=4.0%.
S is the reflection from the (113) plane, and L is the reflection from the thin film. L to the left relative to S represents the crys-
tal shrinking parallel to the plane, while the upper vertical axis represents the crystal elongating perpendicular to the plane.

The asymmetric reciprocal space mapping of (113) plane are shown (Fig. 3): lattice expansion was calculated from
reciprocal space maps. [C, O]=1.2[%] exhibited 0.66 [%] expansion in the parallel direction and 0.20 [%] shrinkage in
the perpendicular direction (Fig. 3(a)). [C, O]=1.5, 2.0[%] exhibited 1.47 [%] expansion in the parallel direction and
0.50 [%] shrinkage in the perpendicular direction (Fig. 3(b)). However, [C, O]=4.0[%] exhibited no crystal lattice ex-
pansion or shrinkage (Fig. 3(c)). We expected that the crystal lattice expansion would increase with increasing nitrogen
concentration in the thin film, but in fact a well-crystalline CVVD diamond has been fabricated with the highest nitrogen
concentration of 8x10%° [cm™].
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Synthetic of Multi-Component Nanoparticles and their applications
KRR FHEEFAIZERT  OFENSEH, 2574
by OHiroya Abe and Fei Li

1. Research Object

The concept of high-entropy, creating materials by alloying five or more elements in equimolar or near
equimolar ratios, was established in 2004[1], and was extended beyond alloys into entire materials
community [2]. High-entropy materials (HEMSs) including alloys, oxides, hydroxides, etc., open a vast
compositional space for materials design and property optimization.

Due to the increasing importance of HEMs, a large number of synthetic strategies for HEM nanopatrticles
have been recently reported. They all address the common challenge of homogeneous solid-state solutions
and composed of at least five elements or cations at nanoscales. Recently, we introduced a soft chemistry,
polyol process, followed by quenching to synthesize (Mgg.C0q2Nig.Cug2ZNng,)O high-entropy oxide (HEO)
nanoparticles. Benefiting from the homogeneous distribution of cations in the inorganic-organic hybrid
compound obtained from polyol process, the single-phase HEO nanoparticles were synthesized after
guenching at 800 °C [3].

Low-dimensional high-entropy 2D materials or nanosheets have great potential. However, it is still
challenging to synthesize 2D layered high-entropy materials through a bottom-up soft chemistry method, due
to the difficulty of mixing and assembling multiple elements in 2D layers.

In this study, we developed a simple polyol process for the synthesis of 2D high-entropy transition metal
hydroxides (HEHS), involving the hydrolysis and inorganic polymerization of metal-containing species in
ethylene glycol-water media. The 2D layered HEHs with large area, high compositional homogeneity, and
designed stoichiometry were successfully obtained.

2. Experimental Results

As shown in Fig.1, a 2D layered HEH had a sheet-like structure and high compositional homogeneity.
From its XRD analysis, the 2D HEH was of edge-sharing metal-oxygen octahedra separated by bonded
counter ions. The calculated interlayer distances of the as synthesized products vary from 0.846 nm. ICP-MS
results confirm the existence of Co, Fe, Mn, Ni, and Zn cations in a near equimolar ratio. The main factor that
governing the composition of HEHs in our polyol process is the solution pH.

Fig.1 ATEM image of the 2D HEH including Co, Fe, Mn, Ni, and Zn cations and elemental mapping.
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Magnetic properties of a 2D HEH were examined [4]. Fig.2 illustrates the zero field-cooled (ZFC) and field
cooled (FC) magnetization curves for the HEH as-synthesized (Co, Cr, Fe, Mn, Ni) and 600 °C-annealed
nanoparticles measured at a magnetic field of 100 Oe. The ZFC and FC curves for HEH-1# EG-K/N samples
after 1000 °C annealing treatment are also provided for comparison. The FC curve of the as-synthesized
sample shows a steady decrease to near zero in whole measuring temperature range, while a weak anomaly
is indicated where the ZFC curve show the maximum, indicating the magnetic transition is around 5 K. The
corresponding M-H curve shows a ferromagnetic hysteresis loop at 2 K. However, it is not magnetically
saturated even at 50 x 10° Oe, suggesting that ferromagnetism and paramagnetism coexist. On the other
hand, at high temperatures, the temperature dependence of magnetization (Fig. 2a) and the M-H curve (Fig.
2) indicate that it is paramagnetic. In fact, above about 100 K, the magnetization obeyed Curie-Weiss law
with negative Weiss temperature (0) (Figure 2b). The negative Weiss temperature indicates
antiferromagnetic interaction between magnetic ions. The magnetic property observed in the as-synthesized
samples at low temperatures may be due to the presence of multiple magnetic ions coupled
antiferromagnetically with neighbouring magnetic ones having different magnetic moments.

The ZFC and FC curves for the 600 °C-annealed nanoparticles are more magnetized than those for the
as-synthesized sample. They are also similar to the ZFC-FC observed for superparamagnetic nanoparticles;
the ZFC curve exhibits peak, indicating a transition from a magnetically blocked state (low temperature) to a
superparamagnetic state (high temperature). As can be seen from Figure 2a, the blocking temperature (Tg)
for 600°C-annealed nanoparticles is estimated to be 245K. For particles annealed at 1000 °C, the ZFC curve
indicates a fast increase at 2~75 K and increase with a relatively slow rate above 75 K, and eventually
overlaps the FC curve in the temperature above ~360 K. Assuming the overlapping point as the maximum of
the ZFC curve, the Tg would be ~360 K. The crystallite size of the 1000 °C-annealed particles is 40.5 nm
calculated by Scherrer Equation, which is larger than that of the 600 °C-annealed one. The blocking
temperature increases as the volume of the particle increases, agreeing well with the previous publications.

Fig. 2 (a) Temperature dependence of magnetic Figure 3 Magnetization curves vs magnetic field
susceptibility of the HEH (Co, Cr, Fe, Mn, Ni) (M-H curves) for the HEH and annealed one
and the annealed one measured after ZFC and measured at 300 K and 2 K. The inset shows
FC with magnetic fields of 100 Oe. (b) A fit of the the expanded view of the M-H curves.
Curie-Weiss law to the ZFC curve of the HEH.
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Lowering the Bonding Temperature of Anodic Bonding
by OMakoto TAKAHASHI
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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
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Fig. 1 Experimental setup and current waveforms
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Fig. 2 3D distributions of plasma temperature and metal
vapor concentration at t3

TIRAST = BEIG~ERA LTI Z LR EEZ HND,

Fig. 3 2D distributions of plasma temperature
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